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Foreword

Domesticated animals contribute directly to the livelihoods of millions of people, including an estimated 70 percent of the world’s rural poor. In 2007, through the adoption of the Global Plan of Action for Animal Genetic Resources, the international community recognized the vital importance of the world’s livestock bio-diversity for agriculture, rural development and food and nutrition security.

Eight years later, the conservation and sustainable management of animal genetic resources remains a vital and challenging task. The global livestock sector is continuously evolving, with new centres of growth emerging and rapid technological developments. The challenges posed by population growth and climate change are ever more present.

The Second Report on the State of the World’s Animal Genetic Resources for Food and Agriculture – another milestone in the work of FAO’s Commission on Genetic Resources for Food and Agriculture – provides a comprehensive and updated assessment of current livestock biodiversity. It draws on information provided by 129 countries, 15 international organizations, 4 networks and regional focal points and inputs from 150 authors and reviewers.

The preparation of The Second Report on the State of the World’s Animal Genetic Resources for Food and Agriculture offered an opportunity to review progress made in the implementation of the Global Plan of Action. It was a chance to re-evaluate the opportunities and challenges facing national authorities, livestock keepers, breeders and scientists and to identify future priorities for action.

Many countries have made progress in the establishment of the policies, programmes and institutional frameworks needed to promote the sustainable management of livestock diversity. Many weaknesses still need to be addressed, particularly in developing countries. Smallholder and pastoralist production systems that are home to much of the world’s livestock diversity continue to be under a range of pressures.

A substantial proportion of the world’s livestock breeds remain at risk of extinction. The characteristics of many of them have not been adequately studied, and this genetic wealth could be lost before it can be used for helping farmers, pastoralists and animal breeders to meet current and future production challenges.

Knowledge gaps are still a major concern. Monitoring of trends in the size and structure of breed populations is often inadequate, which impedes the estimation of risk status. Threats have been broadly identified, but the detailed information that could be used to prioritize and plan action at the national level is often lacking.

The priorities set out in the Global Plan of Action for Animal Genetic Resources remain broadly relevant today. Many countries have prepared national strategies and action plans for animal genetic resources, or are in the process of doing so, as a means to translate the provisions of the Global Plan of Action into targeted activities at country level. Nevertheless, constraints to implementation remain. The Global Plan of Action emphasizes the importance of international collaboration as a means of strengthening capacity in developing countries, and recognizes the need for substantial additional financial resources for animal genetic resource management. While there have been positive developments, both collaboration and the provision of funding still need to be strengthened.

Genetic diversity is a mainstay of resilience and a prerequisite for adaptation in the face of future challenges. I trust that this report will help underpin renewed efforts to ensure that animal genetic resources are used and developed to promote global food security, and remain available for future generations.

[image: images]

José Graziano da Silva

FAO Director-General


Acknowledgements

This report could not have been prepared without the assistance of the many individuals who generously contributed their time, energy and expertise, and the collaboration and support of governments. FAO would like to take this opportunity to acknowledge these contributions.

The core of the information used in the preparation of The Second Report on the State of the World’s Animal Genetic Resources for Food and Agriculture was provided by the 129 governments that submitted country reports; the first and most important acknowledgement therefore goes to these governments and to all the individuals at country level who contributed to these reports and to the updating of breed-related data in the Domestic Animal Diversity Information System (DAD-IS), in particular National Coordinators for the Management of Animal Genetic Resources and their colleagues. The African Union – Interafrican Bureau for Animal Resources (AU-IBAR) was instrumental in mobilizing African National Coordinators and supported their training in the preparation of country reports. Thanks are also due to everyone who contributed to the preparation of the reports submitted by international organizations and regional focal points and networks for animal genetic resources. The preparation of the report would not have been possible without the financial and in-kind support provided by the Governments of France, Germany, Norway and Spain.

The report was prepared by FAO’s Animal Genetic Resources Branch, Animal Production and Health Division. The reporting process and the preparation of the report were coordinated by Beate Scherf with the assistance of Dafydd Pilling. The work was facilitated and supported by the Chief of Animal Genetic Resources Branch, Irene Hoffmann, and all officers of the Branch: Roswitha Baumung, Badi Besbes, Paul Boettcher, Mateusz Wieczorek and Grégoire Leroy (seconded by the French Government). The work was further supported by a number of interns: Bendik Elstad (Norway), Tatiana From (Russian Federation), Katherine Hall (United Kingdom), Claire-Marie Luitaud (France) and Jessica Miller (United States of America).

The database of country-report data was designed, created, loaded and pre-analysed by a team from FAOs Information Technology Division led by Gianluca Franceschini and Karl Morteo. Daniel Martin-Collado undertook much of the database analysis for Part 3 of the report. Peter Deupmann of FAO’s Legal Office provided support to the organization of the survey on legal and policy measures and related work. David Steane contributed to the reviewing of draft country reports. Oliver Mundy contributed to the communication strategy for the launch of the report. Administrative and secretarial support was provided by Kafia Fassi-Fihri and Umberto Ciniglio.

Throughout the preparation process, support and encouragement were received from the Secretariat of the Commission on Genetic Resources for Food and Agriculture, as well as from the Director of FAO’s Animal Production and Health Division, Berhe G. Tekola.

150 individuals from more than 40 countries contributed to the preparation of the report as authors or reviewers. Details are provided below, section by section. An alphabetical list of authors and reviewers and their contact details is provided in the annex to the report (on CD-ROM and at http://www.fao.org/3/a-i4787e/i4787e195.pdf).

Authors and reviewers1

Part 1 THE STATE OF LIVESTOCK DIVERSITY

Section A: Origin and history of livestock diversity

Author: Johannes Lenstra

Reviewers: Gus Cothran, Charles Moses Liymo, Steffen Weigend, Pam Wiener

Section B: Status and trends of animal genetic resources

Authors: Roswitha Baumung, Mateusz Wieczorek

Reviewer: Mary Mbole-Kariuki

Section C: Flows of animal genetic resources

Authors: Claire-Marie Luitaud, Dafydd Pilling

Reviewers: Arthur Da Silva Mariante, Keith Ramsay

Section D: Roles, uses and values of animal genetic resources

Author: Dafydd Pilling

Reviewers: Ilse Köhler-Rollefson, Chanda Bonbehari Nimbkar

Section E: Animal genetic resources and adaptation

Authors: Paul Boettcher, Aynalem Haile, Katherine Hall, Jessica Louise Miller, Tadele Mirkena, Beate Scherf, Maria Wurzinger

Reviewers (Subsection 4): Donagh Berry, Stephen Bishop, Larry Kuehn, Marie-Hélène Pinard-van der Laan

Section F: Threats to livestock genetic diversity

Author: Dafydd Pilling

Reviewers: Kefyalew Alemayehu, Siboniso Moyo

Section G: Livestock diversity and human nutrition

Author: Doris Rittenschober

Reviewers: Ruth Charrondiere, Dominique Gruffat, Jean-François Hocquette, Ramani Wijesinha-Bettoni

Part 2 LIVESTOCK SECTOR TRENDS

Section A: Drivers of change in the livestock sector

Authors: Claire-Marie Luitaud, Anni McLeod

Section B: The livestock sector’s response

Authors: Claire-Marie Luitaud, Anni McLeod

Section C: Effects of changes in the livestock sector on animal genetic resources and their management

Authors: Grégoire Leroy, Claire-Marie Luitaud, Dafydd Pilling

Section D: Livestock sector trends and animal genetic resources management – conclusions

Author: Dafydd Pilling

Reviewers of Part 2: Alejandro Acosta, Harinder Makkar

Part 3 THE STATE OF CAPACITIES

Section A: Institutions and stakeholders

Authors: Katherine Hall, Dafydd Pilling

Reviewers: Vera Matlova, Joseph L.N. Sikosana

Section B: Characterization, inventory and monitoring

Author: Daniel Martin-Collado, Dafydd Pilling

Reviewers: Workneh Ayalew, Kathiravan Periasamy, Michèle Tixier-Boichard

Section C: Breeding programmes

Author: Daniel Martin-Collado

Reviewers: Vlatka Cubric Curik, Olaf Thieme

Section D: Conservation programmes

Author: Daniel Martin-Collado

Reviewer: Kor Oldenbroek

Section E: Reproductive and molecular biotechnologies

Author: Daniel Martin-Collado

Reviewer: Oswin Perera

Section F: Legal and policy frameworks

Authors: Dafydd Pilling, with contributions from Bendik Elstad, Dan Leskien, Irene Kitsara, Brittney Martin and Elżbieta Martyniuk

Reviewers: Harvey Blackburn, Olivier Diana, Dan Leskien, Oliver Lewis, Sipke Joost Hiemstra, Gigi Manicad, Arthur da Silva Mariante, Sergio Pavon

Part 4 THE STATE OF THE ART

Section A: Surveying, monitoring and characterization

Authors: Paul Boettcher, Beate Scherf,

Reviewers: Workneh Ayalew, Xavier Rognon

Section B: Molecular tools for exploring genetic diversity

Authors: Mike Bruford, Grégoire Leroy, Pablo Orozco-terWengel, Andrea Rau, Henner Simianer

Reviewers: Bertrand Bed’Hom, Christine Flury, Catarina Ginja, Johannes Lenstra, Michael Stear

Section C: Breeding strategies and programmes

Authors: Peter Amer, Daniel Allain, Santiago Avendano, Manuel Baselga, Paul Boettcher, João Dürr, Hervé Garreau, Elisha Gootwine, Gustavo Gutierrez, Pieter Knap, Eduardo Manfredi, Victor Olori, Rudolf Preisinger, Juan Manuel Serradilla, Miriam Piles, Bruno Santos, Kenneth Stalder

Reviewers: Hélène Larroque, Tadele Mirkena, Joaquin Pablo Mueller, Julie M.F. Ojango, Mauricio Valencia Posadas

Section D: Conservation

Authors: Harvey Blackburn, Paul Boettcher, Kor Oldenbroek

Reviewers: Andréa Alves do Egito, Jesús Fernández Martín, Sipke Joost Hiemstra, Samuel Rezende Paiva, Geoff Simm

Section E: Economics of animal genetic resources use and conservation

Authors: Workneh Ayalew, Adam Drucker, Kerstin Zander

Reviewer: Giovanni Signorello

Part 5 NEEDS AND CHALLENGES

Author: Beate Scherf

The manuscript was further reviewed by Stuart Barker (Parts 1 and 2), David Notter (Parts 1, 2, 4 and 5), David Steane and Akke J. Van der Zijpp (Parts 1, 2 and 5). All the officers of FAO’s Animal Genetic Resources Branch also contributed to the reviewing process.

Text boxes were prepared by Aron Batubara, Harvey Blackburn, Elli Broxham, Tobias Bühlmann, Adrian Cookson, Christèle Couzy, Yvette De Haas, Sebastián de la Rosa, Solange Duruz, Gemma Henderson, Sipke Joost Hiemstra, Erika Hiltbrunner, Mervi Honkatukia, Heather J. Huson, Peter Janssen, Stéphane Joost, Talgat Karymsakov, Bill Kelly, Sajjad Khan, Jason K. Kinser, Eirini Kitsara, Ilse Köhler-Rollefson, Christian Körner, Kristaq Kume, Sinead Leahy, Johannes Lenstra, I Made Londra, Catherine Marguerat, Arthur Da Silva Mariante, Lucie Markey, Elżbieta Martyniuk, Evelyn Mathias, Yakobo Msanga, Philipp Muth, Chanda Bonbehari Nimbkar, Raimundo Nonato Braga Lôbo, Cleopas Okore, Bertrand Pain, Boulbaba Rekik, Fred Silversides, Tad S. Sonstegard, Johann (Hans) Sölkner, Sylvie Stucki, Thi Thuy Le, Bess Tiesnamurti, Sergio Ulhoa Dani, Anne Valle Zárate, Curtis P. Van Tassell, Iosif I. Vaisman, Marcus Vinicius de Oliveira, Klaus Wimmers, Jennifer Woodward-Greene, Hongjie Yang and Tobias Zehnder.

The thematic study Ecosystem services provided by livestock species and breeds with special consideration to the contributions of small-scale livestock keepers and pastoralists was prepared by Irene Hoffmann, Tatiana From and David Boerma. The study Patent landscape report on animal genetic resources was prepared by Paul Oldham, Stephen Hall and Colin Barnes, with contributions from Irene Hoffmann and Paul Boettcher.

The draft report was made available for review by members and observers of the Commission on Genetic Resources for Food and Agriculture. Comments, submitted by the respective National Coordinators for the Management of Animal Genetic Resources, were received from the Governments of Brazil, Indonesia, Mongolia, the Netherlands, Slovakia, Turkey and the United States of America and from a review group established by the European Regional Focal Point for Animal Genetic Resources.

The layout was designed by Simona Capocaccia and implemented by Enrico Masci under the supervision of Claudia Ciarlantini.

Listing every person by name is not easy and carries with it the risk that someone may be overlooked. Apologies are conveyed to anyone who provided assistance but whose name has been omitted.


1Listed in alphabetical order within each section.




Abbreviations and acronyms

[image: images]


About this publication

Background

This report serves as an update of the first report on The State of the World’s Animal Genetic Resources for Food and Agriculture (first SoW-AnGR) (see Box 1), published in 2007,1 which provided the basis for the development of the Global Plan of Action for Animal Genetic Resources,2 adopted in 2007 as the first internationally agreed framework specifically targeting the management of livestock biodiversity.
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FAO’s reports on the state of the world’s genetic resources are prepared under the guidance of the Commission on Genetic Resources for Food and Agriculture3 (see Box 2). To date, in addition to the first SoW-AnGR, two reports have been published on plant genetic resources for food and agriculture (1998 and 2010)4 and one on forest genetic resources (2014).5

Scope and contents of the report

This report addresses the sustainable use, development and conservation of animal genetic resources for food and agriculture (AnGR) worldwide. The term AnGR here refers to the genetic resources of mammalian and avian species used or potentially used for food and agriculture. The report consists of the following five parts.

Part 1 provides a broad overview of livestock diversity, including the origins and history of AnGR, the status and trends of AnGR (the state of genetic diversity as indicated by the risk status of breed populations), the state of gene flows (movements of AnGR around the world), the uses, roles and values of AnGR, the adaptedness of AnGR to environmental stressors, threats to AnGR, and the influence of genetic diversity on the composition of animal-source food products.

Part 2 discusses livestock-sector trends and how they are affecting AnGR and their management.

Part 3 discusses the state of capacity to manage AnGR, including institutional frameworks, programmes for inventory, characterization and monitoring, breeding strategies and programmes, conservation programmes, the use of reproductive and molecular bio-technologies, and legal and policy frameworks.

Part 4 discusses the “state of the art” in the management of AnGR, including methods, tools and strategies used in inventory, characterization and monitoring, breeding programmes, conservation programmes and economic valuation of AnGR.

Part 5 draws on the material presented in the other parts of the report to provide an assessment of gaps and needs in the management of AnGR and how they can be addressed.

The report serves as basis for a review and potential update of the Global Plan of Action for Animal Genetic Resources.

The reporting and preparatory process

In April 2013, the Commission on Genetic Resources for Food and Agriculture requested FAO to coordinate the preparation of The Second Report on the State of the World’s Animal Genetic Resources for Food and Agriculture (second SoW-AnGR), focusing particularly on changes that had occurred since the preparation of the first SoW-AnGR.6

The first draft of the report was prepared between January and October 2014. In November 2014, it was submitted to the Eighth Session of the Intergovernmental Technical Working Group on Animal Genetic Resources for Food and Agriculture (a subsidiary body of the Commission charged with addressing issues relevant to the management of animal genetic resources)7 for review. The first draft included Parts 1, 2, 3 and 5 of the report. At the request of the Fifteenth Regular Session of the Commission (January 2015), a revised draft, including all five parts, was made available for comments by members and observers of the Commission in May 2015. The report was finalized, taking comments received into account.

Inputs to the report

The main sources used to prepare the second SoW-AnGR were as follows:

Country reports

In August 2013, FAO invited its 191 member nations, as well as non-member nations, to submit country reports on the management of their AnGR, using a standardized electronic questionnaire8 that had been endorsed by the Commission and finalized by the Bureau9 of the Intergovernmental Technical Working Group on Animal Genetic Resources for Food and Agriculture. Government-appointed National Coordinators for the Management of Animal Genetic Resources led the preparation of the reports in their respective countries.

The country-report questionnaire10 consisted of four sections:

I. Executive summary

II. Data for updating the parts and sections of The State of the World’s Animal Genetic Resources for Food and Agriculture

• Flows of animal genetic resources

• Livestock sector trends

• Overview of animal genetic resources

• Characterization

• Institutions and stakeholders

• Breeding programmes

• Conservation

• Reproductive and molecular biotechnologies

III. Data contributing to the preparation of The State of the World’s Biodiversity for Food and Agriculture11

• Integration of the management of animal genetic resources with the management of plant, forest and aquatic genetic resources

• Animal genetic resources management and the provision of regulating and supporting ecosystem services

IV. Progress report on the implementation of the Global Plan of Action for Animal Genetic Resources – 2007 to 201312

• Strategic Priority Area 1: Characterization, Inventory and Monitoring of Trends and Associated Risks

• Strategic Priority Area 2: Sustainable Use and Development

• Strategic Priority Area 3: Conservation

• Strategic Priority Area 4: Policies, Institutions and Capacity-building

• Implementation and financing of the Global Plan of Action for Animal Genetic Resources

Country reports were received between 31 January 2014 and 22 May 2014. Comments on the completeness and internal consistency of the reports were provided to National Coordinators. Based on these comments, final versions of the country reports were submitted. The data provided in the country reports were loaded into a database for analysis.

One hundred and twenty-eight country reports13 were received in the standardized format – 30 from OECD countries (88 percent of OECD countries) and 98 from non-OECD countries (61 percent of non-OECD countries). The regional breakdown of the reporting is summarized in the Table 1. The full list of reporting countries is shown in Table 2.

Survey responses on policy and legal frameworks

Detailed questions on national-level legal and policy frameworks affecting the management of AnGR were not included in the country-report questionnaire. In order to enable the respective section of the report (Part 3 Section F) to be updated, FAO conducted a separate survey on this issue. In September 2013, National Coordinators for the Management of Animal Genetic Resources were requested to complete an electronic questionnaire14 on the legal and policy frameworks in their respective countries. The following 46 countries provided responses: Australia, Austria, Bhutan, Brazil, Bulgaria, Burundi, Costa Rica, Croatia, Cyprus, the Czech Republic, the Democratic Republic of the Congo, Ecuador, Ethiopia, Finland, France, Germany, Ghana, Guatemala, Hungary, Iraq, Italy, Jordan, Latvia, Luxembourg, Malaysia, Mauritius, Montenegro, Namibia, Nepal, the Netherlands, Norway, the Republic of Korea, Serbia, Slovenia, Spain, Sri Lanka, Sudan, Suriname, Sweden, Switzerland, the United Republic of Tanzania, Thailand, the United States of America, Uruguay, Viet Nam and Zimbabwe.15
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Reports from regional focal points and networks

In February 2014, regional focal points and networks for the management of AnGR were invited to provide reports (based on a standardized electronic questionnaire)16 on activities related to the implementation of the Global Plan of Action in their respective regions. In accordance with the reporting framework agreed by the Commission, the regional focal points and networks were requested to highlight collaborative efforts at regional level and indicate regional priorities for capacity-building in relation to the implementation of the Global Plan of Action, rather than to provide a summary of national-level activities in the region. Reports17 were received from the following regional focal points and networks:

1. the European Regional Focal Point for Animal Genetic Resources;

2. the Regional Focal Point for Latin America and the Caribbean;

3. the Animal Genetic Resources Network – Southwest Pacific; and

4. the Asian Animal Genetic Resources Network.

Reports from international organizations

In February 2014, 209 international organizations were invited to report (based on a standardized electronic questionnaire)18 on their contributions to the implementation of the Global Plan of Action for Animal Genetic Resources, in particular on any activities, programmes or projects undertaken or supported by the respective organization. Reports19 were received from the following fifteen organizations: the Arab Center for the Studies of Arid Zones and Dry Lands (ACSAD); the African Union – Interafrican Bureau for Animal Resources (AU-IBAR); Bioversity International; the Secretariat of the Convention on Biological Diversity (CBD); the European Federation of Animal Science (EAAP); Heifer International; the International Atomic Energy Agency (IAEA); the International Committee for Animal Recording (ICAR); the International Center for Agriculture Research in the Dry Areas (ICARDA); the International Livestock Research Institute (ILRI); the League for Pastoral Peoples and Endogenous Livestock Development (LPP); the Nordic Genetic Resource Centre (NordGen); Rare Breeds International (RBI); Safeguard for Agricultural Varieties in Europe (SAVE Foundation); and the World Intellectual Property Organization (WIPO).

Thematic studies

Two thematic studies providing in-depth analysis of specific topics relevant to the management of AnGR were prepared as part of the second SoW-AnGR reporting process:

• Ecosystem services provided by livestock species and breeds, with special consideration to the contributions of small-scale livestock keepers and pastoralists;20

• The patent landscape for animal genetic resources.21

Other sources

In addition to the sources mentioned above, the second SoW-AnGR draws on a range of literature and data sources. The latter include the Domestic Animal Diversity Information System (DAD-IS),22 FAO’s legal database FAOLEX,23 FAO’s statistical database FAOSTAT,24 the FAO/INFOODS Food Composition Database for Biodiversity (BioFoodComp)25 and the UN Comtrade Database.26 The analysis of DAD-IS data for Part 1 Section B of the report (Status and trends of AnGR) was carried out in July 2014.
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Regional classification of countries

The assignment of countries to regions and subregions for the purposes of the second SoW-AnGR follows the assignment used in the first SoW-AnGR (see Figure 1). This assignment was based on a number of considerations, including production environments, cultural factors and the distribution of shared AnGR. Because of these various considerations, the regional groupings do not correspond exactly to the standard FAO regions used in FAO statistics and for FAO election purposes (although for most countries the assignment does not differ from the standard classification).

Seven regions are distinguished, three of which are further subdivided into subregions:

• Africa (East Africa, North and West Africa, Southern Africa);

• Asia (Central Asia, East Asia, Southeast Asia, South Asia);

• Europe and the Caucasus;

• Latin America and the Caribbean (Caribbean, Central America, South America);

• the Near and Middle East;

• North America; and

• the Southwest Pacific.


1FAO. 2007a. The State of the World’s Animal Genetic Resources for Food and Agriculture, edited by B. Rischkowsky & D. Pilling. Rome (available at www.fao.org/3/a-a1250e.pdf).

2FAO. 2007b. The Global Plan of Action for Animal Genetic Resources and the Interlaken Declaration. Rome (available at http://www.fao.org/docrep/010/a1404e/a1404e00.htm).

3http://www.fao.org/nr/cgrfa/en/

4FAO. 1998. The State of the World’s Plant Genetic Resources for Food and Agriculture. Rome (http://www.fao.org/agriculture/crops/core-themes/theme/seeds-pgr/sow/en/); FAO. 2010. The Second Report on the State of the World’s Plant Genetic Resources for Food and Agriculture. Rome (http://www.fao.org/docrep/013/i1500e/i1500e00.htm).

5FAO 2014. The State of the World’s Forest Genetic Resources. Rome (available at http://www.fao.org/forestry/fgr/64582/en/).

6CGRFA-14/13/Report, paragraph 71 (http://www.fao.org/docrep/meeting/028/mg538e.pdf).

7http://www.fao.org/ag/againfo/programmes/en/genetics/angrvent-1st-docs.html

8http://www.fao.org/Ag/AGAInfo/programmes/en/genetics/Second_state.html

9http://www.fao.org/Ag/AGAInfo/programmes/en/genetics/angrvent-bureau.html

10http://www.fao.org/ag/againfo/programmes/en/genetics/documents/SoW2_CR_E.pdf

11In 2013, the Commission requested FAO to prepare The State of the World’s Biodiversity for Food and Agriculture, a report focusing on interactions between the different subsectors of genetic resources for food and agriculture and on cross-sectoral matters (CGRFA-14/13/Report) (http://www.fao.org/docrep/meeting/028/mg538e.pdf).

12In 2009, the Commission agreed to a timetable and format for reporting on progress made in the implementation of the Global Plan of Action for Animal Genetic Resources at national level (CGRFA-12/09/Report) (ftp://ftp.fao.org/docrep/fao/meeting/017/k6536e.pdf). The first round of reporting took place in 2012 (CGRFA/WG-AnGR-7/12/Inf.3) (http://www.fao.org/docrep/meeting/026/me636e.pdf). A second round of reporting was incorporated into the country-reporting process for the second SoW-AnGR.

13http://www.fao.org/3/a-i4787e/i4787e01.htm
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Summary

About this report

The Second Report on the State of the World’s Animal Genetic Resources for Food and Agriculture provides a comprehensive assessment of the state of livestock biodiversity and its management. It sets out the latest available information on the origin and history of animal genetic resources (AnGR), trends in the status of AnGR, the uses, roles and values of AnGR, the adaptive characteristics of AnGR and threats to AnGR diversity. It presents an overview of livestock-sector trends and their effects on AnGR and their management. It describes the state of capacity to manage AnGR and the state of the art in methods and strategies for their management. It reviews progress made in the implementation of the Global Plan of Action for Animal Genetic Resources, adopted in 2007 as the first internationally agreed framework for the management of livestock biodiversity. It ends with an assessment of gaps and needs in AnGR management.

The report draws on information provided in 129 country reports, 15 reports from international organizations, 4 reports from regional focal points and networks for AnGR management and inputs from 150 authors and reviewers. It is intended to serve as an update of the first report on The State of the World’s Animal Genetic Resources for Food and Agriculture, published in 2007, and focuses particularly on developments since the first report was prepared.

Key findings

Livestock diversity facilitates the adaptation of production systems to future challenges and is a source of resilience in the face of greater climatic variability

Livestock production systems face many challenges. The precise demands that will be placed on the livestock of the future are difficult to predict. However, coping with climate change, new disease challenges, restrictions on the availability of natural resources and changing market demands will require a diverse range of AnGR. Adaptedness to harsh conditions and resilience in the face of extreme climatic events and other shocks are likely to be important. Potential synergies in efforts to promote sustainable AnGR management, improve livelihoods and achieve environmental objectives need to be exploited. Appropriate management strategies require better knowledge of the roles, uses and values of AnGR, particularly in the livelihoods of poor people, and better knowledge of the effects of livestock on ecosystem functions.

The roles and values of animal genetic resources remain diverse, particularly in the livelihoods of poor people

While livestock’s roles in the provision of some products and services are gradually being replaced as alternative sources become more widely available, the use of livestock remains very diverse. There is a need to understand these diverse roles and how they are changing. This will help ensure that AnGR are well matched to the needs of livestock keepers and society. It will also help identify potential threats to AnGR diversity arising because particular breeds are no longer valued for their former functions and may therefore face an increased risk of extinction. Livestock’s roles in the provision of ecosystem services related to the regulation of ecological functions, landscape management and the provision of wildlife habitats remain under-researched and undervalued. Interest in the connection between genetic diversity and the nutritional contents of animal-source foods for human consumption is increasing, but this field has not yet received much research attention.

The adaptations of specific species and breeds to specific environmental challenges need to be better understood

The adaptive characteristics of individual breeds (e.g. ability to cope well with extremes of temperature, restricted water supply, poor-quality feed, rough terrain, high elevations and other challenging aspects of the production environment) have generally not been studied in great depth. Some progress has been made over recent years in terms of expanding our understanding of the genetics of disease resistance and tolerance, including the relative susceptibilities of specific breeds to specific diseases. However, many reported instances of resistance or tolerance remain anecdotal (i.e. have not been evaluated in scientific studies). Lack of information remains the major constraint to the integration of genetic approaches into disease-control strategies.

The world’s livestock diversity remains at risk

The proportion of livestock breeds classified as being at risk of extinction increased from 15 percent to 17 percent between 2005 and 2014. A further 58 percent of breeds are classified as being of unknown risk status because no recent population data (from the last ten years) have been reported to FAO. The number of breeds at risk is therefore likely to be underestimated. Monitoring of population trends is a prerequisite for prompt and effective action to protect breeds from extinction. Erosion of within-breed diversity can be a problem even in breeds whose total population size remains very large.

The assessment of threats to animal genetic resources needs to be improved

Action to prevent the loss of livestock diversity will be more effective if the factors that drive genetic erosion and extinction risk are well understood. While there is considerable agreement among stakeholders regarding the range of factors that can be considered potential threats to AnGR diversity, the magnitude of these threats and the ways in which they combine to affect particular breeds in particular circumstances are often unclear. Information provided in the country reports suggests that indiscriminate cross-breeding, economic drivers and changing market demands, weaknesses in AnGR management programmes, policies and institutions, degradation of natural resources (or problems with access to such resources), climate change and disease epidemics are major threats.

Institutional frameworks for the management of AnGR need to be strengthened

While progress has been made in terms of improving the basic prerequisites for effective AnGR management at national level (adequate physical infrastructure, effective mechanisms for stakeholder participation, high-quality education and research programmes, good knowledge and awareness of AnGR-related issues, and appropriate legal and policy frameworks and capacity to implement them) many weaknesses remain, particularly in developing countries. While a number of examples of international cooperation in research and other aspects of AnGR management are described in the country reports, international collaboration remains a relatively underdeveloped element of the implementation of the Global Plan of Action.

Establishing and sustaining effective livestock breeding programmes remains challenging in many countries, particularly in the low-input production systems of the developing world

Implementing a livestock breeding programme is a challenging task that involves a number of different elements. Over recent years, a number of countries have made progress in terms of putting some of these elements in place (e.g. the establishment of animal identification and registration schemes). However, the country reports indicate that, in developing regions in particular, these elements do not always form part of coherent genetic improvement programmes for the breeds concerned. Even where programmes exist, they are often of a rudimentary nature and operate on a limited scale. A lack of adequate organizational structures for the involvement of livestock keepers and breeders in the planning and implementation of breeding schemes often inhibits the establishment of more effective programmes.

Conservation programmes for animal genetic resources have become more widespread, but their coverage remains patchy

Most countries that participated in the reporting process indicate that they now have at least some AnGR conservation activities in place. In vitro gene banks have been established by 64 countries and a further 41 countries are planning to do so. Many of these gene banks are in the early stages of development and the collections often have many gaps in their coverage of relevant breeds and populations. The coverage of in situ conservation activities (actions that support the maintenance of livestock populations in their usual production environments) is also incomplete. However, a diverse range of different activities are reported. For example, countries increasingly report the development of niche markets for speciality products as a means of increasing the profitability of potentially threatened breeds.

Emerging technologies are creating new opportunities and challenges in animal genetic resources management

Substantial advances have been made in genomic technologies over recent years. These technologies have improved understanding of the genetic basis of heritable traits and have increased the efficacy of some breeding programmes. However, in global terms, the impact of these technologies has been largely limited to certain international transboundary breeds kept in high-input systems. Although various circumstances influence the applicability of these tools, a primary facilitating factor is the availability of phenotypic and pedigree data. Increasing the collection of these data is of critical importance, not only for the effective use of genomics, but for any type of genetic improvement or conservation programme.

The impact of many livestock sector trends on animal genetic resources and their management is increasing

The major changes that have affected the global livestock sector over recent decades – including the rapid expansion of large-scale high-input production systems in parts of the developing world, growing pressures on natural resources, the partial replacement of some of livestock’s roles as alternative sources of provision become available, and changes in the livelihood and lifestyle opportunities available to rural people – have had a substantial impact on AnGR and their management. Countries generally report that they expect such effects to be even greater in the coming years than they have been in the recent past. Growth in demand for animal-source food continues to create major challenges for the sustainable use of AnGR. South Asia and Africa are projected to become the main centres of growth in meat and milk consumption. These are very resource-constrained regions that are home to many small-scale livestock keepers and pastoralists and to a diverse range of AnGR. Other drivers of change predicted to have a major effect on AnGR management in the coming years include climate change, technological developments and policy factors. Keeping track of trends of this kind and identifying their potential effects on demand for particular species and breeds and on capacity to maintain a diverse portfolio of livestock diversity is an important part of planning the long-term sustainable management of AnGR, both at national level and globally.

Livestock diversity and the sustainable management of animal genetic resources are acquiring a greater foothold on policy agendas

Despite the limited amount of time available for reporting, 129 countries submitted country reports for use in the preparation of this report. As of May 2015, 177 countries had nominated National Coordinators for the Management of AnGR and 112 report that they have prepared, are in the process of preparing or are planning to prepare national strategies and action plans for AnGR. Many countries report that they have developed legal instruments or policies targeting improvements to the management of AnGR. At international level, the importance of genetic resources for food and agriculture, including AnGR, has been highlighted in several major initiatives and agreements (e.g. the Convention on Biological Diversity’s Strategic Plan for Biodiversity 2011–2020 and Aichi Targets, and the draft post-2015 development goals).

What needs to be done?

Strategic priorities for action in the management of AnGR are set out in the Global Plan of Action for Animal Genetic Resources. The analysis presented in this report suggests that these strategic priorities remain relevant.

Efforts still need to be made to strengthen the main elements of sustainable AnGR management. Priorities include:

• improving knowledge of the characteristics of different types of AnGR, the production systems in which they are kept and the trends affecting these production systems;

• developing stronger institutional frameworks for AnGR management, including mechanisms that allow for better communications among stakeholders and facilitate the participation of livestock keepers in the planning and implementation of AnGR-related policies and programmes;

• improving awareness, education, training and research in all areas of AnGR management, including in the emerging fields of access and benefit sharing, ecosystem services and climate change adaptation and mitigation;

• strengthening breeding strategies and programmes so as to enable full advantage to be taken of available genetic diversity and ensure that AnGR are well matched to their production environments and to societal needs; and

• expanding and diversifying conservation programmes, where possible combining approaches that provide for ongoing use of livestock breeds in their usual production environments with those that provide for backup storage of genetic material.

National strategies and action plans for AnGR provide a means of translating the provisions of the Global Plan of Action into well-targeted activities that meet specific needs at country level. Countries that have not yet developed a national strategy and action plan should consider doing so. Countries that have already developed such instruments should ensure that they are implemented. In many cases, improving AnGR management at national level will also require strengthening National Focal Points for the Management of Animal Genetic Resources.

In addition to individual strategic priorities, the Global Plan of Action also addresses the question of implementation and funding, emphasizing the need for long-term commitment and the need to devote substantial and additional financial resources to improving the sustainable management of AnGR. Many country reports stress that lack of funding is a major constraint to the improvement of many aspects of AnGR management. These funding gaps need to be addressed.

The Global Plan of Action also emphasizes the importance of international cooperation in AnGR management. There is a need to strengthen global- and regional-level activities related both to the management of shared resources (transboundary breeds) and to the transfer of technologies and knowledge that facilitate the sustainable use, development and conservation of AnGR.


Part 1

THE STATE OF LIVESTOCK DIVERSITY



Introduction

Part 1 of the report begins by describing advances in research on the origin of the diversity of today’s animal genetic resources for food and agriculture (AnGR) – the domestication and history of livestock species. This is followed by a description of the current status and trends of AnGR diversity and the extent to which this diversity is threatened by genetic erosion. The next section describes patterns of international exchange of AnGR. The roles and values of AnGR, including their direct and indirect contributions to livelihoods and economic output, are then described. This is followed by a discussion of the various adaptive characteristics, including genetic resistance and tolerance to specific diseases and parasites, that enable livestock breeds to survive and produce in a range of different production environments. The next section addresses threats to the diversity of the world’s AnGR. In the final section of Part 1, livestock diversity is discussed in relation to human nutrition. All sections highlight, in particular, changes that have occurred since the first report on The State of the World’s Animal Genetic Resources for Food and Agriculture (first SoW-AnGR) (FAO, 2007)1 was prepared.

AnGR are here taken to include those animal species that are used, or may be used, for food production and agriculture,2 and the populations within each. Distinct populations within species are usually referred to as breeds. FAO (1999)3 defines a breed as:


“either a subspecific group of domestic livestock with definable and identifiable external characteristics that enable it to be separated by visual appraisal from other similarly defined groups within the same species or a group for which geographical and/or cultural separation from phenotypically similar groups has led to acceptance of its separate identity.”



The broad definition of the term “breed” is a reflection of the difficulties involved in establishing a strict definition of the term. Further information on the development of the breed concept is provided in the first SoW-AnGR.4


1FAO. 2007. The State of the World’s Animal Genetic Resources for Food and Agriculture, edited by B. Rischkowsky & D. Pilling. Rome (available at http://www.fao.org/docrep/010/a1250e/a1250e00.htm).

2Fish are excluded as management requirements and breeding techniques are very different.

3FAO. 1999. The Global Strategy for the Management of Farm Animal Genetic Resources. Executive brief. Rome (available at http://dad.fao.org/cgi-bin/getblob.cgi?sid=-1,50006152).

4FAO, 2007, pages 339–340.




Section A

Origin and history of livestock diversity

1Introduction



Genetic diversity provides the raw material for breed improvement and for the adaptation of livestock populations to changing environments and changing demands. Information on the origin and history of animal genetic resources (AnGR) is essential to the design of strategies for their sustainable management (Ajmone-Marsan et al., 2010; Felius et al., 2014). The first report on The State of the World’s Animal Genetic Resources for Food and Agriculture (first SoW-AnGR) (FAO, 2007) provided a review of the state of knowledge of the domestication of livestock species and their subsequent dispersal around the world.1 Since the time the first SoW-AnGR was prepared, a considerable amount of research work has been undertaken in this field. In particular, further development of genomic tools (see Box 1A1) has allowed the use of genome-wide information in the investigation of various aspects of the history of livestock species. This section provides an updated overview of the state of knowledge in this field, focusing particularly on recent advances. It describes, in turn, the initial domestication process, subsequent introgression2 of wild species into domesticated species, adaptations that occurred after domestication and, finally, relatively recent breed formation.

2The domestication process



Theories about the process of livestock domestication have continued to develop since the time the first SoW-AnGR was prepared (Larson and Burger, 2013; Larson and Fuller, 2014). Animals can be considered domesticated if they are bred in captivity and (after several generations) have become adapted to being kept by humans. Once animals have been domesticated, their reproduction is controlled by their human keepers, who provide them with shelter and feed and protect them against predators (Diamond, 2002; Mignon-Grasteau et al., 2005). Only 15 out of 148 non-carnivore terrestrial mammalian species weighing more than 45 kg have been domesticated (Table 1A1). From the 10 000 avian species, only very few (chicken, turkey, pheasant, guinea fowl, duck, Muscovy duck, goose, pigeon, quail and ostrich) have been domesticated as a source of food. According to Diamond (2002), successful domestication depends on the presence of several traits in the target species:


	behavioural traits that facilitate management by humans (e.g. a lack of aggression towards humans, a tendency not to panic when disturbed and strong social instincts);

	reproductive traits, such as the ability to breed in captivity, short intervals between births and (preferably) large litter sizes; and

	physiological traits, such as rapid growth and a non-carnivorous diet.



Domestication may have been triggered by climatic changes at the end of the Pleistocene (12000 to 14000 BP) that led to localized expansion of human populations and the emergence of crop farming (Larson and Burger, 2013). Domestication scenarios remain uncertain. However, it is clear that they varied from species to species. Three plausible pathways –“commensal”, “prey” and “directed”– have recently been proposed (Larson and Burger, 2013) (see Figure 1A1). The first of these pathways involved animals being attracted to human settlements and then becoming captive as a source of food. The second involved the capture of artiodactyl3 prey animals as a means of securing a supply of meat. Once domesticated, these species also provided other products, such as milk, wool and leather. Later, some were also used for ploughing. The third pathway, which came into play later in history, involved deliberate efforts to exploit the specific capabilities of the target species (e.g. their potential as pack, riding or draught animals).
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There is now consensus about which wild species were the ancestors of the various domesticated livestock species (Table 1A1). Livestock domestication is thought to have occurred in at least 15 areas of the world (Figure 1A2). Inferences regarding the dates of domestication events (Table 1A1) remain approximations. Skeletal remains identified as belonging to domesticated species on the basis of their morphology are never as old as the first domesticates. Close genetic relationships between domestic and wild populations in other parts of the world (i.e. outside the recognized domestication centres) are considered to indicate introgression (Larson and Burger, 2013). Views on the location of domestication centres have evolved since the time the first SoW-AnGR was prepared (Larson et al., 2014). For example, evidence indicating pig domestication in Europe and in Indonesia is now considered to be a result of introgression. Similarly, it is now accepted that Africa was not a centre of cattle domestication and that the river buffalo originated in India rather than in Mesopotamia (although the evidence for the latter conclusion is not abundant). Recent studies have indicated an African origin for the donkey and distinct origins for Chinese and European geese.

Recently, Wilkins et al. (2014) proposed, as a general mechanism of domestication, that selection for tameness induced a mild neural crest cell deficit during embryonic development, which attenuated behaviour and also modified several morphological and physiological traits related to domestication (e.g. smaller brain and depigmentation).

[image: Images]

[image: Images]

[image: Images]

3Dispersal of domesticated animals



Knowledge of the dispersal of livestock species from their centres of domestication during the prehistoric period is based on a synergic combination of archaeology and molecular genetics. For later periods, written and pictorial documentation is also available. More information is available on cattle (followed by sheep) than on other livestock species, and migrations within Europe are better documented than those in other regions. Zebu cattle and water buffalo only migrated within tropical and subtropical climate zones, while the distributions of dromedaries, Bactrian camels, llamas, alpacas, reindeer, yaks, Bali cattle and mithun are even more restricted. Since the first SoW-AnGR was prepared, molecular studies have filled several gaps in our knowledge of the dispersal of livestock species.

In Europe, the introduction of crops and livestock from Southwest Asia occurred around 8500 BP. Domesticated livestock followed two major routes into Europe, the first along the Mediterranean coast and the second along the Danube, arriving in the British Isles around 6500 BP (Gkiasta et al., 2003). A detailed archaeological study in Anatolia that reconstructed the westward movements of sheep, goats, cattle and pigs (Arbuckle and Makarewicz, 2009) suggested that these species migrated independently of each other. The occurrence of the T1 mitochondrial haplotype from African cattle in Spain indicates that gene flow also occurred across the Strait of Gibraltar (Bonfiglio et al., 2012). Short-horn cattle emerged around 5000 BP in southwest Asia and gradually replaced the original long-horn cattle in most parts of Europe (Mason, 1984). The introduction of the horse was associated with the spread of the Indo-European language around 4500 BP and was probably accompanied by migrations of people and other livestock (Balter and Gibbons, 2015).

During the Roman Era, cattle and sheep were exported from Italy to other parts of the Empire. From the fourth to the eighth century, the Germanic migrations also led to large-scale movements of livestock. Presumably, these migrations preceded the paternal founder effects that are believed to have led to the north−south contrast detected in the Y-chromosomal variation of cattle in Europe (Edwards et al., 2011). A Y-chromosomal haplotype in sheep of British or Nordic origin (Niemi et al., 2013) and the fixation of a goat Y-chromosomal haplogroup in central and northern Europe (Lenstra, 2005) indicate similar paternal founder effects.

In Asia, sheep, goats and taurine cattle migrated to China before 4500 BP (Jing et al., 2008). Cattle arrived in Japan around 2500 BP (Minezawa, 2003). Further to the south, zebu cattle were introduced around 3000 BP (Payne and Hodges, 1997). The introduction of the domestic swamp buffalo, which is more suitable than cattle for ploughing rice paddies, followed the spread of wet rice cultivation in China, Indochina, the Philippines and Indonesia. The river buffalo, domesticated in India, arrived around 900 to 1000 AD in Egypt, the Balkans and southern Italy.

Taurine cattle and other livestock species arrived in Africa around 7000 BP from southwest Asia (Brass, 2012). As in Europe, the original long-horn cattle were replaced by short-horns, although long-horns still exist in some parts of Africa. There are pictures of zebus in Egypt dating from around 4000 BP, but substantial zebu populations were not established at that time (Payne and Hodges, 1997). Import of zebu bulls into Africa was probably stimulated by the Arabian invasions after 700 AD. Cross-breeding to taurine cattle generated taurindicine populations, such as the sanga, which remained mainly taurine and 500 years ago was the dominant type of cattle in central and eastern Africa. Gene flow into western African taurine populations was stimulated by nomadic Fulani pastoralists. The Bantu expansion southwards from the Great Lakes region led to the introduction of sheep into southern Africa around 2000 BP and sanga cattle around 1500 BP (Payne and Hodges, 1997). At the end of the nineteenth century, a rinderpest epidemic led to the spread of zebu cattle with little taurine ancestry in East and West Africa.

Domestic chickens appeared around 8000 BP in Southeast Asia and were introduced around 4500 BP into India and Oceania, around 3000 BP into Europe and around 2300 BP into Africa. It is thought that Polynesians had already brought chickens to South America via the Pacific before 1492 (Storey et al., 2012).

The European colonization of America after 1492 introduced cattle, sheep, goats, pigs, horses, donkeys and chickens. South and Central America and the southern part of North America initially received Iberian livestock, including horses, which transformed the sedentary indigenous societies of the prairies. Further to the north, English-speaking settlers imported northwest-European livestock. In the nineteenth century, cattle of Iberian descent were largely replaced by, or cross-bred with, zebus from South Asia.

As well as accompanying human migrations into new areas, the dispersal of livestock populations was also stimulated by the need to import animals from neighbouring regions following major losses caused by epidemics, famines or plundering. Gene flow was further stimulated by trading, the use of horses and dromedaries for transport, the nomadic lifestyles of cattle-herding peoples and the seasonal transhumant movements of cattle and sheep in several parts of the Old World.

The wide dispersal of the major livestock species had the following effects:


	genetic “isolation by distance”, which led to the development of many regional types, many of which already existed in the eighteenth century, when livestock diversity started to be documented;

	a decrease in molecular genetic diversity correlating with distance from centres of origin, caused by founder effects; this effect has been observed in European goats (Canon et al., 2006), African and European cattle (Cymbron et al., 2005; Freeman et al., 2006), the mtDNA of cattle worldwide (Lenstra et al., 2014) and Arabian horses (Khansour et al., 2013); however, founder effects were often counteracted by cross-breeding with wild or other domestic populations (see Subsections 4 and 6 below); among sheep, the spread of the Merino breed from the the sixteenth century onwards anticipated the spread of other successful livestock breeds in the nineteenth and twentieth centuries;

	so-called “diversity enhancing gene flow” (FAO, 2007), the development of additional diversity as a result of adaptations to diverse environments (see Subsection 5 below).



4Introgression from related species



The genetics of several livestock populations were enriched after the initial split from the wild ancestral species (Table 1A1). Plausible scenarios include capture of wild animals to replenish domestic populations and introgression from wild males.

Taurine and zebu cattle descend from different aurochs populations. A major contribution from African aurochs bulls is plausible (Decker et al., 2014). However, it is not clear whether there was substantial input from European wild bulls (Beja-Pereira et al., 2006; Lari et al., 2011). Local populations in Asia have received maternal input from other Bos species (Lenstra et al., 2014). In several tropical and subtropical regions, taurine and zebu cattle introduced during different periods along different routes formed taurindicine populations when brought into contact. Chinese yellow cattle populations harbour both taurine and zebu Y-chromosomes and mtDNA and the African sanga combines both Y-chromosomal types with taurine mtDNA (Hanotte et al., 2000; Li et al., 2013). Other taurindicine cattle carry a zebu Y-chromosome and taurine mtDNA (Ajmone-Marsan et al., 2010).

The origins of domestic sheep and goats are relatively uncomplicated because of the narrow geographical ranges of their wild ancestors. However, possible introgression from other sheep and goat species has not been investigated. The European mouflon is a feral descendant of the first domestic immigrants and has been shown to breed with domestic sheep in Sardinia (Ciani et al., 2014).

In Europe, the first domestic pigs were immigrants from southwest Asia. As a result of continuous introgression, these populations came to be closely related to the European wild boar (Larson and Burger, 2013). In the case of horses, it has been also proposed that the first domesticates were crossed with wild animals, but the relative homogeneity of the horse Y-chromosome suggests that only wild females were added to the domestic population (Warmuth et al., 2012). A similar scenario has been suggested for chickens, in which mtDNA patterns suggest post-domestication introgression from various Asian red jungle fowl populations (Miao et al., 2013). Introgression from the grey jungle fowl of India introduced a BCDO2 gene variant, which confers yellow skin colour and has reached a high frequency in domestic chicken (Eriksson et al., 2008).

5Adaptation of livestock following domestication



After domestication, livestock species adapted to being kept by humans via changes to their behaviour, morphology, appearance, physiology and performance (Mignon-Grasteau et al., 2005). Species that spread beyond their centres of domestication also had to adapt to new physical environments (new climates, feeds, diseases, etc.).

An obvious, if superficial, difference between most domestic species and their wild ancestors is in the colour of their coats, plumage or skins. Driven by human aesthetic sense rather than the need for camouflage or signal display, several colours and patterns emerged in domestic animals that are not observed in wild species (Ludwig et al., 2009; Linderholm and Larson, 2013). In several species, domestication was accompanied by a reduction in size, which made the animals easier to handle (Zeder et al., 2006b). In addition, sexual dimorphism in bovine species was greatly reduced, because males no longer had to fight for dominance. In Europe, taurine cattle gradually decreased in size between the Neolithic and the end of the Middle Ages, with a temporary preference for large animals in the Roman Empire (Lenstra et al., 2014; Felius et al., 2011). In the post-Medieval period, a shift from subsistence farming to market production, together with improvements in animal husbandry, led to larger cattle again being preferred. Similar changes occurred in goats, sheep and pigs. Another aspect of the adaptation of cattle, sheep and goats to the domestic environment was a reduction in horn length. A step further, the complete loss of horns, occurred in several breeds of cattle and sheep (Medugorac et al., 2012).

In several livestock species, adaptation led, at an early stage, to the development of different conformational types:


	the humpless taurine and humped indicine cattle ecotypes, resulting from independent domestications (see Subsection 2);

	the thin-tailed, fat-tailed and fat-rumped sheep ecotypes, the latter two adapted to desert environments (Wang et al., 2014); and

	warmblood, coldblood and pony horses.



Molecular genetic studies, especially genome-wide association studies and whole-genome sequencing, allow adaptive traits to be linked to genomic regions, genes or even mutations. Several examples are listed in Table 1A2. Several traits have been subject to selection within breeds (see Table 4B1 in Part 4, Section B), but the corresponding mutation may have predated breed formation. For instance, the breed distribution of the derived DGAT1 allele in cattle, which was identified as a result of efforts to localize milk quantitative trait loci (QTLs) in the Holstein, reveals an old origin and an early role in the development of dairy cattle (Kaupe et al., 2004).

6The recent history of livestock diversity



The last 250 years have seen changes on a scale unprecedented in the history of livestock diversity. From the earliest times, livestock keepers had influenced the characteristics of their animals through selective breeding. However, developments in England during the late eighteenth century marked the beginning of a new era and had major consequences for the future of livestock diversity throughout the world. Systematic performance recording, identification of animals and pedigree recording, managed by breeders’ associations and documented in herd books, led to the development of more homogenous breeds. Explicit breeding objectives accentuated the existing differences between geographically separated populations. This led not only to the fixation of breed-specific traits, with coat colour being the easiest target (Linderholm and Larson, 2013), but also to an increase in production. Within half a century, the new breeding practices had been widely adopted in Europe and North America. The degree of genetic isolation varied from one breed to another. Island and fancy breeds were often isolated and became inbred, but most breeds continued to interact with others as a result of upgrading, intentional cross-breeding or unintended introgression. Not all newly formed breeds were equally successful. Even before the end of the nineteenth century several had been absorbed by other populations (Felius et al., 2014; 2015).

Other developments also had a major effect on the geographic distribution of livestock diversity. In the nineteenth century, railways increased mobility and facilitated the long-distance transportation of livestock. Steamships enabled the transportation of large numbers of animals across the oceans. These developments initiated what is referred to in the first SoW-AnGR as the “second phase of global gene flow”, which lasted from the nineteenth to the mid-twentieth century and saw a large expansion in the geographical distribution of several successful breeds (Valle Zárate et al., 2006; Felius, 2015). Most of these breeds were of European origin, but (as noted above) Indian zebus were exported to the Americas and Chinese pigs were crossed with European pig populations (Bosse, 2014; Felius, 2015).
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During the period following the Second World War, artificial insemination became common in cattle and pig breeding. This helped to break down genetic isolation by distance, and catalysed the “third phase of global gene flow”,4 which is still continuing. As a result of these developments, a limited number of transboundary breeds (see Part 1 Sections B and C) have become very widespread and increasingly dominate livestock production throughout the world. This has tended to lead to the decline of locally adapted breeds (see Part 1 Sections B and F). At the same time, crossing of breeds from different parts of the world has added to the breed repertoire, for instance, through the development of synthetic taurine and taurindicine cattle breeds in the United States of America and Australia (Felius, 2015) and the Assaf sheep in Israel.

The genetic diversity harboured in today’s breeds is being actively researched (FAO, 2011), to date mainly using neutral markers (i.e. markers that have no known effect on the phenotype) (Groeneveld et al., 2010). As described above (see in particular Box 1A1), diversity studies are instrumental to the reconstruction of genetic events that have shaped the present diversity patterns of livestock species, including ancestry, prehistoric and historical migrations, admixture and genetic isolation. Some general conclusions about the current state of livestock diversity drawn from molecular studies are summarized in Box 1A2. See Part 4 Section B for a detailed discussion of the use of molecular tools in the characterization of livestock diversity.

7Conclusions



Over recent years, the latest molecular tools have contributed to a better understanding of the genetic basis of domestication and have helped in the identification of a growing list of genes involved in adaptation. Four sources of the genetic diversity present in today’s livestock populations can be distinguished:

1. sequestration of part of the genetic repertoire of the wild ancestral species;

2. acquisition of additional diversity as a result of contact with other populations or related species during the dispersal of domesticated species;

3. selection of gene variants conferring adaptation to a variety of environments and capacity to serve a variety of different purposes; and

4. breed formation and systematic breeding, which accentuated differences between populations and increased productivity while decreasing overall molecular genetic diversity.
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Conservation efforts have tended to focus on the fourth, and most recent, source of diversity, i.e. on diversity generated by breed formation. However, diversity derived from the third source, environmental adaptation, is likely to be old in origin and is highly relevant to the maintenance of future breeding options.

The genetic constitution of livestock species and breeds will probably be as dynamic in the future as it has been in the past. Moreover, our growing knowledge of the molecular characteristics of current livestock populations may very well be used to direct the ongoing domestication of other species, such as various types of deer and ratites.
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Section B

Status and trends of animal genetic resources

1Introduction



The monitoring system for the implementation of the Global Plan of Action for Animal Genetic Resources (FAO, 2007a) consists of two elements. One line of reporting focuses on the process of implementing the Global Plan of Action (see Part 3 and FAO, 2014a). The other focuses on animal genetic resources (AnGR) themselves, as the state of these resources constitutes a measurable indicator of the success of the Global Plan of Action (FAO, 2013a).

Data for monitoring the status and trends of AnGR on a world scale are drawn from the Global Databank for Animal Genetic Resources, a database of breed-related data that FAO began to build up in the early 1990s. Since 1995, the Global Databank has formed the backbone of the Domestic Animal Diversity Information System (DAD-IS). Data from the Global Databank were used to prepare three editions of the World Watch List for Domestic Animal Diversity (FAO, 1993; 1995; 2000), as well as The State of the World’s Animal Genetic Resources for Food and Agriculture (first SoW-AnGR) (FAO, 2007b). They have subsequently been used to prepare biennial reports on the status and trends of AnGR (FAO, 2009; 2011; 2013b; 2014b).

This section presents a global overview of the diversity and status of AnGR. The analysis is based on DAD-IS data made available by countries by June 2014. It serves as an update of the analysis presented in the first SoW-AnGR, which was based on data from 2006.1 Box 1B1 outlines changes in the approach to reporting and data analysis that have been introduced for the second SoW-AnGR process. The section begins by describing the state of reporting on AnGR and the progress made in this respect during the period between January 2006 and June 2014. A description of the current regional distribution of livestock species and breeds is then presented, followed by an overview of the risk status of the world’s livestock breeds. Trends in risk status are then described.

2The state of reporting



As breed population data are provided by individual countries, the basic unit from which an analysis of global status and trends has to be built is the national breed population. The number of national breed populations recorded in the Global Databank for Animal Genetic Resources increased from 2 719 in 1993 to 5 330 in 1999 and 14 017 in 2006 when the first SoW-AnGR was drafted. By June 2014, the total number of entries had risen to 14 869 (Table 1B1). While the number of national breed populations recorded rose sharply during the period preceding the preparation of the first SoW-AnGR, the percentage for which any population data had been recorded declined. These figures have improved since 2006 as a result of population data being added to the records in the Global Databank (Table 1B1). However, as shown in Figure 1B1, many gaps remain. Moreover, even where some population data have been reported, many have not been recently updated (see further discussion below). It should also not be assumed that the national breed inventories recorded in DAD-IS are complete. As discussed in Part 3 Section B, many countries consider that they have not yet established comprehensive breed inventories at national level, and it is also likely that not all identified breeds have been entered into DAD-IS, particularly in the case of species that are not regarded as priorities in the respective countries.
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3Species diversity and distribution



DAD-IS records breed-related information on 19 mammalian species, 17 avian species and two fertile interspecies crosses (Bactrian camel × dromedary and duck × Muscovy duck). As was the case when the first SoW-AnGR was published, five species – cattle, sheep, chickens, goats and pigs (the so-called “big five”) – are widely distributed across the world and have particularly large global populations. The first three are the most widely distributed livestock species globally, while the latter two are less evenly spread (Figure 1B2). The total global population of each of these species increased between 20052 and 2012. Figures from FAO’s statistical database FAOSTAT show an increase of 23 percent in the chicken population, 12 percent in the goat population, 10 percent in the pig population, 7 percent in the cattle population and 4 percent in the sheep population over this period.3
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The world’s cattle population reached almost 1.5 billion in 2012. Asia accounts for one-third of the total (highest numbers in India and China, together accounting for about 22 percent of the world total). Latin America accounts for 27 percent (highest numbers in Brazil, alone accounting for 14 percent of the global total), Africa for 17 percent (highest numbers in Ethiopia and the United Republic of Tanzania), Europe and the Caucasus for 9 percent (highest numbers in the Russian Federation and France), North America for 7 percent (highest numbers in the United States of America), the Near and Middle East for 4 percent (highest numbers in Sudan and Egypt) and the Southwest Pacific for 3 percent (highest numbers in Australia). The pattern of regional distribution has not changed greatly since 2005. Asia and Africa have increased their shares of the world total, while the shares of Latin America and the Caribbean, North America, and Europe and the Caucasus have declined. In the latter two regions, the cattle population has fallen slightly in absolute terms.
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The world’s sheep population reached almost 1.2 billion in 2012. Asia accounts for 37 percent of the total (highest numbers in China and India), Africa for 22 percent (highest numbers in Nigeria and Ethiopia), Europe and the Caucasus for 14 percent (highest numbers in the United Kingdom and Turkey), the Near and Middle East for 10 percent (highest numbers in Sudan and the Syrian Arab Republic), the Southwest Pacific for 9 percent (highest numbers in Australia and New Zealand), Latin America and the Caribbean for 7 percent (highest numbers in Brazil and Argentina) and North America for 1 percent. The most dramatic change in the regional distribution of the world’s sheep population since 2005 has been a sharp decline in the proportion of the global population accounted for by the Southwest Pacific (share of the total falling by 4 percent; population size falling by 25 percent in absolute in terms). The sheep populations of North America and Europe and the Caucasus have also declined, both in absolute size and in terms of global share. In contrast, Africa and Asia account for larger shares of the world sheep population than they did in 2005, with Africa’s sheep population having risen by 19 percent in absolute terms.

The world’s goat population reached approximately 1 billion in 2012. Goats are widely distributed in developing regions, but less so in developed regions. Asia (56 percent; highest numbers in China and India), Africa (30 percent; highest numbers in Nigeria and Kenya) and the Near and Middle East (7 percent; highest numbers in Sudan and Yemen) account for the vast majority of the world’s goats. There are also significant populations in Latin America and the Caribbean (3 percent; highest numbers in Mexico and Brazil) and in Europe and the Caucasus (3 percent; highest numbers in Turkey and Greece). The main change since 2005 has been a large increase in Africa’s goat population (share of the global total rising by 4 percent, and population size rising by 27 percent in absolute terms).

The world’s pig population reached almost 1 billion in 2012. Asia accounts for 60 percent of the world total, with China alone accounting for 49 percent. Europe and the Caucasus accounts for 19 percent (highest numbers in Germany and Spain), Latin America and the Caribbean for 9 percent (highest numbers in Brazil and Mexico), North America for 8 percent (highest numbers in the United States of America) and Africa for 4 percent (highest numbers in Nigeria). The pattern of regional distribution has not changed greatly since 2005. Asia has increased its share. The shares of Europe and the Caucasus and North America have fallen, with the former region experiencing an absolute fall in the size of its pig population. From a relatively low starting point, Africa’s pig population has increased by 37 percent since 2005.

The world’s chicken population reached more than 21 billion in 2012. More than half the total (53 percent) is found in Asia, where the largest producers are China and Indonesia. Latin America and the Caribbean accounts for 15 percent of the total (highest numbers in Brazil and Mexico); Europe and the Caucasus for 11 percent (highest numbers in the Russian Federation and Turkey); North America for 10 percent (highest numbers in the United States of America); Africa for 7 percent (highest numbers in Nigeria and South Africa) and the Near and Middle East for 3 percent (highest numbers in Saudi Arabia and Egypt). Since 2005, the chicken population has increased in all regions except North America. Asia has increased its share of the total world population, while the shares of Europe and the Caucasus and North America have declined.

4Breed diversity and distribution



This subsection discusses the geographical distribution of breeds belonging to the local and transboundary categories, presents a summary of the current risk status of the world’s breeds and considers trends in breed risk status since the time the first SoW-AnGR was prepared.

4.1Geographical distribution of local and transboundary breeds

The Global Databank for Animal Genetic Resources currently contains data from 182 countries and 38 species. The total number of breeds recorded in the Global Databank increased from 7 616 in 2006 to 8 774 in 2014. Out of this total, 7 718 are local breeds (i.e. breeds present in only one country – see Box 1B2); the equivalent figure in 2006 was 6 536. The remaining 1 056 are transboundary breeds (i.e. breeds present in more than one country); the equivalent figure in 2006 was 1 080. Among trans-boundary breeds, 510 (compared to 523 in 2006) are regional transboundary breeds (occur in only one region) and 546 (compared to 557 in 2006) are international transboundary breeds (occur in more than one region). A total of 647 breeds (compared to 690 in 2006) are classified as extinct. Four of these extinct breeds (compared to nine in 2006) are transboundary breeds (three regional and one international).4

Figure 1B3 shows the share of local, regional transboundary and international transboundary breeds among the mammalian and avian breeds of the world (excluding extinct breeds). The shares of the breed classes have remained more or less constant since 2006. Figure 1B4 presents a regional breakdown of the figures.
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As in 2006, more than two-thirds of reported breeds belong to mammalian species. Mammalian breeds outnumber avian breeds in all regions of the world. The number of mammalian regional transboundary breeds is similar to the number of international transboundary breeds. In contrast, there are twice as many avian international transboundary breeds as there are avian regional transboundary breeds.

Tables 1B2 and 1B3, respectively, show the number of reported local breeds of mammalian and avian species in each region of the world. The totals in some categories have fallen since 2006 because of corrections made by some countries to their breed inventories recorded in DAD-IS.
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Tables 1B4 and 1B5, respectively, show the number of reported regional transboundary breeds of mammalian and avian species in each region of the world. The existence of significant numbers of regional transboundary breeds has implications for the use and conservation of AnGR, and highlights the need for cooperation at regional or subregional levels. For several mammalian species, including sheep, horses and pigs, Europe and the Caucasus, has the highest number of regional transboundary breeds. Africa has a relatively large share of regional trans-boundary breeds in most of the species listed and has more regional transboundary breeds of cattle and goats than any other region. Europe and the Caucasus has by far the highest number of regional transboundary breeds among avian species.

4.2Breed risk status

As described in Box 1B1, since the publication of the first SoW-AnGR, the method for assigning breeds to risk-status categories has been amended by the introduction of a ten-year cut-off point, beyond which the risk status of a breed is considered to be unknown if no population data from more recent years have been reported. The results presented in this subsection are therefore not directly comparable to those presented in the first SoW-AnGR. Trends based on comparable figures from 2006 and 2014 are presented below (Subsection 4.3).

A total of 1 458 breeds (17 percent of all breeds, including those that are extinct) are classified as being at risk. The percentage of breeds classified as being of unknown risk status has increased from 34 percent in 2012 (as calculated for that year’s status and trends report – FAO, 2013b) to 58 percent in 2014, mainly because of the above-mentioned new method of assigning risk status.
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Figure 1B5 shows that the proportion of mammalian breeds classified as at risk (16 percent) is lower than the proportion of avian breeds (19 percent). However, in absolute terms, the number of breeds at risk is higher among mammals (955 breeds) than among birds (503 breeds).

Figure 1B6 presents risk-status data for mammalian species. It can be seen that horses, sheep and cattle are the mammalian species with the highest number of breeds at risk. Rabbits (45 percent) followed by horses (22 percent) and asses (17 percent) are the species that have the highest proportions of breeds at risk. Figure 1B6 also shows the large number of breeds for which no risk-status data are available. The problem is particularly significant in some species – 93 percent for deer breeds, 66 percent for ass breeds and 98 percent for dromedary breeds. This lack of data is a serious constraint to effective prioritization and planning of breed conservation measures. Cattle are the species with the highest number of breeds (184) reported extinct. Large numbers of extinct breeds of sheep (160), pig (107) and horse (87) are also reported.

Among avian species, chickens have by far the highest number of breeds at risk (Figure 1B7). As in the case of mammals, there are a large number of avian breeds for which population figures are unavailable. Extinct breeds have mainly been reported among chickens. There are also a few reported cases among ducks, guinea fowl and turkeys.

The regions with the highest proportion of their breeds classified as at risk are Europe and the Caucasus (31 percent of mammalian breeds and 35 percent of avian breeds) and North America (16 percent of mammalian breeds). These are the regions that have the most highly specialized livestock industries, in which production is dominated by a small number of breeds. In absolute terms, Europe and the Caucasus has by far the highest number of at-risk breeds. Despite the apparent dominance of these two regions, problems in other regions may be obscured by the large number of breeds with unknown risk status (Figure 1B8).

The new method for calculating risk status (based on a ten-year cut-off point – see Box 1B1) draws attention to the fact that during the ten years up to June 2014 countries from Latin America and the Caribbean, the Near and Middle East, North America and the Southwest Pacific reported almost no population data for any avian breeds. Almost all the avian breeds from these regions are therefore classified as being of unknown risk status. Likewise, for more than 90 percent of Africa’s avian breeds and more than 80 percent of Asia’s avian breeds, lack of recent population data means that no risk status can be assigned (Figure 1B9).
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Tables 1B6 and 1B7 show the number of extinct mammalian and avian breeds, broken down by species and region. Europe and the Caucasus has reported far more extinct mammalian and avian breeds than any other region – 7 percent of all breeds reported from this region are extinct. The dominance of Europe and the Caucasus in terms of the number of breeds reported extinct may relate, at least in part, to the relatively advanced state of breed inventory and monitoring in this region. The year of extinction has been reported for only 33 percent of extinct breeds (214). Seven breeds are reported to have become extinct before 1900, 111 between 1900 and 1999, 66 between 2000 and 2005, and 30 after 2005 (Table 1B8).

[image: Images]

[image: Images]

4.3Trends

Previous attempts to summarize global trends in breed risk status have been affected by the confounding effects of ongoing corrections to breed inventories. To counter this problem, the trends in breed risk status presented in this report are calculated based on the most up-to-date current and historical data available in DAD-IS at the time of calculation, rather than by comparing current data to those presented in older reports (see Box 1B1). Figure 1B10 shows trends in breed risk status between 2006 (when the first SoW-AnGR was drafted) and 2014. The proportion of breeds classified as at risk increased from 15 percent to 17 percent; the proportion of breeds classified as not at risk decreased from 21 percent to 18 percent and the proportion of breeds reported to be extinct remained stable at 7 percent. The number of breeds for which no risk status can be calculated, either because of a complete lack of data on their population sizes or because no population data are recorded for the preceding ten years, remains very high – 58 percent in 2014 compared to 57 percent in 2006. In short, the available data indicate that genetic erosion has continued over the 2006 to 2014 period, with the proportion of breeds falling into the at-risk category increasing, relative both to the total number of recorded breeds and to the number for which population data are available. However, the full picture of the status and trends of breed risk remains to a large degree obscured by gaps in current and historical data on breed population sizes.
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5Conclusions



Since the time the first SoW-AnGR was prepared, the number of national breed populations recorded in the Global Databank for Animal Genetic Resources has increased. However, breed-related information remains far from complete. For almost two-thirds of all reported breeds, risk status is unknown because of a lack of population data. The problem is particularly marked in some regions. For example, in Africa, more than 80 percent of breed populations have no recorded population data for any of the last ten years. In the Southwest Pacific, the equivalent figure is 90 percent.

As a result of the introduction of the ten-year cut-off point after which breeds revert to the “unknown” risk-status category, the percentage of breeds with unknown risk status has increased significantly relative to the figures presented in the first SoW-AnGR. Because of this new calculation method, direct comparisons with the risk-status figures presented in the first SoW-AnGR are not possible. However, trends based on comparable figures – calculated using the most up to date current and historical data available in the Global Databank – indicate that erosion is ongoing.

Missing population data remains the biggest weakness of the current monitoring system, along with the non-coverage of cross-bred populations, which represent a large part of livestock populations worldwide. To arrive at a more comprehensive picture, all livestock populations, regardless of their level of cross-breeding, need to be included within one consistent monitoring system.
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Section C

Flows of animal genetic resources

1Introduction



The term “gene flow” is used to describe the movement and exchange of breeding animals and germplasm. Gene flow in domesticated species has been occurring for thousands of years – ever since livestock populations first began to spread from their centres of domestication (see Part 1 Section A). Throughout most of history, gene flows occurred through the movement of live animals. More recently it has become possible to move genetic material around the world in the form of frozen semen and embryos. The analysis presented below is intended to serve as an update of material presented in the equivalent section1 of the first report on The State of the World’s Animal Genetic Resources for Food and Agriculture (first SoW-AnGR) (FAO, 2007), and focuses particularly on changes that have occurred since the first SoW-AnGR was prepared.

1.1The state of knowledge in 2007

The first SoW-AnGR presented a description of the main historical phases of gene flow. To summarize: during the first of these phases, which lasted from prehistory until the eighteenth century, gene flow occurred via gradual diffusion. Livestock, including breeding animals, were moved from region to region as a result of migration, warfare, exploration, colonization and trade. During the second phase, roughly spanning the nineteenth century and the first half of the twentieth century, standardized breeds, breeding organizations and genetic improvement programmes based on pedigree and performance recording were established in Europe and North America. International gene flow occurred predominantly within these regions and to a lesser extent from these regions to other parts of the world. An exception to this pattern was the movement of cattle breeds from South Asia to tropical Latin America and parts of Africa. During this period, gene flows were affected by technological developments (e.g. improvements to transportation and communication), demand for high-producing animals and the growing commercialization of animal breeding. The third phase, which began in the mid-twentieth century, has seen an acceleration of gene flows as a result of the globalization of trade, the standardization of livestock production systems, and new technologies such as artificial insemination, embryo transplantation and genomics. Major gene flows occur between the countries of the developed “North” and from the North to the developing “South”.2 These flows have been dominated by a limited number of breeds originating from the temperate regions of the world. Some gene flows also occur between the countries of the South. South to North gene flows are limited. In addition to technological developments and demand from breeders and livestock keepers for high-output animals, gene flows during this phase have been influenced by government policies in both importing and in exporting countries, and by zoosanitary regulations.

In addition to discussing historical developments, the first SoW-AnGR also presented an overview of the global distribution of livestock species and breeds.3 Again summarizing briefly, many breeds have spread beyond their countries of origin (1053 of these so-called transboundary breeds are now recorded in DAD-IS – see Section B). However, the number of breeds that have achieved global or near global distribution is limited, and dominated by breeds originating from the North, such as Holstein-Friesian cattle and Large White pigs. For each of the main livestock species, the first SoW-AnGR provided a description of the extent to which breeds from each region of the world had spread internationally and the significance of their roles in livestock production outside their countries of origin. This analysis again indicated the dominance of Northern breeds, but also highlighted the significance of South Asian breeds in Latin America. It also showed that some breeds originating from developing countries (e.g. Awassi sheep and Boran cattle) have acquired considerable significance within their home regions and to some extent beyond. Breeds with recent Southern ancestry are generally little used in the North, the main exceptions being certain breeds of ruminants used in grazing systems in the hotter parts of countries such as Australia. These include breeds developed in the North (e.g. Brahman cattle, developed in the United States of America, based on genetics from South Asia) and those developed in the South (e.g. South Africa’s Africander cattle).

The final subsection of the first SoW-AnGR’s chapter on gene flow discussed consequences for the diversity of animal genetic resources (AnGR). It noted that throughout history gene flow had provided the basis for the development of a wide range of breeds adapted to local production environments and the needs of livestock keepers and wider society. It listed the following circumstances in which gene flow can enhance diversity:


	an imported population adapts to the local environment and over time a new (locally adapted) breed or population develops;

	imported animals are crossed with those from existing locally adapted breeds to produce new composite breeds;

	imported genetics are judiciously introduced as “fresh blood” into a breed population in order to maintain the vitality of the gene pool; and

	targeted transfer of genes for specific desirable characteristics into a recipient population using marker-assisted introgression.4



However, it also noted that gene flow could also lead to the loss of diversity, for example if breeds are driven to extinction because they are replaced by exotic alternatives or if indiscriminate cross-breeding with exotic breeds leads to genetic dilution.

1.2Sources of information

The country-report questionnaire5 did not require countries to provide detailed quantitative information on current gene flows or on trends over time. However, it requested countries to indicate whether their current patterns of gene flow corresponded to the above-described pattern in which exchanges are dominated by “North−North” and “North−South” gene flows – and if not, to provide details of the exceptions. Countries were also asked to provide information on the effects that gene flows are having on their AnGR and the management of these resources. Another question asked countries to provide information on any changes in the volume, type or direction of gene flows during the last ten years, and to describe the consequences of any such changes.

Additional data on gene flows were obtained from the UN Comtrade Database,6 which covers trade in bovines (live pure-bred and semen), horses (live pure-bred), swine (pigs) (live pure-bred, live except pure-bred weighing less than 50 kg) and fowls (live domestic weighing less than 185 grams). These data are not exhaustive. For example, they do not cover informal trade, such as that associated with transhumance, cross-border migration of human populations or unofficial markets, or confidential information from private companies. It is also not always possible to distinguish breeding animals from slaughter animals.

2Status and trends of global gene flows



While fully comprehensive data on international gene flows are not available, UN-Comtrade figures indicate that there have been substantial recent increases in the value of global exports in the various categories of live animals and genetic material covered. Between 2005 and 2012, global trade in bovine semen increased by US$0.2 billion, to reach US$0.4 billion. Reported exports of bovine semen from the United States of America exceeded US$131 million in 2012, compared to US$58 million in 2006. The data presented in Figure 1C1 seem to indicate that the rate of growth in international trade accelerated from about 2006 onwards.7 Bovine semen exports increased at a rate of 8 percent per year during the period 2000 to 2006 and by 21 percent per year during the period 2006 to 2012.
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While most country reports do not include detailed quantitative data on gene flows, the descriptive answers indicate that many countries have experienced increased gene flows over recent years. Significant changes in the nature of gene flows over the preceding ten years are reported more frequently by countries from developing regions than by those from developed regions, with the most commonly mentioned changes being increases in the import of cattle and chicken genetic resources.

2.1North–South and North–North gene flows

Both the information provided in the country reports and the UN Comtrade data indicate that the North continues to dominate global exports, and to a lesser extent global imports, of breeding animals and genetic material. Almost 60 percent of country reports state that imports and exports of genetic resources include no significant exceptions to the dominant pattern of North to North and/or North to South exchanges (Figure 1C2). As shown in Table 1C1, UN-Comtrade figures indicate that between 2000 and 2012, Europe and the Caucasus, North America and the Southwest Pacific (together approximately representing the North) accounted for between 91 and 99 percent of the total value of global exports, and between 60 and 99 percent of the value of imports, in the various categories of breeding animals and genetic material for which data are available.
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In 2012, the North, as represented by OECD countries, accounted for 98 percent of live pure-bred swine exports, 99 percent of bovine semen exports and 87 percent of live pure-bred cattle exports (Figure 1C3). Non-OECD countries have slightly increased their share of global bovine semen imports over recent years. By 2012, they accounted for about a third of global imports, the vast majority of which originated from the OECD. In the case of live pure-bred cattle, non-OECD countries accounted, by 2012, for the majority of global imports (67 percent). Latin America and the Caribbean is the main destination of North–South gene flows. For example, it has accounted for about a quarter of total global imports of bovine semen since 2000 (Table 1C1).

Most country reports do not include quantitative information on the destinations of the respective country’s AnGR exports. However, Spain’s report notes a substantial recent shift towards exports to the South. The share of North–North exchanges in the country’s total export trade in bovine semen is reported to have fallen from 58 percent to 33 percent between 2005 and 2012. By the end of this period, South American countries accounted for 30 percent of Spain’s exports and Kenya for 8 percent.
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Figure 1C4 shows which of the world’s countries are net exporters and which are net importers of bovine semen (based on UN-Comtrade data). It can be seen that the net exporters, apart from New Zealand and a very small number of developing countries, are clustered in North America and northwestern Europe. In interpreting these figures, it should be noted that the main net exporters of genetic resources are often also substantial importers of genetic material. For example, both the United Kingdom and the United States of America are among the world’s top three importers of bovine semen.

In the pig sector, UN-Comtrade figures again indicate the dominance of exports from the North. In 2012, North–North flows, as represented by exchanges between OECD countries, accounted for 70 percent of global trade in pure-bred pigs. North–South flows accounted for 28 percent. In this sector, the share of North– North flows has increased in recent years. This is a result of increased imports of pig genetic resources into some European countries, a trend that is noted in several country reports from Europe. The report from Poland, for example, states that “enhanced import of pig breeding stock and weaners for fattening operations ... contributed to the decline of the national sow stock and overall pig numbers.” In the chicken sector, the UN-Comtrade figures presented in Table 1C1 show that global exports are dominated by Europe and the Caucasus and North America. As noted above, the country reports from a number of developing countries describe increases in their imports of chicken genetic resources. Among developed countries, the country report from Japan mentions increased dependence on imported genetic resources in both the pig and the chicken sectors.
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Although global-scale import and export figures are unavailable for species other than cattle, chickens, pigs and horses, the country reports provide many examples of trade involving the export of small ruminants and several “minor” livestock species from the North. While trends are not always clear, it appears that in many developing countries such imports have increased over the last decade. Examples of North–South trade are described in Boxes 1C1, 1C2, 1C3, 1C4 and 1C6.

Despite the general trend towards greater international exchange of AnGR, a few developed countries report that in some sectors they have become more self-sufficient in breeding material. The country report from Ireland, for example, notes that

“a key development in Ireland has been the huge progress in genetic evaluation systems, allowing a halting of the trend in importing North American dairy genetics, and the selection of dairy sires from the Irish Holstein Friesian population.”

Referring to dairy and multipurpose cattle, the country report from Switzerland notes that

“the general tendency observed is that breeders and companies tend to export more material and import less material from foreign countries. Several breeders associations reported that, in comparison with 10 years ago, they rely more on the national gene pool for management of their breeds and breed improvement. For example, the population of Braunvieh cows has increased significantly during the last decades. As a consequence, breeders rely much more on indigenous material, whereas in the past there has been an important influence of US genetic material.”
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2.2South–South gene flows

As shown in Figure 1C3, UN-Comtrade figures indicate that the share of South–South trade in global exchanges of AnGR remains low. Figures fluctuate considerably from year to year. In 2012, the share of South–South exchanges (as represented by exchanges among non-OECD countries) in the total value of trade in live pure-bred bovines reached 13 percent. However, figures for the preceding seven years remained in the 5 to 8 percent range. The share of South–South exchanges in global trade in bovine semen reached almost 6 percent in 2008,8 but is usually below 2 percent. Similarly, figures for live breeding pigs reached about 8 percent in 2008, but normally lie in the 2 to 5 percent range. Given the overall increase in the volume of international trade in these categories (Figure 1C1), the volume of South–South trade is probably increasing in absolute terms. It should also be recalled that official figures may represent underestimations of South–South gene flows. It has been estimated, for example, that informal cross-border trade may account for 80 to 90 percent of the total exports of live animals9 from Ethiopia to Djibouti, Kenya, Somalia, South Sudan and Sudan (USAID, 2013).
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A substantial proportion of country reports from all developing regions indicate that the respective country’s gene flows include at least some significant exceptions to the dominant pattern of North–South exchanges (Figure 1C2). The region with the highest proportion of countries providing answers of this type is Africa (65 percent). The most commonly mentioned exception is gene flow between neighbouring countries (i.e. flows roughly at subregional level). A small number of country reports specifically mention a shift away from importing genetic material from the North towards importing from neighbouring countries. The report from Togo, for example, states that “importations of genes from European countries are increasingly rare, while those originating within the region are increasing.” It mentions as an example the fact that the government is seeking to import 4 000 Djallonké (sheep) rams and 1 000 Djallonké (goat) bucks, within the framework of its National Investment Programme for Agriculture and Food Security, to support the development of the country’s small-ruminant sector. The country report from Bhutan notes that, whereas in the past dairy cattle genetic resources were imported in the form of semen from developed countries, they have recently been imported in the form of live animals from neighbouring countries.

More countries report that they import from their neighbours than that they export to them. This probably reflects a degree of concentration of subregional-level export trade. The species most frequently involved in the reported exchanges between neighbouring countries are ruminants. This probably reflects the relative dominance of pig and poultry gene flows by large commercial companies from developed regions. While in most cases the reported subregional-level exchanges involve locally adapted breeds from the respective subregion, some countries mention that they import or export exotic breeds (i.e. whose origins lie outside the subregion) to or from their neighbours.
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The gene flows described in Boxes 1C1, 1C2, 1C3, 1C4, 1C5 and 1C6 include examples of gene flows at subregional level in East, West and Southern Africa, South America and Southeast Asia. Examples from other parts of the world include buffalo and goat genetic resources flowing from India to Nepal; imports of Black and White cattle into Tajikistan from the Islamic Republic of Iran (newly commenced in 2013); imports of Fayoumi chickens from Egypt into Ethiopia; exports of Jamaica Hope and Jamaica Red Poll cattle from Jamaica to Central American and Caribbean countries and Jamaica Black to Panama; and imports of Barbados Blackbelly sheep from Barbados to Jamaica (information from the country reports of Ethiopia, Nepal, Tajikistan and Jamaica).
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A smaller number of country reports from developing countries mention significant longer distance South–South gene flows, i.e. imports from developing countries in different subregions or regions. Some examples are noted in Boxes 1C1, 1C4, 1C5 and 1C6. However, the number of developing countries that have become substantial exporters of genetic material beyond their own subregions is small. Exceptions include South Africa (Box 1C4) and Brazil (Box 1C6). There are also some notable inter-regional South–South gene flows originating in India. As described above (Subsection 1.1), breeds from South Asia have long played a major role in cattle production in Latin America. Gene flows between the two regions were for many years blocked by zoosanitary concerns. However, following agreements reached between Brazil and India, recent years have seen exchanges recommence (Mariante and Raymond, 2010). Another breed from India that has gained popularity in some developing countries in recent years is the dual-purpose Kuroiler chicken (see Box 1C5).

2.3South–North gene flows

As described above (Subsection 2.1), exports from the South account for a very small proportion of recorded international gene flows. Exports from the South to the North are even more limited in scale. Exports from non-OECD to OECD countries account for less than 1 percent of global trade in pig and bovine genetic resources (see Figure 1C3). Even within this, the majority of flows come from non-OECD European countries, such as Bulgaria, Latvia, Lithuania and Romania, rather than from the developing regions of the world. As shown in Figures 1C5 and 1C6, even countries such as Brazil and South Africa that have established a presence in international markets for AnGR remain net importers of cattle genetic resources from all their major trade partners in developed regions. Four percent of South Africa’s exports of bovine genetic resources in recent years went to the Southwest Pacific, but a large majority went to other African countries (Box 1C4). Developing regions have accounted for almost all Brazil’s exports of bovine genetic resources in recent years (Box 1C6), although figures from the Brazilian Artificial Insemination Association show that Canada imported 28 916 doses bovine semen from Brazil in 2013, accounting for 16 percent of the total number of doses exported from Brazil (see table in Box 1C6).
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Few South–North gene flows are mentioned in the country reports, particularly among the main food-producing livestock species. Where South–North flows are mentioned, they consist largely of relatively specialized resources such as camelids and certain horse breeds. While, as noted above, certain breeds originating from the South have established a presence in extensive grazing systems in the North (e.g. Boran, Africander and Tuli cattle, Boer goats and Dorper sheep), the country reports provide little indication of any major recent South– North gene flows involving breeds in this category. The country report from Switzerland notes that imports of Boer goat genetics from South Africa have almost completely ceased because the gene pool in Switzerland is now sufficient for the reproduction of the breed. Australia’s country report (2012),10 however, mentions recent importations of Boer and Kalahari Red goat genetics, undertaken with the aim of improving the carcass composition, shape and overall quality of existing populations.
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3Drivers of gene flow in the twenty-first century



As has been the case for several decades, the growth of North–South gene flows continues to be driven by large differentials in production potential between many Northern and Southern AnGR, and the ongoing spread of production systems that enable the effective use of high-output animals. Similar factors also drive some South–South and North–North exchanges. Individual gene flows are driven by particular requirements associated with the state of demand for livestock products and services, the characteristics of production environments and the exigencies of individual breeding programmes. Patterns of exchange are also influenced by broader economic and political factors such as trade agreements and fluctuations in currency exchange rates. Flows between some countries continue to be inhibited by zoosanitary concerns or by lack of infrastructure and technical capacity in the use of reproductive biotechnologies. In some species, technical problems related to the use of frozen genetic material continue to hamper exchanges.

Where commercial operations with the where-withal to access international markets have emerged, a large proportion of gene flows generally occur via private transactions between suppliers and purchasers (Gollin et al., 2008). Nonetheless, the country reports indicate that in a number of countries, government policies directly or indirectly promote inward gene flows. Reported examples of direct government interventions to support the import of genetic materials include a project implemented by Bangladesh’s Department of Livestock Services in 2009 that involved the importation of Brahman cattle semen from the United States of America for use in producing cross-bred animals (mentioned in Bangladesh’s country report). The Brahman was chosen because of its ability to thrive in harsh environments and its resistance to parasites. The influence of government policies on gene flows into Cameroon is described in Box 1C7. A developed-country example is provided in the country report from the Russian Federation, which notes that between 2006 and 2008 the implementation of the country’s National Priority Project for Development of Agro-Industrial Complex led to the government-supported importation of substantial numbers of high-quality pedigree cattle, sheep and pigs, with the aim of using the genetic potential of these animals to speed up the development of the Russian breeding sector via both pure-breeding and cross-breeding schemes.
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Some countries have put policies or legal measures in place that may restrict inward flows of genetic resources. For instance, importation of new exotic breeds into South Africa is only permitted after an impact assessment study has been undertaken. These studies involve assembling information on the candidate breeds’ characteristics (phenotype, usual production environments, management systems, etc.), as well as on their potential impacts on South Africa’s production environments and indigenous breeds; on-site evaluation may be required (Government of South Africa, 2003; Pilling, 2007). Several breeds were reported to be undergoing impact assessments at the time of the preparation of South Africa’s country report: among beef cattle, the Afrigus (a locally developed breed – Afrikaner × Angus), the Afrisim (Afrikaner × Simmental), the Ankole and the Pinzyl (Pinzgauer × Nguni); among dairy cattle, the Swedish Red; among horses, the Standardbred and the French Trotter; and among sheep, the South African Milking Sheep (a local composite breed). Few countries have made breed-level assessments of potential imports compulsory. However, many countries have put legal measures in place to regulate the quality of imported germplasm (see Part 3 Section F).

Imports and exports of AnGR are potentially affected by laws related to access and benefit-sharing. A growing number of countries are enacting legislation in this field (see Part 3 Section F), but practical impacts on the exchange of most types of AnGR appear to have been limited to date. The country report from Peru, however, notes that the export of alpacas and llamas is subject to government quotas, implemented with the aim of avoiding the loss of high-quality breeding animals. The problem of illegal exports of camelids is mentioned in the country reports of both Peru and the Plurinational State of Bolivia.

Zoosanitary restrictions create major problems for the international exchange of AnGR. They are particularly problematic where there is a significant disparity between the disease statuses of the importing and exporting countries. This tends to disfavour developing-country exporters. However, exports from developed countries are also affected. For instance, the outbreak of Schmallenberg virus in Europe in 2012 led to additional restrictions on bovine germplasm imports from the European Union into the United States of America (APHIS USDA, 2014). A disease outbreak can devastate export trade and affected countries may have problems regaining lost markets. On the importing side, breeders may have difficulty acquiring the genetic material they need. As described above, transfers of cattle genetic resources from South Asia to Latin America have long been problematic. The country reports from Australia and New Zealand note that their strict zoosanitary controls on imports place some restrictions on access to AnGR, particularly in the case of breeding material whose commercial value is low relative to quarantine expenses.

Climate change is sometimes noted as a potential driver of increased gene flows, possibly including increased flows from the South as a result of growing demand for animals that are well-adapted to climatic extremes or climate-related disease challenges (Hiemstra et al., 2006; FAO, 2009). Shifts in species and breed distributions as a result of climate change are already reported to have taken place, on a relatively local scale, in parts of Africa (FAO, 2011). There is, however, little evidence in the country reports that the search for climate-adapted genetic resources has influenced international gene flows to any significant extent or that countries expect this to change in the near future. Many country reports recognize climate change as a driver of change in livestock production systems and in AnGR management (see Part 2). However, where countries note changes, or potential changes, in demand for AnGR, they generally mention growing demand for their own locally adapted breeds rather than demand for climate-adapted imports. The country report from the United States of America states that climate change has not caused any shifts in demand for specific genetic resources and that it is anticipated that within-breed selection will be sufficient to respond to climate change-related challenges. Given growing recognition of the importance of climate-related adaptations, it is possible that concerns about climate change may to some extent dampen demand for the importation of non-adapted breeds into tropical and subtropical countries.

Loss of large numbers of animals as a result of disease outbreaks or other disastrous events can precipitate increased gene flows. The country report from Burundi, for example, notes that in recent years many cattle, particularly Friesian crosses, have been imported from other countries in the subregion as part of restocking efforts. An example of the effects of a disease outbreak is presented in Box 1C8.
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4Effects of gene flows



This subsection reviews the effects of gene flows both on the diversity of genetic resources and on livestock productivity.

4.1Impacts on diversity

As noted in the introduction to this section, gene flow can have a number of different effects on the between- and within-breed diversity of livestock populations. The country reports mention a range of different impacts. The most commonly reported effect of gene flows is that they contribute to the erosion of AnGR, often via indiscriminate cross-breeding between imported and locally adapted breeds.11 Concern about the effect of gene flows on diversity appears to be particularly widespread in Latin America and the Caribbean and in Africa, and to a lesser extent in Europe and the Caucasus and in Asia. The country reports provide little information about how serious this effect is (several mention that the use of imported AnGR is inadequately monitored). However, its significance seems to be underlined by the fact that indiscriminate cross-breeding (not necessarily linked to international gene flows) and replacement by exotic breeds are the two factors most commonly mentioned in the country reports as causes of genetic erosion (see Part 1 Section F).

While large-scale importation of exotic breeds may create challenges for the sustainable management of locally adapted genetic resources, significant negative effects on diversity are not inevitable. Where indiscriminate cross-breeding is concerned, the problem is not with gene flow per se, but with badly managed gene flow. For example, well-planned cross-breeding with exotic animals can be a means of keeping pure-bred locally adapted populations in use. Moreover, even if locally adapted breeds are increasingly being replaced by imported alternatives, various strategies can be adopted to promote their sustainable use, development and conservation (see Part 3 Section D and Part 4 Section D). The country report from Cameroon, for example, notes that while “various cattle, pigs and poultry breeds have been imported, and due to persistent unregulated and uncontrolled cross-breeding targeting high yields there has been a marked increase in genetic dilution and erosion of local indigenous AnGR,” the situation has been slightly improved by compulsory organization of the recipients of imported genetic material into “common initiative groups” and the establishment of specialized cooperatives for the conservation of threatened breeds.

Unfortunately, as discussed in Part 3, capacity to manage AnGR is weak in many countries. In these circumstances, there is a danger that a kind of vicious circle will develop: lack of management capacity leads to a lack of progress in developing locally adapted AnGR; this in turn leads countries to favour the apparently easy solution of importing high-output exotic breeds; the same lack of capacity driving the process then makes it difficult to manage the inward gene flow effectively.

Several country reports note that inward gene flows have contributed to increasing the diversity of national AnGR. In some cases, this has simply been a matter of expanding the range of established breeds available to the country’s livestock keepers and breeders. In others, new breeds have been developed by combining imported genetics with those of locally adapted breeds. Examples mentioned in the country reports include the Méré breed of cattle (Guinea) and the Dapaong pig (Togo). The former, a breed valued for its abilities as a draught animal, was developed by crossing N’Dama cattle with zebu cattle originating from Mali. The latter is a composite developed by crossing Large White and local-breed pigs.

A few country reports from developed countries mention the role of international gene flows in the sustainable management of transboundary breed populations or the introduction of “fresh blood” from related breeds. For example, the report from Austria states that

“gene flow within the region broadens the genetic basis of commercial breeds and increases breeding progress. In traditional breeds with transboundary populations, gene flow occurs between Austria and neighbouring countries, to stabilize and conserve the populations.”

In some circumstances, gene flows out of a country can contribute indirectly to the maintenance of diversity by providing economic incentives to continue raising locally adapted breeds. The country report from Kenya, for example, notes that

“demand for Kenyan animal genetic resources in the African region has led to increased stud registration and to farmers joining breed societies. Exports have encouraged breeding, multiplication and conservation of Kenyan breeds such as Kenyan Boran and Sahiwal cattle.”

The report from Spain mentions that the breeders of locally adapted breeds have recently been targeting the development of export markets. These efforts have involved, inter alia, an agreement between the Ministries of Agriculture of Spain and Brazil regarding a study on the suitability of Spanish Retinta cattle for use in Brazilian production environments, both in pure-bred form and crossed with Brazilian breeds. Related points are made in the reports from Norway and the United Kingdom. The former notes that the export of breeding material is an important source of funding for breeding organizations and helps to cover the costs of running breeding programmes in Norway. The latter mentions that exports help to fund research and development activities that contribute both to the sustainable management of “mainstream” breeds and to the conservation of breeds at risk.

4.2Impacts on livestock productivity

A number of country reports, both from developed and developing regions, note that inward gene flows have contributed to increasing levels of production or productivity in their livestock populations. The circumstances in which these improvements have occurred are not always clear. Some country reports mention that the use of exotic animals has been limited to large-scale systems or that additional management inputs have been required. The report from Mauritius, for example, mentions that only large-scale producers have been able to introduce the improved feeding, health care and housing needed in order to successfully raise exotic cattle. The report from the Plurinational State of Bolivia notes that increased milk output associated with the introduction of exotic and cross-bred cattle has only been achieved by adopting improved management measures and modifying the production environment so as to allow these animals to express their genetic potential. The report from the Philippines states that production based on exotic poultry and pig genetics now involves highly controlled production environments (e.g. the use of tunnel ventilation). It also mentions that the introduction of animals from nontraditional sources (e.g. buffaloes from Brazil and Italy) has been made possible by improvements to the country’s animal health status.

Several country reports mention the challenges involved in introducing exotic breeds, particularly into small-scale or remote production systems. The report from Mali, for example, notes that cross-bred animals with exotic blood have higher demands in terms of feed, health care and housing, and that their management requires new skills and additional resources. Such animals are reported to be restricted to peri-urban zones. Similarly, the report from Eritrea mentions that the management of imported buffaloes has been a problem because of their high susceptibility to tick-borne diseases, particularly heartwater. The report from Botswana notes that farmers who have acquired imported dairy cattle have had to resort to buying supplementary feed, mainly imported from neighbouring countries, in order to supplement the animals’ diets. For further discussion of the role of cross-breeding in low-input systems, see Part 4 Section C.

5Conclusions



International flows have continued to expand over recent years. The rate of growth appears to have increased since the time the first SoW-AnGR was prepared. The main drivers of gene flow continue to be demand for higher-output animals and ongoing developments in livestock management and reproductive biotechnologies. Exchanges are still dominated by North–North and North–South exchanges, with importers taking advantage of the genetic improvements achieved in the world’s most advanced breeding programmes. The share of global imports accounted for by imports into Southern countries has increased in some sub-sectors. This represents a large increase in gene flows of high-output international transboundary breeds from the North to the South. For many countries, South–South gene flows are also significant. These exchanges often occur between neighbouring countries, but a small number of Southern countries have become suppliers of genetic resources on a wider scale. The country reports provide little indication that interest in importing genetic resources from the South is increasing in Northern countries.

The country reports indicate that many countries are concerned about the effects of international gene flows on the diversity of their livestock populations. Moreover, while international gene flows have contributed to increasing the output of livestock products, the establishment of exotic breeds in new countries and production systems can be problematic in terms of the additional resources and management skills required and the vulnerability of the animals to diseases, feed shortages and so on. Effective management of gene flow and effective use of imported genetics involve all the main elements of AnGR management: characterization of breeds and production environments to ensure that they are well matched; well-planned breeding strategies; monitoring of outcomes in terms of productivity and genetic diversity; and measures to promote the sustainable use and conservation of breeds that may be threatened by the effects of gene flows.

References

APHIS USDA. 2014. Schmallenberg virus information. Website of the United States Department of Agriculture – Animal and Plant Health Inspection Service (http://tinyurl.com/n56euwc) (accessed September 2014).

ASBIA. 2013. Website of the Associação Brasileira de Inseminação Artificial (Brazilian Assocation for Artificial Insemination) (http://tinyurl.com/oygpd56) (accessed June 2014).

Country reports. 2014. Available at http://www.fao.org/3/a-i4787e/i4787e01.htm.

FAO. 2007. The State of the World’s Animal Genetic Resources for Food and Agriculture, edited by B. Rischkowsky & D. Pilling. Rome (available at www.fao.org/3/a-a1250e.pdf).

FAO. 2009. The use and exchange of animal genetic resources for food and agriculture. Commission on Genetic Resources for Food and Agriculture Background Study Paper No. 43. Rome (available at ftp://ftp.fao.org/docrep/fao/meeting/017/ak222e.pdf)

FAO. 2011. Climate change and animal genetic resources for food and agriculture: state of knowledge, risks and opportunities. Commission on Genetic Resources for Food and Agriculture Background Study Paper No. 53. Rome (available at http://tinyurl.com/khdcegu).

Gollin, D., Van Dusen, E. & Blackburn, H. 2008. Animal genetic resource trade flows: Economic assessment. Livestock Science, 120: 248–255.

Government of South Africa. 2003. Guidelines for a biological impact study. Possible introduction of a new breed of farm animal. Department of Agriculture, Pretoria.

Hiemstra, S.J., Drucker, A.G., Tvedt, M.W., Louwaars, N., Oldenbroek, J.K., Awgichew, K., Abegaz Kebede, S., Bhat, P.N. & da Silva Mariante, A. 2006. Exchange use and conservation of animal genetic resources. Policy and regulatory options. Wageningnen, the Netherlands, Centre for Genetic Resources, the Netherlands (CGN), Wageningen University and Research Centre (available at http://tinyurl.com/nkltlwf).

Hoffmann, I. 2010. International flows of animal genetic resources – historical perspective, current status and future expectations. Paper presented at the International Technical Expert Workshop: Exploring the Need for Specific Measures for ABS of AnGR, Wageningen, the Netherlands, 7–10 December 2010 (available at http://tinyurl.com/mkra2re).

Mariante, A. da S. & Raymond, A.K. 2010. An overview and analysis of issues and current practices in the international exchange of animal genetic resources. Paper presented at the International Technical Expert Workshop: Exploring the Need for Specific Measures for ABS of AnGR, Wageningen, the Netherlands, 7–10 December 2010 (available at http://tinyurl.com/kn6v2tb).

Perry, G. 2013. 2012 statistics of embryo collection and transfer in domestic farm animal. International Embryo Transfer Society Statistics and Data Retrieval Committee Report. Champaign, IL, USA, International Embryo Transfer Society (available at http://tinyurl.com/oht7u78).

Pilling, D. 2007. Genetic impact assessments – summary of a debate. Animal Genetic Resources Information, 41: 101–107 (available at ftp://ftp.fao.org/docrep/fao/010/a1206t/a1206t06.pdf).

UN-Comtrade. 2015. United Nations Comtrade Database (available at http://comtrade.un.org) (accessed May 2015).

USAID. 2013. Agricultural Growth Program – Livestock Market Development. End market analysis for meat/live animals, leather and leather products, dairy products value chains. Expanding livestock markets for the small-holder producers. Washington D.C., United States Agency for International Development (available at http://tinyurl.com/lwm7xmz).


1FAO, 2007, Part 1 Section C (pages 51–75).

2The terms “North” and “South” are frequently used when discussing gene flows to refer to developed and developing regions, respectively. This terminology is used below in this section. The categories do not fully correspond to geographical reality. For example, Australia is part of the “North”.

3FAO, 2007, pages 55–70.

4FAO, 2007, pages 73–74.

5For more information about the reporting process, see “About this publication” in the preliminary pages of this report.

6http://comtrade.un.org

7It is possible that the trend is distorted upwards by more complete reporting in recent years. However, the completeness of figures from preceding years has also been subject to ongoing improvements.

8This peak is in large part accounted for by exports from Colombia to the Bolivarian Republic of Venezuela, which reached US$1 million in 2008.

9These figures include animals for slaughtering, production and breeding.

10This report was prepared in 2012 at the initiative of the Australian Government. The format does not correspond to the questionnaire-based country reports prepared at FAO’s request in 2013/2014.

11Responses to an open-ended question about the effects of gene flows on AnGR and their management.




Section D

Roles, uses and values of animal genetic resources

1Introduction




“In recognition of the essential roles and values of animal genetic resources for food and agriculture, in particular, their contribution to food security for present and future generations; aware of the threats to food security and to the sustainable livelihoods of rural communities posed by the loss and erosion of these resources ...”



As these opening words of the Interlaken Declaration on Animal Genetic Resources (FAO, 2007a) suggest, one of the main justifications for international concern about the state of animal genetic resources (AnGR) and their management is the need to ensure that livestock can continue fulfilling the roles that make them so important to the lives and livelihoods of so many people around the world, and that the value embodied in livestock biodiversity is not lost. Understanding these roles and values is fundamental to efforts to sustainably use, develop and conserve AnGR.

The phrases “roles and values” and “uses and values” are commonly used as catch-all terms for the various qualities or factors that make AnGR important. The former features in the Interlaken Declaration and in the Global Plan of Action for Animal Genetic Resources, while the latter was the title of a section of the first report on The State of the World’s Animal Genetic Resources for Food and Agriculture (first SoW-AnGR) (FAO, 2007b).1 It is interesting to note that, although the phrases are used more or less interchangeably, they emphasize slightly different aspects of AnGR management, both of which are important. The word “use” draws attention to one of the most important general characteristics of AnGR, the fact that they were developed for use by humans and are subject to ongoing active management by humans in pursuit of specific objectives.2 The fate of an individual breed is closely linked to its use. If it is no longer used, it will become extinct unless a conservation programme is established to maintain it (either as a live population or in cryoconserved form). The word “roles” has slightly broader connotations than “use” in that it implies that the benefits derived from AnGR can include not only those deliberately sought by the immediate users (i.e. the owners or managers of the animals), but also inadvertent benefits. These benefits may accrue to the owners or managers themselves, to a wider public, or to both. Because of their inadvertent nature, ensuring that benefits of this kind are supplied in an optimal manner can be challenging.

The “values” of AnGR are generally considered to extend beyond those associated with their current use (FAO, 2007b).3 Particularly significant – and one of the main reasons why the conservation of AnGR is regarded as important – are so-called option values. This term refers to the value that arises because the continued existence of a resource increases capacity to respond to unpredictable future events. In other words, it is a kind of insurance value. In the case of AnGR, option value arises, for example, because maintaining a wide range of genetic diversity increases the likelihood that the livestock sector will be able to respond effectively to challenges such as the emergence of new diseases or climatic changes. Quantifying the values of AnGR is a complex task that involves the use of a range of economic tools. Recent developments in this field are described in Part 4 Section E. The discussion of values presented here in this section is largely descriptive.

The subsections below describe a range of different roles performed by livestock and the significance of genetic diversity in the fulfilment of each of them. The first addresses direct contributions to food production, livelihoods and economic output. Livestock’s capacity to produce food and other goods and services that can be sold or used at home is generally the main reason why people choose to raise animals and why governments implement policies to support livestock-sector development. The second subsection addresses sociocultural functions. In many societies, livestock play important roles in social and cultural life: religious festivals, agricultural shows, sporting activities and so on. Some events and activities of this kind may provide income-generating opportunities for livestock keepers, but cultural activities are often pursued as ends in themselves. In many cases, benefits accrue not just to the livestock owners, but also to the general public in the local area. The third sub-section addresses the ecological functions of AnGR: their roles in the provision of so-called “regulating” and “habitat” ecosystem services.4 Livestock provide services of this kind via the effects that they have on other elements of the ecosystem as they graze, spread their dung, trample the ground and so on. The services may arise because livestock are deliberately managed so as to produce them or as a by-product of livestock management for other purposes. Benefits often accrue to the public at large rather than just to the owners of the animals that provide the services. A further subsection considers the roles of AnGR in poverty alleviation and livelihood development and their further potential to contribute in these fields.

The importance of AnGR diversity lies not only in underpinning the provision of a wide range of products and services, but also in enabling these services to be provided in a wide range of circumstances. Many harsh production environments, such as those characterized by extreme temperatures, lack of good-quality feed, high elevations, rough terrain or severe disease pressures, can only be utilized effectively by breeds that have particular characteristics that enable them to cope with these challenges. Characteristics of this type are discussed in greater detail in Part 1 Section E.

2Contributions to food production, livelihoods and economic output



The first SoW-AnGR presented an overview of the roles of livestock in the production of goods and services for sale or for home consumption and the role of AnGR diversity in the provision of these outputs. Tables and figures provided quantitative data on the contributions of livestock to national economies (proportion of gross domestic product [GDP] supplied by the livestock sector), to food production and to international trade. These data – drawn from FAO’s FAOSTAT database and from World Bank sources – were available only at species level (or in the case of GDP, for the livestock sector as a whole). In other words, the basic data shed little light on the relative contributions of different breeds (or breed categories)5 within species to the various outputs. The data did, however, serve to illustrate the major economic significance of the livestock sector.

2.1Food production and food security

Since 2004 (the year for which data were presented in the first SoW-AnGR), global output of food of animal origin has increased substantially (Table 1D1). Production figures are not disaggregated below species level (i.e. by breed or by breed category). However, the contribution of different categories of breed and the significance of breed diversity in underpinning current production can to some extent be inferred from the way in which production is dispersed across production systems and agroclimatic zones. Figures presented in the first SoW-AnGR indicated that industrial production systems accounted for 67 percent of poultry meat production, 50 percent of egg production, 42 percent of pig meat production, 7 percent of beef production and 1 percent of sheep and goat meat production.6 The remainder of reported production was attributed to grazing and mixed (crop–livestock) production systems. All milk production was attributed to grazing and mixed farming systems. See Part 2 Section B for further information on production-system classifications (Table 2B1) and the contributions of different systems to the output of livestock products at regional level (Figure 2B2).

Because industrial systems provide highly controlled production environments and generally supply markets that demand relatively uniform products, they make use of a narrow range of breeds. These breeds tend to belong to the international transboundary category and in many cases are considered exotic rather than locally adapted to the country in which they are kept (see Part 1 Section B for further information on breed categories). In grazing and mixed systems, production environments – and in some cases production objectives – are more diverse than in industrial systems. The output of these production systems comes from a wider range of breeds, some of which, as noted above, have to be able to survive and produce in very harsh conditions. However, where the climate is temperate and feed and veterinary inputs are available, it is often possible, even in grazing and mixed systems, to make use of high-output breeds that have no particularly specialized adaptive characteristics. Thus, global production figures for mixed and grazing systems cannot be attributed unambiguously to one or other category of breeds. They come in part from a highly diverse range of locally adapted breeds (often largely restricted to their areas of origin) and partly from a more limited range of widely distributed high-output breeds.
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Increased production of animal-source foods at global or national levels does not necessarily translate into increased consumption for everyone or into health-maximizing levels of consumption for the majority. On the one hand, there are certain health risks associated with consuming excessive quantities of animal products (WHO/FAO, 2003). On the other, people may remain too poor to increase their consumption levels. Many people continue to suffer from nutritional deficiencies that might be overcome by increasing their intakes of meat, milk or eggs (Randolph et al., 2007; FAO, 2014a).

Understanding the link between livestock production and food security at household or individual level requires an understanding of the role of livestock in the livelihoods of poor people. Two facts point to the significance of this role: the very large proportion of poor people that keep livestock (exact figures are not available, but a figure of 70 percent is often quoted [e.g. FAO, 2009]) and the multiple benefits that many of these people derive from their animals. The most immediate ways in which livestock contribute to the availability of food at household level are via the supply of milk, eggs, meat, etc. for direct consumption and via the supply of products and services that can be sold for cash that can then be used to buy food. For many households in mixed crop–livestock production systems another major contribution to food security comes via the supply of inputs for crop production (draught power and manure – see Subsections 2.3 and 2.4 for further discussion).

Food security depends not only on the amount and quality of food produced, but also on its being available on a continuous basis. For a household, this means the ability to produce, buy or otherwise access food through all the seasons of the year and in the face of whatever problems they may have to contend with (droughts, floods, outbreaks of crop and animal diseases, unemployment, accidents, human sickness and so on). As discussed in more detail below (Subsection 2.5), for many poor households, a flock or herd of animals serves as a form of “insurance” that can be drawn upon when problems of this kind arise. In some communities, livestock-related cultural activities, as well as gifts and loans of livestock, help to build and maintain social ties that people can draw upon in times of trouble.

The most important contribution of AnGR diversity to current7 food production and food security – both at household and national level – probably lies in its role in enabling livestock to be raised in a wide range of production environments and in enabling production systems to better withstand shocks such as droughts and disease outbreaks. However, it also contributes to the production of more nutritionally diverse food products. This diversity is mainly at species level. However, breed-level differences do exist and have begun to attract some research attention in recent years. The FAO/INFOODS Food Composition Database for Biodiversity (FAO/INFOODS, 2012), for example, includes some data on the nutritional composition of products from different cattle breeds. Breed-level nutritional differences are discussed in greater detail in Part 1 Section G.

2.2Fibres, hides and skins

In terms of the value of sales and international trade, the most important non-food livestock products are fibres, hides and skins. The first SoW-AnGR included information on production levels for a range of skin and fibre products.8 It also highlighted some examples, drawn from the country reports, of specific breeds whose distinct characteristics make them especially significant for fibre, hide or skin production. Since 2004 (the year for which data were presented in the first SoW-AnGR), total global wool production has continued its decline from a peak reached in the early 1990s. Global wool production in 2012 was almost 5 percent lower than in 2004 (FAOSTAT). However, some major woolproducing countries, such as China, Morocco, the Russian Federation and the United Kingdom, have increased their production levels over this period. In other countries, overall declines in wool production have been accompanied by increases in the production of fine, ultrafine and superfine wool (Montossi et al., 2013). Demand for finer wool leads to shifts in the use of sheep genetic resources, i.e. changes in breed choice or in breeding goals (ibid.). Recent developments in genetic improvement programmes in the sheep sector are discussed in Part 4 Section C. Over the 2004 to 2012 period, world production of hides and skins from buffaloes, cattle and goats increased, but production of sheep skins fell (FAOSTAT). The figures roughly reflect population trends in these species.

2.3Transport and agricultural draught power

In many parts of the world, animals play important roles in transport and as providers of draught power in agriculture. The first SoW-AnGR provided an overview of the significance of draught animal power in agriculture and transport, based largely on the material provided in the country reports. It was clear that animal power from a wide range of species (cattle, buffaloes, horses, donkeys, dromedaries, Bactrian camels, alpacas, llamas, yaks, reindeer and dogs – even to some extent sheep and goats) remained important in many countries, and that a range of specialized and multipurpose breeds were involved in the provision of these services. Figures quoted from an earlier FAO report (FAO, 2003) indicated a projected decline in the proportion of land cultivated using animals in most regions of the world during the period between 1999 and 2030, but an increase in sub-Saharan Africa.9

A more recent study prepared for FAO (Starkey, 2010) provides a systematic region-by-region analysis of the role of animal power and a discussion of factors affecting trends in its use. Overall, the study shows that the use of animal power is declining as mechanized power becomes more widely available and more affordable. However, the increasing use of draught animals in sub-Saharan Africa is again noted. In other developing regions, the use of animals for agricultural power and transport remains persistent wherever it continues to be profitable and socially acceptable and alternatives remain inaccessible or unaffordable (ibid.). This often continues to be the case for poorer sections of the population and in geographically remote areas even in countries where industrial development is relatively advanced. Trends vary markedly from country to country, with upward trends in the use of some species in some countries (e.g. the use of donkeys in parts of Central Asia) and rapid declines elsewhere (e.g. the use of donkeys in Turkey and some countries of the Near East).10

One interesting development in the relatively recent past was the decision taken by Cuba to promote the use of animal power in agriculture in response to the fuel shortages faced by the country following the breakup of the “soviet bloc” in the early 1990s (ibid.). This has involved the use of animal and mechanized power in a complementary manner, with oxen being used particularly for weeding – and valued for their capacity to work in wetter conditions (Henriksson and Lindholm, 2000). These developments, along with the country’s more general need to shift towards an agriculture that was less dependent on the use of external inputs, required changes in the use of AnGR, with an increase in the use of animals that were well adapted to local conditions (Government of Cuba, 2003).

Reliability in the face of uncertain access to (or affordability of) fuel and mechanical spare parts is one of the major advantages of animal power. However, animals are vulnerable to threats such as theft, diseases and feed shortages. Locally adapted breeds are often preferred because of their greater capacity to survive in local conditions (Starkey, 2010). These factors also affect the choice of species. One trend reported to have been occurring in parts of the world in relatively recent years is an increase in the use of draught donkeys – reasons include their comparatively low cost, ease of management, resistance to drought and the fact that they are less prone to being stolen (New Agriculturist, 2003). An increase in the use of cows or female buffaloes rather than castrated males has also been noted (ibid.).

Replacement of animal power by mechanized power is widely recognized as a potential threat to AnGR diversity. Many country reports,11 from all regions except North America, note that the use of animal power is in decline as a result of replacement by mechanized power.12 The strength of the trend varies from country to country. For example, the report from Lesotho notes that stock theft is leading to draught animal power being rapidly replaced by machinery. Conversely, the report from Bhutan notes that although farm mechanization is underway, the country’s steep terrains mean that AnGR and their management have been affected only minimally and that future effects are also expected to be minor. The report from the Philippines states that “because of the increasing cost of oil, many farmers still rely on large animals for draught.” The precise extent of the threat is difficult to estimate. Stakeholders responding to a global survey on threats to AnGR (FAO, 2009) provided information on 87 equine breeds and 212 cattle breeds. Among these, “replacement of breed functions” was ranked as the top threat in 32 equine breeds and 10 cattle breeds.13 Relatively few country reports (7 out of 93 that include responses to the relevant question) specifically list mechanization as a major cause of genetic erosion,14 although the figure is higher in the case of Asian countries (4 out of 17) (see Table 1F2 in Part 1 Section F).

Evidence from highly developed regions such as western Europe suggests that when breeds lose their roles as providers of transport or agricultural power, their populations often plummets towards zero. National donkey populations provide an indicator of this effect, as donkeys are rarely kept in large numbers for other purposes. To take one example, the donkey population of Italy fell by more than 50 percent between 1938 and 1968, and by 2008 had declined by 97 percent relative to the population at the time of the Second World War (Starkey, 2010). This decline is reflected in the risk status of Italy’s donkey breeds, all of which, according to the figures available in the Domestic Animal Diversity Information System (DAD-IS)15 at the time of writing, are classified as being at risk of extinction (13 breeds) or already extinct (3 breeds).

One factor that often speeds the decline of animal power (or slows its growth) is the perception that it is an old-fashioned technology whose time has passed. This perception is common both among potential users (farmers, etc.) and among development workers and policy-makers. At times, this leads to unprofitable decisions to invest in mechanized power and to the absence of support services for draught animals (Starkey, 2010). As well as leading to missed opportunities in the short term, these attitudes are not helpful to the long-term conservation and development of AnGR in breeds and species used as sources of power.

Working animals are often ignored in national agricultural and rural-transport strategies and policies, and this means that they are often not targeted by animal health interventions, research programmes, extension activities and so on (FAO, 2014b). Their significance to people’s livelihoods often remains unrecognized. Donkeys, for example – a species that tends to be particularly overlooked – provide vital services to many poor households, and to women in particular, by reducing the drudgery of domestic tasks such as transporting water and firewood and by providing a source of income (Valette, 2014). Gaps in knowledge on the livelihood roles of working animals and the extent of their economic contributions need to be addressed in order to enable the design of appropriate support measures and to help raise awareness at policy level (FAO, 2014b; Valette, 2014).

2.4Manure and fuel

Apart from draught power, the other main animal-derived agricultural input discussed in the first SoW-AnGR was manure. Several examples from the country reports illustrated the continued (and in some situations increasing) importance of livestock as a source of manure for use in agriculture. For small-scale farmers in mixed crop–livestock production systems, securing a supply of manure can be among the most important reasons for keeping animals. For example, a study conducted by Ejlertsen et al. (2013) in the Gambia, indicated that among mixed farmers with fewer than ten cattle, manure supply ranked as the second most important reason for keeping cows and third for keeping bulls. Among farmers with larger herds, manure supply was reported to be the most important livestock function (ibid.).

The capacity of livestock to serve as providers of manure is normally considered at the species level rather than in terms of within-species diversity. However, breeds that struggle to survive in the local production environment or – in the case of free-grazing animals – to range over the ground where the manure needs to be spread, are unlikely to be the best providers of this service. One study that did compare the level of manure provision from two different breeds (strictly speaking, one breed and one interspecies cross) compared the amount of organic matter introduced into fish ponds by Pekin ducks and mule ducks – and found that the former provided significantly more (Nikolova, 2012). The difference arose because of the faster growing rate of the Pekin ducks and because they spent more time in the water (ibid.).

The other main use made of livestock dung is as a source of fuel, either in the form of dried dung cakes or via the production of biogas. This role, along with minor uses such as burning dung to ward off insects and the use of dung as a building material, was noted in the first SoW-AnGR. These functions were mentioned in a small number of country reports, but there was no indication that they had any significant effect on the management of AnGR aside from adding some degree of extra incentive to keep livestock and hence to keep the respective breeds in use.

The use of dung for fuel has downsides in some circumstances. It can use up dung that would otherwise help to keep soils fertile, and burning dried dung in poorly ventilated homes can cause serious human health problems (IEA, 2006). On the positive side, in production systems where manure management is a challenge in itself (this is particularly the case in so-called landless systems) the use of manure as a source of energy is increasingly being regarded as an attractive option.

2.5Savings and insurance

Another function highlighted in the first SoW-AnGR was livestock’s role in the provision of savings and insurance services, a function particularly important in areas where livestock keepers do not have access to conventional financial services. Where savings are concerned, a herd or flock of animals can serve as a kind of “bank” in which spare resources (cash or physical inputs such as feed) can be invested. Animals can then be sold from time to time to meet household expenses. Alternatively, the herd or flock may be built up with the aim of meeting some larger expense. As noted above, livestock can also serve as a form of “insurance”, in the sense that if some kind of costly misfortune (sickness, a period of unemployment, crop failure, etc.) strikes the livestock owner, animals can be sold to mobilize resources to deal with the problem. For small-scale livestock keepers in developing countries these functions can be among the most important reasons for keeping livestock. For example, the above-mentioned study in the Gambia found that among poorer livestock keepers (those having fewer than ten cattle), savings and insurance was ranked as the most important reason for keeping cattle, goats and sheep (Ejlertson et al., 2013).

In principle, any kind of animal can provide savings and insurance services. When the time comes to sell, an animal that commands a higher price will obviously be preferable. However, from the perspective of risk management, keeping animals that have a good chance of surviving in the local production environment will be important. Likewise, from the perspective of accumulation, keeping animals that can reproduce well in the local production environment and can make use of low-quality (and low-cost) local feed resources will have advantages.

A few country reports (e.g. Guinea-Bissau and Mali), in response to a general question about changes in livestock functions, note that livestock’s savings and insurance functions are in decline. Other reports, however, specifically note that these functions remain important (e.g. Swaziland, Tajikistan, Uganda and Zimbabwe).

3Sociocultural roles



The country reports prepared for the first SoW-AnGR clearly indicated that livestock – and often specific breeds – play important roles in many cultural activities at both household and community levels and that in many countries native breeds and species are regarded as important elements of national heritage.

The country report questionnaire for the second SoW-AnGR did not directly ask countries to provide information on the significance of the cultural roles of their AnGR. However, as part of the assessment of the effects of livestock sector trends, countries were asked to provide comments on the effects that changes in the cultural roles of livestock are having on AnGR and their management and to provide scores for the significance of these effects over the preceding ten years and for the forthcoming ten years (see Part 2). The textual answers can be roughly grouped into four categories: no clear indication of trends (61 percent); indication that cultural significance is remaining at approximately the same level (20 percent); indication of increasing cultural significance (8 percent); and indication that cultural significance is decreasing (11 percent). These figures are clearly only very approximate indicators of trends. However, it is interesting to note that all the countries mentioning downward trends are developing countries, while eight out of the ten countries reporting upward trends are developed countries.

Where downward trends are described, the reason in most cases is reported to be a decline in traditional cultural roles. For example, Togo’s country report mentions that a decline in traditional beliefs has led to a loss of interest in maintaining culturally significant livestock breeds, particularly breeds of chicken. Similarly, the report from Bhutan notes that the rearing of animals for use as sacrifices or offerings is dying away. In the case of Guinea-Bissau, economic reasons are reported to have led to a decline in the practice of slaughtering large numbers of animals at funeral ceremonies. The report from Ethiopia notes that


“there is a change in the role of livestock in the pastoral area. Livestock used to serve as compensation in ... [the] cultural settlement of disputes, but there is an increasing tendency to use the legal system. ... [C]ash payments are replacing other cultural roles of livestock.”



The report from Uganda notes a link between changing cultural practices and the spread of exotic cattle:


“in ... [some] parts of the country, cultural aspects of livestock have not changed at all, while in other parts the changes are marked, especially in areas where exotic [breeds] are kept. For example, in Central Uganda, cattle are no longer being used as bride-price, whereas in the western and the north eastern parts of the country, this practice goes on.”



Despite these various indications of decline, it should be noted that among country reports from developing countries comments of this type are outnumbered by clear statements that significant cultural roles are being maintained. It should also be noted that the decline of a cultural role does not necessarily lead to a negative effect on AnGR diversity and that an increasing role does not necessarily have a positive effect. The country report from Ethiopia, for example, states that the reported changes have had “no significant effect on the livestock genetic resources and … [are] unlikely to have sizeable effect in the foreseeable future”. The country report from Samoa notes that an increase in the use of cattle to meet cultural and social obligations has led to a decline in the number of animals available for breeding purposes.

The reported increases in cultural roles in developed countries appear to relate mostly to a growing interest in the history and traditions of rural areas. The country report from Slovenia, for example, notes that “traditional events from the past (livestock exhibitions, festivals …) are becoming more attractive to the wider public.” There is also some indication of increasing interest in the use of animals for therapeutic and educational purposes (mentioned in the country reports of Italy and Japan).

4Ecological roles – the provision of regulating and habitat ecosystem services



The first SoW-AnGR noted the many ways in which livestock contribute to the functioning of the ecosystems within which they are kept. Information on these roles was, however, limited – particularly with respect to possible breed-level differences in capacity to provide services. The report, however, noted that the provision of ecosystem services in harsh production environments, such as mountains and arid rangelands, requires animals that can thrive in local conditions, and that therefore the role of locally adapted breeds was likely to be important. It also noted the possible significance of between-breed differences in grazing and browsing habits.

Interest in the links between AnGR management and the provision of ecosystem services has increased in recent years. For example, in 2013, the Commission on Genetic Resources for Food and Agriculture requested FAO to work on the identification of ecosystem services provided by different livestock species and breeds (FAO, 2013). This led, inter alia, to the organization of two questionnaire surveys (one targeting Europe and the other global) on the roles of livestock in the provision of ecosystem services in grassland ecosystems. The findings of these surveys, along with an extensive literature review, are presented in a background study paper (FAO, 2014c) prepared as part of the second SoW-AnGR reporting process.

Ecosystem services can be grouped into the following categories: provisioning; regulating; habitat; and cultural (see Box 1D1). Provisioning and cultural services are discussed above and were addressed at greater length in the first SoW-AnGR. Where provisioning services are concerned, the above-mentioned background study paper emphasises livestock’s capacity to convert feed sources that are not edible to humans into meat, milk and eggs. This occurs, for example, when livestock graze areas that cannot be used for crop production, when they eat crop residues such as straw, when they eat the by-products of food processing and when they eat waste food products that are no longer edible to humans. These examples can be contrasted with cases in which animals are fed on feeds such as grains that could otherwise be used directly by humans.

While the most obvious consequence of the use of human-inedible material by animals may (other things being equal) be an increase in the food supply, in some circumstances, the removal of unwanted plant material can constitute a service in itself. In grazing systems, the benefits concerned may relate to the removal of plant material that creates a fire hazard or to the control of invasive species (see further discussion below). In mixed systems, livestock may be used to control weeds (e.g. on fallow land) or in the management of crop residues (e.g. Hatfield et al., 2011). The country report from Malaysia, for example, notes that beef cattle are raised on oil-palm estates and that their grazing and dunging reduces the need for the use of herbicides and fertilizers.
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In addition to removing unwanted plant material, livestock can sometimes also play a role in the control of agricultural pests and disease vectors. Poultry, for example, can contribute to the control of ticks (Dreyer et al., 1997; Duffy et al., 1992). Hatfield et al. (2011) show the potential for using grazing sheep to control wheat stem sawfly infestations in cereal production systems in the United States of America. In China, rice–duck farming (a traditional local system) has been reintroduced in recent years, particularly in organic production, because of the benefits the ducks provide in terms of pest control (Teo, 2001; Zhang et al., 2009).

The significance of livestock manure in crop production is noted above (Subsection 2.4). However, dunging also affects the health of grassland soils, which in turn is fundamental not only to the productivity of grazing systems, but also to their roles in carbon sequestration and water cycling. Outcomes depend on the particular characteristics of the ecosystem and on the type of grazing management practised. The effects of dunging have to be considered alongside the effects of grazing and trampling. Many rangelands have suffered soil compaction and erosion as a result of badly managed livestock grazing. However, appropriately managed grazing can in some circumstances contribute to improving soil health (Peco et al., 2006; Aboud et al., 2012).

In many countries, grazing livestock play a significant role in the creation and maintenance of fire breaks and hence in reducing the spread of wildfires (Huntsinger, 2012; Garcia et al., 2013). They can also contribute to reducing the risk of avalanches (Fabre et al., 2010). In addition to disaster-risk reduction, there are a number of different circumstances in which preventing the spread of particular types of vegetation may be desirable, for example in preventing the loss of wildlife habitats or particular landscape features valued for their aesthetic characteristics or for recreational use.

The use of livestock specifically for the purpose of creating or maintaining wildlife habitats has become widespread in a number of European countries (FAO, 2014c). There are also a number of examples in North America (Schohr, 2009). The main mechanisms involved are selective grazing, nutrient redistribution, treading and seed distribution (Wrage et al., 2011). While the use of livestock specifically to provide wildlife habitats is rare in the developing regions of the world, the significance of livestock has sometimes been illustrated by the unexpected and undesirable consequences of their removal from particular ecosystems. For example, in Keoladeo National Park, India, a ban on grazing by buffaloes led to uncontrolled growth of a water weed, which in turn prevented Siberian cranes, a critically endangered species, from accessing plants tubers, their main food source. This led to a dramatic decrease in the numbers of cranes in the park (Pirot et al., 2000).

Studies of the provision of regulating and habitat ecosystem services by livestock have mostly focused on species-level effects, i.e. have not sought to determine whether there are any breed-level differences in capacity to provide these services (FAO, 2014c). Given that many ecosystem services are provided in production environments that are, in one way or another, harsh (mountains, arid grasslands, etc.), it can be assumed that in some cases, only locally adapted breeds can deliver the services effectively. However, there may be a number of different breeds that are able to do so, including those from outside the local area or even from other countries. This is demonstrated, for example, by the widespread use of Polish Konik horses and Scottish Highland cattle for conservation grazing outside their countries of origin. One documented case in which a breed’s specific adaptive characteristics enable it to provide ecosystem services where other breeds would fail to do so is that of the Chilika buffalo, whose grazing and dunging play a vital role in maintaining the ecosystem of Chilika Lake in eastern India as a wildlife habitat and a fishing ground (Patro et al., 2003; Dash et al., 2010). Evidence that breed-level differences in feeding habits affect the provision of ecosystem services is limited. However, there are some cases where specific breeds are reported to be more effective than others at removing specific weeds or invasive plants (see Box 1D3 for example). There may also be other circumstances in which the use of particular breeds is important – for instance, where only lightweight breeds can be used because heavier animals would damage fragile soils (see Box 1D4 for example).
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5Roles in poverty alleviation and livelihood development



The first SoW-AnGR recognized the widespread importance of livestock in the livelihoods of poor people, noting in particular the role of genetic diversity in underpinning the multiple services provided by livestock to many poor households and the adaptations that enable animals to thrive in harsh environments and low external input production systems. These observations appear still to be valid (see Subsection 2).

FAO’s 2009 report on The State of Food and Agriculture, which focused on the livestock sector, noted opportunities for poverty reduction presented by the rapid growth of the livestock sector had been missed because of various institutional and policy failures. The report classified poor or small-scale livestock keepers into three groups:

1. those that have the potential to compete as commercial producers;

2. those for whom livestock continue to play an important role as a livelihood “safety net”; and

3. those who are in the process of moving out of the livestock sector.

It advocated policies and interventions to support all three groups.

Livelihood strategies with different objectives and that involve keeping animals in different production environments are likely to require different types of AnGR and any interventions aiming to support small-scale livestock keepers or pastoralists need to take this into account. While the tendency to assume that the appropriate objective in all circumstances is to introduce “improved” exotic AnGR remains prevalent, awareness of the significance of adaptedness to local conditions is probably increasing, perhaps driven in part by growing concerns about climate change (FAO, 2011; HPLE, 2012). Breeding strategies and programmes, including those targeting low-input production systems, are discussed in greater detail in Part 3 Section C and Part 4 Section C.
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Another feature of AnGR diversity that has attracted increasing attention in recent years is its potential as a basis for the development of niche-market products. The role of niche marketing in the conservation and sustainable use of at-risk breeds is discussed in Part 4 Section D. However, it clearly also has potential implications for livestock keepers’ livelihoods. Niche markets normally emerge in more affluent countries, and targeting them effectively normally requires a relatively high level of organization among producers, a reliable marketing chain, well-organized marketing campaigns and, for some types of product, an effective legal framework. Their significance in developing countries has therefore been limited. Marketing many livestock products involves particular problems because of their perishable nature and in many cases because of zoosanitary restrictions on their export to developed countries. Despite these constraints, a few examples of successful niche-market development involving small-scale livestock keepers and pastoralists keeping locally adapted breeds have been documented. Several are reported in the publication Adding value to livestock diversity – marketing to promote local breeds and improve livelihoods (LPP et al., 2010). In addition to initiatives of this kind that target markets more or less external to the local area, it is quite common for local consumers to have long-standing preferences for food products supplied by the traditional breeds of the local area and to be willing to pay a premium price for these products. Where this is the case, the breeds in question provide their keepers with relatively high-value products to sell (in addition to contributing to the local culinary culture).

The country reports prepared for the first SoW-AnGR included several references to the role of particular species and breeds of livestock in the livelihoods of women livestock keepers. The role of women as guardians of AnGR and the role of locally adapted breeds in women’s livelihoods was addressed in more detail in the FAO publication Invisible guardians – women manage livestock diversity (FAO, 2012). From the livelihoods perspective, two main characteristics of locally adapted breeds are highlighted as being particularly relevant to women livestock keepers. First, locally adapted breeds tend to be easier to care for than exotic breeds. Keeping these breeds can therefore more easily be combined with household and child-rearing tasks. Second, locally adapted breeds are normally better able than exotic breeds to access and utilize common property resources (because of their ability to negotiate the local terrain and make use of local feeds). This capacity tends to be particularly important for women because of the major gender inequalities that exist in terms of land ownership and hence women’s greater reliance on common grazing land.

6Conclusions and research priorities



The first SoW-AnGR concluded that while various livestock functions are gradually being replaced by alternative sources of provision, the use of livestock remained very diverse. It also noted that knowledge of these roles is often inadequate and that this hampers the development of appropriate management strategies. These conclusions remain relevant. Trends in the use of livestock products and services were not investigated in detail as part of the country-reporting process for the second SoW-AnGR. However, many country reports indicate that changes are taking place. The most frequently mentioned change of this type is a decline in the use of animal power in agriculture and transport. This implies the need to monitor trends in the population sizes of breeds used for these purposes.

As far as knowledge gaps are concerned, an important priority is to improve our understanding of the roles of particular livestock species and breeds in the livelihoods of poor people, taking into account not only the various tangible products and services that they provide, but also their roles in risk management and the level of inputs – including the time and labour of household members – needed to raise them. Knowledge of breeds’ relative capacities to produce in specified production environments needs to be strengthened. Better recording of breeds’ home production environments (see Part 4 Section A) would contribute to this, as would better monitoring of the performance of exotic breeds in typical production environments in importing countries. Improving knowledge of livestock’s impacts, both positive and negative, on the functioning of the ecosystems in which they are kept – carbon sequestration, regulation of water cycling, maintenance of soil fertility, provision of wildlife habitats, etc. – is another priority.
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Section E

Animal genetic resources and adaptation

1Introduction



The first report on The State of the World’s Animal Genetic Resources for Food and Agriculture (first Sow-AnGR) (FAO, 2007) included a discussion of genetic resistance to, and tolerance of, diseases and parasites and the potential role of genetic diversity in disease control strategies.1 This section updates the discussion presented in the first report, but also considers a broader range of adaptations important to the survival and productivity of animals in various production environments. The section is structured as follows: Subsection 2 summarizes the information on breed-specific (non-disease related) adaptations, recorded in the Domestic Animal Diversity Information System (DAD-IS);2 Subsection 3 provides a discussion of non-disease related adaptations, based on the scientific literature; Subsection 4 provides an updated discussion of disease resistance and tolerance; and Subsection 5 presents some conclusions and research priorities.

2Global information on adaptations



As described in Part 1 Section B, in the early 1990s FAO began to build up the Global Databank for Animal Genetic Resources, which now forms the backbone of DAD-IS. Along with data on population sizes, morphology, etc., DAD-IS allows countries to enter textual descriptions of their breeds’ particular adaptations. To date, information of this kind has been provided only for a small number of the recorded breeds. This subsection provides an overview of the information on adaptations recorded in DAD-IS as of June 2014.

2.1Adaptations at species and breed level

Bovines

A total of 139 breeds of buffalo are recorded in DAD-IS. Descriptions of their adaptations generally focus on their hardiness and adaptedness to high temperatures. The Anadolu Mandası of Turkey is known for its strong herd and maternal instincts and for protecting all the calves in the herd. The Chilika buffalo of India is known for its adaptedness to saline conditions.

Yaks have only a limited area of distribution – extending from the southern slopes of the Himalayas in the south to the Altai in the north and from the Pamir in the west to the Minshan Mountains in the east. They are found in cold, subhumid alpine and subalpine zones at elevations between 2 000 and 5 000 metres. In addition to its adaptedness to high elevations and cold climate, the species is recognized for its docility and hardiness. However, the records in DAD-IS provide little information about the specific adaptive characteristics of individual yak breeds.

Cattle have spread throughout the world and are found in almost all climatic zones, but not at high elevations. The most commonly reported breed-specific adaptations in this species are hardiness and adaptedness to heat and mountainous terrain (see Table 1E1).

Small ruminants

From a total of 681 reported goat breeds, 62 are reported to display adaptations to mountainous terrain. In general, this includes jumping ability, flexible hooves and tolerance of poor nutrition. In addition, 30 goat breeds were reported to be heat tolerant, 7 tolerant of humidity, 14 cold tolerant, 11 adapted to extreme diets, 20 adapted to water scarcity and 20 adapted to dry environments.

Like goats, sheep are frequently well adapted to harsh environments (see Table 1E2). However, the only two sheep breeds recorded in DAD-IS as being well adapted to humid environments are the Djallonké of Guinea and the Xinjiang Finewool of China.
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Camelids

The alpaca and the llama inhabit Andean rangelands at elevations of up to 5 000 metres above sea level. They thrive in a wide range of climates and on very poor pastures. Worldwide, eight breeds of alpaca and six breeds of llama are recorded in DAD-IS (see Part 1, Section B Figure 1B6). No particular differences in adaptedness between these breeds are reported. Bactrian camels are described as hardy, tolerant to heat, dry environments and water scarcity. All 14 reported breeds are described as being well adapted to desert conditions, extreme temperature ranges and shortages of water and food. They have the ability to rapidly gain and store large amounts of fat. Dromedaries are reported from a wide geographical area, ranging from the Atlas Mountains of northwestern Africa to the Australian outback. The majority of reported adaptations relate to tolerance of water scarcity or dry environments or to general hardiness. It is reported that the Rendille camel breed of Kenya can be kept for up to 14 days without water. The Chameau du Kanem and Gorane breeds of Chad are reported to be adapted to consumption of salt water.


Equines

Equines are found in all climatic zones. Special adaptations are documented only for a relatively small number of the 174 reported ass breeds and the 905 reported horse breeds (see Table 1E3). Horses are mostly described as being hardy and well adapted to mountainous terrain. A very few breeds (e.g. the Sunico Pony of the Plurinational State of Bolivia and the Tibetan horse) are reported to be adapted to high elevations.



Pigs

Of the 709 pig breeds reported worldwide, 63 breeds are described as being especially hardy. Special adaptedness to heat is reported for 27 breeds, to extreme diets for 11 breeds, to cold for 6 breeds and to dry environments for 7 breeds. China reports four pigs breeds adapted to a cold climate, the Bamei, Harbin White, Sanjiang White and Min. By developing layers of fat and growing thick hair during the winter, they are able to thrive in cold environments. However, this slows their growth rate in comparison to other breeds.

Chickens

Chicken breeds are kept in all geographic regions. The most commonly reported adaptations are hardiness and heat tolerance. Switzerland reports that the Appenzeller Barthuhn, with its characteristic beard and small rose comb, is resistant to cold. A wide spectrum of behavioural traits are reported. Some breeds are known for their docility and others for their fighting ability.

3Adaptation to non-disease stressors



3.1Introduction

One of the key features of animal genetic diversity is that it enables livestock to be kept in a wide range of production environments. As a result of natural selection, livestock populations tend, over time, to acquire characteristics that facilitate their survival and reproduction in their respective production environments. In other words, they become adapted to local conditions. Because livestock are domesticated animals that are managed by humans, the process of adaptation is complicated by, inter alia, the effects of artificial selection, management interventions that alter production environments and the movement of animals or germplasm from one production environment to another. Capacity to isolate animals from the stressors present in the local environment – extremes of temperature, feed shortages, diseases, etc. – has increased over the years, but the conditions in which animals are raised continue to be very diverse. Particularly in small-holder and pastoralist systems, animals often face harsh production conditions and have to rely on their adaptive characteristics.
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3.2Adaptation to available feed resources

Animals that are well adapted to coping with periods of feed scarcity may have one or more of the following characteristics: low metabolic requirements; the ability to reduce their metabolism; digestive efficiency that enables them to utilize high-fibre feed; and the ability to deposit a reserve of nutrients in the form of fat.

Having low metabolic requirements helps an animal to survive if feed is in short supply or is of poor quality. One breed that has been found to show this characteristic is the Black Bedouin goat, a small desert breed native to the Near East (Silanikove, 1986a; 2000). The energy requirement of a mammal is normally considered to be a function of its body mass raised to the power of 0.75. This implies that energy requirement per kilogram of body tissue is greater in small mammals than in larger ones and that smaller animals will have to compensate for this by eating more and/or higher-quality feed. Thus, in theory, the total energy requirements of five 20 kg Black Bedouin goats total metabolic weight = 20 kg0.75 × 5 = 47.3 kg) should be considerably higher than that of a single large European goat weighing 100 kg (metabolic weight = 100 kg0.75 = 31.6 kg). In fact the total requirements are similar (Silanikove, 2000).

Some mammals are able to maintain steady body weights even if their energy intakes are below voluntary intake levels. This may be due to an ability to reduce metabolism. For example, Silanikove (2000) compared the abilities of non-desert Saanen goats and Bedouin goats fed on high-quality roughages to maintain steady body weights when their consumption was restricted. The Saanen goats were able to cope with a 20 to 30 percent reduction relative to their voluntary intakes. The Bedouin goats tolerated a 50 to 55 percent reduction. The Bedouin animals had a 53 percent lower fasting heat production under feed restriction. Other herbivores that are annually exposed to long periods of severe nutritional restriction in their native habitats (e.g. zebu cattle and llamas) also possess a similar capacity to adjust to low energy intake by reducing their energy metabolism (ibid.).

Ruminants are known for their ability to utilize high-fibre feed. Goats can digest high-fibre low-quality forages more efficiently than other ruminants; one of the main reasons for this is a longer mean retention time of feed in the rumen (Devendra, 1990; Tisserand et al., 1991). Goat breeds indigenous to semi-arid and arid areas are able to utilize low-quality high-fibre feed more efficiently than other goats (Silanikove et al., 1993). For example, the digestive efficiency of Black Bedouin goats fed on roughage diets has been shown to be superior to that of Swiss Saanen goats (Silanikove et al., 1993; Silanikove 1986a; Brosh et al., 1988).

Ability to store energy in adipose tissues when sufficient feed is available and subsequently to mobilize it during periods of scarcity is an important adaptation for animals that have to cope with fluctuating feed supplies (Ball et al., 1996; Ørskov, 1998). Negussie et al. (2000) found that in the Menz and Horro fat-tailed sheep breeds of Ethiopia, tail and rump fat depots were the most readily utilizable in the event of feed shortages. Ermias et al. (2002) reported an encouraging heritability estimate (0.72±0.19) for the combined weight of tail and rump fat in Menz sheep, indicating opportunities for selective breeding.

In addition to adaptations related to feed shortages and the use of high-fibre forages, some breeds of livestock have developed unique physiological abilities that enable them to survive on unusual feed resources. For example, the North Ronaldsay, a breed of sheep native to an island off the coast of Scotland, in the United Kingdom, survives on a diet consisting mainly of the seaweed Limnaria (NCR, 1993). It can cope with a diet that is very low in copper and in which some elements (e.g. sodium) are present in excess. Other breeds found in Scotland, which normally feed on grass or hay, would die from lack of copper if fed on Limnaria.

3.3Adaptation to extreme temperatures

When animals are exposed to heat stress, their feed intakes decrease and they suffer metabolic disturbances (Marai et al., 2007). This, in turn, impairs their productive and reproductive performance. The effects are aggravated when heat stress is accompanied by high humidity. Differences in thermal tolerance exist between livestock species (ruminants are more tolerant than monogastrics), between breeds and within breeds (Berman, 2011; Caldwell, et al., 2011; Coleman, et al., 2012; Renaudeau et al., 2012; Menéndez-Buxadera et al., 2012). For example, McManus et al. (2009a) compared physiological traits (sweating, respiratory and heart rates, rectal and skin temperatures) and blood parameters (packed cell volume, total plasma proteins, red blood cell count, and haemoglobin concentration) in different sheep populations in Brazil: the Santa Inês (a hair sheep with three different coat colours – brown, black and white), the Bergamasca (a wool sheep) and Santa Inês × Bergamasca crosses. The study found that there were significant differences between animals due to breed and skin type, and concluded that the white-coloured Santa Inês animals were the best adapted to high temperatures and that the Bergamasca were the least well adapted. The genetic correlation between milk production and heat tolerance in sheep is reported to be negative (Finocchiaro et al., 2005), indicating that selection for increased milk production will reduce heat tolerance.

The adaptedness of zebu cattle to hot climates is related to the characteristics of their coats, hides and skins, as well as to their haematological characteristics and to their form, growth and physiology (Turner, 1980). Zebu cattle are smooth coated, have better-developed sweat and sebaceous glands than taurine cattle (ibid.). McManus et al. (2009b) compared parameters related to heat tolerance in seven cattle breeds (including zebu and taurine breeds and breeds considered exotic and locally adapted to Brazilian conditions) and found the zebu Nelore to be the best adapted to heat stress and the taurine Holstein to be the least well adapted.

Adaptation to cold (see Box 1E1) involves a number of different mechanisms. For example, a long thick hair coat contributes to thermal insulation. Sheep originating from and living in cold areas deposit more of their body fat under the skin than those adapted to warmer areas (Kempster, 1980; Farid, 1991; Bhat, 1999; Negussie et al., 2000; Ermias et al., 2002). In many sheep adapted to arid conditions, almost all fat is deposited on the rump and/or in the tail (Bhat, 1999). This helps the animals avoid thermal stress, as these deposits do not greatly impede heat loss from the body. Studies of the Horro and Menz sheep breeds of Ethiopia (Negussie et al., 2000; Ermias et al., 2002) have shown that, in the former, a large proportion of total body fat is deposited in the rump and tail, while subcutaneous and intramuscular deposits predominate in the latter. The production environment of the Menz is cooler than that of the Horro, which lives at a slightly lower elevation.

3.4Adaptation to water scarcity

Breeds of ruminants native to arid lands are able to withstand prolonged periods of water deprivation and can graze rangelands where watering sites are 50 km or more far apart (Silanikove, 1994; Bayer and Feldmann, 2003). Livestock that need little water and do not have to go back to a watering point every day can access larger areas of pasture and thus obtain more feed during periods of drought. For example, dromedaries can survive up to 17 days of water deprivation when consuming dry food in hot conditions or can go without drinking water for 30 to 60 days when grazing on green vegetation (Schmidt-Nielsen, 1955; Schmidt-Nielsen et al., 1956). There are also donkey, goat, sheep and cattle breeds that can go without drinking for several days (Bayer and Feldmann, 2003). Such animals drink large amounts of water quickly, but their overall water intake is lower than that of animals that are watered daily. Reduced water intake reduces feed intake and metabolic rate, and animals can therefore survive for longer when feed is scarce. Desert goats are reported to be the ruminants that have the greatest ability to withstand dehydration (Silanikove, 1994). For example, the Black Bedouin goat of the Near East and the Barmer goat of India often drink only once in every four days (Khan et al., 1979a,b,c; Silanikove, 2000). Bedouin goats are also able to maintain a good level of milk production under water deprivation. The basis of these breeds’ ability to cope with severe water shortages is their ability to withstand dehydration and to minimize water losses via urine and faeces. By the fourth day of dehydration, the water losses of Barmer and Bedouin goats may exceed 40 percent of their body weights (Khan et al., 1979a,b; Silanikove, 2000).
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3.5Adaptation to interaction with humans

The process of domestication (see Part 1 Section A) involved adaptation to human management. Domesticated animals are more docile than their wild ancestors and less fearful of humans. Nonetheless, routine management procedures (e.g. shearing, castration, tail docking, dehorning, vaccination, herding and transportation) can still trigger fear and thereby negatively affect animal welfare (Boissy et al., 2005). Excessive fear can also reduce productivity. For instance, fear-related reactions affect sexual and maternal behaviours in cattle and sheep. Estimates of the heritability of fear range between 0.09 and 0.53 in dairy cattle and between 0.28 and 0.48 in sheep; a moderate heritability of 0.22 has been estimated for reactions to handling in beef cattle (ibid.). Thus, selection based on reduced fearfulness could have a significant influence on the welfare of ruminant livestock.

3.6Adaptation to predators

Domesticated animals express less vigorous anti-predator behaviour than their wild counterparts, probably because human protection has reduced selection pressure for anti-predator traits. There is some evidence of between-breed differences in antipredator behaviour. Hansen et al. (2001) compared the responses of light, medium-weight and heavy sheep breeds to the presence of predator-related stimuli (leashed dogs or stuffed wild predators on trolleys) and found that the light breeds displayed stronger antipredator reactions (longest flight distance, tightest flocking behaviour and longest recovery time). A more recent study suggested that this response to predatorlike stimuli could explain, at least partially, the improved survivability of free-ranging lambs in light breeds (Steinheim et al., 2012).

4Disease resistance and tolerance



4.1Introduction

Diseases are one of the major constraints to livestock productivity and profitability worldwide. A range of disease-control options exist, including chemical or biological treatments, vaccination and preventive management. Each of these approaches has its strengths, weaknesses and limitations. Another option is to utilize genetic approaches, which can serve either to substitute or to complement other disease-control strategies.

Evidence of genetic influence on disease susceptibility has been reported for many animal diseases (e.g. Bishop and Morris, 2007; Gauly et al., 2010). Advantages of genetic approaches to disease control include the long duration of the effect, the possibility of broad spectrum effects (resistance to more than one disease) and the possibility of using genetics in concert with other approaches (FAO, 1999). In addition, genetic changes should, theoretically, be less subject to pathogen resistance, as they will often be the result of relatively small effects at many genes, none of which alone will be sufficient to drive a genetic response in the pathogen (Berry et al., 2011). Two concepts need to be distinguished in this context: “resistance” refers to the ability of the host to control infection by a given pathogen, whereas “tolerance” refers to the ability of the host to mitigate the adverse effects of the pathogen once infection occurs.

Genetic management of disease can involve a number of different strategies, including breed substitution, cross-breeding and within-breed selection. The appropriate choice of strategy will depend on the disease, the production environment and the resources available. Within-breed selection can be facilitated if molecular genetic markers associated with the desired traits have been identified (CABI, 2010).

Whatever strategy is chosen, genetic diversity in the targeted livestock populations is a necessary precondition. If genetic resources are eroded, potentially important means of combating disease may be lost. Maintaining multiple breeds increases the options available for matching breeds to production environments, including the disease challenges present in these production environments. Maintaining within-breed diversity allows for individual selection. Even where genetic strategies are not immediately required in order to combat current animal health problems, maintaining diversity in the genes underlying resistance means maintaining an important resource for combating the effects of possible future pathogen evolution. Furthermore, at individual animal level, increased genetic diversity may allow for a more robust immune response to a wider range of pathogen strains and species. A recent study of African cattle reported an association between genetic diversity (as measured by molecular heterozygosity) and lower incidence, and higher survival, of infectious diseases (Murray et al., 2013).

This subsection serves as an update of the discussion of the genetics of disease resistance and tolerance presented in the first SoW-AnGR.3 In addition to presenting the latest data available in DAD-IS on breeds’ resistance and tolerance to specific diseases, it briefly discusses recent scientific developments in this field and their potential significance for disease-control strategies, focusing particularly on research findings published since the first SoW-AnGR was prepared. The discussion generally emphasizes diseases for which breed-level resistance or tolerance has been reported to DAD-IS, although research results for other diseases are also cited.

4.2Disease resistant or tolerant breeds

In theory, breeds that have been present an extended period of time in an area where a given disease is endemic may develop genetic resistance or tolerance to that disease. This is because natural selection should favour the accumulation of alleles associated with greater survival. In the case of many common livestock diseases, evidence is available in the scientific literature that some breeds are more resistant or tolerant than others. A number of examples, drawn from recent (i.e. after 2006) studies are presented in Table 1E4. The information entered by countries into DAD-IS includes many anecdotal reports of such adaptations. Table 1E5 presents an overview of the entries in DAD-IS that report disease resistance or tolerance in mammalian breeds. Tables 1E6 to 1E12 list breeds reported to be resistant or tolerant to specific diseases or disease types. In most of these cases, the claims made for specific breeds have not been subject to scientific investigation.

Few new reports of breeds with resistance or tolerance to specific diseases have been entered into DAD-IS since 2007. New examples have generally been from countries that have undertaken comprehensive characterization studies for the first time. However, many more cases of general disease resistance have been reported. In addition, a great deal of research has been undertaken to substantiate anecdotal evidence and uncover the biological mechanisms associated with differences among breeds in terms of their susceptibility to common livestock diseases. Recent scientific developments with respect to the main diseases featured in the DAD-IS data – including several that did not feature in the discussion presented in the first SoW-AnGR – are briefly discussed in the following subsections. Short discussions are also presented for some diseases for which no information on breed resistance has been entered into DAD-IS, but for which information is available in the scientific literature.

Trypanosomosis

Tsetse-transmitted trypanosomosis remains a serious and costly disease throughout West, Central and, to a lesser extent, East Africa, despite multifaceted attempts to control it. Although trypanocidal drugs can be useful, parasite resistance to these drugs increases yearly. Fortunately, locally adapted breeds of ruminants in areas of high tsetse fly challenge show consistent tolerance to this disease. Table 1E6 contains a full list of breeds recorded in DAD-IS as being trypanotolerant or resistant. As was the case at the time the first SoW-AnGR was prepared, the most commonly reported trypanotolerant breeds are N’Dama cattle and Djallonké sheep and goats (also known as West African Dwarf or under other names, depending on the country). Since the time of the first SoW-AnGR, information on trypanotolerant cattle, sheep and goats breeds has been recorded in DAD-IS by Sudan and information on trypanotolerant pigs and equines by several West and Central African countries.

Various studies have been undertaken in recent years to elucidate the biological basis for trypanotolerance (e.g. O’Gorman et al., 2009; Stijlemans et al., 2010; Noyes et al., 2011). Two physiological mechanisms seem to be involved: 1) increased control of parasitaemia; and 2) greater ability to limit anaemia (Naessens et al., 2006). One group of scientists is currently attempting to use genetic modification to create a trypanosomeresistant strain of cattle, based on a genetic mechanism present in baboons and some human populations (Willyard, 2011).
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Ticks and tick-borne diseases

Ticks continue to cause disease and production loss throughout the world, most notably in tropical and subtropical areas. Tick infestation causes blood loss and decreased milk or meat production. Ticks also transmit a number of diseases, including babesiosis, anaplasmosis and cowdriosis. Some breeds of cattle are reported to be resistant to tick infestation and tick-borne disease. There are several potential explanations for the greater resistance of some breeds to tick infestation, including their coat characteristics, skin sensitivity, grooming behaviour and degree of inflammatory response (Mattioli et al., 1995; Marufu et al., 2011; Mapholi et al., 2014). Tables 1E7 and 1E8 show the breeds recorded in DAD-IS as being resistant to, or tolerant of, tick infestation and/or tick-borne diseases.

Recent findings suggest that susceptibility and resistance to tick infestation may be related to differences in the types of immune responses that occur in susceptible and resistant animals. Marufu et al. (2014) report that an increased immune response involving basophils, monocytes and mast cells was noted in resistant Nguni cattle, whereas in susceptible animals, neutrophils and eosinophils were the primary cellular responders to tick bite. Increased neutrophil concentrations were hypothesized to facilitate the distribution of tick-borne pathogens within infected hosts, as enzymes that they release compromise the extracellular matrix. Mast cells and basophils, on the other hand, increased immune response in the area of the bite, in addition to promoting grooming behaviours that promote tick removal. Although further research is needed, greater understanding of the immunological basis for between-breed differences in resistance may facilitate the development of more effective control strategies.
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Internal parasites

Helminthosis continues to cause major production losses throughout the world, particularly as parasite resistance to anthelminthic drugs increases. This latter development places additional pressure on livestock keepers and governments to rely more heavily on genetically resistant or tolerant breeds for production in parasite-infested areas. Breeds noted in DAD-IS as having some resistance to internal parasites are listed in Table 1E9. Many breeds of small ruminants have been characterized as parasite resistant (González et al., 2012).

As described in the first SoW-AnGR, the Red Maasai sheep of Kenya is noted for its resistance to the parasite Haemonchus contortus. Direct breed comparison studies have shown lower faecal egg counts in Red Maasai than in Dorper lambs (Baker et al., 2004). A more recent study of specific quantitative trait loci in cross-bred animals found that all favourable alleles were associated with the Red Maasai (Marshall et al., 2013). Recent studies have also indicated that the Thalli sheep of Pakistan shows significant resistance to Haemonchus contortus infection and lower levels of anaemia during infection than other Pakistani breeds (Babar et al., 2013). Similarly, Santa Ines ewes (a Brazilian breed) have been found to be more resistant than Ile de France ewes when challenged with this parasite (Rocha et al., 2011). Since the first SoW-AnGR was prepared, a number of within- and across-breed genomic studies have been undertaken (e.g. Riggio et al., 2013).

The first SoW-AnGR noted that resistance to Fasciola gigantica had been reported in Indonesian Thin Tail sheep. Since that time, researchers have confirmed that this resistance is quite pathogen specific and does not extend to other liver flukes such as F. hepatica (Pleasance et al., 2010). There are indications that the resistance is based on an early type 1 innate immune response.4 A response of this kind is hypothesized to be effective only against F. gigantica, which develops more rapidly than F. hepatica (Pleasance et al., 2011). In molecular and biochemical terms, infections with F. gigantica and F. hepatica elicited different responses in the Indonesian Thin Tail sheep. Immunological responses to F. gigantica also differed between Indonesian Thin Tail sheep and Merino sheep (a non-resistant breed).
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Foot-and-mouth disease

Foot-and-mouth disease is a highly contagious viral disease of cloven-hooved animals. A vaccine exists, but the disease is also controlled by tight restrictions on the movement of animals from affected to non-affected countries and in some countries by culling programmes in the event of an outbreak. Two buffalo and one cattle breed have been declared in DAD-IS to show some level of resistance to this disease. These reports have yet to be substantiated in the scientific literature.

Bovine leukosis

Bovine leukosis occurs in a proportion of cattle infected with the bovine leukosis virus (BLV). Although not all animals infected with the virus become clinically affected, the condition causes significant losses in production and increased mortality. Evidence of breed-based resistance to clinical leukosis is scant and primarily anecdotal. Reports of resistance are limited to breeds from Central Asia and the Russian Federation (see Table 1E10). However, research on some common international transboundary dairy breeds has indicated a genetic basis for susceptibility to the disease (Abdalla et al., 2013). Research regarding the molecular explanation of resistance suggests that imbalances in certain receptors (tumor necrosis factor alpha in particular) can contribute to increased susceptibility (Konnai et al., 2005).
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Bovine tuberculosis

Bovine tuberculosis is a respiratory disease that can be transmitted through milk and has significant negative consequences – both as a disease of livestock and as a zoonosis – particularly in developing countries. Several breeds (13 cattle breeds, 3 goat breeds and 1 sheep breed) are recorded in DAD-IS as being resistant to this disease. These breeds are primarily reported by countries from the Europe and the Caucasus region. Although it has not been recorded in DAD-IS, a recent scientific study (Vordermeier et al., 2012) comparing native Zebu cattle to Holstein cattle in Ethiopia found that the Zebu was more resistant to tuberculosis. Within-breed quantitative genetic studies have found evidence of heritable control of susceptibility to this disease (e.g. Bermingham et al., 2009; Brotherstone et al., 2010; Tsairidou et al., 2014) and genome-wide association studies have identified genomic regions with putative associations with disease incidence (e.g. Bermingham et al., 2014).

Brucellosis

Brucellosis is a zoonosis that particularly affects cattle and goats. Transmission to humans is usually through consumption of contaminated milk or dairy products. Reproductive failure is the main negative consequence in livestock. Anecdotal claims of brucellosis resistance have been made in DAD-IS for one buffalo breed, seven cattle breeds, three goat breeds and two sheep breeds. Genetic studies have primarily concentrated on pathogen strains rather than livestock breeds, but a recent study of polymorphism in genes associated with immune function reported some associations with disease prevalence in cattle (Prakash et al., 2014). In addition, Martínez et al. (2010) studied brucellosis resistance in two Colombian cattle breeds (Blanco Orejinegro and Zebu) and their crosses and observed statistically significant genetic effects according to both quantitative and molecular genetic models.

Scrapie

Scrapie is a fatal neurodegenerative disease of sheep and goats that is endemic in many countries in Europe and North America. Although no information on scrapie has been entered into DAD-IS, the disease can be considered a textbook case with regard to within- and between-breed genetic variability in disease resistance. It has been shown that variability of the so-called PrP locus accounts for a large proportion of the variation in resistance to the disease (Bishop and Morris, 2007). Selection for scrapie resistance based on PrP genotype has been implemented in various sheep breeds (Palhière et al., 2008), including some at-risk breeds (Windig et al., 2007; Sartore et al., 2013). This has led to significant decreases in the frequency of one susceptible haplotype (VRQ), if not its elimination, and to increases in the frequency of a resistance haplotype (ARR). In many cases, it has been possible to implement efficient selection programmes to reduce the susceptible haplotype without having much effect on neutral diversity (Windig et al., 2007; Palhière et al., 2008). However, Sartore et al. (2013) reported an increase in inbreeding in the Italian Sambucana breed after selection started. These contrasting empirical results underline the importance of considering genetic variability when designing selection programmes (Dawson et al., 2008).

Foot rot

Foot rot caused by Dichelobacter nodosus or Fuso-bacterium is a highly contagious disease of sheep, in particular, and can cause production losses and animal welfare concerns. Table 1E11 shows breeds recorded in DAD-IS as being resistant to foot-rot infection. Current knowledge with regard to resistant breeds is similar to that available at the time the first SoW-AnGR was prepared. Disease control may in fact be better achieved through within-breed foot-rot lesion scoring (Conington et al., 2008) than through breed selection. A recent epidemiological modelling study suggests that foot rot may be eradicated from a given flock by employing a combination of genetic selection, pasture rotation and timely antibiotic administration (Russell et al., 2013; McRae et al., 2014).

African swine fever

African swine fever is a highly contagious disease that causes the rapid death of infected animals. Although recent advances have been made in vaccine development, no commercial product is available and control still relies on strict protocols for disease identification, restriction of animal movements and culling of infected animals. The first SoW-AnGR highlighted the resistance of wild pigs to African swine fever.5 DAD-IS now lists six breeds that are anecdotally reported to have some degree of resistance or tolerance to this disease, including breeds from Southern Africa, Spain and Jamaica. However, no scientifically confirmed reports of genetic resistance are available. Researchers in the United Kingdom have recently used gene-editing procedures to create domestic pigs with the putative genetic mechanism for resistance found in wild pigs (Lillico et al., 2013).

Porcine reproductive and respiratory syndrome

Porcine reproductive and respiratory syndrome, more commonly known by the acronym PRRS, is a viral disease caused by the Arteriviridae family. The clinical signs of infection are manifold and can include widespread reproductive failure, including stillbirths, mummified foetuses, premature births and weak piglets. The disease also causes a characteristic thumping respiratory pattern in post-weaning piglets, which can lead to decreased growth and increased mortality. Containment and eradication of the disease is difficult due to the ease with which it is spread. No breeds are recorded in DAD-IS as being resistant to this disease, but differences between breeds and populations have been reported in the scientific literature (Lewis et al., 2007). Reiner et al. (2010) report evidence of resistance to the virus in a population of “Wiesenauer Miniature” pigs developed in Germany; compared to animals belonging to the commercial Pietrain breed, the miniature pigs showed a 96.7 percent lower viral load. Research into the molecular explanation of resistance would allow for better understanding of the mechanisms of resistance to this viral pathogen. Such research is ongoing in a number of laboratories across the world (e.g. Lewis et al., 2009; Boddicker et al., 2012; 2014a,b; Serão et al., 2014).
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Diseases of poultry

Table 1E12 lists the avian breeds that are recorded in DAD-IS as being resistant to specific diseases Some level of general or unspecified resistance is reported for 75 other avian breeds (56 chicken, 11 duck, 2 goose, 3 guinea fowl, 1 pigeon, 1 quail and 3 turkey breeds).

Newcastle disease is a highly destructive viral infection affecting poultry and other avian species. The virus is endemic in certain areas of the world and can cause high levels of morbidity and mortality, particularly in intensive poultry management systems. A study comparing the relative resistance of three phenotypes of indigenous chickens in Nigeria found that Naked Neck chickens were more resistant to infection than others and more able to tolerate infection once it occurred (Bobbo et al., 2013). The Yoruba chicken of Nigeria has been noted to have increased immune response to the virus and to be better able to resist and eliminate infection (Adeyemo et al., 2012).

Over the last decade or so, avian influenza virus has become a global threat due to its devastating effects on poultry populations and the risks it poses to human health. No breeds are recorded in DAD-IS as being resistant to avian influenza. However, research indicates that the Mx gene in the Indonesian native chicken may confer increased resistance to infection (Sartika et al., 2011). Moreover, resistance to the virus has been noted in the Fayoumi chicken breed, originally from Egypt but now present worldwide. Molecular analysis suggests that, in the event of infection, genes related to haemoglobin are highly expressed in the Fayoumi. Wang et al. (2014) postulate that this may aid the delivery of oxygen to various tissues, thus reducing the severity and duration of infection. Certain breeds of pigeons are known for their resistance to highly pathogenic avian influenza virus H5N1 (Liu et al., 2009). Transmission of avian influenza in chickens relies in large part on specific receptors in the respiratory tract that allow the virus to attach. Analysis of these receptors in pigeons suggests that they are more similar to those of humans than those of chickens. Given that humans are also less susceptible than chickens to avian influenza H5N1, this could explain the pigeons’ relatively high levels of resistance.

Genetic resistance to avian leucosis is recorded in DAD-IS for two Egyptian chicken breeds. Development of genetically resistant lines and the use of specific animal husbandry methods have enabled successful eradication of this disease from most commercial breeding populations.

4.3Opportunities to breed for disease resistance

Breed-to-breed differences in disease susceptibility provide opportunities to decrease disease incidence through cross-breeding or breed substitution. However, these approaches are not applicable if the objective is to continue raising a given breed in pure-bred form or if relevant breed substitutions or cross-breeding strategies are not feasible. Therefore, for a number of diseases, selection to take advantage of within-breed variation in disease resistance is an important control strategy.

Numerous examples of within-breed selection for disease resistance exist and various selection strategies have been applied. Within-breed selection has been performed using both major genes and genetic markers (e.g. against scrapie in sheep) and quantitative genetic approaches (e.g. against Marek’s disease in chickens, internal parasites in sheep and mastitis in dairy cows and sheep).

Within-breed selection programmes have always given emphasis to yield traits. However, consideration of heath traits has been increasing. This has probably occurred for three main reasons: 1) greater awareness of the costs of disease; 2) decreasing fitness due to antagonistic relationships with selection and management for increased yield; and 3) increasing capacity to measure and evaluate health-related traits. In some cases, problems with other approaches, including the effects of increased resistance of pathogens to chemical and antibiotic treatments, have led breeders and livestock keepers to seek alternatives.
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The most common approach to within-breed selection for health is not based on direct measures of resistance to a given pathogen, but rather aims to improve various phenotypes associated with disease complexes. For example, breeding for decreased mastitis may involve giving consideration to observed mastitis incidence, concentration of somatic cells (leukocytes) in milk and udder conformation. Selection against foot rot may be based on animal-mobility scores. Longevity is often included in selection indices as a measure of general health and disease resistance.

Some researchers have speculated that “–omics” technologies will greatly increase the capacity of breeders to incorporate genetic selection into disease-reduction programmes (e.g. Berry et al., 2011; Parker-Gaddis et al., 2014). The term “–omics” refers to a group of fields of advanced study of biological systems. Examples of potential relevance for the genetics of adaptation and disease resistance include “genomics”, the study of genes and chromosomes; “transcriptomics”, the study of transcribed gene products; “proteomics”, the study of proteins; and “metabolomics”, the study of metabolism. Genomics, particularly “genome-enabled” or “genomic” selection (see Part 4 Section C), may be particularly applicable to diseases for which measurement is difficult or expensive.

In the case of internal parasites, selection for resistance is successfully implemented in Australia and New Zealand by using faecal egg count as the selection criterion. However, measuring faecal egg count requires specific skills and equipment, which may not be available everywhere. One simpler alternative is to make use of the FAMACHA scoring system (a method of identifying anaemic animals by evaluating the redness of mucous membranes around the eyes) (van Wyk and Bath, 2002) to determine which animals within a smallruminant flock are more resistant to parasites and should therefore be selected for breeding (Burke and Miller, 2008). A recent study reported low to moderate heritabilities of FAMACHA scores, indicating the possibility of using them as a selection criterion (Riley and Van Vyk, 2009). FAMACHA scoring is, however, only applicable in situations where Haemonchus contortus is the predominant parasite. The parasites more commonly found in temperate environments generally do not provoke anaemia and hence do not affect the colour of eye mucous membranes.

Research into genetic markers of within-breed resistance to internal parasites in Uruguay and other countries suggests that there are various molecular markers associated with resistance that could be used in selection programmes (e.g. Ciappesoni et al., 2011). However, few of the associations observed for individual genes show consistency across breeds, presumably due to the biological complexity of parasite infection and the immune system (resulting in a polygenic nature for parasite resistance), as well as effects of recombination that cause differences among breeds in the linkage between genes affecting resistance and the genetic markers used in the research studies (Kemper et al., 2011). In theory, genomic selection may be an effective means of controlling parasite infection (see Riggio et al., 2014). However, the cost and expertise required mean that this approach is beyond the means of most sheep-breeding systems, particularly those in developing countries.

5Conclusions and research priorities



The information recorded in DAD-IS, while incomplete, provides some indication of the state of knowledge of adaptive characteristics in breeds of livestock. In many cases, the information reported is anecdotal and has not been evaluated by scientific studies. More information is recorded for cattle and small ruminants than for other species. For some species that undoubtedly have specific adaptations (e.g. the yak), no information on breed-level adaptedness is recorded in DAD-IS. There is need for further research, particularly on species and breeds adapted to low-input production systems in developing countries or to other production systems where environmental conditions are harsh. Anecdotal information such as that provided in DAD-IS may, however, assist researchers in the identification of AnGR that merit further investigation of their adaptive characteristics.

Evidence indicates that, where the production environment is harsh, breeds whose evolutionary roots lie in the local area tend to be better adapted than breeds introduced from elsewhere. Thus, plans to introduce breeds into a new area must give due attention to ensuring that they are sufficiently well-matched to local conditions (taking into account temporal variations and the potential for extreme events such as droughts) and that any adaptations to livestock management practices that may be needed are feasible and sustainable. There is a need to set selection goals that are appropriate to the production system rather than ambitious performance objectives that cannot be reached under prevailing conditions. The integration of fitness traits into breeding programmes is constrained by a number of factors, including low heritability, measurement problems and underlying antagonistic relationships with productive performance traits. Research priorities include improving understanding of the functional genetics and genomics of adaptation traits and the identification and measurement of indicator traits of adaptation, with a view to their possible incorporation into breeding goals. Better mapping of breeds’ geographical distributions and better description of their production environments (see Part 4 Section A) would facilitate the identification of breeds that are likely to be adapted to particular combinations of stressors.

Although the optimal approach will vary from case to case, the inclusion of genetic elements in disease-control strategies is often a prudent and effective approach. Documented successes have been achieved, but the use of genetics in disease control is still far from having reached its full potential, and continued research into the genetics of resistance and tolerance is needed. If breeds become extinct or within-breed diversity is lost before critical knowledge is gained and utilization strategies are developed, opportunities that could greatly contribute to improving animal health and productivity may be lost forever. Where the design and implementation of breeding programmes are concerned, consideration should be given to incorporating productivity and disease resistance as primary traits weighted according to their respective economic values.

Lack of information is the major constraint with respect to fully understanding the genetic mechanisms of disease resistance and tolerance in livestock. As noted throughout this section, many reports of breed-specific disease resistance are anecdotal, especially in developing countries, and are based on observations in a single production environment. Addressing the following research priorities would help to bridge these knowledge gaps and enhance the utilization of genetics in the control of animal diseases:


	continued phenotypic characterization to confirm anecdotal observations recorded in DAD-IS and elsewhere;

	genetic characterization to help understand the biological mechanisms underlying observed disease-resistance traits; and

	development of simple, accurate and cost-effective approaches for routine collection of phenotypic information on disease incidence, to support both characterization and genetic improvement.
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Section F

Threats to livestock genetic diversity

1Introduction



Threats to animal genetic resources (AnGR) include a wide variety of factors, ranging from inappropriate approaches to AnGR management on a local scale to major national or global economic, social and environmental trends (Gibson et al., 2005; FAO, 2007a; FAO, 2009a; Alemayehu, 2013). They operate on a range of different time and geographical scales. Some AnGR populations are more vulnerable than others to particular threats. Addressing threats to genetic diversity is one of the most important challenges in AnGR management. It requires not only an understanding of the nature and scale of the threats, but also an understanding of where opportunities to address them may lie.

This section aims to update the discussion of threats to AnGR presented in the first report on The State of the World’s Animal Genetic Resources for Food and Agriculture (first SoW-AnGR) (FAO, 2007a). The first SoW-AnGR distinguished threats arising because of relatively gradual changes in livestock production systems from those associated with acute events such as animal disease epidemics and other kinds of disasters and emergencies. A similar approach is taken in this update.

Detailed information on livestock-sector trends is presented elsewhere in the report (Part 2). Of particular relevance to the analysis of threats is Part 2 Section C, which discusses the effects of livestock-sector trends on AnGR and their management. Also relevant to the analysis of threats is the information on gene flows presented in Part 1 Section C and the information on management capacities presented in Part 3.

Subsection 2 below discusses how the various livestock-sector trends described in Part 2 can translate into threats to AnGR. Subsection 2.1 provides a general overview of the pressures that trends of this kind can exert on livestock diversity. Subsection 2.2 presents some concrete examples of how specific breeds have been affected by various threats, both recently and in the more distant past. Subsection 2.3 presents a review of the information on current threats provided in the country reports.1 Options for addressing these threats are not discussed in detail in this section. Effectively addressing threats associated with livestock-sector trends depends on all the various elements of AnGR management, from the characterization of breeds and their production environments, to the establishment of conservation programmes for at-risk breeds and the establishment of appropriate policy and institutional frameworks. The state of capacity in AnGR management is discussed in Part 3 of the report and the state of the art in management methods in Part 4.

Subsections 3 and 4 below update, respectively, the discussions of disasters and emergencies and of disease epidemics presented in the first SoW-AnGR.

2Livestock sector trends



2.1Overview of trends and their effects on diversity

As discussed in Part 1 Section A, prior to, approximately, the mid-twentieth century, the world’s livestock were raised under very diverse conditions. Animals had to be well adapted to their particular production environments if they were to survive, reproduce and meet the requirements of their owners. Moving AnGR around the world was more difficult than it is today, both in terms of transportation and in terms of establishing livestock populations in new locations. Under these conditions, global AnGR diversity flourished.

Today’s livestock sector presents a different picture. A number of trends have combined to undermine the bulwarks of livestock diversity that had remained largely in place since the days when livestock keeping first spread around the world from the various centres of domestication where it originated. First, a range of technological developments have increasingly enabled production environments to be controlled. Second – again because of technological developments – it has become easier to transport genetic material over long distances. Third, in many production systems, livestock keeping is less multipurpose than it was in the past. Fourth, the livestock sector (particularly the breeding industry), along with the food-processing and retail sectors, has become increasingly dominated by a limited number of large-scale commercial companies. Fifth (again because of technological developments) the number of offspring that can be obtained from individual high-quality or popular animals (particularly male animals) has greatly increased.

While these trends largely emerged in industrialized regions, such as Europe and North America, recent decades have seen them become increasingly significant in parts of the developing world, driven by rapidly rising demand for animal products. The result has often been to create both the opportunity and the motivation to replace diverse locally adapted AnGR with those drawn from a narrow range of high-output breeds. The latter group of breeds, while their populations may be large, are not immune to the threat of genetic erosion. The fifth trend noted above has enabled the very widespread use of a limited number of popular sires. The tendency is reinforced by other trends – homogenization of production environments and breeding goals, greater capacity to transport genetic material and the consolidation of the breeding industry. The outcome has been to greatly reduced the effective population size of a number of widely used breeds (see examples in Table 1F1). Low effective population size implies a high rate of inbreeding and a loss of genetic diversity. It potentially leads to inbreeding depression and higher occurrence of genetic defects. For further information on the effects of inbreeding, see Box 4C1 in Part4 Section C.

The outcome of these trends can be seen in breed risk-status data from the developed regions of the world (see Part 1 Section B). Many breeds became extinct during the twentieth century and many others declined to the brink of extinction. These developments eventually gave rise to concerns about the loss of diversity and to the establishment of breed conservation programmes that have, with varying degrees of success, attempted to revive the fortunes of at-risk breeds (see Part 3 Section D and Part 4 Section D).

Given the experience of developed countries, the spread of industrialized livestock production into the developing world has raised concerns about the fate of the locally adapted breeds of developing regions, particularly those such as East and Southeast Asia that have been greatly affected by the so-called livestock revolution (Delgado et al., 1999) – rapid expansion of large-scale “industrial” livestock production in response to surging demand. The first SoW-AnGR, for example, argued that future “hotspots” of diversity loss were likely to be found in the global “South”.2 Describing developments in Thailand, Charoensook et al. (2013) note that


“since 1981 pig breeding has steadily been industrialised ... Thus, indigenous native pigs have been increasingly mated with imported breeds ...[they] have gradually become crossbreeds and are finally replaced by European commercial breeds as the meat-delivering end product in the pork industry.”



[image: Images]

In this context, it is important to note that countries affected by the livestock revolution are not simply retracing the trajectories followed by their more-developed counterparts. For example, as described in the first SoW-AnGR, the development of poultry production is often “discontinuous”, i.e. rather than “organic” growth through which small poultry farmers gradually expand and intensify their production, “as soon as urban markets, transport infrastructure and services develop, investors ... step in and establish large-scale industrial-type units, integrated with modern processing and marketing methods.”3 Likewise, where genetic improvement is concerned, there is a tendency to make use of the genetic progress that has already been achieved in high-output international transboundary breeds4 rather than to establish breeding programmes for locally adapted breeds (Tisdell, 2003). This means that locally adapted breeds remain far behind the newly introduced breeds in terms of their production potential in high-input systems.

Despite the significance of the changes associated with the livestock revolution, it should also be recalled that the livestock production systems of the developing world remain diverse and that not all countries have followed the same pattern of development (see Part 2). Many livestock continue to be kept by poor rural people in more or less traditional production systems. They supply a range of products and services (see Part 1 Section D) for use within the household or for sale through informal channels. Even where large-scale production has taken off, it can coexist with more traditional production in rural areas, as well as with small-scale production of various types in urban and peri-urban zones (commercially oriented small-scale dairy producers keeping a small number of cattle or buffaloes, slum dwellers keeping a few poultry, goats or pigs to supplement their livelihoods, and so on).

Many countries face the challenge of managing the use of AnGR across a range of very different production systems, sometimes co-existing in close proximity to each other. In these circumstances, one potential threat to diversity (and to effective use of currently available resources) may be a “one size fits all” approach to the use of AnGR, i.e. the increasing use of a narrow range of breeds across still diverse production environments. This may be exacerbated by a lack of knowledge of relative merits of different types of AnGR under different conditions. As discussed in Part 3 Section B, many breeds remain inadequately characterized. Heavy promotion of exotic germplasm by breeding companies or development agencies may also be a factor (Rege and Gibson, 2003).

The speed of change associated with the livestock revolution may also exacerbate threats to diversity. Where livestock production is in a state of rapid flux, with new production systems emerging, traditional systems being transformed and nontraditional types of AnGR becoming more accessible, breeds may fall out of use so rapidly that it is difficult for stakeholders to react and introduce measures to promote their sustainable use and conservation. Unfortunately, monitoring programmes for trends in the size and structure of breed populations and other trends that may affect their risk status (FAO, 2011b), remain inadequate in many countries (see Part 1 Section B and Part 3 Section B).

Where environmental conditions are harsh, external inputs are in short supply and animals have to serve multiple purposes, replacing locally adapted breeds with exotic alternatives continues to be relatively difficult, so some locally adapted breeds may, by default, be protected to some degree from the threat of being replaced by exotic alternatives. However, production systems of this type are not free of threats to AnGR. Rural livestockkeeping livelihoods can be disrupted by a range of factors, including degradation of natural resources, land-use changes or regulations that restrict access to grazing land and other resources, loss of livestock-keeping labour caused by outmigration in search of work, emerging animal health problems that reduce income from livestock keeping and the imposition of marketing restrictions associated with disease-control efforts. In some circumstances, pressures on natural resources may, rather than promoting the maintenance of well-adapted breeds that are relatively well able to deal with the problems associated with these pressures, increase the demand for alternative, apparently higher producing, breeds.

Production system changes feature prominently among the threats to AnGR noted in the report submitted by the African Union Interafrican Bureau of Animal Resources as part of the second SoW-AnGR reporting process (see Box 1F1).

Among environmental trends generating threats to livestock diversity, the first SoW-AnGR recognized that global climate change was likely to present a major challenge. The report noted that threats associated with climate change could be associated with gradual changes in livestock-production systems (i.e. changes of the type described in this subsection) or in sudden catastrophic events (climatic disasters and disease outbreaks – see the following subsections). The significance of climate change is, likewise, noted at several points in the Global Plan of Action for Animal Genetic Resources (FAO, 2007b). However, emphasis is placed largely on the potential role of AnGR in climate change adaptation, rather than on the role of climate change as a potential threat to AnGR diversity.

[image: Images]

Since 2007, concerns about climate change have continued to increase. In the field of genetic resources management, this was reflected in the adoption, in 2013, of the Commission on Genetic Resources for Food and Agriculture (CGRFA)’s Programme of Work on Climate Change and Genetic Resources for Food and Agriculture (FAO, 2013a) and in the publication of a set of CGRFA background study papers on the links between genetic resources management and climate change, including one on the AnGR subsector (FAO, 2011a).

Climate change affects livestock production systems in many ways. If temperatures increase, heat stress in the animals themselves may become an increasing problem (ibid.). The availability of feed and the prevalence of diseases and parasites can be affected by changes in the local ecosystem. If changes are rapid, the adaptive link between a breed and the production environment in which it has traditionally been raised may be broken. Production systems may also be affected in more indirect ways: via the effect of climate change on input prices and via the effect of climate change mitigation strategies (ibid.). The effects of climatic disasters (floods, hurricanes, etc.) are discussed in more detail below (Subsection 3).

It remains difficult to predict the impact that climate change will have on AnGR diversity. This is partly because the effects of climate change are generally difficult to predict, particularly effects on complex aspects of ecosystem function, such as the epidemiology of diseases. However, it is also true that the vulnerability of particular breeds or populations to the effects of climate change is generally not well understood, whether in terms of their distribution in relation to geographical areas likely to be affected by climate change, the capacity of particular AnGR to thrive in changed agroclimatic conditions or the capacity of relevant groups of livestock keepers to adapt their management practices. Box 1F2 illustrates the potential impact of climate change on the geographical distribution of the production environment of a Kenyan cattle breed.

Livestock-sector trends that threaten AnGR diversity are not necessarily simply a matter of the sector responding to economic, social, environmental and technological drivers of the type described above (and in more detail in Part 2). They can also be influenced by public policy. Actions taken by national or local governments can make it easier or more difficult to make a living from particular types of production system (or from livestock keeping in general). If production systems that harbour diverse livestock populations are adversely affected, whether directly or because of competition from other production systems that benefit disproportionally, public policies can constitute a threat to AnGR. The first SoW-AnGR noted, for example, that policies that promote the introduction of high external input production systems or the use of exotic animals can pose a threat to locally adapted breeds.5 Clearly, policies of this type cannot be dismissed simply on the grounds that they might put breeds at risk. All the various pros and cons from economic, social and environmental perspectives need to be weighed up. From the AnGR management perspective, the objective should be to ensure that whatever developments are planned, the breeds used are well matched to their production environments and that potential impacts on genetic diversity are assessed so that conservation measures can be taken if necessary.

It is also possible for livestock-sector policies to have a positive effect on AnGR diversity. This may be an inadvertent consequence of polices that (e.g. for livelihood-related reasons) promote the continued existence of diverse forms of livestock production. Alternatively, it may be the effect of conscious mainstreaming of AnGR-related concerns into other aspects of livestock development. It may also be the effect of the establishment of national strategies, plans or policies specifically intended to promote the sustainable management of AnGR. In the eyes of some stakeholders, the absence or weakness of such policies constitutes, in itself, a threat to AnGR diversity (FAO, 2009a). The argument has sometimes been taken a step further, with a lack of political will to support AnGR management programmes or to support rural communities being identified as a threat (ibid.). The links between national policies and AnGR management are discussed in more detail in Part 3 Section F.
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Broad economic, social, environmental and policy drivers of change translate into a loss of AnGR diversity when they mean that livestock keepers who maintain the various breeds and populations that contribute to this diversity are no longer able or willing to do so (and if no one else is willing and able to take on the role). Even if breeds do not fall out of use, loss of diversity can occur if they are subject to genetic erosion caused by inbreeding or so-called indiscriminate cross-breeding (see below for further discussion). As discussed above, inbreeding can be an issue even in breeds that remain popular and have large population sizes.
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The immediate factors leading to breeds being abandoned (i.e. no longer being used) are diverse and often act in conjunction. Examples include:


	changes in demand that mean that products and services from certain types of livestock are no longer sought-after;

	competition (from other breeds, species, production systems or from outside the livestock sector);

	degradation of natural resources required to maintain particular types of livestock (or livestock in general) or livestock keepers’ lack of access to these resources (see Box 1F3 for an example);

	availability of alternative livelihood options (e.g. jobs in manufacturing, services, etc.);

	additional costs associated with livestock keeping (or particular types of livestock keeping);

	sociocultural factors that make livestock keeping (or particular types of livestock keeping) unattractive as a livelihood activity; and

	other changes (e.g. to climate, disease epidemiology or husbandry practices) that mean that particular breeds are no longer well matched to their production environments.



Indiscriminate cross-breeding is widely recognized as a threat to AnGR diversity. The Global Plan of Action for Animal Genetic Resources (FAO, 2007b) notes, for example, that


“indiscriminate cross-breeding with exotic breeds is also rapidly compromising the genetic integrity of local populations.”6



It is important to note in this context cross-breeding is not necessarily a threat. Well-planned cross-breeding activities can help to keep potentially threatened breeds in use (FAO, 2010; 2013b). The word “indiscriminate” refers to a lack of attention to the choice of which animals should be mated to which. This can occur simply because animals are free roaming and mating is uncontrolled or because of unstructured attempts by individual livestock keepers to improve their herds or flocks. The problem may be exacerbated by policies that encourage artificial insemination with exotic genetics but do not ensure that this is done in a well-planned way. As well as being a threat to diversity, indiscriminate cross-breeding can also lead to problems in terms of the productivity of the affected population or its resilience to shocks (droughts, disease outbreaks, etc.). The case of the Red Maasai sheep of East Africa was highlighted in the first SoW-AnGR as an example of a breed severely affected by indiscriminate cross-breeding (in this case with the Dorper breed, introduced from South Africa).7 The potential risks associated with these developments are illustrated in the following quotation from Ojango et al., 2014:


“The changing climatic conditions, notably the severe droughts, have been disastrous to the pastoral animal populations in general, and especially for pure and higher grades of Dorper crosses. The indigenous sheep breeds have however withstood such challenges much better.”
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It is, of course, possible that “upgrading” a population via continuous cross-breeding may be chosen as an organized (as opposed to “indiscriminate”) strategy. If this strategy is widely implemented it may pose a threat to the existence of the targeted breed and require the implementation of some kind of conservation programme if the breed’s extinction is to be avoided.

2.2Threats to individual breeds – examples from literature

The discussion presented above provides an overview of how livestock-sector trends are likely to exert pressures on livestock diversity. However, the global livestock sector is very diverse and each individual breed faces a particular combination of threats and opportunities and has a particular set of characteristics (strengths and weaknesses) that influence the likelihood that it will continue to be used under changing circumstances. It is therefore difficult to predict the future of an individual breed based merely on a general analysis of how the livestock sector is evolving. As discussed in Part 4 Section D, conserving and promoting the sustainable use and development of an at-risk or vulnerable breed requires a careful assessment of the concrete circumstances facing the breed and those who keep (or potentially keep) it. While there is no substitute for a thorough analysis of the characteristics of the targeted breed, its production system and the trends affecting them, it is possible that lessons can be learned from studying how, in other circumstances, factors have combined to drive specific breeds towards extinction. Unfortunately, in many cases, the factors leading to the decline of individual breeds have not been recorded in detail. This subsection present some examples drawn from scientific and historical literature (examples from the country reports can be found in Subsection 2.3 below and in Part 2 Section C).

Zander (2011) reports that sedentarization among the Borana pastoralists of Ethiopia and Kenya has led to the uptake of new livelihood activities such as crop farming, as well as providing the opportunity to purchase cattle from breeds other than the Borana. This is reported to have led to a dwindling of the breed’s population, as well as to its dilution through cross-breeding. Interestingly, the same paper reports that in Kenya the main threat has been associated with exotic breeds, while in Ethiopia the main threat has been replacement and dilution by other locally adapted breeds.

Rahman et al. (2013), in a paper on the causes of genetic erosion among “indigenous cattle” in Mymensingh district Bangladesh, also report that indiscriminate cross-breeding is a major problem. They also note that “using various equipment and machineries in agricultural fields… seems to be a major cause of the loss of indigenous draught animals.”

The case of the Sheko cattle breed of Ethiopia, as described by Taye et al. (2009), provides an example of how changes to the production environment can interact with a breed’s particular characteristics to threaten its survival. Reduced availability of grazing land is reported to have led to smaller herd sizes and to greater use of tethering as opposed to free grazing. Smaller herd sizes meant that fewer farmers kept Sheko bulls, and this led to a shortage of bulls for breeding and more cross-breeding with “non-descript” local bulls. The Sheko is not well adapted to a tethering system, because of its aggressive nature and its lack of horns, which also contributed to the decline in its use (ibid.). The Sheko is the only surviving taurine cattle breed in that part of Africa and has numerous characteristics that are reportedly appreciated by farmers (e.g. relatively high milk yield, disease tolerance, draught stamina, less-selective feeding behaviour, attractive appearance, ability to maintaining good body condition, short inter-calving period and long lactation period). Nonetheless, at the time the Taye et al. (2009) study was undertaken (2004–2005), a lack of appreciation of the breed’s importance and a lack of intervention to support its sustainable management were reported to be among the threats to its survival. Ethiopia’s country report indicates that the current situation is more promising in this respect, with an in situ conservation programme in operation based on extension activities to improve management, awareness-raising activities and the use of artificial insemination using Sheko semen to help overcome the shortage of bulls. For further information on threats to the Sheko and other Ethiopian cattle breeds, see Box 1F8.
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As noted above, detailed information on the factors currently threatening individual breeds is not widely available. On the other hand, numerous snippets of information can be found in more historical literature about how breeds in developed countries (when they were relatively less “developed”) were driven towards extinction. Breed replacement, cross-breeding to the point of disappearance, replacement of breed function, poor management of breeding, among other factors, all played a role (see Box 1F5). In several cases, it appears that breeds were only saved by the perseverance of a small number of breeders. Driving forces of change included changing market demand and changes to the production system. However, changing fashions and “crazes” also appear to have played a role. Where relatively detailed accounts are available, they generally indicate that a combination of factors was involved (see Boxes 1F6 and 1F7).
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2.3Country-report analysis

The concluding chapter of the first SoW-AnGR8 noted that the discussion of threats to AnGR diversity had thus far tended to remain focused on changes at the level of the livestock production system. In other words (as noted above), it generally remained unclear how broadly identified threats were operating in concrete circumstances to drive specific breeds towards extinction. It could equally have been stated that there had been little detailed analysis of which among the various threats identified were actually creating the most serious challenges for stakeholders trying to promote the sustainable management of AnGR at national level. In an attempt to fill the latter knowledge gap, countries were asked, as part of the reporting process for the second SoW-AnGR, to describe how livestock-sector trends (broadly those identified as significant in the first SoW-AnGR) were affecting the management of their AnGR. Countries were also asked to describe the factors leading to the erosion of their AnGR and to specify what breeds or species were affected. Analysis of countries’ responses to the questions on livestock-sector trends is presented in Part 2 Section C.

The factors most frequently mentioned in countries’ responses to the question about the causes of genetic erosion are shown in Table 1F2. The question was open-ended, i.e. countries were asked to provide textual answers. Some chose to refer to high-level drivers of change, while others focused on factors operating at the level of the production system, holding or herd, or on policy or institutional weaknesses. Thus, while the answers presumably reflect priority concerns, they probably do not present a comprehensive picture of all the factors contributing to genetic erosion in the respective countries. It should also be noted that only about 35 percent of reporting countries indicated that they regularly assess the factors leading to the erosion of their AnGR, and that assessments of this kind are far more common in Europe and the Caucasus and North America than in other regions.

The most frequently mentioned cause of genetic erosion was indiscriminate cross-breeding. The prevalence of this threat (reported particularly frequently by African countries) implies that improving the management of breeding could contribute significantly to reducing genetic erosion. However, the implementation of such improvements is likely to be challenging in many countries, particularly given that the third most commonly mentioned factor contributing to genetic erosion was a lack of, or weak, AnGR-management programmes, policies or institutions (for further discussion of capacity to implement breeding programmes, see Part 3 Section C). The second and the fourth most frequently mentioned threats were replacement of locally adapted breeds by exotic breeds and the lack of competitiveness or poor performance of some breeds (usually those in the locally adapted category). These two threats are inter-related. Lack of competitiveness or profitability is often caused by the presence of more competitive (often exotic) alternatives. The decision to start using exotic breeds is normally taken because these breeds are more profitable (or at least are expected to be so). An example of the interplay between lack of management capacity, demand for high-output animals, breed replacement and uncontrolled crossbreeding as threats to diversity is described in Box 1F9.

In addition to the above-mentioned responses related to breeds’ lack of profitability, a small number of country reports (7 percent or less) mention either unspecified economic and market-related factors or broad economic trends such as globalization, trade liberalization or increasing levels of imports. A few mention specific changes in consumer demand that have led to falling demand for the products or services of particular breeds or species. The examples are quite diverse and include cases from both developed countries and developing countries (see Box 1F10). They also include shifts both away from and towards demand for higher-quality products.
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After lack of profitability, the next most commonly mentioned threat (16 percent of responses) was intensification of production or decline of traditional or small-scale production systems. This threat was more frequently mentioned in the country reports from Europe and the Caucasus (39 percent) than in those from other regions, although also quite frequently mentioned in the reports from Latin America and the Caribbean (29 percent). Another threat to the production systems that underpin AnGR diversity – loss of grazing land or other components of the production environment – received the same number of responses. The country report from Guinea, for example, notes that the area available for pastoral grazing is being reduced by the expansion of the agricultural frontier and the spread of mining operations. The country report from South Africa notes that mining is reducing the availability of grazing land and also affecting water quality and that wildlife ranching is also encroaching on grazing land. Further examples are provided in Boxes 1F1, 1F3 and 1F8 and in Part 2 Section C.
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Disease or disease-control measures were also mentioned in 16 percent of responses. Details of the mechanisms involved were not always provided. However, in some cases the country reports indicate that culling measures are a threat (see Box 1F13 for an example). The threat posed by disease epidemics is discussed in further detail below (Subsection 4).

A number of responses (10 percent) mention problems related to the inappropriate management of breeding programmes, particularly practices that lead to inbreeding. This answer was more common in country reports from Europe and the Caucasus than in those from other regions.

Another threat mentioned in a similar number of responses (9 percent), mostly in reports from Asia and Europe and the Caucasus, is migration from rural areas or uptake of alternative employment. For example, the country report from China, notes that


“thousands of families in rural areas have quit animal rearing ... The accelerated withdrawal of backyard farmers will inevitably lead to reduction or even extinction of local genetic resources.”
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A related factor mentioned in a smaller number of responses (3 percent – all from Europe and the Caucasus) is ageing of the faming population and a lack of interest in livestock keeping among the younger generation.

Mechanization of agriculture and transport leading to the decline of breeds used for draught was mentioned in 7 percent of responses overall, but considerably more frequently among those from Asian countries (24 percent). Climate change, in contrast, was mentioned most frequently in responses from African countries (16 percent, as compared to 6 percent for the world as a whole). Species replacement as a result of climate change is noted, for example, in the country report from Ethiopia (see Box 1F8). The report from Mali notes that climatic changes have led to changes in transhumance patterns, with pastoralist herds remaining for longer in the southern part of the country. This in turn has led to degradation of natural resources, conflicts over resource use and indiscriminate cross-breeding between breeds from the north of the country and those from the south. The potential for climate change to increase risks associated with meteorological disasters is further discussed below (Subsection 3).
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A range of other threats were mentioned by a limited number of countries. One issue that is causing some concern in parts of Europe is the threat from predator animals, the populations of some of which are expanding in some areas because of restrictions on hunting (see Box 1F14).9 The threat to livestock has been exacerbated by changes in management – larger flocks per shepherd – that have increased animals’ vulnerability. Elsewhere in the world, the country report from South Africa notes that predation, along with theft, remains a major challenge and some farmers have moved from conventional livestock keeping to wildlife ranching as a result. It further notes that an in-depth scientific evaluation of predation is being undertaken with the aim of developing more acceptable control methods.

3Disasters and emergencies



As noted in the introduction to this section, the first SoW-AnGR distinguished threats associated with gradual changes to productions systems from those associated with acute events such as climatic disasters. These two different types of threat present quite distinct challenges in terms of AnGR management and it is therefore useful to discuss them separately. In reality, however, there are many connections between the two. A gradual trend may make an acute disaster more likely, increase its impact or increase the vulnerability of a given livestock population to its effects. This subsection updates the discussion of disasters and emergencies presented in the first SoW-AnGR. Threats of this type and efforts to manage them are not discussed in any detail elsewhere in the report. This subsection therefore presents a relatively detailed analysis of developments in this field.

It is well recognized that a catastrophic event that kills large numbers of animals can pose a threat to AnGR diversity, particularly to breeds or populations that are concentrated within a limited geographical area. This kind of threat was discussed in some detail in the first SoW-AnGR. The report noted that impacts on AnGR can occur both because of the direct effects of an “inciting event”, such as a hurricane or earthquake, and because of longer-term disruptions associated with a “state of emergency” brought about by an event of this kind. It also recognized that actions taken to deal with an emergency situation, particularly the restocking of livestock populations, can have a significant effect on AnGR diversity. A distinction was drawn between “acute” and “chronic” emergencies. The former correspond to the above-described pattern: a major inciting event that occurs in a short, discrete, period of time is followed by a longer, but finite, period of disruption. A chronic emergency, in contrast, involves an ongoing state of disruption caused by continuing, or periodically recurring, problems (e.g. intermittent droughts, intermittent military conflicts or the effects of human-health problems such as HIV/AIDS). Chronic emergencies, while they may not involve such devastating impacts in terms of livestock mortality, can have a significant effect on AnGR diversity, both because of disruptions to livestock-keeping livelihoods and because of associated livestock-related development interventions, such as projects that introduce exotic animals.

In addition to the direct effects that they can have in terms of livestock deaths and disruptions to livelihoods, disasters can also disrupt the delivery of livestock-related services and the operation of management programmes, including those related to the sustainable use and development of AnGR. The following quotation is taken from Liberia’s National Biodiversity Strategy and Action Plan:


“Skills essential for environment and biodiversity management were lost through death, incapacities and migration. Records and publications (biodiversity information) important for the conservation and sustainable use of biological resources were destroyed. The only research institution, CARI, was vandalized and destroyed during the war, resulting in loss of crop and livestock genetic materials. Domestic animals were decimated, including pets like cats and dogs.”(Government of Liberia, 2004).



Another potential threat is that a large-scale disaster, such as a war, may create such urgent demand for food that animals are slaughtered indiscriminately without sufficient attention being paid to the need to retain high-quality breeding animals. This effect is reported to have threatened the survival of several British pig breeds during the First World War (Wiseman, 2000).

Disasters and emergencies did not feature prominently among responses to the countryreport question on causes of genetic erosion (Table 1F2). A few countries mentioned military conflicts, and this threat was also noted in the reports submitted by both AU-IBAR and the Arab Center for the Studies of Arid Zones and Dry Lands (ACSAD) as part of the second SoW-AnGR reporting process.10 As noted above, several countries mentioned climate change as a threat, but generally these responses did not refer explicitly to disaster risk. Several countries (e.g. Ethiopia, the Islamic Republic of Iran and Kenya), noted drought as a significant threat.

In terms what can be done to protect AnGR from the effects of disasters and emergencies, the first SoW-AnGR recognized that at the height of major acute emergency, interventions to protect animals would rarely be a priority. The importance of taking precautions in advance was therefore emphasized. If possible, breeds or populations that are vulnerable to the effects of disasters should be included in ex situ conservation programmes under which cryoconserved material and/or live animals are kept at a location (or preferably more than one location) outside the disasterprone area. In the case of emergencies that have a slower onset or are less severe in terms of their effects on the human population, the first SoW-AnGR noted that there might be more scope for taking action to protect at-risk breed populations from destruction. However, it also recognized that this would generally require a degree of advanced planning and good knowledge of where threatened populations are located. The need to improve knowledge of breeds’ geographical distribution was one of the main recommendations of the first SoW-AnGR with respect to the threats posed by disasters and emergencies.

In addition to establishing ex situ conservation schemes, disaster preparedness can also include practical steps to mitigate the effects of disasters. Examples include the creation of fodder banks in areas that are prone to climatic disasters such as droughts or severe winter weather, and contingency plans for the provision of feed, water and veterinary services in the event of a disaster. Disaster early-warning systems may help to give people the time needed to implement measures to protect their animals. Further information on livestock-related emergency preparedness measures can be found in the Livestock and emergency guidelines (LEGS, 2009) published by the Livestock and Emergency Guidelines and Standards Project.

In some cases, preparedness measures may include the establishment of facilities that can be used to physically protect animals from the immediate effects of a disaster. For example, in Bangladesh, where more than 1 million cattle were killed by Cyclone Sidr in 2007, the Swiss Agency for Development and Cooperation has constructed a number of multipurpose cyclone shelters that can house both people and animals (IRIN, 2012). Another measure taken in some parts of Bangladesh is to construct elevated earth structures, known as killas, upon which livestock can be kept during cyclones (Choudhury, 1993; Floreani and Gattolin, 2011). Where naturally safer ground is accessible, specialized constructions may be unnecessary. For example, in the wake of Hurricane Isodore, which struck Mexico in 2002, local municipalities in Yucatan purchased areas of land a few kilometres away from the coast and promoted the relocation of animals from vulnerable coastal areas (UNISDR, 2013). In Indonesia, when the Mount Merapi volcano erupted in 2010, local authorities provided livestock feed and shelter in safe areas so that animals did not have to be left in villages threatened by the eruptions (Husein et al., 2010).

Measures taken to protect animals from the physical effects of a disaster need to be well adapted to local circumstances and feasible in terms of the resources available. Taking Bangladesh again as an example, the current number of cyclone shelters is insufficient to protect the whole human population in cyclone-affected zones, and therefore construction of relatively elaborate combined human– animal shelters may not always be regarded as a priority (IRIN, 2012). Killas, on the other hand, are simple constructions, but tend to fall into disrepair when not in use. People may also be unwilling to take their animals to killas if they are located far away from human shelters. It has been argued that some kind of combination of a shelter for the people and a killa for the animals is the preferable option in these circumstances (Choudhury, 1994; Floreani and Gattolin, 2011).

Preparedness measures, if taken at all, will generally focus on protecting livestock in general rather than on protecting AnGR diversity per se. However, increasing the proportion of the livestock population protected will, by default, tend to increase the probability that particularly significant subpopulations (e.g. breeds that are rare or have unique features) will be protected. If such populations have been identified and their locations are known, it may be possible to take steps to ensure that they are covered by whatever preparedness measures are in place in the local area, or even to prioritize them.

In the case of post-disaster restocking, choosing appropriate breeds or species is an important part of the planning process. It may be tempting to use the restocking exercise as an opportunity to “improve” the local livestock population. However, given the difficult conditions that are likely to prevail in a post-disaster situation, introducing animals that require higher levels of care and inputs may be a risky strategy. Even at the best of times, introducing a new breed requires careful planning to ensure that the animals and the production system are well matched (FAO, 2010). Using locally adapted rather than exotic breeds for restocking is likely to reduce the potential for negative consequences for AnGR diversity. However, even in these circumstances, it is possible that restocking may have negative effects on specific breeds. The ability to identify any such potential threats is, again, likely to depend on the availability of good knowledge of the characteristics, distribution and demographics of local livestock populations.

Where interventions that aim to address more chronic emergencies or longer-term postdisaster development are concerned (i.e. actions taken once the disruptions of the immediate aftermath have subsided), the “standard” AnGR-related advice applies (see for example FAO, 2010): any breeds or crosses that are introduced must be appropriate for the local production environment and the needs of the local livestock keepers; potential impacts on the AnGR of the local area should be assessed and, if necessary, conservation measures (FAO, 2013b) should be implemented.

While, given the destructive power of many disasters and the geographical concentration of some breed populations, the existence of a potential threat to AnGR diversity appears to be quite clear – and is widely recognized among those involved in AnGR management – the first SoW-AnGR noted that the scale of this threat was unclear. In fact, it was difficult to find any documented examples in which the risk status of specific breed populations had been significantly worsened by a disaster or emergency. The main exception to this was a case study on the effects that the 1992 to 1995 war in Bosnia and Herzegovina (and subsequent efforts to rehabilitate the country’s livestock sector) had had on AnGR, particularly the Busha breed of cattle, whose population reportedly declined from over 80 000 in 1991 to below 100 in 2003.11 This kind of “before versus after” analysis is, clearly, reliant on the existence of reasonably precise and up-to-date figures for the size of the respective breed population in the run up to the emergency and on there being sufficient capacity to assess the post-emergency situation (i.e. to carry out some type of population survey). Breed-specific data on the number of animals killed by acute disasters are, not surprisingly, rarely available – and no such examples were presented in the first SoW-AnGR.

The first SoW-AnGR cited sources (IFRC, 2004; EM-DAT database)12 indicating that the frequency of many types of disaster had been increasing over the preceding years and decades.13 Recent data indicate that, while at global scale there may be a downward trend in human mortality rates associated with hydrometeoroligical disasters, overall economic and livelihood losses associated with disasters are increasing rapidly (UNISDR, 2013; Lavall and Maskrey, 2013). In very broad terms, it seems that improved early warning systems, along with better developed infrastructure, health care systems, etc. have often allowed more human lives to be saved,14 while little progress has been made in terms of the land use planning and environmental-management measures that might reduce exposure to certain types of disaster (UNISDR, 2013). Disaster trends also vary greatly from one region to another. For example, in contrast to the general trend, flood mortality rates in sub-Saharan Africa have been increasing consistently in recent decades. Increases in the hazard exposure of “produced capital” have been particularly marked in areas where economic growth has been rapid (e.g. in parts of Asia) (ibid.).

Disaster risk is also probably being affected by climate change. The Intergovernmental Panel on Climate Change, in its special report on managing extreme events and disasters (IPCC, 2013b), concluded that, at global scale, climate change can be expected to increase the frequency and/or severity of several types of extreme weather events and other potentially disastrous phenomena (e.g. slope instabilities and lake outburst floods caused by glacial retreat or permafrost degradation) in the coming decades (see Box 1F15). Certain other types of extreme event are, however, predicted to become less frequent. There are also expected to be shifts in the geographical distribution of certain types of event.

The advice on disasters and emergencies presented in the first SoW-AnGR was, in broad terms, taken up in the Global Plan of Action for Animal Genetic Resources (FAO, 2007b), which calls for the establishment of “integrated support arrangements to protect breeds and populations at risk from emergency or other disaster scenarios, and to enable restocking after emergencies, in line with the national policy.”15 It also calls for the establishment of backup ex situ conservation systems for “protection against the risk of emergency or disaster scenarios.”16 According to the country reports, 30 percent of countries have put arrangements in place to protect breeds and populations that are at risk from natural or human-induced disasters (FAO, 2014). However, the scope of these measures is in some cases limited to measures such as the provision of compensation to livestock keepers affected by natural disasters or the implementation of broad disaster-management strategies.

Another field in which there have been significant developments since the publication of the first SoW-AnGR is the assessment of geographical distribution as a factor affecting breeds’ risk statuses. The significance of geographical concentration was, for example, highlighted in a paper by Carson et al. (2009), which showed that out of 12 British sheep breeds assessed, 10 had 95 percent of their population numbers concentrated within a radius of 65 km or less (in some cases less than 30 km). Geographical concentration was subsequently incorporated into the United Kingdom’s breed risk classification system (Alderson, 2009). In another study, Bahmani et al. (2011) analysed the distribution of the Markhoz goat in the Islamic Republic of Iran and discovered that 77 percent of its population was concentrated within a circle with a radius of 7 km. In this case, natural disasters such as droughts are reported to have already contributed to the decline of the breed’s population (ibid.).
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More generally, access to data on breed distribution will be improved by the development of the production environment descriptors (PEDS) module of the Domestic Animal Diversity Information System (DAD-IS),17 which will allow National Coordinators for the Management of Animal Genetic Resources to record the distribution of their countries’ breeds on electronic maps. The importance of collecting data on the distribution of breed populations is emphasized in FAO’s guideline publications on surveying and monitoring of AnGR and on phenotypic characterization (FAO, 2011b; FAO, 2012a).

Once breed distribution data are available, a potential next step is to relate these data to the geographical distribution of disaster risk.18 This might, for example, help provide an indication of the scale of the potential threat and draw attention to areas where risk-reduction activities for AnGR are particularly needed. It should, however, be borne in mind that sophisticated risk-mapping exercises are not necessarily a prerequisite for action. As some of the examples presented above suggest, basic knowledge of how risk is geographically distributed on a local scale can provide a basis for preparedness measures to protect livestock (and potentially to protect specific breed populations).

To what extent has awareness of AnGR management issues spread beyond the “AnGR community” and into the consciousness of a wider layer of stakeholders involved in the management of disasters and emergencies? The first SoW-AnGR noted that disaster-preparedness and risk-management activities had, in general, tended to include few specific recommendations for the livestock sector, although some efforts were being made by some international agencies to address these deficiencies. The report also noted that while post-disaster rehabilitation activities often involve livestock-related interventions, the literature on the subject included little mention of AnGR issues.

As noted above, since the publication of the first SoW-AnGR, the literature on general livestock-related interventions to assist people affected by humanitarian crises has been augmented by the work of the Livestock Emergency Guidelines and Standards (LEGS) Project. The LEGS Handbook (LEGS, 2009) recommends that animals used for restocking should be from locally adapted breeds, both because of their good capacity to thrive in local conditions and because local people will know how to manage them. However, it offers no guidance on how to address threats to specific AnGR that may arise because of a disaster or emergency or because of response measures. This pattern – recognition of the importance of using appropriate locally adapted animals for restocking, but no more specific AnGR-related advice – reflects much of the earlier literature on the topic (e.g. Heath et al., 1999; Simpkin, 2005; Nyariki et al., 2005). It is unclear whether awareness of AnGR-related issues among practitioners involved in restocking projects or in implementing other disaster-related interventions has increased in recent years. Practical implementation seems to remain a problem, at least in some countries (see Box 1F8 for example).

At national level, many countries have plans or strategies19 – and in some cases also legislation20 – related to the management of disasters and emergencies. As part of a survey on legal and policy frameworks affecting AnGR management conducted by FAO in 2013 (see Part 3 Section F for more details), countries were asked whether they had any legal or policy instruments related to disasters and emergencies and whether these had any impact on AnGR management. The results indicate that 76 percent of the 48 responding countries have legislation on disaster prevention measures either in place or under development and almost as many (74 percent) have policies in place or under development. A number of countries reported that these instruments include provisions related to the protection of livestock and in several cases also specifically to the protection of AnGR. In some cases, however, it appears that these measures relate only to the control of animal disease epidemics and in others that the only measures taken are precautionary gene banking.

One of the few reported laws that specifically addresses the protection of AnGR from a range of natural and human-induced disasters is Slovenia’s Livestock Breeding Act (2002),21 which states that


“if due to the state of emergency or state of war, or due to natural or other disasters the preservation of the breeding materials necessary to ensure, to a minimum extent, the reproduction of domestic animals is endangered, or if the biological diversity of domestic animals in the Republic of Slovenia is endangered to a larger extent, the Minister may assign to breeding organizations and breeders, as well as to other recognized and approved organizations hereunder special technical and other tasks in order to prevent such endangering.”



Another example is Viet Nam’s Ordinance on Livestock Breeds (2004),22 which refers to “the restoration of livestock breeds in cases where natural disasters or enemy sabotages cause serious consequences.”

Several of the survey responses mention that national disaster prevention policies include provisions related to the protection of livestock or that this task falls within the mandate of disasterprotection agencies. However, few details are provided. Several responses note the need to introduce AnGR-specific measures into disaster-related policies. The protection of livestock in general is mentioned, for example, in Bulgaria’s Disaster Protection Act (2006),23 which refers to “temporary evacuation of persons, domestic animals or livestock” and “providing food and temporary shelter to victims of disaster, domestic animals and livestock” and Viet Nam’s Law on Natural Disaster Prevention and Control (2013),24 under which basic provisions for dealing with droughts and seawater intrusions include “adjusting the structures of plants, animals and crops based on forecasts, warnings and developments of drought and seawater intrusion” and for disasters associated with cold weather include “ensuring sufficient feed for livestock.”

Looking beyond the survey results, most national policies on disasters and emergencies make no specific references to the protection of animals from the effects of disasters. Exceptions include Uganda’s National Policy for Disaster Preparedness and Management, which includes measures related to the provision of emergency feed supplies during droughts, as well as to the control of cattle rustling and disease epidemics.25 Nepal’s National Strategy for Disaster Risk Management includes among its priorities for action the establishment of a monitoring system for crops and livestock in high-risk areas and improvements to animal feed storage systems and animal shelters (Government of Nepal, 2009). India’s Standard Operating Procedure for Responding to Natural Disasters refers to the need to “devise appropriate measures to protect animals and find means to shelter and feed them during disasters and their aftermath” (Government of India, 2010). India has taken a number of initiatives in this field in recent years. In 2013, the country’s National Disaster Management Authority co-organized an event entitled “National Conference on Animal Disaster Management – Animals Matter in Disasters” with the World Society for the Protection of Animals (NDMA, 2013). A model district disaster management plan developed for the Madhubani district of Bihar, and published in 2013, includes detailed plans for action by the Animal and Fisheries Department and by local livestock management committees, covering emergency actions such as rescue and evacuation of animals and the provision of veterinary care, fodder and water, as well as livestock-related risk-reduction activities (DDMA, 2013).

4Animal disease epidemics



This subsection updates the discussion on animal disease epidemics as threats to AnGR diversity presented in the first SoW-AnGR. Epidemics share some of the features of other kinds of disaster and emergency (see Subsection 3). They have the potential to kill large numbers of animals in a short period of time. They are a particular threat to breed populations that are concentrated within a limited geographical area. They often trigger a burst of activity on the part of national authorities and these responses can in themselves sometimes be a threat to AnGR. However, unlike many other kinds of disaster and emergency, in the case of an epidemic, livestock are not marginal to response efforts. They are the main focus of attention. Concretely, the acute threat associated with disease epidemics is that large numbers of animals, potentially a large proportion of a given breed population, will die, either directly because of the effects of the disease or because of a culling programme implemented to control the disease.

Other things being equal, large epidemics (affecting a large number of animals and a wide geographical area) pose a greater threat to AnGR than smaller epidemics. Likewise, epidemics that produce a high mortality rate in the affected areas pose a greater threat. Culling campaigns can be particularly problematic in this respect because, if carried out thoroughly, they kill 100 percent of the animals of the relevant species in the area designated for the cull. However, certain diseases, African swine fever, for example, produce very high mortality rates even if there is no culling.

While the effects of large-scale epidemics are likely to be the most serious, the potential threat from epidemics that are relatively limited in terms of the size of the area they affect and the mortality rates they produce should not be overlooked. For an at-risk breed or a breed that is close to falling into an at-risk category, the death of a few thousand, a few hundred or even a few tens of animals can be devastating.

During the decade preceding the publication of the first SoW-AnGR there were a number of extremely serious epidemics in various parts of the world, several of which resulted in the deaths of millions or hundreds of thousands of animals.26 In many cases, the number of culled animals was far larger than the number of deaths caused by the disease itself. During the period since 2007, while there have been no incidents on quite the same scale in terms of livestock deaths as the United Kingdom foot-and-mouth disease epidemic of 2001 or the avian influenza outbreaks that struck parts of Southeast Asia in 2003/2004, disease epidemics have continued to inflict enormous losses on the livestock sector. In terms of shifts in the distribution of major epidemic diseases with the potential to devastate livestock populations, one of the most worrying recent developments has been the spread of African swine fever into the Caucasus and the Russian Federation (FAO, 2012b).

The effect of climate change on the distribution of animal diseases is an area of study that is receiving increasing attention. Vector-borne and waterborne diseases are the most likely to be affected (World Bank, 2014). Given the high mortality rates associated with some of these diseases, it is possible that shifts in disease distribution driven by climate change could pose a threat to AnGR. However, because of the potential for complex interactions between the climate and pathogens, vectors, host animals and other ecosystem components, in addition to the effects of a range of human activities that may increase or decrease the likelihood that a disease will spread to a new area, it is generally difficult to predict how severe such effects are likely to be (FAO, 2011a; 2013c). Nonetheless, some attempts have been made to predict outlooks for specific diseases in the context of climate change (World Bank, 2014). It is argued that conducting studies of this kind is “important when building long-term disease mitigation plans as it provides a framework for governments to invest in research in order to reduce uncertainties and to develop disease mitigation efforts” (ibid.). Early warning systems for individual outbreaks of climatesensitive diseases are likely to become increasingly necessary and a number of such systems are reported to be under development (ibid.). One disease that is causing some concern as a potential threat to AnGR in Europe is bluetongue, which appeared in northern Europe for the first time in 2006 (European Commission, 2013).

As discussed above, diseases and disease management featured prominently among the factors reported by countries as causes of genetic erosion, particularly in the case of African countries (see Table 1F2). In many cases, it is not clear whether these reports refer to the acute effects of epidemics or to the more general effects of disease problems as constraints to livestock-keeping livelihoods. Few countries provide examples of specific breed populations that have been severely affected by disease outbreaks. However, the report from Latvia notes that an outbreak of swine brucellosis led to the death of more than half the sows belonging to the Latvian White breed. The report from Botswana includes the following comment on the effects of post-epidemic restocking:


“Disease outbreaks in certain zones have led to mass slaughter of animals … This reduces population size and also affects … diversity since restocking has to be done using animals from other zones. Furthermore, … the restocking exercise brings in improved animals not indigenous ones which are adaptable to the local production environment. This … was … evident in North East District where 25 000 sheep and goats (mostly indigenous) were replaced by crossbreds and exotic breeds.”



More general effects on AnGR management are noted in the country report from Mauritius: an African swine fever epidemic in 2007 is reported to have wiped out 70 percent of the country’s pig population. A relaunch programme based on the importation of exotic breeds reportedly led to indiscriminate cross-breeding and the production of poor-quality piglets. Further action on the part of the government was then required in order to rectify the problem.

The first SoW-AnGR noted that there had been some recognition of the potential need to protect rare or valuable breed populations from the effects of compulsory culling measures, for example in some European Union legislation. However, it also noted that the success of any attempts to “rescue” breed populations in affected areas once an epidemic had begun were likely to depend heavily on a high level of advanced planning. While there have been some initiatives in this field over recent years (see for example Box 1F16), the evidence provided in the country reports, the responses to the survey on legal and policy measures conducted by FAO in 2013 (see Part 3 Section F) and the reports received from international organizations27 suggest that, overall, progress has been limited. As in the case of other types of disaster, the establishment of back-up ex situ conservation measures is an important means of reducing the risk of total extinction as a result of a disease outbreak.

[image: Images]

5Conclusions



Information on threats to AnGR diversity remains far from complete. As discussed in Part 1 Section B, the risk status of the majority of breeds is classified as “unknown” and even where population trends are monitored detailed assessments of threats to specific breeds are not common. It is therefore difficult to draw firm conclusions regarding the relative significance of different threats, particularly given that in most cases a range of interacting factors are likely to be involved. It is also difficult to determine whether particular threats have become more or less prominent during the period since the first SoW-AnGR was prepared. Country-reporting exercises during the intervening years (the second SoW-AnGR reporting process and the 2012 assessment of progress in implementing the Global Plan of Action) have highlighted the role of indiscriminate cross-breeding as a major problem, particularly in developing countries. Many countries consider that the weakness of their AnGR management programmes, policies and institutions constitutes a threat in its own right. As described in Part 3 of this report, there is ample scope for improvements in these fields, and in many countries strengthening institutions and improving breeding policies and strategies are likely to be prerequisites for tackling the problem of indiscriminate cross-breeding.

Economic and market-related factors are also frequently highlighted by stakeholders as threats to AnGR. The most direct threat to the survival of many breeds is that they can no longer be raised profitably because of some shift in market demand or increase in the level of competition from other breeds, species or non-livestock sources. Shifts of this kind are an inevitable part of social and economic change and thus there are always likely to be some breeds that are at risk of declining towards extinction if no action is taken. In some cases, it may be necessary either to intervene directly to maintain the breed through in situ or ex situ conservation measures or to accept that it may become extinct. However, there may also be measures that can be taken to reduce economic threats either by “valorizing” individual at-risk breeds via marketing initiatives, genetic improvement or the identification of new roles, or by more general policy interventions such as eliminating support measures that create economic incentives for breed replacement.

Given the major roles of small-scale livestock keepers and pastoralists in maintaining AnGR diversity, factors that undermine the sustainability of smallholder and pastoralist production systems constitute significant threats to AnGR. These threats include both market-related factors and problems related the degradation of (or lack of access to) natural resources. Given the importance of livestock keeping to the livelihoods of many of the world’s poorest people and the major significance of livestock keeping areas (e.g. grasslands) in the provision of ecosystem services (carbon sequestration, water cycling, provision of wildlife habitats, etc.), the sustainable development of these production systems is clearly a challenge that extends beyond the immediate field of AnGR management. Balancing different objectives is unlikely to be easy. However, there may be scope for synergies in efforts to promote AnGR-management, livelihood and environmental objectives.

Concerns about climate change have increased yet further since the time the first SoW-AnGR was prepared. Some countries report that they have already experienced climate-driven changes in AnGR management, including species substitutions. However, it remains difficult to predict how climate change will affect the future of livestock production and what the consequences will be for AnGR diversity. The uncertainty of climatic projections is a major constraint, but on the AnGR side there is also frequently a lack of adequate data on breeds’ characteristics, their distributions and their production environments.

Similarly, while it is expected that climate change will increase the frequency of extreme weather events, the extent that this poses an additional threat to AnGR is difficult to estimate. In general, information about the level of threat posed to AnGR by disasters and emergencies remains limited. Lack of information on breed distributions is again a constraint. In some countries, there appears to be increasing interest in disaster-management strategies for the livestock sector. As noted in the first SoW-AnGR, if anything is to be done to protect specific breed populations (e.g. at-risk breeds), it will require advanced planning and good knowledge of where the relevant herds and flocks are located. Given that in many disaster situations organizing rescue efforts for animals will be impractical, efforts should be made to establish appropriate ex situ conservation measures for any breeds that are identified as being under serious threat from disastrous events.

The extent of the threat posed to AnGR by animal disease epidemics is, likewise, difficult to estimate accurately. Disease and diseasemanagement measures, however, featured relatively prominently among causes of genetic erosion reported in the country reports, particularly among reports from African countries. These cases do not necessarily all refer to the threat posed by major epidemics that devastate breed populations in a short period of time. However, given the concentration of some breeds in limited geographical areas and the high mortality rates associated with some diseases, the acute threat from disease epidemics should not be ignored. The potential threat posed by compulsory culling campaigns was noted in the first SoW-AnGR. While there is some indication that awareness of this threat has increased, there is little evidence that governments have taken many practical steps towards the establishment of rescue procedures for at-risk breeds threatened in this way.

Threats to specific breeds often arise because of a combination of factors associated with the changing nature of livestock production systems and the particular vulnerabilities of the respective breeds. Improved understanding of breeds characteristics, their production environments and how they are used thus needs to be combined with better understanding of livestock-sector trends and the demands and constraints that these place on the use of particular types of AnGR. Strategic Priority 5 of the Global Plan of Action for Animal Genetic Resources calls, inter alia, for “assess [ment] of environmental and socio-economic trends that may require a medium and long-term policy revision in animal genetic resources management.”28 Assessments of this kind should help countries identify existing and upcoming threats to their AnGR and potentially also identify strategies for countering some of these threats.
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Section G

Livestock diversity and human nutrition

1Introduction



Genetics has a major influence on the composition of animal-source foods (primary foods, such as meat, offal, milk and eggs, and products such as cheese and sausages). Foods obtained from different animal species differ, to varying degrees, in both their macronutrient and their micronutrient compositions. Nutrient composition is also affected by processing methods and, in the case of meat, is affected by the particular cut or part of the animal from which it comes. Meat from one species can contain more than twice as much fat as the equivalent cut from another species. For example, pork loin (taking the lean part of the cut into consideration) contains 2.2 g of fat/100 g edible portion on a fresh weight basis (EP), while the equivalent figure for beef loin is 5.1 g/100 g EP. The iron content of pork liver is 23.3 mg/100 g EP, while that of beef liver is less than 5 mg/100 g. Further examples are shown in Table 1G1.

This section focuses on the influence of genetics on the nutritional contents of raw primary animal-source foods. The first subsection below discusses the increasing interest in food biodiversity witnessed in recent years and the degree to which this trend has extended into the livestock sector.1 This is followed by a look at efforts that have been made to assemble and disseminate information on the topic and then by an overview of the state of knowledge regarding the potential significance for human nutrition of genetic influence on the composition of animal-source foods. The final subsection identifies some research priorities in this field.

2Growing interest in food biodiversity



While nutritional differences between foods obtained from the most widely used livestock species (cattle, pigs, chickens, sheep and goats) have been relatively well documented, less attention has been paid to foods obtained from other species and to differences between products obtained from different breeds within species. Recent years have, however, seen growing interest in food biodiversity. For example, in 2006, the Convention on Biological Diversity adopted a framework for a cross-cutting initiative on bio-diversity for food and nutrition (CBD, 2006). In 2007, the Commission on Genetic Resources for Food and Agriculture decided to integrate work on biodiversity and nutrition into its Multi-Year Programme of Work (FAO, 2007b). Food biodiversity in this context is defined as “food identified at the taxonomic level below the species level, and underutilized or wild species” (FAO, 2013a).

While work on food biodiversity is less advanced in animals than it is in plants, some studies have looked at nutritional differences between cattle milk and milk from “underutilized” species. For example, horse milk has been shown to be lower in fat than cattle milk. Moreover, the fatty-acid profile of milk from these two species is different, with horse milk being higher in total n-3 fatty acids. For human populations that have no access to essential n-3 fatty acids from fish (e.g. those in landlocked areas such as Mongolia), horse milk can potentially make an important contribution to meeting nutritional requirements. Horse milk has also been found to be more similar than cattle milk to human milk in terms of protein and lactose content, fatty-acid and protein profiles, and mineral content (which is fairly low); it can potentially therefore be regarded as a better food for human infants than cattle milk (Iacono et al., 1992; Malacarne et al., 2002, cited in WijesinhaBettoni and Burlingame, 2013).
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Because of the confounding effects of factors such as management practices, it is more difficult to assess the influence of breed on the nutritional composition of animal-source foods than it is in the case of plant-source foods. The feed given to animals strongly influences meat, milk and egg composition, especially their fatty-acid composition (Woods and Fearon, 2009). Production system and the animal’s sex and its age and weight at slaughter also affect meat composition. Milk composition is affected both by the feed eaten by the animal and by its stage of lactation. It is also affected by the number of times the animal has given birth (parity), seasonal variation and the animal’s age and health. This shows that comparing findings from different studies is not straightforward, and this may be part of the reason why far fewer studies on breed-level effects on the nutrient composition of animal-source foods are available in the scientific literature than studies on effects at the cultivar and variety level in plants.

Most research on breed-level differences addresses economically significant production outcomes such as milk or meat yield, carcass composition and product quality, rather than differences in nutritional composition. However, some of the attributes investigated in such studies may be closely linked to compositional characteristics that are relevant to human nutrition. For example, intramuscular fat in meat cuts is positively associated with sensory properties such as juiciness, flavour and tenderness as perceived by consumers (Hocquette et al., 2010). The fat content of muscles and the fatty-acid composition of this fat also have nutritional implications (Sevane et al., 2014; Scollan et al., 2014; Scollan et al., 2006). Studies in various species, in both developed and developing countries, have shown the effect of breed on meat quality, both in terms of instrumental measurements (colour, water-holding capacity, collagen content, shear values, etc.) and in terms of sensorial attributes (tenderness, flavour, juiciness, etc.) (Chambaz et al., 2003; Dyubele et al., 2010; Jelenikova et al., 2008; Li et al., 2013; Muchenje et al., 2008; Sanudo et al.,1997).

Studies of potential breed-level differences in nutrient composition have often targeted the most widespread transboundary breeds. However, a few comparative studies have evaluated locally adapted breeds (Jayansan et al., 2013; Pavloski et al, 2013; Xie et al., 2012). Breed-level data on mineral and vitamin content are scarce. Hardly any review papers or meta-analyses that provide breed-level compositional data or analyse possible differences in nutrient values have been published.

3Filling the knowledge gap



FAO has contributed to filling the knowledge gap on biodiversity and nutrition by developing the FAO/INFOODS Food Composition Database for Biodiversity (BioFoodComp) (FAO, 2013b). The database includes data on several animal-source foods: milk from buffalo breeds and minor dairy species (273 food records, representing a total of 92 breeds) (Medhammar et al., 2012); and beef (213 food records, 49 breeds) (Barnes et al., 2012). Data on pork (253 food records, 110 breeds/geno-types) (Kerns et al., 2015; FAO, 2015) will be added to the next version of the database. BioFoodComp has become the most comprehensive global repository of nutrient values of foods described at breed level and foods from underutilized species.

As discussed above, multiple factors influence the composition of animal-source foods and it is therefore difficult to compare compositional data from the various studies used to populate the BioFoodComp database. The protein content in milk is very stable with respect to changes in animal nutrition and feeding practices; however, the fat content and fatty-acid composition of milk are strongly affected (Walker et al., 2004; Jenkins and McGuire, 2006; Laben, 1963), which complicates the interpretation of data related to these nutrients. Stage of lactation greatly influences both fat and protein content. An inverse trend to the lactation curve can generally be observed in most species, i.e. fat and protein contents are higher in early and late lactation and lower in mid lactation. Where beef is concerned, factors such as nutrition and genetics have less influence on protein content and amino acid profile, but it is recognized that micronutrient content, fat content and fatty-acid composition may be altered (Scollan et al., 2006; 2014). Genetic factors generally produce smaller differences in the fatty-acid composition of meat than dietary factors (De Smet et al., 2004; Shingfield, Bonnet and Scollan, 2013).

While potential confounding effects need to be borne in mind, it is interesting to note the breed-level differences in nutritional content recorded in BioFoodComp. Medhammar et al. (2012) report differences in milk composition for different buffalo, yak, horse and dromedary breeds. Fat and protein contents vary significantly between breeds, with differences of approximately 4 g fat and 2 g protein per 100 g milk between the highest and lowest values. Protein values for buffalo milk range from 2.7 g to 4.6 g/100 g, meaning a difference of more than 41 percent between the breeds with the highest and the lowest values. Large variations are also reported for mineral and vitamin contents. For example, calcium content is reported to differ by 73 mg/100 g between the breed with the lowest value, the Kuttanad Dwarf buffalo, and the breed with the highest value, the Egyptian buffalo. Differences between breeds, albeit smaller, are also recorded for horse milk (48 mg/100 g) and dromedary milk (15 mg/100 g). Table 1G2 presents a selection of milk-nutrient composition ranges for buffaloes, horses and dromedaries.

Data on beef and pork show between-breed differences in nutrient values for the same raw meat cut. Barnes et al. (2012) studied compositional data on beef from more than 30 different breeds published in BioFoodComp. Recorded fat values for the longissimus muscle range from 0.6 g to 16.0 g/100 g EP, with the lowest values reported for a Hereford–Friesian cross and highest for the Hanwoo. Value ranges for a selection of other nutrients are presented in Table 1G3. In pork, recorded fat content ranges from 0.7 g to 18.2 g fat per 100 g EP, the lowest value being from the Landrace and the highest from the Mangalitsa (Kerns et al., 2015; FAO, 2015). These variations affect the saturated and mono- and polyunsaturated fatty acid contents of the meat, as well as its cholesterol content. Hardly any data on mineral and vitamin composition are available for beef or pork.

4Potential significance for human nutrition



Animal-source foods are energy dense and are a rich source of protein, minerals, vitamins and essential fatty acids. The protein in these foods is considered to be of the highest quality because of its favourable amino-acid composition. Iron, zinc and vitamin A are the main micronutrients available in meat; calcium, vitamin B12 and riboflavin are provided in abundance by milk, which is however very low in iron. Compared to foods derived from plants, the bioavailability of these nutrients in animal-source foods is high, because of the presence of haeme-protein and the absence of phytates and fibre (Neumann et al., 2002).

The roles of animal-source foods in human nutrition have been widely discussed, including their roles in alleviating undernutrition and deficiencies that lead to poor growth, impaired mental development and ill health (e.g. Dror and Allen, 2011; Neumann et al., 2002; Neumann et al., 2010) and their beneficial and potential negative roles with respect to dietrelated non-communicable diseases (e.g. Weaver et al., 2013; Givens, 2010; McAfee et al., 2010).
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Dietary fat receives a lot of attention with regard to its roles in the epidemiology of non-communicable diseases such as cardiovascular pathologies, cancer and type-2 diabetes (e.g. WHO/FAO, 2003; FAO, 2010). These diseases are becoming more common in both developed and developing countries (WHO/FAO, 2003). Emphasis has been placed on reducing the intake of total fat, saturated fatty acids (SFA – considered to be associated with increased LDL-cholesterol) and increasing the intake of n-3 polyunsaturated fatty acids (PUFA – recognized to be protective against cardiovascular diseases and to play a beneficial role in terms of promoting general health). Dietary recommendations have been published for fatty-acid classes as well as for specific fatty acids (FAO, 2010).

Meat plays an important role in the diet of many populations, and although the general contribution of meat to fat supply in the human diet is low (less than 20 percent) (Culioli et al., 2003), identifying breeds whose products have beneficial fatty-acid profiles has the potential to contribute to healthier diets (e.g. Sevane et al., 2014). A comparison of beef from three breeds (Cuvelier et al., 2006) showed large between-breed differences in SFA content: Belgian Blue, Limousin and Aberdeen Angus, respectively, provided 2.2 percent, 6.2 percent and 9.2 percent of the recommended SFA intake. Large differences in n-3 PUFA content between these breeds were also reported.

In low-input systems, cross-breeding with exotic breeds can potentially lead to lower nutrient densities in milk, with potential consequences for human nutrition. Mapekula et al. (2011) report an instance of this effect in dairy cattle grazed on rangeland in South Africa and note that it may be related to the cross-bred animals having a lower capacity to convert poor-quality feed into milk protein.

Micronutrient malnutrition (i.e. vitamin and mineral nutritional deficiency) is very prevalent in developing countries. Milk is considered to be an important source of zinc for children at risk of micronutrient deficiencies (Neumann et al., 2002). Two cups (500 ml) of milk per day provide 24 to 72 percent of the recommended nutrient intake (RNI) of zinc for children in the one-year to three-year age group, depending on the species of the dairy animal (Table 1G4). Between-breed differences can be almost as large as those between species. For example, according to the figures presented in Table 1G2, two cups of milk from the Najdi breed of dromedary provide less than 50 percent of the zinc RNI per day for children in this age group, while the equivalent amount from the Majaheem breed provides more than 70 percent.

Findings on the vitamin C content of horse and dromedary milk are also interesting: while two cups of milk from the breeds whose milk has the lowest reported vitamin C content supply less than 50 percent of the RNI for children aged one to three years, the equivalent amount of milk from the breeds whose milk has the highest vitamin C content exceeds the RNI, with milk from the Palomino horse supplying 132 percent of the RNI and milk from the Arvana dromedary supplying 301 percent. The large amount of vitamin C in dromedary milk is recognized as being important in desert areas, where vegetables and fruits are scarce (Barłowska et al., 2011). Cattle milk, in contrast, is reported to be low in vitamin C.

5Research priorities



The composition of animal-source foods is influenced by a number of different factors. Some comparative studies that assess the effect of breed per se and identify nutritional differences by controlling for other factors have been undertaken. However, high-quality studies are lacking, i.e. studies that include all the necessary information on confounding factors and analytical methods used and, preferably, have a control group for comparison. Meta-analyses that enable sound conclusions to be drawn from results obtained in different studies are needed. There is also a need to expand the range of species and breeds targeted by nutritional composition studies. Studies often focus on a narrow range of nutrients that influence product quality. Research needs to target a wider range of nutrients of public-health concern, including studies on amino-acid composition and protein digestibility. Data on vitamin and mineral contents are particularly needed.
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Given that there is evidence that breed influences the composition of animal-source foods, there is a need to:


	obtain data on different breeds and their production environments, so as to be able to disentangle genetic and environmental factors;

	generate, compile and disseminate more compositional data on animal-source foods from different breeds, especially locally adapted breeds;

	further investigate evidence for the significance of species-and breed-level differences to human health by developing meta-analysis approaches and strategies for avoiding confounding effects (such as differences in nutritional habits other than consumption of meat and dairy products); and

	take information on the composition of animal-source foods into account in nutrition and agricultural policies and programmes.
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1The inclusion of this section devoted to livestock diversity and human nutrition, for which there was no equivalent in the first report on The State of the World’s Animal Genetic Resources for Food and Agriculture (first SoW-AnGR) (FAO, 2007a), is an indication of this growing interest.




Part 2

LIVESTOCK SECTOR TRENDS



Introduction

Livestock production systems are the context in which animal genetic resources (AnGR) are used and developed. As production systems change, new demands are placed upon AnGR, threats may arise and new opportunities for sustainable use may emerge. This part of the report reviews production system trends and their influence on AnGR management. It serves as an update of Part 2 of the first report on The State of the World’s Animal Genetic Resources for Food and Agriculture and focuses particularly on recent developments.

Section A discusses the major drivers of change in the global livestock sector. Section B considers how these trends are affecting different production systems. Section C, drawing mainly on the material provided in the country reports,1 looks at how AnGR management is being affected by production system trends and how this may change during the coming years. Section D offers some conclusions based on the analysis presented in the other sections.


1For further information on the reporting process, see “About this publication” in the preliminary pages of this report.




Section A

Drivers of change in the livestock sector

1Introduction



The description of livestock-sector trends presented in the first report on The State of the World’s Animal Genetic Resources for Food and Agriculture (first SoW-AnGR) (FAO, 2007a) focused on the period between 1980 and 2005, a time when the livestock sector was expanding, intensifying and scaling-up, as a result of drivers from both the demand and the supply sides. Demand-side drivers were particularly strong in developing countries, where consumption of animal-source food grew fastest. Consumption of meat, milk and eggs rose steadily in a number of developing countries as a result of growth in the human population and rising purchasing power. Growth rates were highest for poultry meat and pork, averaging 4.7 percent and 2.6 percent per year, respectively, between 1981 and 2007 (Alex-andratos and Bruinsma, 2012), with consumption growth in China making an important contribution. Growing urban populations, together with changes in consumer preference, resulted in greater demand for assured food safety and quality, and this led to additional certification requirements and costs. These developments favoured large-scale production and processing units. On the supply side, low and stable feed costs made it possible to expand intensive livestock production, while breeding technology produced animals that had high output potential and were adapted to intensive production. The period was also characterized by a growing volume and value of international trade in livestock products and feed, and the emerging dominance of large retailers.

By 2005, it was already evident that livestock-sector growth was slowing. Consumption growth was projected to slow (FAO, 2006), while rising energy costs and increasingly limited land and water resources meant that production growth was becoming ever more dependent on higher productivity from each unit of resources used. These challenges still exist. In addition, the supply-side advantage of cheap feed has disappeared as grain prices have risen and become more volatile. A global economic recession has affected consumption patterns among both poor and middle-class consumers. Concerns about live-stock’s contribution to climate change through greenhouse gas emissions (Steinfeld et al., 2006) are having an ever-increasing influence on livestock-sector policies and industry strategies. Epidemics of major livestock diseases have been a feature of the sector for decades and cause periodic disruption to the international trade on which the sector increasingly depends. All of these issues are explored in this section as it reviews the way that the drivers of change in the livestock sector have evolved in the eight or so years since the first SoW-AnGR was written.

2Changes in demand



Demand for animal-source products continues to grow, driven by growth in the human population and dietary changes associated with urbanization. Purchasing power was affected by the food-price crisis of 2007-2008, but is recovering. Projections indicate that the consumption of poultry meat and dairy products in particular will continue to increase. Each of these drivers is discussed in more detail in the following subsections.

2.1Consumption trends

Projections published in 2012 (Alexandratos and Bruinsma, 2012) suggest that global meat and milk consumption will continue increasing until 2030 and beyond, although growth rates are expected to be slower than those in the past (Tables 2A1 and 2A2). Global growth of meat and milk consumption is projected to be 1.6 and 1.3 percent per year, respectively, in the 2007–2030 period, down from 2.5 and 1.6 percent in 1991–2007. There will be regional differences in these trends, with growth coming mainly from developing countries. Industrialized countries, which already have high levels of consumption of animal-source foods and where population growth is slow, are likely to see much slower growth in demand than developing countries, although their per capita consumption is expected to remain higher (Tables 2A1 to 2A3).

Meat consumption boomed between 1981 and 2007, but in most parts of the world growth in demand is slowing. In Latin America and East and Southeast Asia, annual growth in meat consumption is projected to decrease over time, reflecting economic trends, although still to remain higher than in industrial and transitional economies. In South Asia, meat consumption is predicted to grow faster than before, predominantly through increased consumption of chicken meat in India. Sub-Saharan Africa, which has previously experienced slower growth than other parts of the world, may become a new centre of consumption growth, with annual increases in meat consumption predicted to remain steady until 2050. However, given their dependence on trends in the gross national incomes of the region’s countries, consumption trends for Africa are difficult to predict precisely. Estimates by Acosta (2014) suggest that there is likely to be particularly high demand in Africa for milk, poultry meat and beef, although with some potential for cross-elasticity between poultry meat and beef, meaning that a strong demand for poultry may suppress growth in demand for beef.

The poultry sector has been the most buoyant part of the livestock sector in the past few decades and this is likely to continue. Poultry are efficient feed converters (of grains) and hence poultry meat tends to be cheaper than other meats, whether bought or home-produced. Chicken meat and other poultry products are also very widely consumed across regions and religious and social groups. Growth in global pork consumption, which has been leading the growth of meat consumption jointly with poultry, is heavily influenced by trends in China, where growth in demand is predicted to slow (OECD/FAO, 2014). Conversely, increasing poultry consumption is a worldwide phenomenon. Per capita demand for poultry meat is projected to increase by 271 percent in South Asia, 116 percent in Eastern Europe and Central Asia, 97 percent in the Middle East and North Africa and 91 percent in East Asia and the Pacific during the 2000 to 2030 period (Table 2A3). Evolution of per capita demand for poultry in India is striking, with a predicted increase of 577 percent between 2000 and 2030. Poultry meat is also the animal-source food with the highest demand growth in high-income countries, where per capita demand for beef and mutton is expected to decrease.

[image: Images]

[image: Images]

Milk consumption has grown more slowly than meat consumption, except in South Asia. Over the period 1991 to 2007, global milk consumption grew by 1.6 percent per year (Table 2A2), mainly due to a surge in demand for milk in China and India. In India, per capita demand for milk is expected to increase by 57 percent between 2007 and 2030 according to one projection (Table 2A3); another estimate suggests that consumption of fresh milk will reach 170 kg per capita in 2023 (OECD/FAO, 2014). Herrero et al. (2014) estimate that milk consumption is likely to triple by 2050 in sub-Saharan Africa, mostly led by East Africa. The overall effect is that global consumption of milk is projected to grow slightly faster between 2007 and 2030 than it did between 1981 and 2007 (Table 2A2), with steady annual growth to 2050 in Africa and a decreasing rate of growth in the rest of the world.

2.2Purchasing power

Purchasing power is considered the main demand-side driver for livestock products. Lower-and middle-income consumers have a strong influence on consumption trends, as the effect of increased income on diets is greatest in this group (Delgado et al., 2002; Devine, 2003). Increasing incomes in developing countries were an important driver of the boom in consumption of livestock products, particularly meat.
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Poultry and dairy products have been found to have higher income elasticities of demand than other animal-source foods, meaning that consumption levels are more responsive to income; this effect is particularly strong in low-income populations (OECD/FAO, 2014; Gerosa and Skoet, 2012). At a fixed income, the prices of livestock products affect consumption levels. The lower price of poultry meat relative to beef has led to a shift from beef to poultry consumption in Latin America and the Caribbean, and generally in the world (CEPAL, FAO and IICA, 2014). The food-price crisis of 2007-2008 had a significant impact on demand for dairy products, but consumption is recovering due to increasing incomes and changing lifestyles (Gerosa and Skoet, 2012). Prices of other sources of animal protein also affect demand for livestock products. For instance, future demand for meat could be affected by more competitive fish prices (FAO, 2011b).

It is hardly surprising that consumption of poultry meat and dairy products is projected to continue growing. As well as being the most income-elastic animal-source foods, they are often cheaper than other livestock products and are also the most likely to be produced for home consumption by smallholder farmers.

2.3Demographic changes and urbanization

The world population is predicted to reach 9.6 billion by 2050, i.e. 2.5 billion more than in 2013 (United Nations, 2014). While population growth is expected to decelerate in many regions, strong growth is expected in sub-Saharan Africa. Currently accounting for 13 percent of the total world population, this region is anticipated to account for 23 percent in 2050. As discussed above (Subsection 2.1), per capita consumption of poultry products is expected to increase in this region, reversing a decline in previous decades (FAO, 2009a).

Urbanization was noted in the first SoW-AnGR as the second main factor, after purchasing power, influencing per capita consumption of animal products. It also affects consumer preferences for particular types of animal products (see further discussion below). Since 2007, the world’s urban population has surpassed the rural population. It is expected to increase from 54 percent of the world total in 2013 to 66 percent in 2050 (United Nations, 2014). Urbanization leads to a shift from cereal-based diets to energy-dense diets that include a higher proportion of animal-source food. Diets can be expected to change substantially in Africa and Asia, where urbanization is fastest. In India, a country undergoing strong urbanization, per capita consumption of dairy products was estimated to be 20 percent higher in urban areas than in rural areas in 2009-2010 (Ahuja, 2013). Urban dwellers who can afford it are likely to eat a wider variety of foods than people in rural areas, and to eat more processed food and fast food. These tend to be sourced from large-scale producers where possible, because it is easier for food retail companies to manage supply and quality from fewer, larger farms. Urbanization also leads to improvements in infrastructure and cold chains, meaning that perishable goods, such as fresh milk, can be transported further (Thornton, 2010).

While urban populations are on average richer than those in rural areas, there are still very large numbers of low-income urban families who are vulnerable to economic recession. During the food-price crisis of 2007-2008, when world prices of cereal staples rose by three to five times, the poor in many large cities cut back on food consumption and ate less animal-source food (FAO, 2011b). Current projections for consumption growth will be affected by any future volatility in the global economy.

2.4Consumer taste and preference

Consumption preferences are affected by a variety of cultural factors and life choices. Cultural factors influence decisions as to whether to eat meat or whether to eat meat from particular species; one of the reasons for the boom in poultry consumption may be that it is acceptable in almost every society that eats meat. Cultural norms can also be related to food safety. Many consumers in developing countries prefer to eat meat from animals bought live at the market and slaughtered on the day of consumption, as where there is no reliable refrigeration or obligatory labelling this is the most dependable way of ensuring the safety and quality of the meat. Preferences are not static and are affected by demographic change. Many developing-country consumers prefer the taste of meat from traditional breeds kept extensively, but tastes are changing as middle-class urban households increasingly opt for the convenience of supermarket-purchased meat from intensive production systems.

Meat and milk consumption in developed countries is increasingly affected by concerns about healthy diets, the environmental impacts of livestock production and animal-welfare issues. These concerns drive both trends and shocks in consumption and may sometimes pull in opposite directions. For example, the shift from red meat to poultry meat in high-income countries is partly explained by health concerns, as poultry is perceived to be low in fat (OECD/FAO, 2014); yet during the highly pathogenic avian influenza crisis of 2003 to 2006, demand for poultry meat experienced a short, sharp drop in Italy when consumers feared they might be infected (McLeod, 2008; Beach et al., 2008). Concerns about animal welfare led to a European Union (EU)-wide ban on conventional battery cages for laying hens in 2012, which resulted in an increase in the number of free-range birds in some countries.

Concerns about health issues and food quality are increasing in developing countries due to higher purchasing power and changing lifestyles (Jabbar et al., 2010) and this is already changing the livestock industry, with more standards and norms applied to production and processing (Hoffmann et al., 2014). Thornton (2010) notes that animal welfare is becoming a global concern because of globalization and international trade. In 2013, concerns about animal welfare led the Australian livestock industry to suspend live exports to Egypt. In 2014, exports resumed under the Exporter Supply Chain Assurance System (ESCAS), which places responsibility on exporters to guarantee animal welfare throughout the entire supply chain (Australian Government, Department of Agriculture, 2014).

Population growth alone may not significantly change the structure of the livestock sector, provided that the ratio of producers to consumers does not change. In contrast, changes in consumption patterns are likely to affect sector structure. FAO (2011a) analysed the relative impacts of population growth and changing consumption patterns on total consumption and predicted, for example, that 78 percent of demand growth for poultry meat in China and 68 percent in India would come from increased consumption per capita (Figure 2A1). It is expected that India will respond to growth in demand for poultry by increasing domestic production from large farms, and this implies restructuring of the poultry industry.

3Changes in trade and retailing



As demand for animal-source food has increased worldwide and advances in technology have made their transport easier, international trade and the role of large retailers have increased, creating a situation in which an increasing number of livestock producers face global competition. Some developing-country producers face high production costs because they have to import feed, and this reduces their competitiveness. Likewise, some processors are unable to invest on the scale needed to be competitive. Many smallholders and pastoralists face particular problems because they cannot meet the standards and norms required in order to sell their products to large retailers and international markets, and yet they face competition from imported products on their domestic markets. Vertical integration in the market chains controlled by large companies limits the access of smallholders to growing urban and export markets.

3.1Flows of livestock and their products

Animal products and live animals for slaughtering or breeding are traded on international and domestic markets. Domestic trade accounts for almost 90 percent of recorded trade by volume – and probably a larger percentage of total trade, given that many local transactions in developing countries are unrecorded. However, international trade is expanding: from 4 percent of trade by volume in the early 1980s to around 10 percent in 2007 and 12 percent in 2013 (Guyomard et al., 2013). Large companies dominate market chains in developed countries and are becoming increasingly important in developing countries in terms of both international trade and inward investment.
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International trade in live animals and livestock products is expected to keep growing (Figure 2A2). Trade in dairy products is expected to increase, while the proportion of meat traded is anticipated to remain at around 10 percent of production (OECD/FAO, 2014). Bovine meat, which has the highest value, is the most traded meat, with about 15.8 percent of production being traded (ibid.).

Flow patterns of live animals and animal products are evolving. Live-animal exports are constrained by animal-health regulations, even more so than trade in livestock products, and by high transport costs. The most internationally traded live animals are day-old chicks, sent between large producers all over the world, and ruminants, exported from Australia and the Horn of Africa to the Middle East for halal slaughter. The latter may be restricted in the future because of animal welfare concerns. High-value breeding animals and their semen are also traded internationally (for further information see Part 1 Section C). In Africa and Southeast Asia, animals travel across national borders for slaughter in adjacent countries, not all of them officially recorded. However, this trade can be abruptly disrupted by livestock disease outbreaks and changes in animal-health regulations.
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Dairy exports are still dominated by a few developed countries, namely Australia, European Union (EU) countries, New Zealand and the United States of America. However, Argentina, Belarus, Egypt, Saudi Arabia, Turkey and Ukraine export significant amounts of cheese to neighbouring countries, and India is expected to increase its skim milk powder exports. In Latin America and the Caribbean, dairy exports may remain limited; for example, exports from Argentina are projected to decrease by 9 percent in the next ten years (CEPAL, FAO and IICA, 2014).

Meat exports from developing countries are expected to gain market share relative to those from developed countries (Figure 2A2). A few large countries have the largest market shares. Brazil and Argentina dominate beef and veal exports jointly with Australia, New Zealand and the United States of America. Brazil and the United States of America account for around 70 percent of global exports of poultry meat (Guyomard et al., 2013). India is consolidating its buffalo-meat exports, with a highly competitive sector (OECD/FAO, 2014). The EU’s position as a meat exporter has weakened in recent years because of high production costs and a strong euro and may weaken further (ibid.).

A wider range of countries have become importers of livestock products, and with consumption remaining higher than production in many developing countries imports are expected to grow. Between 2005/2007 and 2050, meat imports to Africa are predicted to increase from 0.9 million tonnes to around 5 million tonnes and milk imports from 5.7 million tonnes to 10.2 million tonnes (World Bank, 2014). The proportion of consumption in Africa accounted for by imports is anticipated to reach around 15 percent for beef and 21 percent for poultry meat by 2030 (ibid.).

An important feature of international trade is that many developing countries are, or have the potential to be, both importers and exporters of livestock products – and both types of trade affect the development of their livestock sectors. Export is a costly process, with average bound tariffs1 for meat varying from 82 to 106 percent in OECD countries and from 68 to 75 percent in non-OECD countries (Steinfeld et al., 2010). Exporters therefore aim to sell their highest-quality products to premium markets in developed countries, or if that is not possible, to target regional markets with high demand, such as South Africa and China. Developed countries place strict animal-health requirements on imports and the main regional markets are also becoming increasingly demanding in this respect. Premium markets also tend to have strict requirements for quality and certification. If export is prioritized in national strategies, this tends to accelerate concentration and scaling-up and to exclude smallholders. This effect is particularly marked in the poultry-meat sector (see Box 2A2 for example). Exclusion can also occur if a disease-free zone created for export restricts the access of smallholders’ animals to seasonal grazing or local markets. Where imports are concerned, a strategy of inward investment by large retailers, often in response to demand in growing cities, can also prove to be exclusionary. Supermarkets and fast-food businesses source their food products from a combination of international and domestic markets, but may impose requirements that make it hard for smallholders to supply them. Importation of livestock products can also, and separately, introduce competition when large exporting countries sell the products that are less preferred in premium markets cheaply into developing-country markets. This may not necessarily affect smallholders; it is more likely to be detrimental to small- and medium-sized commercial producers.

While exchanges of livestock products and live animals are growing, trade is becoming more challenging. One of the consequences of globalization has been a large number of protectionist policies. While in recent years there has been a general tendency towards liberalization of world trade, restrictive measures continue to be applied to animal products (WTO, 2011; 2014). As a consequence, bilateral and multilateral agreements between countries are increasingly being used. These agreements aim to preserve sanitary standards while reducing tariff barriers. For instance, in December 2013, Australia and the Republic of Korea announced a free-trade agreement including elimination of high tariffs on Australian agricultural exports such as dairy products and meat (Department of Foreign Affairs and Trade, 2013). In the same year, the EU and Canada signed an agreement aimed at promoting trade in bovine and pig meat (Government of Canada, 2013). Such arrangements have the potential to further distance smallholders from export markets.
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3.2The rise of large retailers and vertical coordination along the food chain

As discussed in the first SoW-AnGR, supermarkets have spread all over the world. In the developing world, this has mainly occurred since the early 1990s. Supermarkets and large food companies have established vertically integrated production and marketing chains involving contracts with farmers who meet their quality and sanitary standards. This enables them to reduce transaction costs. The private sector is increasingly investing in livestock production systems (Gerber et al., 2010).

Meeting quality and sanitary demands is challenging, especially for smallholders in developing countries. Concerns about the exclusion of smallholders in Africa are rising, as supermarkets require frequent supplies and demand quality standards that small-scale producers may not be able to meet (Tschirley et al., 2010). However, it is possible to involve smallholders in changing markets, particularly in the case of dairy products. Development projects and large retailers have invested in engaging small-scale producers in dairy-product market chains, providing advice on animal health, feeding practices, breeding and in some cases quality assurance (Gerber 2010; FAO, 2013d). In Bangladesh, a well-organized contract-farming system involves large numbers of small-scale farmers in commercial poultry production (FAO, 2013a).

4Changing natural environment



In the context of increasing demand for food and ever greater competition for land and other resources, there are growing concerns about the sustainability of livestock production systems and their impacts on the environment.
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4.1Climate change

Concerns about climate change, already prevalent at the time the first SoW-AnGR was prepared, have deepened still further over recent years (FAO, 2009b; Nardone et al., 2010; IPCC, 2014). Livestock production systems are experiencing the effects of changes in precipitation, temperature and increasing frequency of extreme weather events. Changes of this kind can affect livestock production both directly and indirectly (e.g. by affecting feed production) (Table 2A4). The potential impacts of heat stress on livestock include temperature-related illness and death, as well as declines in production and reproductive ability (Nardone et al., 2010). Extreme weather events threaten rangelands, as well as feed production for non-grazing systems. They can pose a direct threat to the survival of livestock populations caught in their paths (see Part 1 Section F for further discussion). They can also have significant effects on livestock markets (OECD/FAO, 2014).

4.2Pressure on land and other natural resources

There is increasing pressure on land and other natural resources as a result of developments in agricultural production systems as well as urbanization and industrial development. These pressures are being exacerbated by climate change. The livestock sector accounts for approximately 3.9 billion hectares of land, divided into 500 million hectares used for feed-crop production, 1.4 billion hectares of relatively highly productive pastures and 2 billion hectares of relatively unproductive extensive pastures (Steinfeld et al., 2010). The evolution of land use varies from region to region. Between 1961 and 2001, both arable lands and pastures expanded in Asia, North Africa, and Latin America and the Caribbean, while arable lands replaced pastures in Oceania and sub-Saharan Africa. In the Baltic states and the Commonwealth of Independent States, lands dedicated to pastures expanded, while croplands decreased; in western and eastern Europe and in North America, both pasture and arable land decreased (Steinfeld et al., 2010). In some parts of the world, notably Africa, land degradation as a result of overgrazing added to pressures on the land resource. Between 2000 and 2010, the area under pasture grew at the expense of arable land in North America, whereas it decreased in the Southwest Pacific and in Asia (Table 2A5).

Water and fossil fuels are also finite and in high demand. Competition for these resources, a concern for the past decade, is anticipated to get stronger in the future. Developments of this kind lead to high prices for feed and energy and raise the costs of livestock production. A recent response to fossil-fuel scarcity has been the introduction of government incentives for the development of biofuel production. This may affect the livestock sector, as crops used for feed have begun to be used for biofuel production. For instance, policies in the United States of America have led to a surge in the use of maize, one of the main livestock feeds, for bioethanol production (Miljkovic et al., 2012). The availability of by-products from the bioethanol industry and shifts towards new feeds may, however, diminish the negative effects of biofuel production on the livestock sector (FAO, 2012a).
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Feed availability and price volatility are becoming major issues. In Asia, the amount of feed protein required by the poultry and pig sectors is anticipated to double between 2009 and 2020 (Ahuja, 2013). This represents a major challenge, especially given that Asia already experiences chronic shortages of feed (ibid.).

4.3Distribution of livestock diseases and parasites

The distribution of diseases and parasites and the emergence of new diseases are expected to continue evolving, influenced by high livestock densities, international trade, human travel and climate change. It has been argued that these drivers have led to a “booming era of emerging infectious disease” (Bouley et al., 2014). Precise developments are difficult to predict. Climate change, for example, has the potential to affect all the components of disease systems, i.e. pathogens, hosts and vectors. However, it is difficult to clearly distinguish the effects of climate change from those of other drivers (FAO, 2013b). Problems related to emerging diseases and the spread of diseases and parasites into new areas are potentially exacerbated by the spread of antibiotic resistance and resistance to treatments used against parasites and disease vectors.

5Advances in technology



Advances in technology (e.g. those related to feeding, breeding, housing, transportation and marketing) have been major drivers of change in the livestock sector in recent decades. Feeding and breeding have been crucial, particularly in the poultry, pig and dairy industries. However, these developments have mainly been undertaken by the private sector and aimed at (relatively large-scale) commercial producers; they are therefore relatively less available to – and applicable for use by – smallholders than the technologies that led to the “green revolution” in the crop sector (FAO, 2009a).

5.1Feed technology

Feed-use efficiencies have substantially improved in the pig, poultry and dairy industries. Moreover, low feed prices, resulting mainly from intensification of croplands and advances in feed production and genetics, have contributed to the rapid growth of the livestock sector. However, feed prices – including the prices of cereals, oil-seeds and meat and fish meals – have increased sharply since 2008, and are expected to remain high because of increasing demand, land competition, water scarcity, high energy prices and climate change. Increases in feed prices particularly affect developing countries, as they are deficient in feed resources and their livestock sectors are generally dependent on feed imports. This, along with decreasing availability of arable land and increasing food–feed competition, has led to a reassessment of feeding practices and search for new protein- and energy-rich feed resources that do not compete with human food (FAO, 2012b). Potential options include insects (FAO, 2013c; Makkar et al., 2014), co-products of the biofuel industry, including algae (FAO, 2012a), ensiled vegetable and fruit wastes (Wadhwa and Bakshi, 2013) and other unconventional feed resources such as moringa and mulberry leaves. A variety of different insect larvae may be suitable for processing into animal feed, and could potentially replace 25 to 100 percent of the soymeal or fishmeal in the diet – depending on the animal species – with some supplementation with methionine, lysine and calcium (Makkar et al., 2014).

To promote more efficient use of available feed resources, greater emphasis is now being placed on resource assessments and characterizing feeding systems at national level (Makkar and Ankers, 2014). Other strategies include greater use of precision or balanced feeding, identification and use of smart feeding options (Makkar, 2013) and efforts to decrease feed wastage by using densified complete crop residue based feed blocks or pellets and total mixed rations instead of feeding individual feed components (FAO, 2012c).

5.2Genetics and reproductive biotechnologies

Reproductive technologies, such as artificial insemination, embryo transfer and more recently sex-sorted semen, have been extensively used in the poultry, pig and dairy industries in developed countries (see Part 3 Section E). Molecular and quantitative genetics have provided new opportunities in animal breeding (see Part 4 Section C). Conversely, cloning and the use of genetically modified animals have been limited due to social and ethical concerns and problems with the efficiency of the procedures. Genetically modified livestock are used in research and in the production of proteins for medical purposes.

Use of genetics to improve productivity has been particularly prominent in the poultry industry, where high reproductive rates and short generation intervals have allowed rapid improvements in feed efficiency and growth rates using classical animal-breeding methods based on quantitative genetics (FAO, 2009a). In dairy cattle, the use of artificial insemination has allowed the wide diffusion of semen from a limited number of bulls with accurately estimated breeding values and has resulted in significant genetic progress. While the main focus of genetic improvement programmes has been on increasing production, increasing emphasis is now being given to functional traits influencing the costs of production. In the future, selection goals are likely to take other traits, such as disease resistance and environmental impact, including greenhouse gas emissions, increasingly into account.

Newly developed biotechnologies offer many opportunities to improve selection, but have the potential to create certain risks (e.g. compromised food safety and animal welfare) and thus need to be regulated by adequate institutional frameworks. Some relevant national and international legal and policy frameworks have been established (see Part 3 Section F), but adequate provisions are not in place in all countries.

5.3Animal-health technology

Animal-health technologies such as vaccines, antibiotics and diagnostic tools have supported the growth of the livestock sector by reducing the burden of diseases. However, livestock diseases continue to be a problem for both small-scale and large-scale producers. Effective control of existing diseases and emerging problems will require better and more accessible diagnostic tests (Thornton, 2010) and continued development of vaccines and drugs, as well as packaging and distribution networks that make technologies more accessible to farmers. Technology alone will not be sufficient to deal with future animal-health problems; continued investment in the infrastructure and human capacity of animal-health systems in developing countries is also needed. Moreover, the need to respond to crises has meant that chronic and endemic diseases have been neglected, particularly in smallholder and pastoralist livestock systems in developing countries (FAO, 2013b). The critical need for smallholders and pastoralists is not new technology, but animal and public health systems that are more embedded in communities.

In developed countries, the potential effects of antimicrobial resistance on public health are causing increasing concern (Rushton et al., 2014). Improved surveillance in the livestock sector is needed; the latest World Health Organization report on this issue (WHO, 2014) notes the existence of significant gaps in data on antibiotic resistance in bacteria carried by livestock and in the food chain.

5.4Future technologies

In vitro meat, also referred to as artificial meat, is currently under development and may be a contributor to the meat supply in the future, although its use will probably be limited to processed products. It has not yet been produced in a form suitable for commercial use and is very expensive (FAO, 2011b). Another technology that may affect the livestock sector in the future is nanotechnology (Thornton, 2010). This technology can be applied in animal health (e.g. drug delivery), feeding and waste management. However, as with many technologies, risks need to be assessed and addressed via appropriate legal and policy frameworks.

6Policy environment



The first SoW-AnGR described public policies as “forces that add to the drivers described above and influence changes in the sector with the aim of achieving a particular set of societal objectives.” Public policies aim to expose, contain and mitigate the hidden costs of an expanding livestock sector, including those associated with environmental degradation, livelihood disruption and threats to veterinary and human public health.

Veterinary and public health concerns have been strongly regulated internationally since the sanitary and phytosanitary (SPS) agreement of the World Trade Organization was established in 1995, and this high level of regulation can be expected to continue in the future. The agreement was developed, by negotiation between the main trading nations at the time, to protect national livestock and human populations from the most infectious livestock, zoonotic and foodborne diseases. It has been argued that SPS standards act as a barrier to export from developing countries. They have certainly been influential in shaping the livestock sector and its trade flows; for example, in 2009, almost 70 percent of world trade in animals and meat from species susceptible to foot-and-mouth disease came from a small number of countries that were officially recognized as free of the disease by the World Organisation for Animal Health (OIE) or historically recognized to be disease free (OECD/FAO, 2009).

Regulations are evolving in ways that may be beneficial for developing countries. Historically, it was only possible to export to premium markets from countries or geographical zones that were free of disease. All producers living within disease-free countries or zones had to adhere to the same regulations, even if they did not intend to export. Within the past ten years, two new concepts have been introduced into the OIE’s Terrestrial Animal Health Code (OIE, undated). “Compartmentalization” in essence permits export from a certified value chain. “Commodity-based trade”, more recently introduced into international guidelines, permits products assessed as being of minimum risk to be exported, even if they come from countries where disease is present. Both concepts introduce the potential for export trade to be developed in parallel with the provision of support to smallholder farming and pastoralism, although no impact assessments based on practical experience have yet been published.

International policies and regulations on the environment are a more recent phenomenon for the livestock sector and less clear-cut than the SPS agreement. An international agreement on conservation and management of marine fish stocks has been in place since 1995, but moves towards the development of international agreements on sustainable livestock production began only relatively recently. The Global Plan of Action for Animal Genetic Resources was adopted in 2007 (FAO, 2007b) and concerns about the links between livestock and climate change are stimulating further interest in international environmental agreements addressing the livestock sector. An increasing number of public and private discussion fora are now playing an important role in shaping international norms and agreements, including the Global Agenda for Sustainable Livestock,2 spearheaded by FAO. Issues being explored include the management of grazing livestock to provide environmental services, including the improvement of carbon markets so that individual livestock keepers can more easily benefit from them. Additional areas of interest are the management of animal manure for full recovery of nutrients and improving the efficiency of production in developing-country livestock systems, both of which will require a combination of technological, policy and voluntary action. There is also a growing body of research publications on “sustainable intensification” (Garnett and Godfray, 2012; The Montpellier Panel, 2013; Van Buren et al., 2014).

Nationally, land ownership has been an important driver in shaping production systems. Assured access to land and water is important for livestock production, whether through legal ownership or customary land rights, and this will become increasingly urgent as grazing land is lost to crop production and climate change affects marginal areas where many indigenous animals are kept. A report by IFAD (2009) concluded that increased control by indigenous people over access to grazing land, water rights and land-tenure laws were all important means of preventing land degradation and ensuring sustainable land use.

Emerging policy issues in the livestock sector include animal welfare and the regulation of biotechnology (see Part 3 Section F for further discussion). There are also a number of policy areas that affect the sector indirectly. For instance, as noted above, incentives for biofuel production have already affected feed prices and created competition for land and water. A notable trend in the past ten years has been the growth of coalitions, such as the Global Agenda for Sustainable Livestock (see above) and the Global Roundtable for Sustainable Beef,3 that aim to accommodate environmental and social concerns into sector strategy. Social concerns such as public health, animal welfare and environmental impacts are increasingly factored into private-sector voluntary agreements.
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Policies aimed at supporting the livestock sector have often neglected smallholders and pastoralists, who account for a large proportion of the producers in developing countries. Smallholders are also neglected by the private sector, other than through contract-farming arrangements and limited investment initiatives. It is, however, likely that policy-makers looking to reduce poverty will, in future, increasingly aim to take the needs of smallholders into account. FAO (2010 and 2012b) has proposed an inclusive policy framework aimed at including smallholders (Table 2A6).
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Section B

The livestock sector’s response

The drivers of change discussed in Section A induce various responses from the livestock sector. The first SoW-AnGR described these responses for each of the main livestock production systems defined by Seré and Steinfeld (1996) (Table 2B1). For consistency, the present report follows the same structure. The classification defines systems based on the proportion of feed dry matter that comes from crops, the proportion of non-livestock farming activities in the total value of farm production and the stocking rate. It differentiates grassland-based, mixed farming and landless systems. Mixed farming (rainfed and irrigated) and grassland-based systems are subdivided by agro-ecological zone.

A recent mapping by ILRI and FAO illustrates the spatial distribution of production systems around the world (Figure 2B1). Grassland-based systems are estimated to account for 26 percent of the ice-free land surface of the world (Steinfeld et al., 2006). However, mixed farming and intensive landless systems account for the majority of production (Steinfeld et al., 2006; Steinfeld et al., 2010; Herrero et al., 2014).
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The geographical distribution of cattle, sheep, goats, pigs and chickens has also been mapped (Robinson et al., 2014). Ruminants are widely distributed, although goats are mainly found in Africa, Asia and the Near and Middle East. High cattle densities are found predominantly in mixed-rainfed and mixed-irrigated systems, but can be also found in grassland-based systems. (FAO, 2013a). Chicken and pig densities follow human population densities (for further discussion of the geographical distribution of livestock species, see Part 1 Section B).

1Landless industrialized production systems



1.1Overview

“Industrialization” of production systems (resulting from intensification, scaling-up and geographical concentration of specialized production and processing units) has been a response to increasing demand for animal products. It began in the 1960s in developed countries and in the 1980s in developing countries. Not all landless production is industrialized, but industrialized systems are a substantial and growing part of landless systems. The trend to industrialization has accelerated since the 1990s in developing countries, but has plateaued in the rest of the world. Systems of this type are particularly dominant in the pig and poultry sectors. By the early 2000s, they already accounted for 72 percent of poultry-meat production, 55 percent of pig-meat production and 61 percent of egg production globally (de Haan et al., 2010), although with great variation from region to region (Figure 2B2).

Large-scale landless production systems are economically competitive where demand is relatively high and where large retailers are well established. These systems have benefited from technological advances and have advantages over small-scale production with respect to economies of scale and the ability to provide large and regular supplies to retailers. Large producers also find it easier to manage quality and sanitary standards. Food chains and large retailers have generally preferred contracting with industrial production systems and have stimulated the development of these systems. This is particularly true for poultry meat, egg and pork production.
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1.2Major trends

Expanding production to meet growing demand. Expansion has been particularly marked in monogastric systems, which since the 1980s have experienced faster growth than ruminant systems, a trend that is expected to continue until 2050, especially in the developing world. Herrero et al. (2014) estimated that, in 2000, 78 percent of monogastric production came from industrial systems.1 In 2050, between 85 and 95 percent of production is likely to come from these systems. In contrast, growth in ruminant industrialized systems has been somewhat stagnant. Large-scale beef feed-lots have been a feature of production systems in Australia and North America (Galyean et al., 2011), but national herd sizes in these areas have declined in recent years as a result of drought. The systems are also not fully landless, as animals do not enter the feedlot until they are one to two years old. The use of feedlots in the Brazilian beef industry has expanded in recent years, accounting for 13 percent of the country’s beef production in 2012 (Millen and Arrigoni, 2013). Dairy cattle and small ruminants are much less susceptible to industrialization than monogastrics; although industrial systems exist, the majority of production still comes from mixed farms and grassland-based systems (FAO, IDF and IFCN, 2014).

Moving the production base from developed to developing countries. This trend began in the 1980s and is still evident. Monogastric production, which has historically accounted for much of the output of landless systems and lends itself to industrialization, is growing particularly sharply in developing countries (Figure 2B3). In 1980, industrial systems accounted for more than 90 percent of monogastric production in Europe and Latin America and only 33 percent in Africa and the Middle East. By 2050, industrial production systems may account for 80 percent of the production in developing countries. In Africa, the establishment of intensive poultry farms near cities is becoming more widespread (FAO, 2011a). Industrialization of the dairy sector in developing countries is very slow (Gerosa and Skoet, 2012). Two factors contribute to this effect. In some locations, including the periphery of many large cities and more generally in South and Southeast Asia, farm sizes and herds are small, making it hard to achieve economies of scale. Elsewhere, land holdings and herd sizes are larger, but grazing makes an important contribution to the animals’ diets (FAO, IDF and IFCN, 2014). Exceptions to this pattern are North Africa and the Near East, where an arid climate limits the availability of grazing and dairy feedlots are common.

China, India and Brazil have been major contributors to industrialization. In China, for instance, 90 percent of poultry and 74 percent of pigs were raised in industrial systems in 2005, higher proportions than in high-income countries (Figure 2B4).
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Investment against future shocks. Major developing-country producers are taking advantage of developments in technology and animal-health policy to protect themselves against future shocks from disease outbreaks. Large poultry companies, such as Cobb in Brazil and Aviagen in India, are developing certified disease-free compartments, while Chile and South Africa have both introduced compartmentalization schemes for pigs. In Thailand, one of the top-ten poultry exporters before 2003, the largest poultry companies have invested heavily in processing technology, as processed meat is less susceptible to trade bans.

However, it is hard for producers to prepare for shocks caused by price volatility. Prospects for industrialized systems in developing countries will be affected by the price and price volatility of livestock feeds, as many developing countries are (or will be) feed importers (Guyomard et al., 2013). Alexandratos and Bruinsma (2012) estimated a 2 percent annual growth rate in the use of cereal feed in developing countries over the 2005/2007 to 2050 period.

Changing practices in response to societal concerns. Recent years have seen animal welfare issues entering the international policy agenda and affecting livestock-industry practice to a greater degree than they have in the past. Since 2005, the World Assembly of OIE Delegates has adopted ten animal welfare standards for inclusion in the Terrestrial Animal Health Code, including standards for the transport of animals by land, sea and air, slaughter of animals, killing of animals for disease-control purposes, and animal welfare in beef cattle and broiler chicken production. While these standards apply to all livestock production systems, they are most closely scrutinized in industrialized systems. As noted above, concerns about animal welfare led to an EU-wide ban on traditional battery cages for hens in 2012, with producers switching to “enriched” cages, barn production or free-range systems. Pig producers in Australia are voluntarily phasing out sow gestation stalls, and several large producers in North America and Europe have made small changes to improve welfare in their value chains.

Industrialized systems have also begun to respond to concerns about environmental issues. These systems require large quantities of land, fossil fuels and water to produce feed. They have also been associated with spillages of manure, which can contaminate soil and water (FAO, 2009). Contamination of pastures and croplands with heavy metals (added as supplements to livestock diets and excreted in manure) are particularly hazardous for food-chain safety. Industrial intensive systems affect biodiversity through the destruction and pollution of habitats and their expansion can contribute to the erosion of animal genetic resources (see Section C below and Part 1 Sections B and F). Advances in technology and improvements to management may mitigate some of these impacts. While practices have not yet changed a great deal, research is being carried out on the recovery of nutrients and production of biogas from manure (Cuéllar and Webber, 2008), genetic improvements to improve feed-conversion efficiency and use of alternative feed sources (FAO 2012; 2013b). Some large companies also contribute to discussion fora such as the Global Agenda for Sustainable Livestock (see Section A above).

2Small-scale landless systems



2.1Overview

In the developing world, many millions of landless people (i.e. rural or urban people that do not own cropland or pastures and do not have access to large communal grazing areas) keep livestock (Birthal et al., 2006). Animals kept in systems of this kind can provide their keepers with food and other products for sale or home use and play a role in waste management (FAO, 2011). Various feed resources are used, including limited communal grazing, scavenged feed (from streets, yards, etc.), wastes (from kitchens, markets, etc.) and purchased feeds. Small-scale landless production does not fall neatly into widely used production system classifications, and its contribution to global output is difficult to estimate, as is the number of people practising this kind of production.

Small-scale landless producers often use locally adapted breeds, as they tend to be well adapted to scavenging, produce efficiently in backyard conditions and are able to cope relatively well with some diseases and parasites. The main exception to this is in small-scale dairying, where cross-bred cows are often preferred because – provided they receive sufficient feed and appropriate management – they give higher milk yields. Other exotic animals are sometimes raised if they can be accessed easily and production conditions are not too extreme.

Small-scale landless livestock keepers are mostly found in urban and peri-urban areas, close to demand centres. However, they can also be found in rural areas dominated by mixed farming systems where the population density is high and/or land ownership is unequally distributed. Many small-scale landless producers face significant constraints in terms of their ability to access or afford feed and animal-health services. As a consequence, their level of production is low. In rural areas, small-scale landless production is quite peripheral to livestock-sector policies and mostly ignored by government services. The exception is control of major disease outbreaks by culling, which can temporarily decimate livestock populations. In urban areas, small-scale landless production may be targeted by public health and environmental policies. Livestock in cities are a public health concern, as they may transmit zoonotic diseases and parasites. They also cause environmental problems if waste management systems cannot cope with the disposal of manure.

2.1Major trends

Although the contribution of small-scale landless systems to global production is small, the number of producers is expected to rise in the future. In some countries, access to rural land is becoming increasingly difficult and landless livestock ownership may increase. As authorities often try to exclude livestock keeping from urban areas because of public health and environmental concerns FAO, 2011), urbanization might be expected to reduce the numbers of landless livestock keepers. However, when rural people migrate to cities to seek new work opportunities they often bring small livestock with them. Urban poverty is still very high and livestock owning provides poor people with a source of income and food. Peri-urban dairy cattle and poultry keeping is also important in the provision of food supplies to growing cities. The first SoW-AnGR suggested that the presence of small-scale intensive systems might prove to be a transitional phase that would be superseded once large-scale production took off. At present, however, “new and old” poultry systems are coexisting in China and small-scale dairy systems remain important in India. It seems likely that this will continue to be the case, at least in the near future.

3Grassland-based systems



3.1Overview

Grassland-based systems are found all over the world, predominantly in areas that are unsuitable or geographically inconvenient for crop production. As these systems are highly dependent on the natural environment, livestock breeds are generally well adapted to local water availability, forage and climate. Pastoralist and ranching systems are an important source of protein, converting human-inedible forage into meat and milk (FAO, 2011). Pastoralists, estimated at around 120 million people (FAO, 2011), have developed breeds and management strategies that are well adapted to specific production environments (Watershed Organisation Trust, 2013; FAO, 2013a). In temperate areas, grazing systems are frequently rather intensive and use advanced technologies and specialized breeds (i.e. high-output breeds specializing in the production of single products). In terms of global output of animal products, grassland-based systems are of greatest importance in the cattle and small-ruminant sectors (Figure 2B2).

Grassland-based livestock systems face various pressures. They have to deal with the extreme weather events and new disease threats brought about by climate change with very limited technological options. Pastoralist systems are particularly vulnerable to livestock disease outbreaks, as they often have limited access to animal-health services. They also often have to cope with the effects of civil unrest and various kinds of social and political disruption. In addition to continuing competition from the expansion of croplands and land-use changes associated with the expansion of cities, grassland-based livestock systems face competition from other potential land uses. For example, grasslands can be managed to provide ecosystem services such as regulating water flow in rivers, recharging underground water sources, conservation of wild biodiversity and carbon sequestration, or as sites for wind turbines. In some instances these can be complementary activities to livestock raising, provided that appropriate livestock management is practised. Notwithstanding these challenges, the current consensus is that grazing systems will maintain their current land area until at least 2030 (see next subsection for further discussion).

3.2Major trends

Maintaining land area. Letourneau et al. (2012) estimated that between 2000 and 2030 2.8 million km2 of pastoral areas will be replaced with rainfed crop-land systems. However, the total land area under grazing systems is expected to remain approximately constant to 2030 because of an expansion of 2.7 million km2 into forested areas. It is likely that replacement of forest by pasture is almost over in Latin America and the Caribbean and declining in South, Southeast and East Asia (FAO, 2013b). Conversely, pastoral systems in sub-Saharan Africa are expected to continue replacing forest areas during the coming decade (ibid).

Increasing importance of arid and semi-arid grassland-based systems. Some of the world’s most fragile and sensitive grassland ecosystems, such as the Brazilian and Argentinean cerrados and the savanna areas of certain parts of East Africa, are under pressure as a result of climate change and the expansion of croplands (IPCC 2014, citing Lambin and Meyfroidt, 2011). Despite these challenges, projections suggest that arid and semi-arid grassland-based livestock systems in sub-Saharan Africa will increase their output of small-ruminant meat and milk and, to a lesser extent, beef and cattle milk (Herrero et al., 2014).

Diversification within pastoralist systems. The various pressures affecting pastoralist systems are leading to changes in the lifestyles and livelihoods of livestock keepers, including a trend towards sedenterization (FAO, 2011). Economic circumstances have created a growing gap between richer and poorer pastoralists in the Horn of Africa, with some becoming contract herders, while others become more substantial livestock owners and traders (Aklilu and Catley, 2010; FAO, 2011). As the human population in Mongolia grows, it appears that herders with smaller numbers of animals are being gradually forced out of herding, while among those who remain as herding households, many are acutely vulnerable to poor climatic conditions and are likely to face periodic food insecurity (FAO, 2011). Historically, policies have generally not been helpful to pastoralists, but some changes aimed at providing appropriate rights and services to pastoralist populations are occurring, for instance in China and Senegal (Steinfeld et al., 2010).

Changes in ranch systems. Ranch systems in Latin America and the Caribbean have faced changes as a result of pressure from expanding croplands and mixed systems. This has recently led to changes in Brazilian beef production systems, with increasing use of feedlots (Millen and Arrigoni, 2013).

Limited progress in mitigating rangeland degradation and deforestation. Rangeland degradation is a major issue in grazing systems and may be exacerbated by climate change, land competition and increasing grazing intensities. Over the 2000 to 2050 period, grazing intensities are expected to increase by 70 percent in Latin America and the Caribbean (Robinson et al., 2011). It has been estimated that in Burkina Faso, Mali, Niger, Nigeria and Senegal, around 70 percent of rangelands are degraded (Gerber et al., 2010). Preventing pasture degradation where institutions for resource management are lacking is difficult (FAO, 2011). However, policies are increasingly targeting pasture restoration and the mitigation of rangeland degradation. In China, for example, the Loess Plateau and the grasslands of Inner Mongolia are especially vulnerable to land degradation (Gerber et al., 2010). Recent policies have aimed to apply partial or complete grazing bans, progressively, over 70 million hectares in Inner Mongolia (Kemp et al., 2013). Overall, China is spending US$2 billion a year on grassland management and related poverty-alleviation programmes (ibid.).

Deforestation caused by the expansion of rangeland systems into forested areas leads to biodiversity loss and greenhouse gas emissions. It has been estimated that 13 million hectares were deforested for pasture establishment in Latin America between 1990 and 2006 (Opio et al., 2013). Around one-third of greenhouse gas emissions from beef production in Latin America and the Caribbean during this period have been attributed to pasture expansion (ibid). At the time, Brazil and Costa Rica’s policies included incentives and subsidies/credits to establish pastures on deforested land (Gerber et al., 2010). However, as noted above, deforestation for grazing-land expansion in Latin America is likely to be coming to an end (Letourneau et al., 2012; FAO, 2013a). For example, in Costa Rica, policies have recently addressed forest protection and recovery through the establishment of national parks and protected areas accounting for more than 35 percent of the total forest cover in 2005 (Gerber et al., 2010). Deforestation remains an issue in Asia and Africa, although it appears to be declining in Asia.

Potential for diversification of livelihoods from grasslands. There is growing acknowledgment of the importance of preserving vital ecosystem services, including the provision of habitat for plant and animal biodiversity, pollination, climate regulation and the supply of potable water (Noble et al., 2014). In some areas it may be possible for grassland-based livestock to co-exist with the provision of carbon sequestration services, conservation of grassland to improve water flow in rivers or generation of electricity from wind turbines (Antle and Stoorvogel, 2011; de Jode and Hesse, 2011; Grassland Foundation, 2005; Neely and De Leeuw, 2011; World Bank, 2009). Co-use of land may require livestock to be kept at lower stocking rates, but could potentially generate higher economic returns from grassland than livestock alone. It requires careful management and functioning markets for non-livestock outputs.

4Mixed farming systems



4.1Overview

Mixed farming involves the integration of livestock and crop production into one system. Livestock provide manure to fertilize the soil and (in some cases) draught power for agricultural work. Crops provide feed for the animals. Mixed-rainfed systems are found particularly in temperate areas of Europe and North America, in humid and subhumid areas of Latin America and the Caribbean and Africa, in semi-arid areas of Africa and in South Asia. Mixed-irrigated systems are predominantly found in East and South Asia. Mixed farming systems account for a large share of global livestock production, making a particularly significant contribution to milk and ruminantmeat production (Figure 2B2).

In the developed regions of the world, mixed farms are mainly intensive and production tends to be specialized. A narrow range of breeds with high production potential are increasingly used. There has been a trend towards landless production, especially for monogastric animals. In developing countries, both intensive and extensive mixed farming systems are dominated by small-scale production. Intensive mixed systems are generally market oriented. Depending on the circumstances, they may use either locally adapted breeds or cross-breeds (exotic × locally adapted). Extensive mixed farms, particularly those in marginal areas of developing countries, are predominantly subsistence or semi-subsistence oriented, with weak integration into the market. The breeds kept in these systems are mainly locally adapted, and multipurpose livestock production (meat and milk, meat and traction, etc.) remains important.

4.2Main trends

Stagnation in developed countries. Projections suggest that most of the future growth in developed-country livestock output will be in poultry and pig production (OECD/FAO, 2014), which is concentrated mostly in landless systems. It is likely that, due to scarcity and costs of water and feed, mixed farming systems will intensify without changing into landless systems. These resource constraints will result in stagnation or even a decrease in the output of livestock products from these systems. There are indications of long-term trends towards larger farm sizes and ageing farming populations in developed countries. However, the impact of these trends is not yet clear. There are also some important nuances – including, in some countries, persistence of small and larger farms while medium-sized farms slowly disappear, and shifts in the social groups entering and leaving farming – that may affect livestock production and productivity in unexpected ways (Australian Bureau of Statistics, 2012; DEFRA, 2012; Mulet-Marquis and Fair-weather, 2008; USDA, 2014).

Persistence of smallholders in developing countries. The prevalence of small-scale production in both intensive and extensive mixed farming systems in developing countries is expected to persist, as a result of continuing fragmentation of land (Steinfeld et al., 2010). Agricultural land area per person economically active in agriculture has decreased over recent decades in all developing regions except Latin America and the Caribbean, reaching 0.6 ha in South and Southeast Asia, where farms are smallest (Figure 2B5). Farm sizes in Latin America and the Caribbean are expected to grow. In small mixed farms, livestock are an important source of income; it has been estimated that they typically contribute 5 to 20 percent of total household income in mixed-rainfed systems and 25 to 35 percent in mixed-irrigated systems (Steinfeld et al., 2010). Smallholder mixed farming systems are predicted to remain the main producers of ruminants until 2050 (Herrero et al., 2014).

[image: Images]

Increasing pressure on intensive mixed systems in developing countries. Although consumption growth, integration into markets and new life opportunities encourage intensification and commercialization, intensive systems in developing countries are coming under increasing pressure from land fragmentation, limited resources and increasing input costs (feed and drugs). Increasing concentration of animal populations also makes disease control more challenging. It is expected that during the period to 2030 growth in crop productivity will drastically slow or even end (Herrero et al., 2012). Climate change is a major challenge to sustainability and even irrigated systems are facing problems of water shortage. In Africa, semi-arid mixed-rainfed systems in the Sahel, arid and semi-arid grazing systems in East Africa and mixed and grazing systems in the Great Lakes Region may be severely affected by climate change (Thornton, 2014). Notwithstanding these various pressures, mixed systems are expected to survive, and in extensive systems productivity gains may be possible (Herrero et al., 2012).

Environmental impacts. Well-managed mixed farming systems are recognized as being relatively benign in environmental terms. However, intensification, with increasing inputs and stocking rates, can lead to more severe impacts on the environment, particularly through increased demand for concentrate feeds. Over the 2000 to 2030 period, rainfed croplands are predicted to expand by 4.3 million km2 (Letourneau et al., 2012), with part of this expansion resulting from a growing need for livestock feed. The first SoW-AnGR identified several environmental problems associated with irrigated mixed farming, including waterlogging, salinization of soils, the effects of dam building and issues linked to the disposal surplus of water.2 These problems persist and may increase if livestock production in mixed systems continues to intensify.
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Section C

Effects of changes in the livestock sector on animal genetic resources and their management

1Overview and regional analysis



As described above in Sections A and B, the livestock sector in many parts of the world is undergoing rapid transformation, driven by both demand-side and supply-side factors. This section aims to describe the effects that these changes are having on animal genetic resources (AnGR) and their management. The first SoW-AnGR noted, in particular, that the intensification of the livestock sector was having a major influence on AnGR management and leading to the more widespread use of a narrow range of international transboundary breeds, often exotic to the countries where they were being used. It noted that locally adapted breeds retained an important role in more traditional production systems, but that the sustainable use of AnGR in these systems was being disrupted by a number of factors, including inappropriate policies, climate change and degradation of natural resources or problems with access to these resources. On the more positive side from the perspective of maintaining AnGR diversity, it noted that cultural roles, demand for environmental services and the emergence of new niche markets were to some extent stimulating the use of locally adapted breeds and that there was potential scope for expanding these uses. It also noted the potential future significance of locally adapted AnGR in the context of climate change and other threats to the sustainability of high external input systems and the use of high-output breeds.

With the aim of obtaining more detailed information on how these broad trends are playing out at national level, the country-report questionnaire for the second SoW-AnGR1 included questions on the main drivers of change identified in the first SoW-AnGR (see Table 2C1). Countries were asked both to describe the effects of the drivers and to provide scores for the extent of their impacts on AnGR and their management during the preceding ten years and for predicted impacts for the next ten years.

The quantitative responses are summarized in Figure 2C1. With regard to impacts over the last ten years, six of the 15 drivers – changes in demand (quantity and quality), changes in imports, factors affecting the popularity of livestock keeping, policy factors and changes in state of grazing lands – received an average score of more than 1.5 (midway between “low” and “medium”). Most of the other drivers scored between 1 and 1.5. The exceptions were changes in livestock’s cultural roles and the replacement of livestock functions. The low scores for these two drivers may reflect the fact that in a number of countries these changes had largely played out more than ten years ago. The high score for quantitative changes in demand coincides with the conclusion drawn in the first SoW-AnGR that this major driver of livestock-sector trends is having a substantial effect on AnGR management, and with widespread concerns that economic and demand-related factors pose a threat to AnGR diversity (FAO, 2009a). Qualitative changes in demand scored somewhat lower, but their impact is predicted to increase considerably in the future.
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The relatively high score given to the effects of imports of animal products presumably reflects the impact of competition on national livestock sectors. The impact of export trade is reported to have been relatively low, but the significance of this driver is predicted to rise substantially in the future – the largest proportional increase (40 percent) among all the drivers considered. Factors affecting the popularity of livestock keeping as a livelihood activity (lifestyle changes, alternative employment opportunities, etc.) were not stressed particularly heavily as drivers of change in the first SoW-AnGR, but received the second highest average score in the country-report responses. Given that in many countries there is a tendency for small-scale livestock keepers (generally regarded as “guardians” of AnGR diversity) to move out of the sector (FAO, 2009b), the effect of this driver on AnGR is likely to be mainly negative in terms of maintaining diversity, although in some circumstances growth of interest in livestock keeping as a hobby or “alternative” lifestyle may contribute to the ongoing maintenance of non-mainstream AnGR.
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The relatively high score received by policy factors coincides with the conclusion drawn in the first SoW-AnGR that livestock-sector policies can have a significant effect on AnGR management. As discussed above in Section A, a wide range of policy areas and types of policy instruments can affect AnGR management. Over the last decade or so, discussions of general objectives of livestock-sector development have increasingly emphasized the importance of improving the efficiency of production, particularly with regard to reducing the amount of greenhouse gas emitted per unit of food produced (Steinfeld et al., 2006; FAO, 2009b). There has been a tendency to regard smallholder and pastoralist systems as relatively inefficient, which if translated into concrete policies could potentially have a negative effect on livestock diversity by de-emphasizing the production systems that tend to favour the maintenance of a diverse range of AnGR. Recent years have, however, seen some alternative views put forward regarding the nature of “efficiency” in livestock production systems, including arguments related to the need to take a broader range of livestock products and services into account on the output side and the need to consider a wider range of inputs and environmental impacts (see Box 2C1). It remains to be seen whether arguments of this kind will have a significant effect on future policies.

It is interesting to note that the effects of all the drivers considered in the country reports are predicted to be greater in the future than in the past. Apart from above-noted increase in the significance of export trade, the drivers whose impact is expected to show the greatest increases are climate change (35 percent increase) (see Box 2C2 for an example), technological changes (33 percent) and changes related to marketing access and infrastructure (32 percent increase).

There are a number of regional differences in the significance of the various drivers (Table 2C2). For example, in Africa, there is predicted to be a big increase (relative to that in other regions) in the impact of drivers related to demand, marketing and retailing. This is consistent with: i) the predicted increase in demand for animal products in Africa (see Section A above); and ii) the major scope for change that exists in the management of AnGR in this region. Given this background, the finding may not be particularly surprising. However, it highlights the increasingly dynamic nature of AnGR management in the region and – given that drivers in this category are commonly regarded as threats to AnGR diversity – the need for action to ensure that changes are managed sustainably. The effects of policies and technological changes are also predicted to increase substantially in this region. This might again be interpretable as an unsurprising response to a dynamic period of development, but given the potential of both policies and the use of technology to have both positive and negative effects on AnGR diversity, it again highlights the need to ensure appropriate management, including monitoring programmes for trends in the size and structure of breed populations. Africa also generally has higher future scores for environment-related drivers (climatic changes, drivers related to grazing land, disease) than other regions. Some of these drivers (climatic changes and degradation of grazing land) also have relatively large predicted increases in their effects.

In Asia, the predicted future impacts of demand- and marketing-related drivers are mostly similar to those in Africa. The difference between the two regions is that, in Asia, most of these drivers received similar scores for their past and future impacts. A big jump in the impact of export trade is, however, predicted for Asia.

In the Southwest Pacific, drivers related to the environment and natural resources stand out in terms of their predicted future increases in impact. However, in absolute terms, the scores for these drivers are not particularly high relative to other regions. From relatively low levels in the past, the impacts of cultural change, technological change and policy factors are predicted to increase substantially.

The situation in Europe and the Caucasus is relatively stable in terms of differences between past and future impacts. The largest predicted changes are in the impacts of climatic changes, animal diseases (perhaps to some degree connected to climatic change) and qualitative changes in demand. The driver with the most impact (both in the past and predicted for the future) is policy. This probably reflects the significance of AnGR-focused policies (i.e. policies specifically aiming to promote conservation and sustainable use) in the European Union (EU) and in some other European countries (see Part 3 Section F). This is the only region where quantitative changes in demand do not have the highest or joint highest impacts (both past ten years and predicted future).

[image: Images]

[image: Images]

[image: Images]

Latin America and the Caribbean reports a pattern of past impacts that is roughly similar to those of Asia and Africa. Predicted changes from the past to the future indicate a moderate degree of dynamism, but changes in the impacts of demand and market-related drivers are generally less dramatic than in Africa. The biggest increase in impact is predicted in the policy field. Moderate increases are predicted across a range of different drivers, including those related to the environment and natural resources, exports, marketing infrastructure and qualitative changes in demand.

In the Near and Middle East, the past and future impacts of most drivers are predicted to be similar. The largest predicted increases are in the impacts of changes in marketing infrastructure and access and changes in the state of grazing land. The impact of several drivers is predicted to decrease, including, in sharp contrast to other developing regions, technological changes. The impact of disease epidemics is predicted to decline because of improvements to veterinary provisions in some countries.

2Specific effects on animal genetic resources management – examples at country level



As noted above (see also Part 1 Section F), it is generally considered that rising demand for livestock products drives production-system changes that tend to lead to the wider use of a narrow range of breeds (those suitable for use in industrial or other high-input systems) and constitute potential threats to the survival of other breeds because of replacement (see Box 2C3) or in some cases indiscriminate cross-breeding. This analysis is generally borne out by the descriptions provided in the country reports. The report from Suriname, for example, notes that producers’ desire for “quick” improvements in production has led to the introduction of exotic breeds with high yield potential, even though this has created problems associated with higher expenses for feed, housing and overall management. Despite these problems, there is reportedly “a reluctance or in some cases inability” to switch back to using locally adapted breeds. The report from Niger mentions that the effects of greater demand for livestock products, driven by population growth and urbanization, have included the emergence of a new layer of rich farmers and the impoverishment of thousands of small-scale livestock keepers that raise locally adapted breeds.

As described above in Section A, changes in income levels and lifestyles can lead to changes in the types of animal-source food sought by consumers. For example, urbanization and rising incomes tend to lead to an increase in demand for convenience foods, often mass-produced and sold by large retailers. However, a certain level of affluence, and changing fashions, may lead to growing interest in speciality food products, potentially including those that are more traditional or perceived to be so. Social and environmental concerns may start to exert greater influence on consumers’ choice of products. The first SoW-AnGR noted that the homogenization of consumer demand posed a potential threat to AnGR diversity, while the emergence of niche markets offered a potential means of keeping “non-mainstream” breeds in use. The establishment of “new” niche markets for animal products has tended to be a developed-country phenomenon. However, a number of examples from developing countries have been recorded (LPP et al., 2010) (see also Part 1 Section D). Moreover, in many developing countries, long-standing preferences for the taste of products from native breeds continue to influence customer choice. While these general tendencies are widely recognized, the scale and precise nature of their effects on AnGR diversity remain unclear, particularly in developing countries.
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The country reports provide a number of examples of the influence of qualitative changes in consumer demand on AnGR management. The report from Slovenia, for example, notes that increasing demand for organic, animal-welfare friendly, environmentally friendly and traditional products means that more emphasis is being given to indigenous breeds. It also predicts that the influence of these consumer demands on AnGR and their management will be higher in the next ten years than in the past. The report from the United States of America mentions that the establishment of new local or regionally based markets will create opportunities for product branding that support the use of at-risk breeds. It also notes that in the case of chickens, consumer demand for “naturally” grown meat has affected the development of new lines, enhancing diversity at commercial level, and that, in some states, animal-welfare regulations may lead to the development of new genetic lines for cage-free production.

Among developing countries, the report from Kenya notes that indigenous chickens are increasingly being raised for organic meat production. Some other country reports – including those from Bhutan, Namibia and Nepal – note some degree of increasing interest in speciality or high-quality products and a potentially positive effect on demand for locally adapted breeds. The report from Malawi mentions that increasing consumer preference for products from locally adapted breeds is expected to have both positive and negative effects on the sustainable use of AnGR. One the one hand, livestock keepers will be motivated to continue raising locally adapted breeds. One the other, there may be pressure to sell high-quality breeding stock for slaughter. With regard to homogenization of demand and its effects on AnGR, the report from Suriname notes a link to international trade: importation of poultry-meat products has affected consumer tastes and this has led to a strong shift towards the use of exotic breeds.

The effects that changes to marketing infrastructure and market access are reported to be having on AnGR management are also diverse. The most straightforward effect of improving market access is to expose more livestock keepers to the influence of consumer demand in the relevant markets. This can magnify the above-described demand-related effects, either to the cost or to the benefit of AnGR diversity. The potential for negative effects on diversity as a consequence of locally adapted breeds increasingly being replaced by exotic breeds as market access increases is noted, for example, in the country reports from India and Kenya. Conversely, some reports (e.g. Bhutan and South Africa) note the potentially positive effect of increasing access to speciality markets. Specific campaigns to promote the marketing of speciality products or those from particular production systems (e.g. produced by smallholders) have the potential to benefit AnGR diversity. This may occur as a result of a deliberate attempt to promote conservation (see Part 4 Section D) or as a side-effect of efforts to promote livelihood development. The country report from the Netherlands, for example, notes the “potential positive impact of marketing of regional products and labelled products through specific supply chains.” Advances in communication technologies are creating new marketing opportunities for some livestock keepers. For example, the report from the Republic of Korea mentions that online marketing has created links between producers and consumers and provides a marketing channel for products from native AnGR.

Several country reports, both from developing and developed countries, mention that ongoing concentration of retailing in the hands of supermarkets is negatively affecting AnGR diversity because of, inter alia, demand for more uniform products. However, in a number of countries there is also reported to be increasing interest on the part of supermarkets and other retailers in labelling schemes related to geographical origin, product quality, animal welfare and so on. The country report from South Africa, for example, mentions labelling schemes for grass-fed beef, free-range mutton, Karoo lamb and Klein Karoo ostrich.

Some country reports note that the import of animal products or the demands of export markets are influencing AnGR management. The precise consequences are not always clear. However, in some cases (e.g. Sierra Leone), competition from imports is reported to be discouraging livestock keeping and leading to a decline in animal populations and negative consequences for AnGR. The report from Ghana mentions the negative effects of “unfair competition from imported products” on the local pig and poultry sectors. There is, however, some uncertainty about future trends. The report from Senegal, for example, notes the potential need to ensure that the country’s livestock sector is able to meet increasing local demand in the event of rising import prices. On the export side, the country report from South Africa mentions that growing emphasis on animal welfare and sustainable production in export markets is creating opportunities for marketing certified products from locally adapted breeds. The report from Lesotho notes that export demand for wool and mohair are driving the development of breeding programmes for fibre-producing species.

Production-system trends driven by environmental changes also potentially affect demand for different types of AnGR. Where production systems become “harsher” as a result of climate change, resurgent disease problems, etc., the roles of locally adapted breeds may become increasingly important and demand for them may increase (or decline more slowly). The country report from Barbados, for example, notes that the cost of adapting production environments to provide appropriate conditions for exotic breeds is likely to increase. The report from Brazil, states that climate change is likely to increase interest in the use of locally adapted breeds for cross-breeding, although their low levels of production may hamper the implementation of such strategies. The report from South Africa highlights the effect of climate change on the incidence of diseases and parasites and the roles of resistant or tolerant locally adapted breeds such as tick-tolerant Nguni cattle and native goats that are resistant to internal parasites and cowdriosis. Other reports that mention increasing interest in locally adapted breeds as a result of climate change include those from Rwanda, Solomon Islands and Sudan.

Major environmental changes may make it more difficult to raise some breeds in the geographical areas where they have traditionally been kept and may even lead to shifts in the species raised in a given area. Developments of this kind may pose a threat to some breeds. While immediate threats to specific breeds are rarely reported (possibly because of inadequate monitoring programmes – see Part 3 Section B), many country reports mention the threat that climate change poses to livestock production, and in some cases to AnGR diversity, via the increased prevalence of climatic disasters and disease outbreaks or via more gradual changes to production systems. The report from Mongolia, for example, states that


“Occurrences of natural disasters have become frequent, which ... [adversely affects] AnGR through tremendous death of livestock. For instance, the harsh winter disaster of 2010 resulted in 10.2 million livestock losses, equivalent to 20 percent of the national herd … As the pastoral livestock system is vulnerable to any changes, climate change … will have an adverse impact on … [the system’s] AnGR through [effects on] feed and water resources in the future.”



Degradation or loss of grazing land is noted as a problem in several country reports. In some cases, climate change is mentioned as a contributing factor. Specific effects on AnGR management are again rarely mentioned. However, the report from Bhutan states that the quality of pastures has declined over the years, with reduced carrying capacity leading to further overgrazing, and that this may require a reduction in the use of low-producing breeds and more emphasis on high-yielding breeds. The report from the Islamic Republic of Iran notes that the main grazing area of the Systani cattle breed, wetlands in the eastern part of the country, have been affected by the construction of a dam in neighbouring Afghanistan.2 It further notes that some Systani herds were transferred to another part of the country as part of efforts to conserve the breed. Adverse effects of rangeland degradation on locally adapted breeds are also noted in the country report from China. The report from Peru notes that rangeland degradation has led many people, particularly those living at high elevations and keeping camelids and sheep, to sell their land and animals and migrate to towns and cities. The desire to minimize the rangeland degradation caused by livestock keeping can also affect breed choice. For example, the country report from South Africa mentions the case of the Nguni cattle breed, which is considered to be much less harmful to degraded grazing areas than exotic breeds.

In addition to the effects of pasture degradation per se, several country reports note that loss of grazing land as a result of the expansion of other land uses is affecting AnGR management. For example, the report from Sri Lanka states that the conversion of grazing land into human settlements, cropland and wildlife parks is limiting the feed resource base for livestock. Some reports (e.g. those from Austria, Bulgaria, India and Kenya) note that developments of this kind are a threat to locally adapted breeds. The report from Peru mentions that commercially oriented quinoa production has fuelled an expansion of cropland and changes in production methods that have affected access to land for camelid husbandry. It also notes that water resources in the lands used by indigenous communities are often appropriated or contaminated by mining operations. The report from the Plurinational State of Bolivia also mentions the effect that expanding quinoa production has had in terms of the loss of pasture-land used by camelids and sheep. The report from Ethiopia links the expansion of cropland into grazing areas to the growth of the human population and notes that effects on livestock include a reduction in household herd/flock sizes, poor resistance to disease and interbreeding among breeds as animals move in search of feed.

The impact of replacement of livestock roles and functions on AnGR and their management received a relatively low score in comparison to some other drivers of change (Figure 2C1, Table 2C2). However, changes of this type can have a major effect on demand for specific breeds and species. Among effects of this type, the decline of locally adapted breeds because of the replacement of draught animal power with mechanized power is by far the most commonly mentioned in the country reports (see also Part 1 Section D), although little information is provided about effects on specific breeds.

The report from Burkina Faso mentions that a decline in the savings and insurance roles of livestock is having a negative effect on locally adapted AnGR. However, several other countries indicate that livestock continue to play an important role in the provision of services of this kind. Several country reports mention that the cultural roles of livestock are declining and that in some cases that this is having a substantial effect on AnGR and their management. The report from Sri Lanka, for example, notes that exchange of livestock at the time of marriages used to be a widespread practice and that this helped to distribute livestock and maintain their diversity, but that this practice has disappeared. It also notes that concerns about animal welfare have led to some animal sports (e.g. cock fighting) being prohibited by law and that sacrificing animals at religious events is in decline because of societal disapproval, with the consequence that breeding of the types of animal used in these events is in decline. At the same time, the cultural roles of livestock remain important in many countries and in some cases are being built upon as a means of promoting the sustainable use and conservation of potentially threatened breeds (see Part 4 Section D for examples).

Some new functions are emerging that potentially increase demand for breeds that might be threatened with extinction if they had to continue relying on their traditional roles. The use of livestock in the management of landscape and wildlife habitats, for example, is creating significant demand for some locally adapted breeds in Europe (see Part 1 Section D and Part 4 Section D for examples).

The influence of economic, livelihood or lifestyle factors on the popularity of livestock keeping as an activity and on the type of livestock keeping practised is noted in a number of country reports. Consequences for AnGR management are not always described in detail. However, a number of different effects are noted. For example, several reports from European countries note a decline in the number of small farms and a declining interest in livestock keeping, particularly among young people. This trend is generally regarded as a threat to AnGR diversity, as the production systems that have traditionally maintained a wide range of locally adapted breeds are tending to disappear. Several country reports from developing countries note the ongoing popularity of livestock keeping. However, a few (e.g. China and Eritrea) mention that changes to traditional production systems and lifestyles is threatening the survival of locally adapted breeds. The country report from the Islamic Republic of Iran notes specifically that the populations of Murkhoz goats and Bactrian camels in the western part of the country are decreasing sharply because of changes in the lifestyles of local people. The report from India offers a more general comment on the popularity of livestock keeping:


“New generations are losing interest in livestock keeping because of changes in lifestyle aspirations and alternative opportunities available in the country … Livestock keeping is becoming less profitable. Average herd/flock size is decreasing.”



Technological advances can affect AnGR and their management in multiple ways. Various livestock management technologies can help to create conditions in which exotic breeds can be introduced into areas where they would otherwise not flourish. The country report from Kenya, for example, notes that improved animal husbandry and management practices are leading to more widespread use of exotic breeds. Reproductive technologies, such as artificial insemination and embryo transfer, can make it easier to introduce breeds into new areas and to cross-breed with them. The country report from Zambia, for example, states that more livestock keepers are being trained in artificial insemination and that this has led to increased demand for specialized dairy cattle. Reproductive technologies can play valuable roles in AnGR management, but if breed introductions and cross-breeding are badly managed, problems can be exacerbated by their use. Indiscriminate cross-breeding and breed replacement are among the factors most frequently mentioned in the country reports as causes of genetic erosion (see Part 1 Section F).

Several country reports (e.g. China, Ghana, the Philippines and the Republic of Korea) mention the positive roles that new technologies play in various aspects of AnGR management, including characterization, genetic improvement and conservation. However, the country reports provide little detailed information on the current or predicted future effect of the introduction of genomic technologies (see Part 4 Sections B and C) on the utilization of different types of AnGR. Potential effects of the use of these technologies on the utilization of at-risk or non-mainstream breeds are discussed in Box 2C4.
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Policy factors are among the drivers reported in the country reports to be having the greatest effect on AnGR and their management, with a considerable increase in their importance predicted for the coming ten years relative to the past (Table 2C2). Impacts on AnGR vary greatly. On the one hand, policies directed at promoting the sustainable use, development and conservation of AnGR can provide valuable support to efforts to prevent breeds from becoming extinct and to maintain diversity. On the other hand, policies can constrain certain types of livestock production and thereby threaten the associated AnGR. Policies may also promote breed replacement, either directly or by promoting production system changes that lead to the introduction of exotic (or other alternative) breeds. Changes in the types of breeds and cross-breeds utilized is an inevitable consequence of the evolution of the livestock sector and these changes are always likely to be affected by a range of policies that are not all favourable to AnGR diversity. As with other drivers of change, there is a need to ensure that the impacts that policies have on diversity are monitored and that, if necessary, action is taken to adjust them or to promote by other means the conservation and sustainable use of breeds that are adversely affected.

The country reports mention a range of different policy-related factors affecting AnGR management. Several note AnGR-focused policies that are benefiting or are expected to benefit the sustainable use, development and conservation of these resources. However, some suggest that policies focus on rapidly increasing the output of animal products lack sufficient emphasis on longer term sustainable management. Some reports mention broader livestock-sector policies that are expected to influence AnGR management: for example, those related to environmental protection, animal welfare, rangeland management not, but and disease control. However, little detailed information on the effects of these policies is provided. Further discussion of the state of national and international policies and legal frameworks on AnGR management can be found in Part 3 Section F.

One issue that was recognized in the first SoW-AnGR as a potential future influence on AnGR management was the question of rising input prices. Although information on the effects of this driver was not specifically requested in the country-report questionnaire, it was mentioned in some responses. Rising feed costs are, for example, noted as a factor influencing AnGR management in the country reports from Barbados and Kiribati. The report from Ghana notes that high production costs are among the factors leading to the closure of many of the country’s pig and poultry farms.
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1For further information on the reporting process, see “About this publication” in the preliminary pages of this report.

2Other problems affecting this area and threatening the grazing lands of the Systani cattle are reported to include reduced precipitation (apparently caused by climate change), expansion of agricultural lands, inefficient irrigation, inappropriate cropping patterns, introduction of non-native aquatic plants and overexploitation of pastures (UNDP, 2014).




Section D

Livestock sector trends and animal genetic resources management – conclusions

The analysis presented in Section A indicates that while growth may be slowing, global demand for animal-source foods is expected to continue increasing, and indications are that much of this demand growth will be met by production from large-scale landless systems. Meat consumption has expanded very quickly in Latin America, but future expansion is expected to be strongest in South Asia and Africa. The same regions are projected to be the main centres of growth in milk consumption. These are both very resource-constrained regions, where there are still many small-scale livestock keepers and pastoralists and where small-scale milk production has historically been strong. Growth in demand is widely viewed as one of the main drivers of change in AnGR management, and experiences from other regions suggest that dramatic increases in demand create major challenges to the sustainable use of livestock diversity.

Despite the spread of “industrial” and other intensive production systems, the livestock sector in most developing countries remains far from homogeneous. Mixed farming and grassland production systems continue to provide a substantial proportion of output, particularly in the case of ruminants. Livestock continue to play multiple roles in the livelihoods of many poor people. In some circumstances, small-scale commercially oriented producers contribute significantly to meeting growing demand for animal-source food. Production environments remain diverse in climatic and agroecological terms, and in many circumstances isolating animals from harsh environmental conditions is impractical. The demands placed on AnGR therefore remain diverse. However, given the evolving (in some cases rapidly evolving) nature of livestock production systems and the fact that knowledge of breed characteristics often remains inadequate, ensuring that breeds and crosses are well-matched to their production environments and to the demands placed on them is challenging. In terms of breed survival, rapid change may mean that a breed’s existing role disappears rapidly and that it declines towards extinction before new roles for it can emerge or national authorities recognize the threat and take action to promote its conservation.

In addition to “demand-side” drivers, livestock production is being affected by physical changes affecting the agro-ecosystems in which it takes place. Current changes are, on the whole, creating greater challenges for livestock-keeping livelihoods. Climate change, in particular, is likely to create increasing problems over the coming years and decades. The importance of livestock biodiversity as a resource with which to adapt production systems to future changes and as a source of resilience in the face of greater climatic variability is likely to increase. Climate change, however, also poses threats to the sustainable management of AnGR.

Another widespread trend with important implications for AnGR management is the movement of people out of livestock keeping as a livelihood activity and into alternative employment. In most countries, small-scale livestock keeping is unlikely to disappear in the short or medium term. However, the pull of economic activities outside livestock keeping and of non-livestock keeping lifestyles often adds to constraints at production-system level in reducing the economic and social attractiveness of livestock keeping. Where trends of this type are strong, AnGR associated with particular traditional types of livestock keeping or with particular communities may be threatened.

In developed countries, industrial and other intensive production systems are already dominant and several traditional livestock functions have become very marginal. Many locally adapted breeds remain at risk of extinction. However, some developments have begun to create roles for breeds that are not competitive in terms of the supply of mass-market products. The most significant trends of this type are probably the growth of niche markets for various kinds of traditional or ethically produced products and the increasing use of grazing animals in the management of wildlife habitats. Given that many developing countries have sizeable middle classes and that many livestock production systems in developing countries provide important regulating and habitat ecosystem services,1 it is possible that developments such as niche marketing and payment for environmental services might have an increasing influence on AnGR management in the future. There are, however, many constraints to the successful implementation of such schemes in developing countries.

The evolution of livestock production systems is affected not only by economic forces and the state of the physical environment, but also by public policies. The country reports suggest that policy factors have a major effect on AnGR and their management and that this effect is likely to increase in the future. A wide range of policies may be relevant, some focused specifically on AnGR management, but others targeting other aspects of livestock keeping, rural development, consumer protection and the environment. Many may be put in place with no thought to their effects on AnGR diversity. The current state of policy frameworks, their implementation and their effects on AnGR is discussed in Part 3 Section F. There are some positive developments, such as the increasing number of countries developing national strategies and action plans for AnGR. However, weak policies and programmes are still regarded as significant drivers of genetic erosion in a number of countries (see Part 1 Section F). The future of broad livestock-sector policies may be influenced by arguments regarding the nature of efficiency in livestock systems.

Policies that aim to support the sustainable management of AnGR require a long-term perspective. Understanding livestock-sector trends is therefore a vital element of AnGR management planning (FAO, 2009; 2010; 2013). The country-reporting exercise may have helped countries to review the influence of livestock-sector trends on their AnGR and to prioritize actions that need to be taken to address future demands, threats and opportunities within different production systems and affecting different breeds or breed categories. In other countries, the reporting process may have highlighted gaps in knowledge that make it more difficult to plan effectively. Where this is the case, efforts need to be made to collect and analyse the relevant information, perhaps as part of the process of developing or updating a national strategy and action plan for AnGR.
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Part 3

THE STATE OF CAPACITIES



Introduction

This part of the report presents an analysis of capacities in the management of animal genetic resources for food and agriculture (AnGR), based on the information provided in the country reports. In contrast to the country-reporting process for the first report on The State of the World’s Animal Genetic Resources for Food and Agriculture (first SoW-AnGR), the country reports were prepared using a standard questionnaire. One hundred and twenty-eight reports were submitted using the questionnaire. Therefore, except where otherwise stated, the analysis is based on a self-selecting sample of 128 countries. The country coverage, including the possibility that non-reporting countries may have lower levels of capacity than those that reported, needs to be borne in mind when interpreting the findings. The regions and subregions used in the analysis are those that were defined for the purpose of the first SoW-AnGR. It should be noted that in some subregions the proportion of responding countries is relatively low and thus the above-noted potential for sampling bias to affect subregional-level statistics may be more marked.1

The analytical approach varies from section to section according to the nature of the information provided in the country reports. The first section presents an analysis of the state of human and institutional capacity in AnGR management. This is followed by sections describing the state of characterization, inventory and monitoring, breeding programmes, conservation programmes and the use of reproductive and molecular biotechnologies. The final section covers legal and policy frameworks affecting AnGR and their management. This section is divided into three major subsections, addressing frameworks at international, regional and national levels. The latter subsection draws on responses to a survey on policy and legal frameworks conducted by FAO in 2013.

Much of the analysis in Sections B, C, D and E is based on the breed concept. As discussed in the introduction to Part 1, there is no universally accepted means of determining whether a given livestock population should be considered a distinct breed. In the country-reporting process (as is the case with ongoing reporting of breed-related data to the Domestic Animal Diversity Information System [DAD-IS]2 – see Part 1 Section B) each country determined for itself how to interpret the breed concept. Thus it needs to be borne in mind that the unit of analysis upon which the reported figures are based may vary from country to country. It should also be noted that – as the objective is to assess national capacities – the unit of analysis for the breed-related data presented in this part of the report is the national breed population (i.e. a given breed within a given country), rather than the breed as a whole. So-called transboundary breeds (see Part 1 Section B) have national populations in more than one country. The country-report questionnaire requested respondents to indicate the number of breeds present in their respective countries and to indicate how many are considered “locally adapted” and how many “exotic” (see Part 1 Section B for definitions). Unless otherwise stated, figures indicating the proportion of national breed populations subject to various types of management activity are based on this sample.


1For further information on the country-reporting process and on the regional and subregional classifications, see “About this publication” in the preliminary pages.

2http://fao.org/dad-is




Section A

Institutions and stakeholders

1Introduction



The first report on The State of the World’s Animal Genetic Resources for Food and Agriculture (first SoW-AnGR) (FAO, 2007a) concluded that in most parts of the world the institutional framework for animal genetic resources (AnGR) management was inadequate. Improvements in this field are targeted in Strategic Priority Area 4 of the Global Plan of Action for Animal Genetic Resources (FAO, 2007b) – Policies, Institutions and Capacity-building (see Box 3A1).

This section describes the state of human and institutional capacities in AnGR management at national, regional and international levels. The analysis is based largely on country reports, reports from regional focal points and networks for AnGR management and reports from international organizations whose work is relevant to the implementation of the Global Plan of Action.1
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2Institutional capacities at country level



2.1Basic recommended institutional framework for animal genetic resources management

In adopting the Global Plan of Action for Animal Genetic Resources countries affirmed the need for effective national institutions to support the sustainable management of AnGR. The Global Plan of Action specifically calls for the establishment or strengthening of National Focal Points for the Management of Animal Genetic Resources and for these bodies to be strongly linked to stakeholder networks. Recommendations for the development of institutional frameworks at national level were further elaborated in guidelines endorsed by the Commission on Genetic Resources for Food and Agriculture in 2011 (FAO, 2011a). The basic elements of this recommended framework are an officially nominated National Coordinator for the Management of Animal Genetic Resources, a National Focal Point (the National Coordinator and his or her support staff) and a multistakeholder National Advisory Committee (see Boxes 3A2 and 3A3). It is also recommended that each country develop a national strategy and action plan for AnGR as a vehicle for implementing the Global Plan of Action at national level (FAO, 2009).

As of July 2014, officially nominated National Coordinators were in place in 173 countries (Figure 3A1), up from 144 in 2006 (FAO, 2006). A majority of National Coordinators are based within ministries responsible for agriculture or rural development. However a number work for research institutions, universities or other relevant organizations (Figure 3A2). National Advisory Committees were in place in 78 countries (Figure 3A3).
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2.2Country-report analysis

The country-report questionnaire requested countries to provide a score (none, low, medium or high) for the state of their capacities and provisions in each of the following areas:


	education (the state of tertiary education in all areas of AnGR management);

	research (the state of research in all areas of AnGR management);

	awareness (the extent to which all stakeholders in agriculture, rural development and environmental management are aware of the roles and values of AnGR);

	infrastructure (the extent to which the organizational and physical infrastructure needed to deliver services related to AnGR management is in place);

	stakeholder participation (the extent to which individual stakeholders and stake-holder organizations, particularly livestock keepers and their organizations, are involved in and can influence collaborative AnGR management activities at local and national levels);

	policies (the extent to which the country [i.e. national or regional government] has established policy initiatives, strategies, programmes or plans that promote the sustainable use, development and conservation of AnGR);

	policy implementation (the extent to which the country’s policy initiatives, strategies, programmes or plans promoting the sustainable use, development and conservation of AnGR are being successfully implemented);

	laws (the extent to which the country has put in place a legal framework that is conducive to the sustainable use, development and conservation of AnGR and that protects livestock breeders/owners’ rights to manage AnGR as they deem appropriate); and

	implementation of laws (the extent to which the country’s laws conducive to the sustainable use, development and conservation of AnGR are being successfully implemented).
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With regard to policies and laws, the questionnaire recognized that the type of framework required would vary from country to country, i.e. that elaborate frameworks are not necessarily required in all circumstances. In assigning their scores, countries were asked to focus on the extent to which their legal and policy measures are sufficient to ensure the sustainable use, development and conservation of AnGR in their particular national circumstances. The responses are summarized region by region in Figure 3A4. Differences at subregional level are shown in Figures 3A5, 3A6 and 3A7. Detailed findings within each thematic area are shown in Figures 3A9, 3A10 and 3A11.

The scores shown in Figure 3A4 indicate that in almost all aspects of the institutional framework for AnGR management, North America and Europe and the Caucasus have higher levels of capacity than other regions. Asia has medium to low levels of capacity (average scores between 1 and 2) across all the elements of institutional capacity covered. In other developing regions, at least some elements of institutional capacity are at very low levels (average scores between 0 and 1).
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The country-report questionnaire also required responding countries to report on the progress they had made in implementing the various elements of the Global Plan of Action. These responses were used to calculate indicators for progress made at the level of strategic priority areas and at the level of individual strategic priorities (see Box 3A1 and Table 3F1 in Part 3 Section F) (FAO, 2014). National-level indicators for Strategic Priority Area 4 (Policies, Institutions and Capacity-building) are shown in Figure 3A8.

Infrastructure and stakeholder participation

Organized AnGR-management activities that involve action at farm (or holding) level (e.g. in situ conservation) are dependent on the active involvement of livestock keepers. They will often also require the participation of a range of other stakeholders (suppliers of livestock services, processers of livestock products, veterinary authorities, research institutions, local government authorities, nature conservation agencies, tourism operators and so on) (FAO, 2010; 2013). Other activities, such as surveying and monitoring of population sizes, may not require such a high level of commitment on the part of livestock keepers, but are nonetheless dependent on their participation. Again, they are also likely to require the cooperation of a range of different stakeholders (FAO, 2011b). While circumstances will vary from country to country, a top-down approach in which little attention is paid to stakeholders’ objectives and concerns – particularly those of livestock keepers – is unlikely to be successful.
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Effective stakeholder participation in AnGR management is likely to depend on the existence of a degree of organizational infrastructure, whether in the form of stakeholder groups such as breeders’ associations or in the form of mechanisms that facilitate the involvement of individual stakeholders (consultative and participatory planning processes, etc.). Various elements of AnGR management are also dependent on the availability of a certain level of physical and technical infrastructure (e.g. laboratory facilities to enable cryoconservation and transport infrastructure to facilitate service delivery and marketing initiatives).

The country reports indicate that in all regions apart from North America and Europe and the Caucasus, both stakeholder involvement and physical and organizational infrastructure remain at low to medium levels of development (Figure 3A9). Even in developed regions, it appears that provisions in these fields still need to be strengthened. In North America, for example, infrastructure is very well developed, but the level of stakeholder participation is reported only to be medium. Many developing countries report that a lack of government support and funding constrains efforts to improve stakeholder participation. Some examples of initiatives in this field are nonetheless described in the country reports. For example, Uganda reports that livestock-keeper groups influence activities at local level and are gradually acquiring national recognition. The country is in the process of establishing a “Livestock Genetic Platform”, via which stakeholders will be able to contribute to discussions on AnGR management.
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Many countries, particularly in Africa, note that a lack of funding for infrastructure development is a problem. For example, the country report from the United Republic of Tanzania mentions poor road links to livestock-keeping areas. While European countries generally have well-developed infrastructure in place, some remote areas in this region remain poorly served by road networks. This can constrain surveying and monitoring activities, access to markets and the provision of veterinary services. The country report from Albania notes that in mountainous areas infrastructural developments associated with tourism have inadvertently helped AnGR conservation to flourish.

Education, research and knowledge

A lack of knowledge of AnGR and their management can be a serious constraint to the sustainable use, development and conservation of these resources. Some country reports note specific constraints or problems that have arisen because of a lack of knowledge. Swaziland’s report, for example, mentions that indigenous knowledge related to livestock keeping and the maintenance of AnGR diversity has not been documented and that this is a constraint to the development of breeding programmes and other AnGR management strategies. In Sri Lanka, lack of knowledge is reported to lead to the slaughter of valuable breeding animals and to indiscriminate cross-breeding. Inability to distinguish between breeds has reportedly led to the near extinction of some of the country’s breeds (e.g. the Kottukachchiya goat).

The state of education, research and knowledge, as reported in the country reports, is summarized in Figure 3A10. As in most areas of AnGR management, the highest levels of provision and capacity are reported from the developed regions of the world, although levels differ markedly between countries even in these regions. In most developing regions, education, research and knowledge are at medium to low levels, with the Southwest Pacific reporting the lowest levels across all categories.

While a number of countries report various educational courses and training activities related to livestock production, relatively little information is provided on the state of education more specifically related to AnGR management, i.e. breeding (genetic improvement), conservation, characterization, etc. Educational initiatives targeting AnGR management as a distinct topic appear to be restricted mainly to Europe and not to be very widespread. The livestock production study programme of University of Montenegro’s Biotechnical Faculty is reported to include a course in “Animal genetic resources (sustainable use and conservation)”. The country report from the Netherlands notes that in addition to university-level programmes, biodiversity and genetic resources are also included in the curriculum at primary and secondary school levels.

AnGR-related research activities are widely reported from all regions of the world. Nonetheless, many barriers to effective research efforts remain to be overcome, especially in developing countries. For example, the country report from Kyrgyzstan notes that a lack of funding and resources (laboratories and technical knowledge) and the absence of governmental support have reduced research capacity. A lack of young scientists entering the field is noted as constraint to research in some country reports (e.g. Barbados and Liberia).

State of awareness, policies and policy development, and laws and their degree of implementation

Awareness of the roles and values of AnGR among policy-makers is an important prerequisite for the development of appropriate institutions for their management. Awareness among the general public may also help to push the issue up the political agenda. Awareness among livestock keepers and development practitioners should lead to more sustainable approaches to AnGR management (providing such approaches are not constrained by other factors such as a lack of resources). Policies and laws can have a major influence on AnGR management. However, the specific types of instruments and the levels of intervention required will depend on the specific circumstances in the respective country. Legal and policy frameworks are discussed in detail in Part 3 Section F. Country-report responses related to the state of awareness, laws, policies, implementation of laws and policy implementation are summarized in Figure 3A11.

The country reports indicate that in all regions there is a need to increase awareness of the roles and values of AnGR. Awareness of the significance of locally adapted breeds and the need to conserve those that are at risk of extinction may in fact be even lower than suggested by the data presented in Figure 3A11. For example, the country report from Germany notes that awareness is high only in relation to economically important breeds and that there is significantly less awareness of issues related to the management of breeds that are at risk of extinction. Despite such concerns, a certain basic awareness of the significance of sustainably managing AnGR is apparently widespread at governmental level, given the very large number of countries that have appointed National Coordinators for the Management of Animal Genetic Resources (see Subsection 2.1).

Legal and policy frameworks are well developed in North America and Europe and the Caucasus, but less so in other regions. It should be recalled (see above) that high scores do not necessarily indicate elaborate legal or policy measures in the field of AnGR management. They indicate that existing legal and policy frameworks are appropriate to the needs of the respective country. For example, the United States of America reports a relatively non-interventionist approach in many AnGR-related fields of policy and legislation (see Part 3 Section F), but indicates that this creates a conducive framework for effective AnGR management. The state of implementation of laws and policies is at a high level in North America and a medium to high level in Europe and the Caucasus. However, in other regions there seem to be major weaknesses in implementation. It is possible that the low scores in this field are in part accounted for by a lack of laws or policies to implement,2 but in most regions the level of implementation appears to lag behind the level of “on-paper” provision.

A number of different awareness-raising activities (exhibitions at agricultural shows, television programmes on AnGR-related topics, etc.) are mentioned in the country reports. There are some indications that these have led to positive outcomes in terms of AnGR management. The country report from South Africa, for example, notes that intensified awareness-raising efforts targeting the “developing-farmer” and communal sectors have led to additional breeds, including the Zulu sheep, Tankwa goat and Afrikaner cattle, being characterized and conserved.

Integration of the management of animal genetic resources with the management of plant, forest and aquatic genetic resources

In view of growing interest in managing the various elements of biodiversity for food and agriculture in a more integrated way, the country-report questionnaire included a subsection devoted to this topic. Countries were requested to provide information on the extent to which AnGR management is integrated with the management of plant, forest and aquatic genetic resources for food and agriculture by providing a score (none, limited or extensive) for the extent of collaboration in various aspects of genetic-resources management. They were also requested to describe the nature of any collaboration reported and, if relevant, to describe any benefits obtained by pursuing a collaborative approach. The results of the scoring exercise are summarized in Table 3A1.

The average scores for the extent of collaboration between the subsectors of genetic resources management are rather low. However, there is a lot of variation between countries in terms of the levels of collaboration reported. While 20 percent of countries report no collaboration in any of the areas of management considered, there are a number of reports of “extensive” integration. In the case of “joint national strategies or action plans” (some countries specified that they were referring to legal instruments), 16 percent of countries indicate an extensive level of integration. There are also some reports of integrated activities in fields such as marketing. For example, the country report from Poland mentions the “Kurpie model”, an NGO initiative to promote agricultural biodiversity, under which indigenous livestock breeds and plant varieties have been reintroduced and promoted for use in organic agriculture and sustainable development in the northeastern part of the country. Plant and animal products from the scheme are jointly marketed in shops in the capital city.
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Most countries did not report specific institutions or stakeholder bodies that coordinate activities across the various subsectors of genetic resources. Some country reports note that the fact that different types of genetic resources are addressed by different ministries is a constraint to collaboration and coordination. Nonetheless, a number of coordinating structures or bodies of various types are mentioned in the country reports, including ministerial or interministerial committees (e.g. Finland and Gabon), foundations (e.g. France), genetic resources centres (e.g. Brazil, Norway and Sweden) and genetic resources networks (e.g. the Plurinational State of Bolivia). In other countries, particular stakeholders play an integrating role with regard to specific aspects of genetic resources management (e.g. gene banking or research).

In addition to the above-mentioned concern about lack of coordination between government ministries, the main constraints to integrated approaches to genetic resources management noted in the country reports are lack of funds, insufficient training of staff working in relevant institutions, lack of sensitization and education among stakeholders and the general public, lack of national-level strategies and legislation, and lack of coordination between administrative and field levels. Some country reports suggest that relatively small-scale initiatives, such as integrated projects and workshops, could be a means of fostering collaboration on a larger scale.

The main potential benefits of an integrated approach foreseen in the country reports are: in administrative terms, savings in time and costs; and, at field level, more efficient and sustainable use of natural resources and the reduction of conflicts related to resource use.

3Institutional frameworks at subregional and regional levels



3.1Regional focal points and networks for the management of animal genetic resources

Collaboration between countries at regional level can facilitate action in many areas of AnGR management. The Global Plan of Action for Animal Genetic Resources calls for the establishment of regional focal points for the management of AnGR and for the strengthening of international networks (see Box 3A1). Detailed advice on the establishment and operation of regional focal points is provided in FAO’s guidelines on The development of institutional frameworks for the management of animal genetic resources (FAO, 2011a). As of mid-2014, the following focal points and networks were in operation:


	Asian Animal Genetic Resources Network;

	European Regional Focal Point for Animal Genetic Resources;

	Regional Focal Point for Latin America and the Caribbean;

	Sub-Regional Focal Point for West and Central Africa; and

	Animal Genetic Resources Network Southwest Pacific.



As part of the reporting process for the second SoW-AnGR, regional focal points and networks were invited to report on regional-level activities contributing to the implementation of the Global Plan of Action. Reports were received from Asia, Europe, Latin America and the Caribbean and the Southwest Pacific.3 The reports can be accessed at http://www.fao.org/3/a-i4787e/i4787e03.htm. Regional focal points and networks also participated in the previous round of reporting on the implementation of the Global Plan of Action (FAO, 2012).4

The European Regional Focal Point is the longest-established and most active network. During the period since the adoption of the Global Plan of Action (2007), it has been active in the implementation of all four of the Plan’s strategic priority areas. In the field of characterization inventory and monitoring (Strategic Priority Area 1), actions have included work on the establishment of a regional information system for AnGR (the European Farm Animal Biodiversity Information System – EFABIS) and efforts to harmonize risk-status and endangerment criteria. In the field of sustainable use and development (Strategic Priority Area 2), actions have included contributing to discussions related to the European Union’s legal framework on access and benefit-sharing. In the field of conservation (Strategic Priority Area 3), actions have included organizing training activities, providing support to a number of conservation projects and, in 2014, the establishment of the European Gene Bank Network for Animal Genetic Resources (EUGENA) (see Box 3D8 in Part 3 Section D). In the field of policies, institutions and capacity-building (Strategic Priority Area 4), actions have included contributing to discussions on the development of the European Union’s legal and policy frameworks in areas relevant to AnGR management.

The Regional Focal Point for Latin American and the Caribbean was established in 2007. Its main activity has been the organization of a number of regional workshops for National Coordinators. Priorities for the future are reported to include seeking financial support for the organization of training courses and for collaborative activities at regional and/or bilateral levels. In the Southwest Pacific, an online network for discussion, dissemination of information and communication between National Coordinators has been established. Other activities have included characterization and conservation projects for locally adapted pigs and chickens, involving a number of countries. In 2012, the recently established Sub-Regional Focal Point for West and Central Africa reported a number of priorities for future action. However, it did not participate in the 2014 round of reporting. The Asian Animal Genetic Resources Network, established in late 2013, has agreed an organizational structure and intends to focus on information exchange, the provision of assistance and technical advice, and the mobilization of funds.

3.2Other collaborative activities at regional and subregional levels

The focal points and networks discussed above exist specifically to strengthen the implementation of the Global Plan of Action at regional level. However, a range of other players also contribute to this goal. The roles of regional political and economic unions and communities (e.g. the European Union and the subregional economic communities of Africa) in the establishment of regional-level legal and policy instruments relevant to AnGR management are discussed in Part 3 Section F. Regional and subregional-level AnGR management activities can also be organized or supported by non-governmental organizations (NGOs), intergovernmental organizations (e.g. UN agencies) or research organizations (e.g. the centres of the Consultative Group on International Agricultural Research5 – CGIAR). Countries can also enter directly into collaborative activities with their regional neighbours.

While the analysis presented in the Synthesis progress report on the implementation of the Global Plan of Action (FAO, 2014) indicates that international collaboration is one of the elements of the Global Plan of Action in which least progress has been made, a number of countries report that they have participated in collaborative activities at regional level. For example, in response to a specific question about regional in situ conservation projects, more than 40 percent of countries indicate that they have contributed to the development and implementation of such programmes. A somewhat lower number (approximately 30 percent) report that they have contributed to “international cooperative inventory, characterization and monitoring activities involving countries sharing transboundary breeds and similar production systems”, many of which are likely to have been at regional level. Collaboration in these fields is more advanced in developed regions than elsewhere in the world.

The level of international cooperation within Europe is greatly increased by the above-described work of the European Regional Focal Point. However, a number of examples of bilateral collaboration, or collaboration involving small groups of countries, are also reported. In the Americas, Brazil, Canada and the United States of America have cooperated in the development of an information system for the management of data related to conservation activities. The main other reported initiative involving countries from Latin America and the Caribbean is the REGENSUR Platform created by the Southern Cone Cooperative Program for Technological Development in Agri-Food and Agroindustry (PROCISUR) of the Inter-American Institute for Cooperation on Agriculture of the Organization of American States, which in 2010 expanded its mandate to include animals and micro-organisms in addition to plants. Collaborative work is envisaged in the fields of sustainable use, conservation, policies and capacity-building, the aim being to reinforce the implementation of national strategies and action plans for AnGR in the countries of the Southern Cone of South America. Regional-level initiatives in Africa have mostly been implemented under the auspices of the African Union Interafrican Bureau for Animal Resources (AU-IBAR).

AnGR-focused NGOs working at regional or subregional levels are reported mainly from Europe. Examples include Safeguard for Agricultural Varieties in Europe (SAVE Foundation) (see Box 3A4) and the Danubian Countries Alliance of Genes in Animal Species (DAGENE). Research organizations active at regional level include the Arab Center for the Studies of Arid Zones and Dry Lands (ACSAD) (mandate covering all Arab states), whose activities include inventory and characterization studies, breeding programmes, AnGR-related training activities and awareness-raising in the fields of conservation and sustainable use.

4Institutional frameworks and stakeholders at international level



A range of different entities contribute to the institutional framework for the management of AnGR at international level (i.e. global or spanning more than one region). As at regional level, these include intergovernmental organizations, NGOs and research organizations. International policy and legal frameworks developed by global intergovernmental bodies such as the Convention on Biological Diversity (CBD), FAO and the World Intellectual Property Organization (WIPO) are discussed in Part 3 Section F.

The international instrument most directly focused on AnGR management is, clearly, the Global Plan of Action for Animal Genetic Resources, which was negotiated under the auspices of FAO’s Commission on Genetic Resources for Food and Agriculture. The Commission is responsible for overseeing the implementation of the Global Plan of Action and FAO plays the leading role globally in terms of both supporting and monitoring implementation. FAO’s activities are described in Boxes 3A5 and 3A6. The Commission provides an intergovernmental forum for ongoing discussion of issues relevant to the management of AnGR and other biodiversity for food and agriculture.

The ongoing work of both WIPO and the Secretariat of the CBD also supports the implementation of the Global Plan of Action in various ways. Both bodies submitted reports on their activities as part of the second SoW-AnGR reporting process. WIPO’s report notes, in particular, its Patent landscape report on animal genetic resources (WIPO, 2014) and ongoing negotiations taking place in the Intergovernmental Committee on Intellectual Property and Genetic Resources, Traditional Knowledge and Folklore.6 The report from the CBD Secretariat notes, inter alia, work taking place under the Global Taxonomy Initiative,7 efforts to promote the ecosystem approach, work related to the Nagoya Protocol on Access and Benefit Sharing, work related to the Convention’s Article 8(j) (Traditional Knowledge, Innovations and Practices) and the periodic publication of the Global Biodiversity Outlook.8 As discussed in Part 3 Section F, the Secretariats of the CBD and the Commission have agreed a joint work plan with the aim of promoting synergies in efforts to implement the CBD’s Strategic Plan for Biodiversity 2011–2020 and the Commission’s Multi-Year Progamme of Work.
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Another UN body that contributes to the implementation of the Global Plan of Action, and submitted a report on its activities, is the International Atomic Energy Agency (IAEA), which assists countries through the transfer of nuclear-related technologies and complementary tools. AnGR-related technologies that feature in IAEA’s work include molecular genetic testing, hormone monitoring and artificial insemination.

The main international research organizations with mandates relevant to the management of AnGR are Bioversity International, the International Center for Agricultural Research in the Dry Areas (ICARDA) and the International Livestock Research Institute (ILRI). The latter two organizations undertake a range of activities relevant to the implementation of the Global Plan of Action, including characterization studies, work on the establishment of community-based breeding programmes and provision of support to policy development. Bioversity’s AnGR-related work focuses mainly on economic valuation (see Part 4 Section E). All three organizations submitted reports on their activities as part of the second SoW-AnGR reporting process.
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The number of international NGOs actively supporting the implementation of the Global Plan of Action is limited. Only a few organizations in this category submitted reports as part of the second Sow-AnGR reporting process: Heifer International; the International Committee for Animal Recording; the League for Pastoral Peoples; and Rare Breeds International. The missions of these organizations (along with those of other relevant international and regional organizations) are shown in Table 3A2.

A number of NGOS and civil society organizations have also taken on a campaigning role at international level. The emergence of the concept of “Livestock Keepers’ Rights”, for example, was discussed in the first SoW-AnGR9 (recent developments are described in Box 3A7). Another issue that has become increasingly prominent in the work of civil society organizations in recent years is the development of so-called biocultural community protocols in livestock-keeping communities (see Part 4 Section D – particularly Box 4D3).

5Changes since 2005



Table 3A3 compares the scores for the state of capacity and provision presented above in Subsection 2 to the equivalent figures from the first SoW-AnGR process,10 taking into account the 109 countries that participated in both reporting processes. It is important to note that the figures are not directly comparable. Aside from the inevitable element of subjectivity involved in such scoring exercises, the scores used in the first SoW-AnGR were allocated on the basis of the textual descriptions presented in the country reports rather than being directly assigned by the countries themselves.11 While the figures therefore have to be interpreted with some caution, the global trends over the 2005 to 2014 period have been positive (scores increased) or neutral (scores stayed the same) in all aspects of the institutional framework considered. The figures indicate declines in some areas of capacity in some regions, most commonly in Latin America and the Caribbean. These declines are clearly matters of some concern, but are perhaps accounted for by overly generous allocation of scores during the first SoW-AnGR process.
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At international level, the major change since 2005 has been the adoption of the Global Plan of Action for Animal Genetic Resources. Implementation of most of the Global Plan of Action’s strategic priorities takes place mainly at national level (see Table 3F1 in Part 3 Section F). As described above, activities related to the development of institutional frameworks fall mainly within Strategic Priority Area 4 of the Global Plan of Action (see Box 3A1). The Synthesis progress report on the implementation of the Global Plan of Action (FAO, 2014) includes an analysis of the progress made (as reported in the country reports) in the implementation of the various elements of the Global Plan of Action since its adoption in 2007. Many examples of improvements to institutional frameworks are reported. However, relative to the amount of work that remains to be done in order to establish effective institutional frameworks in all countries, progress has been modest. On the positive side, the number of countries having a National Coordinator for the Management of Animal Genetic Resources in place is higher (in 2014) than ever before. The number of countries that have developed or are in the process of developing national strategies and action plans for AnGR (see Part 3 Section F) is also encouraging given that national plans targeting AnGR management in a holistic sense were rare prior to the adoption of the Global Plan of Action. Thirty-percent of country reports note an increase in national funding for AnGR management since 2007.

Given that at the time the first SoW-AnGR was prepared, only one regional focal point for AnGR (Europe) was in operation, the existence of four additional regional focal points and networks represents a significant step forward. However, there is clearly scope for further improvement, both in terms of the coverage of regional and subregional focal points and in terms of the level of activity of existing focal points.

The number of international organizations substantially involved in promoting the sustainable use, development and conservation of AnGR has not increased since 2005. However, four international organizations (AU-IBAR, IAEA, ILRI and the SAVE Foundation) report that their budgets for activities supporting AnGR-related activities have increased since the adoption of the Global Plan of Action.
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6Conclusions and priorities



In general, the conclusions drawn in the first SoW-AnGR remain valid. Without effective institutions, it is difficult to make progress in terms of strengthening AnGR management programmes. Major gaps and weaknesses in institutional frameworks still need to be addressed. The most positive development in recent years has probably been the more widespread establishment of specifically AnGR-focused structures and instruments, in particular National Focal Points (appointment of National Coordinators) and national strategies and action plans. These developments indicate that AnGR management has acquired at least a foothold on national political agendas. This is further illustrated by the large number of country reports submitted despite the short period of time available in which to prepare them. The development and strengthening of regional focal points and networks is another indicator of countries’ interest in AnGR management.

While legal and policy frameworks are still reported to be far from adequate in many countries, they have been supplemented by a substantial number of new instruments over recent years (see Part 3 Section F for further discussion). However, effective implementation remains a problem for many countries. In many cases, the basic prerequisites for effective policy implementation – physical and organizational infrastructure, stakeholder participation, and knowledge and awareness of AnGR-related issues – remain weak or absent. The consequences of these weaknesses are evident in many of the areas of AnGR management discussed in the country reports. Aside from the ubiquitous lack of sufficient funding, lack of knowledge and technical skills, lack of stakeholder participation and inadequate or poorly implemented policies are among the main reported constraints to the establishment of effective AnGR management programmes in all fields from surveying and monitoring to conservation and genetic improvement.
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Section B

Characterization, inventory and monitoring

1Introduction



Characterization, inventory and monitoring of animal genetic resources (AnGR) are essential to their sustainable management. Information on breeds’ characteristics facilitates effective planning of how and where they can best be used and developed. Assessing risk status (the likelihood that breeds will become extinct if no remedial action is taken) is a key element of AnGR management at national level. This requires information on the size and structure (number of female and male breeding animals, proportion of females breeding pure, total number of herds, geographical distribution, etc.) of breed populations and how these change over time. A range of different approaches and specific tools are available for use in gathering information on the characteristics of individual animals and livestock populations (FAO, 2011a; 2011b; 2012). The state of the art in this field is described in Part 4 Sections A and B, the latter focusing specifically on molecular genetic tools.

This section provides an overview of the state of implementation of characterization, inventory and monitoring activities, based on the information provided in the country reports (see the introduction to Part 3 for an overview of the country coverage and the use of the national breed population as a unit of analysis). The country-report questionnaire included two subsections focused on characterization activities. The first of these requested countries to provide information on the extent to which their national breed populations have been subject to various types of characterization study (see Box 3B1). Countries were obliged to provide this information for the “big five” livestock species (cattle, sheep, goats, pigs and chickens). Providing information on other species was optional. The other subsection addressed countries’ progress in implementing Strategic Priority Area 1 of the Global Plan of Action for Animal Genetic Resources (Characterization, Inventory and Monitoring of Trends and Associated Risks). In this subsection, countries were required to report on the state of development of institutional and organizational arrangements for activities in this field, as well as on the state of implementation of various activities. Countries also had the opportunity to describe constraints to the implementation of activities in this strategic priority area. Detailed analysis is provided in the Synthesis progress report on the implementation of the Global Plan of Action for Animal Genetic Resources – 2014 (FAO, 2014a).

2Development of national breed inventories



A national breed inventory is a comprehensive list of the breeds present in a country. Given that the breed is the unit of management for many AnGR-related activities, including conservation programmes, establishing a complete inventory is an important objective. Figure 3B1 presents a region by region summary of the reported state of countries’ national breed inventories, including whether or not progress has been made since the adoption of the Global Plan of Action. The results show that while many countries have made progress in improving their inventories in recent years, a majority (63 percent) still consider that their inventories are incomplete.
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3Baseline surveys and monitoring of population sizes



This subsection focuses on activities undertaken in order to obtain data on the size and structure of national breed populations. The term “baseline survey” is used to refer to an initial data-gathering exercise that provides sufficient data to allow a breed population’s risk status to be assessed accurately; ongoing activities that provide the data needed to track a breed’s risk status over time are referred to as “monitoring” (FAO, 2011b). The state of implementation of surveying and monitoring activities for the “big five” species, grouped by region and subregion, is presented in Table 3B1. Results broken down by species are presented in Tables 3B2 and 3B3.

The country-report data indicate that baseline surveys have been conducted for 53 percent of national breed populations belonging to the big five species; 44 percent of national breed populations are monitored regularly. It is important to note here that the world figures are greatly influenced (in a positive direction) by those from the Europe and the Caucasus region, which accounts for a large proportion (48 percent) of the total number of reported national breed populations in the big five species. In this region, the majority (64 percent) of national breed populations (all figures refer to the big five species) are monitored regularly. However, a substantial proportion of national breed populations (32 percent) have not been subject even to a baseline survey. The coverage of both baseline surveys and monitoring programmes is high (92 percent coverage) in North America. Elsewhere in the world, a few subregions – East Africa, Southern Africa and Central Asia – have a relatively high proportion (more than 50 percent) of national breed populations that have been subject to baseline surveys, but the overall figures for developing regions are low. The coverage of monitoring programmes also varies from subregrion to subregion: relatively high (more than 30 percent) in Southern Africa, Central Asia, Southeast Asia, the Caribbean and Central America, but low or very low elsewhere.
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Country-report responses on the state of implementation of the Global Plan of Action show that approximately 45 percent of countries consider that they have fully implemented baseline surveys for breeds in all livestock species of economic importance. In contrast, almost 20 percent of countries report that no baseline surveys at all have been undertaken in any of their national breed populations. The remaining countries report partial coverage. In the case of monitoring programmes, 30 percent of countries report full coverage of breeds in all important livestock species, 30 percent report partial coverage and 40 percent report that they have no monitoring activities. Progress since the adoption of the Global Plan of Action has been encouraging, but unspectacular, overall. About 20 percent of countries report that the coverage of their monitoring programmes has increased since 2007. Approximately 30 percent report at least some new baseline surveys.
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With regard to the state of organizational arrangements for monitoring programmes, almost 60 percent of countries report that they have allocated institutional responsibilities for monitoring programmes and about 35 percent that they have established protocols (details of schedules, objectives and methods) for such programmes.

4Phenotypic and molecular genetic characterization



The level of implementation of various types of phenotypic and molecular genetic characterization study in the big five species is summarized in Figure 3B2 and Table 3B4. Because it was likely to be difficult for countries to provide precise information on the number of breed populations subject to specific types of study, the country-report questionnaire requested them to score the level of coverage, as follows: high (approximately >67 percent of breeds); medium (approximately 33 to 67 percent of breeds); low (approximately <33 percent of breeds); or none (no coverage). Figure 3B2 shows the proportion of answers falling into each category, broken down on the left by species and on the right by region. Table 3B4 presents a summary of the same data based on the average level of implementation at regional level.
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Given that countries were not asked to provide precise breedwise data, the presentations do not reveal the exact proportion of breeds at global and regional levels subject to each type of study. There was clearly also some scope for differential interpretation of how much characterization work is necessary to qualify a breed as “characterized” as opposed to “non-characterized” under the scoring system. Moreover, it is possible that in some countries the reporting authorities were not aware of all relevant studies. Nonetheless, the country-level data appear to indicate many gaps in the coverage of characterization studies. For almost all combinations of species and type of study, a majority of countries report either no coverage or low coverage. Phenotypic characterization has been more widely implemented than the other activities. Across all categories, dairy cattle are more likely to have high or medium levels of coverage than other species (and other types of cattle). North America and Europe and the Caucasus, have higher levels of coverage than other regions, but many gaps in coverage remain even in these regions.
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As noted in the introduction to this section, providing information on characterization activities targeting breeds other than the big five was not a compulsory element of the country-reporting process. Nevertheless, countries had the option of providing information on these species (equivalent to that provided for the big five). Results for buffaloes, horses, asses, dromedaries, rabbits, ducks, turkeys, geese and guinea fowl are shown in Figure 3B3. As with Figure 3B2, the bar charts indicate the proportion of responses (equivalent here to the proportion of countries) corresponding to each level of implementation. As providing information was not obligatory, a number of countries that reported the presence of a given species provided no indication of the level of implementation of characterization studies. The bar charts, therefore, in contrast to those for the big five, include a “no answer” category. The figure shows that, as in the case of the big five species, many gaps remain in the coverage of characterization studies. Phenotypic characterization has, again, been relatively widely implemented. Across the range of different activities, characterization of horses, and with some exceptions buffaloes, is more advanced than that of the other species.

Country reporting on the implementation of the Global Plan of Action indicates that many countries have made progress in AnGR characterization since 2007. In the case of both phenotypic and molecular genetic characterization, the majority of countries either report improvements or report that comprehensive studies had already been undertaken before 2007. Unfortunately, a substantial minority of countries remain at a low level of coverage and have not made any progress in recent years. Both the extent of coverage and the extent of progress are lower in the case of molecular genetic studies than in the case of phenotypic studies.
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5Constraints to characterization, surveying and monitoring



As noted above, the country-report questionnaire requested countries to provide information on the major barriers and obstacles preventing them from improving their inventory, characterization and monitoring programmes. Lack of funding was the most commonly mentioned constraint, followed by lack of human capacity (technical skills and knowledge). Other constraints mentioned included lack of infrastructure and technical resources (including for data management); lack of awareness on the part of policy-makers and livestock keepers; and lack of adequate policies and planning in the field of characterization, surveying and monitoring. Some countries mentioned practical difficulties associated with the large size of the country or the location of livestock in remote areas, on small farms or in mobile production systems. A few countries mentioned problems associated with a lack of coordination – or a lack of willingness to share information – among stakeholders (e.g. breeders’ associations and private companies).
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6Conclusions and priorities



The results presented above need to be treated with some caution because of possible missing data, and inter-country variations in interpretation of the scoring systems and the use of breed concept. Nonetheless, it is clear that in most regions of the world there are major gaps in the coverage of characterization activities and hence major gaps in knowledge about the characteristics of AnGR. Similarly, there are major gaps in programmes for monitoring trends in the size and structure of breed populations and hence the current risk status of many breeds is unknown. These gaps in knowledge inevitably hamper the sustainable use, development and conservation of AnGR. Weaknesses are particularly marked in the developing regions of the world. Research priorities in the field of characterization are discussed in Part 4 Sections A and B.

Strategic priorities for improving the state of inventory, characterization and monitoring are set out in the Global Plan of Action, which recognizes the fundamental importance of improving the state of knowledge of AnGR. Many countries have made some progress in implementing these priorities. However, progress is often constrained by a lack of human and financial resources. The need to strengthen capacity in this field is recognized in the Global Plan of Action as follows:


“Establish or strengthen, in partnership with other countries, as appropriate, relevant research, training and extension institutions, including national and regional agricultural research systems, to support efforts to characterize, inventory and monitor trends and associated risks, sustainably use and develop, and conserve animal genetic resources”.1



The evidence from the country reports suggests that this recommendation remains highly relevant.

Lack of funding is a widespread constraint to improving many aspects of the management of AnGR. The Global Plan of Action recognizes both the need for “substantial and additional financial resources” and the need for predictable allocation of such resources. The latter may be particularly significant for ongoing activities such as monitoring programmes. Unfortunately, the country reports indicate that improving funding is one of the elements of the Global Plan of Action for which least progress has been made to date (FAO, 2014a) (see Table 3F2 in Part 3 Section F).

While monitoring programmes are far from comprehensive in terms of breed coverage, in most species a majority of national populations are reported to be subject to regular population monitoring. Here there appears to be a discrepancy with the level of reporting of breed population data at international level, i.e. the entry by countries of their national data into the Domestic Animal Diversity Information System (DAD-IS) (see Part 1 Section B). For example, 78 percent of national breed population figures in DAD-IS were not updated once during the four years preceding the preparation of this report (FAO, 2014b). If data are available at national level, it is important that they are entered into DAD-IS so that global trends can be monitored more effectively.

Another issue that may require attention is the institutional framework for the surveying and monitoring of AnGR. The Global Plan of Action recognizes the need to “encourage the establishment of institutional responsibilities and infrastructure for monitoring of trends ...” Establishing an effective surveying and monitoring programme requires not only funds and human resources, but also clear allocation of responsibilities for overall coordination and for specific tasks (organization of surveys, provision of data to national authorities, etc.). Objectives, relevant to national data requirements and feasible in terms of national capacities, need to be defined and support from stakeholders needs to be ensured. The country reports indicate that some progress has been made in terms of improving institutional arrangements for surveying and monitoring, but that large gaps remain. Advice on the development of national strategies in this field, including institutional arrangements and stakeholder involvement, is provided in the FAO guidelines Surveying and monitoring of animal genetic resources (FAO, 2011b). The guidelines Phenotypic characterization of animal genetic resources and Molecular genetic characterization of animal genetic resources (FAO, 2011a; 2012) also provide advice on how to ensure that characterization studies are relevant to national requirements. All three guidelines provide practical advice on the organization of characterization and monitoring activities.

The country reports reveal gaps in implementation across all the activities discussed in this section. Specific priorities for action will depend on national circumstances. However, in many countries the basic task of establishing a full inventory of national breeds has not been completed. Similarly, for many recognized breeds, phenotypic characteristics – morphology, performance in specific production environments, degree of adaptedness to specific diseases or climatic challenges, and so on – have been inadequately studied. Gaps are particularly prominent in developing countries, which means that the characteristics of the locally adapted breeds of these countries have been poorly characterized and that the comparative performance of different breeds in the production conditions of these countries has been inadequately assessed. If these gaps are not addressed, it will be difficult or impossible to manage locally adapted breeds sustainably and ensure that their potential is realized.
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Section C

Breeding programmes

1Introduction



This section draws on the information provided in the country reports to present an analysis of the state of implementation of livestock breeding programmes and of capacity to implement them (see the introduction to Part 3 for an overview of the country coverage and the use of the national breed population as a unit of analysis). The state of the art in breeding programmes is described separately in Part 4 Section C. Breeding programmes were defined in the country-report questionnaire as follows:


“systematic and structured programmes for changing the genetic composition of a population towards a defined breeding goal (objective) to realize genetic gain (response to selection), based on objective performance criteria.

Breeding programmes typically contain the following elements:




	definition of breeding goal;

	identification of animals;

	performance testing;

	estimation of breeding values;

	selection;

	mating; and

	transfer of genetic gain.




Breeding programmes are usually operated either by a group of livestock breeders organized in a breeders’ association, community-based entity or other collective body; by a large commercial breeding company; or by the government.”



In addition to reporting on programmes of this type, countries also provided information on other activities and strategies aimed at improving the quality of their livestock populations in genetic terms, i.e. measures taken to promote cross-breeding or the wider use of breeds perceived to be more productive.

This section provides an update of the material on the state of capacity in genetic improvement programmes presented in the first report on The State of the World’s Animal Genetic Resources for Food and Agriculture (first SoW-AnGR) (FAO, 2007a).1 The country-report questionnaire addressed the main themes covered in the first SoW-AnGR. However, because of the different reporting methods, most of the findings presented below are not directly comparable to those presented in the earlier publication.

2Global overview



For each of the so-called “big five” species (cattle, sheep, goats, pigs and chickens), the majority of country reports indicate the presence of breeding programmes (Table 3C1). The figures are higher for cattle (around 90 percent each for the dairy, beef and multipurpose categories) than for the other species (around 80 percent in all cases). While the figures appear to show that breeding programmes are widespread, in some cases the activities referred to in the country reports do not seem to be breeding programmes in the strict sense of the term (see introduction). Many countries report the presence of breeding programmes, but also that some of the key elements of breeding programmes are not in place for any of their breeds. For this reason, the figures presented in the table need to be treated with some caution. It should also be noted that the figures merely indicate the presence of at least one programme targeting the respective species. The numbers of breeds covered may be high or low, as may the effectiveness and reach of the programmes.

The regional breakdown presented in Table 3C1 shows that programmes for beef and dairy cattle are widespread in almost all regions and subregions (dairy cattle programmes in North and West Africa are the main exception). Gaps are more widespread in the case of multipurpose cattle (e.g. in South Asia, the Near and Middle East and Central America) and even more so in other species (e.g. sheep, pigs and chickens across most subregions of Africa; and sheep and goats in East Asia and the Southwest Pacific).

In the case of species other than the big five, the proportion of countries indicating that they have breeding programmes in place is generally low (Table 3C2). Only in the case of horses (74 percent), buffaloes (58 percent) and Bactrian camels (80 percent), do the majority of countries reporting the presence of the respective species indicate that they have breeding programmes in place.
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3Stakeholder involvement



The systematic implementation of breeding programmes requires stable organizational structures. Programmes can be organized by public-sector bodies, by the private sector, by non-governmental organizations (NGOs) or via collaborative efforts involving more than one sector. Table 3C3 summarizes the information provided in the country reports regarding the sectors and groups of stakeholders that operate breeding programmes (i.e. take the leading or organizational role in the operation of such programmes). For the purposes of this analysis, the private and non-governmental sectors are divided into the following categories:


	national commercial companies (companies based in the respective reporting country);

	external commercial companies (companies based outside the reporting country);

	breeders’ associations or cooperatives (membership organizations in which individual livestock breeders join together to pursue common goals);

	NGOs (NGOs that are not breeders’ associations: e.g. those involved in promoting rural development); and

	livestock keepers organized at community level (community-level structures, whether traditional or newly established, that enable livestock keepers to act collectively to organize genetic improvement activities).
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At global level, the most frequently reported operators of breeding programmes are governments and breeders’ associations. However, there are major differences between regions in terms of the reported significance of these two categories. Breeders’ associations are frequently reported in Europe and the Caucasus and North America, but much less so in most developing regions. Latin America and the Caribbean (or more specifically the Central and South America subregions) is a partial exception to this pattern. Conversely, government-operated programmes are reported more frequently in all developing regions (most particularly in Asia and the Near and Middle East) than in Europe and the Caucasus and North America. No government-operated programmes are reported in the latter region. Programmes operated by national and external commercial companies are reported from all regions of the world (most frequently the Southwest Pacific, North America, and Central and South America). The species involved are most commonly chickens, pigs or dairy cattle (see supplementary tables A3C1, A3C6 and A3C7).2 Programmes operated by livestock keepers organized at community level are quite widely reported across all developing regions. However, the country reports generally provide little information about the nature of these programmes. Programmes operated by NGOs are reported in most regions, but with relatively low frequency in most cases (highest levels in Central America, the Southwest Pacific and Central Asia).

Whatever sector takes the leading role in organizing a breeding programme, a range of different tasks need to be addressed. A variety of different stakeholders may be involved in each of these tasks, either in terms of planning (e.g. identifying breeding goals and planning how the programme will be organized) or in terms of practical implementation (e.g. recording animals’ performance, undertaking genetic evaluations or delivering artificial insemination services). These activities can be thought of as the “building blocks” of breeding programmes. Some of these building blocks can serve a number of different purposes, i.e. they can contribute not only to breeding programmes, but also to other aspects of livestock development. For example, animal identification can facilitate disease control, prevention of livestock theft and the delivery of support payments (FAO, 2015). Performance recording can play a role in herd management. Thus, the building blocks may be in place even if no breeding programmes are yet in operation.

Countries were asked both to provide information on the level of implementation of the various building blocks of breeding programmes and to report on the level of involvement of different stakeholders in their implementation. Because some of these activities can be undertaken by individual livestock keepers, and because of the prominent role of research organizations in undertaking some of them, these two stakeholder categories were included in the list of options provided in the country-report questionnaire. Countries were asked to provide scores for the level of involvement of the various categories. The responses (with respect to the big five species) are summarized in Figure 3C1.

Governments, research organizations, breeders’ associations and individual livestock breeders/keepers are reported to play relatively prominent roles across all activities, both in ruminants and monogastrics. In the case of commercial companies, involvement in most activities is markedly higher in monogastrics and dairy cattle than in other types of livestock. The role of NGOs is reported to be limited across all categories of activity. The global figures conceal some regional differences. As in the case of the figures presented in Table 3C3, the roles of breeders’ associations are generally more prominent than those of governments in developed regions, while the opposite is the case in developing regions.

Figure 3C2 shows the distribution of countries where breeders’ associations are reported either to operate breeding programmes or to have some involvement in implementing the elements of breeding programmes. As noted above, the term “breeding programme” appears not to have been interpreted uniformly across all the country reports and the same may be true of the phrase “operating a breeding programme”. It is therefore possible that the number of countries shown to have programmes operated by breeders’ associations (i.e. as green rather than yellow on the map) may be an overestimate.
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4Educational, research and organizational capacities



The successful development and operation of breeding programmes requires a high level of technical capacity and knowledge on the part of the stakeholders involved. Many country reports mention limited knowledge on the part of livestock keepers and technicians as a significant constraint to the implementation of breeding programmes. Analysis of country-report responses on the general state of education and training in the field of animal genetic resources (AnGR) is presented in Part 3 Section A. However, countries were also asked specifically to provide scores (none, low, medium or high) for the state of education and training in the field of animal breeding. The responses are summarized in Figure 3C3. The global cumulative score of 12 out of a potential maximum of 21 illustrates that there is a major deficit in the provision of education and training in this field. Africa and the Near and Middle East are the regions reporting the lowest levels of provision. Responses related to the state of implementation the Global Plan of Action for Animal Genetic Resources reveal a similar picture (Figure 3C4). Approximately 31 percent of reporting countries consider that their provision of training and technical-support programmes for the breeding activities of livestock-keeping communities is at an adequate level; 43 percent report that they have some programmes of this type in place, but that they require improvement; 26 percent report that they have no such programmes. Moreover, 39 percent report that they have made no progress in terms of improving provisions since the Global Plan of Action was adopted in 2007.

Countries were also asked to report on the state of their research activities in the field of animal breeding, again by providing a score. The responses are summarized in Figure 3C5. On a global scale, as in the case of training, there is a major gap between the current level of research activity and the potential maximum (high level of research in all countries for all species). In practice, the effect of this shortfall is likely to be reduced by the diffusion of research results from one country to another. However, the concentration of research in certain regions or countries may increase the likelihood that some production systems and species are inadequately covered. Moreover, there may be constraints to the diffusion of knowledge, particularly into less-developed countries. Scores for the state of research are highest in North America and Europe and the Caucasus, and lowest in Africa.
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As noted above, breeding programmes are complex undertakings that involve a range of different tasks. Establishing a successful breeding programme requires not only the technical capacity to undertake these tasks, but also organizational structures that enable these tasks to be carried out systematically and on a sufficiently large scale. This is likely to require substantial and well-organized involvement of the livestock keepers that raise the respective breeds. Countries were asked to report (again by providing a score) on the level of livestock-keeper organization with respect to animal breeding (taking all the various elements of breeding programmes into account). The responses are summarized in Table 3C4. Scores for the level of organization are highest in Europe and the Caucasus, Latin America and the Caribbean and North America and lowest in Africa, the Southwest Pacific and the Near and Middle East.
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5Breeding methods and activities



An overview of the status of breeding programmes is presented above (Subsection 2). This subsection presents an analysis of the level of implementation of the various elements of breeding programmes and of the types of programmes that are in operation, specifically the prevalence of programmes that involve cross-breeding.

Countries were asked to indicate the number of exotic and locally adapted breed populations for which breeding goals have been defined and in which the following activities are being implemented:


	animal identification;

	recording of pedigrees;

	recording of animal performance;

	use of artificial insemination (AI);

	implementation of genetic evaluation following the classic approach (i.e. not including the use of genomic information);

	implementation of genetic evaluation including the use of genomic information; and

	management of genetic variation by maximizing the effective population size or minimizing the rate of inbreeding.



The findings are presented in Table 3C5 (broken down by region), in Table 3C6 (broken down by species) and in the supplementary tables.3

The figures presented in the tables show that no breeding goal has been defined for almost half of all reported national breed populations. There are also major gaps in the breed coverage of other fundamental breeding-programme elements, such as animal identification and the recording of pedigrees and performance. Even where activities are reported, their impacts may be limited. The figures give no indication of the level of coverage within the breed population. Given that the management of locally adapted breeds is generally considered to be neglected relative to that of exotic breeds, it is interesting to note that in many cases (i.e. species × technique combinations) coverage is higher among locally adapted breeds than among their exotic counterparts. Two points should be noted in this regard. First, where continuously imported exotic breeds are concerned, the national population is likely to benefit from the effects of breeding programmes operating in other countries, i.e. stakeholders may consider that there is no need to establish a breeding programme at national level (the disadvantage may be a lack of fine-tuning to the needs of local production systems).4 Second, some of the exotic breeds reported may be present in very small numbers, having been imported by hobbyists or on an experimental basis. These populations may not be intended for use as production animals and therefore the absence of breeding programmes for them may not be particularly significant.
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Across almost all the activities covered in Table 3C5, Europe and the Caucasus, North America and the Southwest Pacific5 are well ahead of the other regions in terms of breed coverage, at least where locally adapted breeds are concerned. Artificial insemination is a partial exception to this rule, a fact that is probably explained, in part, by the species imbalance in the regional figures, i.e. the developed regions have relatively more breeds belonging to species other than cattle. The use of genomic information in genetic evaluation is reported to be very limited everywhere except the Southwest Pacific (because of the responses from New Zealand) and North America. The species breakdown (Table 3C6) shows that for most of the activities described, the highest coverage is in dairy cattle breeds, beef cattle breeds and sheep breeds. Artificial insemination is again an exception, with multipurpose cattle and pigs having higher coverage than sheep. Chicken breeds have relatively low levels of coverage across all activities, probably reflecting the domination of the chicken subsector by a few high-output breeds and the large number of breeds raised either in backyard systems or by hobbyists.
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Countries were also asked to indicate the prevalence (in terms of the number of exotic and locally adapted breed populations covered) of breeding programmes involving straight-breeding only and those involving both straight-breeding and cross-breeding. The responses are summarized for the big five species in Table 3C7. As in the case of the overview figures presented above (Subsection 2) the figures in both categories may be overestimates if a strict definition of the term “breeding programme” is applied. While it is clear that cross-breeding strategies are being pursued in all the regions of the world, in all species and in both breed categories, the nature of these strategies and the extent to which they are linked to straight-breeding programmes is not always clear.
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The descriptions provided in the country reports indicate that a strategy of cross-breeding locally adapted breeds or “non-descript” populations with exotic breeds (often through the use of artificial insemination) is being widely pursued in developing countries. In many cases this strategy is being promoted by the country’s government as a means of rapidly increasing national output of livestock products. Well-planned cross-breeding can be an effective means of pursuing this objective. However, if not well planned, the anticipated benefits may not be realized. The extent to which the cross-breeding activities referred to in the country reports form part of organized strategies is not always clear, neither is the extent to which such strategies, where they are in place, are effectively implemented. Consequences in terms of production levels (and in terms of livelihoods, genetic diversity and the environment) are often unmonitored. In all developing regions, a large proportion of countries (75 percent in Africa, 50 percent in Asia, 85 percent in the Southwest Pacific, 70 percent in Latin America and the Caribbean and 85 percent in the Near and Middle East) report that they have not undertaken an assessment of the impact of the use of exotic breeds.6
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6Breeding policies



A majority of countries report that they have national policies in place to support breeding progammes or influence their objectives (Figure 3C6). Dairy cattle breeding (75 percent of countries) is more frequently targeted than the breeding of any other species or type of animal. Chickens are the least targeted species among the big five (53 percent of countries). A number of countries in all regions except North America report the presence of breeding programmes but the absence of any policies in this field. A few countries, in contrast, report that they have no breeding programmes in place, but nonetheless have policies. In the case of most species, breeding policies are more prevalent in developed regions than elsewhere. These policies vary in terms of how much they aim to influence the objectives and implementation of breeding programmes. Some countries (e.g. the United States of America) leave decision-making very much in the hands of the private sector, while others (e.g. European countries, to varying degrees) take a more interventionist approach. Chicken-breeding policies are comparatively rare in Europe and the Caucasus (partly accounting for the low overall coverage of policies targeting this species). Asia has a high level of coverage in several species: 80 percent or higher in dairy and multipurpose cattle, goats, pigs and chickens. Latin America and the Caribbean has a similarly high level of coverage in the case of dairy cattle.

The reported policies vary in terms of their objectives and in terms of the extent to which they are being successfully implemented. As noted above, a number of countries are seeking to promote greater use of exotic breeds and cross-breeding. If not well planned and implemented, policies of this type can contribute to the erosion of locally adapted breeds (see Part 1 Section F).

The Global Plan of Action for Animal Genetic Resources subsumes breeding programmes within the broader field of sustainable use and development (Strategic Priority Area 2) and calls for “national sustainable use polices”7 and “species and breed development strategies”8 that take a long-term perspective and consider, inter alia, the need to maintain sufficient genetic diversity. Implementation of these elements of the Global Plan of Action is moderately well advanced in terms of the number of countries having sustainable use policies in place (more than 50 percent of reporting countries). Considerable progress since the adoption of the Global Plan of Action in 2007 is reported. A majority of countries (close to 60 percent) also report that they have “long-term sustainable use planning” in place for at least some species and breeds. These figures, however, clearly also indicate that large gaps remain in the coverage of sustainable use policies. National breeding policies are discussed in greater detail in the regional overviews presented below.

7Regional overviews



7.1Africa

Breeding programmes in Africa are often based on governmental farms from which breeding animals and/or genetic material are distributed to livestock keepers. The main reported constraints to the development of more effective programmes in this region are a lack of funding, a lack of technical knowledge at all levels and a lack of organizational structures, particularly with respect to livestock-keeper participation in activities such as animal identification and performance recording.
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The development of breeders’ associations and their involvement in the operation of breeding programmes have generally been limited in Africa, although they are playing an increasing role in some countries. The country report from South Africa, for example, notes that 72 breed societies “set standards and assist with evaluations” within the framework of the country’s national animal-recording and improvement schemes, operated by its Agricultural Research Council’s Animal Production Institute. The report from Namibia mentions that breed societies “ensure that their breeders identify animals correctly, determine whether animal recording should be mandatory … and decide whether genetic evaluations should be undertaken.” Nonetheless, the majority of the country’s livestock keepers are reported not to be involved in any structured breeding programmes. In some countries, breeders’ associations have been established, but their practical activities remain at a low level. Rwanda reports that breeders’ associations participate in the country’s “livestock working group” and that their advice is taken into consideration in the setting of breeding goals. They also play a limited role in animal identification, performance recording and the provision of artificial insemination services in some species.

[image: Images]

Some countries report efforts to establish community-based breeding programmes. Where successful examples of programmes of this kind are reported, they are mainly operated by international research institutions or development NGOs. In Ethiopia, for example, the International Livestock Research Institute (ILRI) and the International Center for Agricultural Research in Dry Areas (ICARDA) have both established some community-based breeding programmes for small ruminants.

Cross-breeding of locally adapted breeds with high-output exotic breeds (often via the use of artificial insemination) is widely reported. The extent to which these efforts are organized or promoted by the government varies from country to country, as does the extent to which steps are taken to minimize the risk of indiscriminate cross-breeding. The country report from Uganda notes that Boer goats (a breed originally imported from South Africa) are raised on government farms and bucks made available to goat keepers for cross-breeding with their indigenous animals. Goat keepers are trained in how to avoid indiscriminate cross-breeding and also in performance-recording techniques.

7.2Asia

The design and implementation of breeding programmes in Asia is generally very dependent on the public sector, with research organizations often playing a significant role (Table 3C3). Nonetheless, approaches to the implementation of breeding programmes vary greatly across the region and there are many specificities at country and subregional levels.

In Central Asia, policies that foster cross-breeding with exotic breeds are widespread. In the Islamic Republic of Iran, for example, cross-breeding has been heavily used in dairy cattle, and to a lesser extent in sheep to improve meat production and in goats to improve milk production. The Iranian country report notes that breeding policies will in future continue to promote cross-breeding in dairy cattle, but that in beef cattle, sheep and goats the intention is to give greater attention to the genetic potential of locally adapted breeds. While in some countries livestock keepers are organized into breeders’ associations and cooperatives that participate in the implementation of breeding programmes, this is not the case everywhere in the subregion. The country report from Kazakhstan notes that the intention is to concentrate breeding activities on large collective farms. The country also intends to establish a well-organized system for the use of imported genetic material (Box 3C2).

In East Asia, breeding programmes for the main livestock species are in place in the majority of countries. Programmes are government driven, but livestock keepers are well organized in most countries (Tables 3C3 and 3C4). Breeding programmes in Mongolia are less well developed than those in the other reporting countries in this subregion. The country reports two major constraints to the establishment of breeding programmes: the difficulty of organizing pedigree and performance recording in its extensive production systems, where livestock are unconfined and mating is usually uncontrolled; and livestock keepers’ reluctance to participate in government-driven breeding programmes.

In South and Southeast Asia, governments are also generally quite active in the development of breeding policies and in the implementation of breeding programmes. However, the presence of large numbers of small-scale livestock keepers and the lack of breeders’ associations lead to difficulties with the organizational aspects of breeding programmes. Breeding strategies in these subregions usually have a strong focus on cross-breeding with high-output exotic breeds. Governments often facilitate the distribution of breeding material from such breeds. While breeding policies in several countries in these subregions have successfully contributed to increasing production levels, a lack of attention to locally adapted breeds has led to their genetic erosion via indiscriminate cross-breeding and breed replacement. Commercial companies are implementing breeding programmes in some countries, mainly in pigs and chickens. These programmes operate on a small scale, but their importance seems to be growing. The country report from Malaysia, for example, states that future progress will depend on the private sector becoming the main driver of breeding programmes.

7.3Southwest Pacific

In New Zealand and Australia,9 breeding programmes are long established and very well developed. Attention is focused largely on the development and improvement of a narrow range of species and breeds. Breeders’ associations and livestock keepers’ cooperatives play key roles. Breeding programmes are organized by these bodies, and a large proportion of livestock keepers participate in them. Government and research institutions support some activities, but decision-making lies in the hands of the livestock keepers.
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In the small island countries of the Southwest Pacific, breeding programmes are rare and where they exist are in their early stages of development (it should be noted in this context that given the small size of these countries attempting to establish independent breeding programmes is not necessarily an appropriate strategy). Livestock-keeper organizations are not well developed and the few breeding programmes mentioned in the country reports are government driven. Private companies are sometimes involved, but there is little participation on the part of individual breeders. The most commonly reported activity is the importation and distribution of exotic breeds to replace locally adapted breeds or for cross-breeding with them. The country report from Samoa describes plans to involve large commercial farms as multipliers within a pyramidal breeding system as a means of meeting demand for breeding animals. The multipliers will be supplied with breeding animals from government-run nucleus farms, and in turn supply individual farmers.

7.4Europe and the Caucasus

In the majority of the countries of Europe and the Caucasus, the livestock sector is well developed, and breeding programmes are long established and well organized (Tables 3C4 and 3C5 and Figure 3C6). In most European countries, breeders’ associations are well organized and play a key role in the operation of breeding programmes (Table 3C3). In a number of countries (e.g. the Netherlands, Norway and the United Kingdom) the government’s role in breeding programmes is largely restricted to providing support to breeders’ associations via research activities. Generally, governments supervise and monitor the implementation and performance of breeding programmes. They implement animal-identification schemes in which all livestock keepers have to participate regardless of whether or not they are members of breeders’ associations. They also support breeders’ associations by coordinating their work. Some countries (e.g. France and Spain) provide subsidies to support the work of breeders’ associations. Breeders’ associations organize and implement performance and pedigree recording, set and review breeding goals, ensure the consistency of activities contributing to the genetic improvement of the breed and, where they have the capacity, implement genetic evaluations. Research institutes and universities support breeders’ associations and governments in the theoretical and methodological aspects of genetic evaluation, as well as working on the development and refinement of breeding methods. There is, however, some variation across the region. In some countries, particularly in the Caucasus and parts of southeastern Europe, breeding programmes are relatively undeveloped, livestock-keeper organization is limited and breeders’ associations are rare.

[image: Images]

Commercial companies are active in the region’s dairy cattle and pig-breeding sectors and dominate the poultry-breeding sector. They control most of the market for genetic resources in these sectors and work with a narrow range of breeds and lines. As a result of this focus, their roles in breeding programmes for locally adapted breeds of pigs, chickens and dairy cattle are usually limited.

Many European countries rely, to varying degrees, on the use of imported genetics. A number of countries report that this poses a threat to the survival of some of their locally adapted breeds (see Part 1 Section F). However, in some countries it has proved possible to combine a programme of development based on the use of exotic breeds with measures that ensure that locally adapted breeds are maintained and that appropriate genetic resources for use in more marginal production environments remain available (see, for example, Box 3C3).

7.5Latin America and the Caribbean

In Latin America and the Caribbean, breeding programmes are diverse in terms of the stake-holder groups involved in organizing and implementing them. Depending on the country and the species, breeding programmes may be operated by governments, breeders’ associations, commercial companies or livestock keepers organized at community level. However, some stakeholders are more important that others in terms of the implementation of specific breeding-programme elements. Governments are very active in the operation of animal-identification schemes. Breeders’ associations and individual livestock keepers are heavily involved in the definition of breeding goals and in the recording of performance data. Artificial insemination is mainly delivered by commercial companies. Research institutions are heavily involved in genetic evaluations.

In the Caribbean, breeding programmes are less developed than in Central and South America. Governments are the main operators of the few breeding programmes that are in place. The importation of exotic genetic material for cross-breeding with locally breeds is widespread. The best-developed breeding programmes are in the dairy-cattle sector, which is characterized by a relatively high level of livestock-keeper organization and the presence of commercial companies. The country report from Suriname, for example, notes that dairy cooperatives actively participate in the definition of breeding goals and also facilitate the provision of artificial insemination services. The report from Trinidad and Tobago mentions that a national commercial dairy company provides artificial insemination to some dairy farms, although on an irregular basis, and also records production data for some farms.
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The majority of breeding programmes in Central and South America are implemented by breeders’ associations or commercial companies. Breeders’ associations generally receive support from the public sector, mainly via the work of research institutions, which are involved not only in genetic evaluation, but also on definition of breeding goals, in performance recording and in the organizational aspects of breeding programmes. Commercial companies – mainly national, but in some cases international – are very active in the region and operate breeding programmes for dairy and beef cattle, pigs and chickens, and to a lesser extent goats. The country report from Costa Rica notes that experiences gained in the implementation of cattle-breeding programmes are used to guide the development of programmes for small-ruminant species.

Cross-breeding strategies are reported to be quite widespread in Latin America (Table 3C7). Companies and research institutes have developed composite lines, mostly in beef cattle, but also in other species. Cross-breeding with exotic breeds (using both imported genetic material and genetic material sourced from within the region), and to a lesser extent with composite lines developed in the region, is widely used as a method of increasing production levels. Brazil reports a major increase in livestock productivity over recent years, brought about by the implementation of well-developed breeding programmes (Box 3C4). Research organizations at national and regional levels, as well as universities and breeders’ associations, are responsible for the majority of Brazil’s breeding programmes. In other countries (e.g. Chile, Ecuador and Paraguay), improvement of animal performance has been based on the importation of genetic material and efforts to establish breeding programmes for various livestock species are currently ongoing. Peru and the Plurinational State of Bolivia have established breeding programmes aimed at improving fibre quality in llamas and alpacas. Bolivian programmes include some operated by community-owned companies, the main such company, COPROCA, involves 1 200 camelid keepers. Peru reports breeding programmes for several “minor” species, including rabbits, ducks and guinea pigs.

7.6North America

In the United States of America, breeding programmes are technologically advanced and widely implemented in all the main livestock species. Cross-breeding strategies are widespread (Table 3C7). Breeders’ associations and individual livestock keepers are the main stakeholders involved in the operation of breeding programmes (Table 3C3). National and international commercial companies play a major role in cattle, pig and chicken breeding programmes. Advanced technologies such as genomic selection are widely used in dairy cattle breeding (see supplementary table A3C8).10 Decision-making regarding breeding activities rests with livestock keepers or commercial companies. Federal and state research organizations may develop means of evaluating traits that the livestock industry deems important, but responsibility for adapting and utilizing such approaches lies with the industry.

7.7Near and Middle East

The coverage and state of development of breeding programmes in the Near and Middle East are very limited. The programmes that do exist mainly involve sheep and goats and are based on governmental farms or breeding stations. The involvement of livestock keepers is very limited (see Box 3C5 for example). Selected animals, raised on governmental farms or imported, are distributed to livestock keepers with the aim of increasing production levels. Artificial insemination programmes operate on a limited scale.
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8Changes since 2005



As noted in the introduction to this section, many of the data presented above are not directly comparable to those presented in the first SoW-AnGR. However, in both reporting processes countries provided information on the number of breeds subject to various breeding-related activities. The list was slightly expanded for the second reporting process, but results for the activities covered in both processes are presented in Figure 3C7 (for cattle breeds).

Because the first reporting process was not based on a structured questionnaire,11 comparable figures are available for only 35 countries.12 The results show that – at least as far as the 35 countries are concerned – the proportion of cattle breeds covered by all the various breeding-related activities reported upon has expanded since the time of the first SoW-AnGR reporting process. Is should, however, be noted that there are some differences between the pattern of development in OECD countries and that in non-OECD countries. In particular, coverage of genetic evaluation has increased much more sharply in OECD countries (46 percent to 70 percent) than in non-OECD countries, where it has remained almost stable at around 32 percent. Given the progress made in the implementation of other breeding-programme elements, addressing the coverage of genetic evaluations would appear to be the logical next step towards the more widespread establishment of effective breeding programmes.

9Conclusions and priorities



While the majority of countries report that they have at least some breeding progammes in place, the reported levels of implementation of the various elements of breeding programmes suggest that these programmes are often in a very rudimentary state – or in some cases non-existent in the sense of organized progammes involving the establishment of breeding goals, recording of performance, etc.

The involvement of stakeholder groups in the organization and implementation of breeding programmes varies greatly from region to region. In Africa, Asia and the Near and Middle East, governments are the main players, while in North America, Europe and the Caucasus, Australia and New Zealand, responsibility for operating breeding programmes lies mainly in the hands of breeders’ associations and commercial companies, with various degrees of support from governments and research organizations, depending on the country. The involvement of breeders’ associations and commercial companies is also relatively well developed in parts of Latin America.

The first SoW-AnGR concluded that, where they existed, government-operated breeding programmes in developing countries tended to have limited impact because of a lack of interaction with livestock keepers. However, it also concluded that there were many constraints to the emergence of the “developed-country” model based on breeders’ associations and involving minimal governmental support, particularly with regard to the organizational structures needed to facilitate the involvement of individual livestock keepers and the relatively high levels of knowledge and technical skills required. The information provided in the country reports suggests that a number of these preconditions have still not been met in many countries. While there are some reported examples of progress, livestock-keeper organization frequently remains poorly developed, as do education and training in the field of livestock breeding.

Many countries have put policies in place aimed at improving the state of livestock breeding. In many developing countries, in particular, these policies focus mainly on the introduction of exotic breeds for use in cross-breeding, sometimes with little attention to the establishment of breeding programmes. Utilizing the genetic progress already made in exotic breeds has obvious attractions for countries seeking rapidly to boost their output of livestock products. The difficulty lies in the fact that while increasing the availability of exotic genetic material may be relatively straightforward, ensuring that it is used appropriately is more challenging.
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While interest in expanding the use of exotic breeds is practically universal in developing countries, a number have also recognized the need to take greater advantage of the characteristics of their locally adapted breeds, particularly given the challenges associated with climate change and the ongoing need for livestock that are suitable for use by small-scale producers and in low-input production systems. In this context, improving the productivity of locally adapted breeds through the implementation of breeding programmes is, at least in theory, an appealing option, both because of the potential to derive benefits directly from increasing livestock productivity and because it may help to keep the breeds in use and hence available as resources for the future. However, for the reasons noted above, implementing such programmes is often challenging. Only a small number of developing countries report the successful establishment of community-based breeding programmes in medium- or low-input production systems.

On the positive side, the evidence provided in the country reports suggests that the level of implementation of several of the main elements of breeding programmes – in terms of the number of breeds covered – has increased in recent years. Major gaps, nonetheless, remain in all developing regions. Even where activities are reported to have become more widespread in terms of breed coverage, they may remain very restricted in terms of the proportion of the population covered within each breed. Animal identification appears to be the area where the most progress has been made, probably because of its multiple roles in livestock development.

As noted in the first SoW-AnGR, developing a national breeding strategy can be very challenging, particularly given that the information needed in order to assess the relative costs and benefits of different approaches is often unavailable. The existence of these knowledge gaps underlines the importance of strengthening efforts to characterize breeds and their production environments (see Part 3 Section B and Part 4 Sections A and B) and the need to keep track of trends and drivers of change in the livestock sector (see Part 2).

Countries have a range of different short-and longer-term objectives and often have to deal with a diverse range of production systems. Identifying specific priorities at national and production-system levels is therefore a matter for countries themselves. The information provided in the country reports suggests that, in more general terms, priorities will often include capacity-building at all levels from livestock-keepers to policy-makers, as well as strengthening the organizational structures needed in order to implement successful breeding programmes. Livestock-keeper involvement is frequently a weak point in existing programmes.
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Section D

Conservation programmes

1Introduction



This section presents a review of the state of conservation programmes based on information provided in the country reports (see the introduction to Part 3 for an overview of the country coverage and the use of the national breed population as a unit of analysis). Conservation actions are commonly grouped into three categories: in situ conservation; ex situ in vivo conservation; and ex situ in vitro conservation (see Part 4 Section D for a discussion of the state of the art in conservation methods). These categories were defined in the country-report questionnaire as follows:


	In situ conservation: support for continued use by livestock keepers in the production system in which the livestock evolved or are now normally found and bred.

	Ex situ in vivo conservation: maintenance of live animal populations not kept under their normal management conditions (e.g. in zoological parks or governmental farms) and/or outside the area in which they evolved or are now normally found.

	Ex situ in vitro conservation: conservation under cryogenic conditions including, inter alia, the cryoconservation of embryos, semen, oocytes, somatic cells or tissues having the potential to reconstitute live animals at a later date.



The section is structured as follows. Subsection 2 presents an overview of the state of conservation programmes worldwide. Subsections 3 and 4 discuss in situ conservation programmes in more detail, including an analysis of the types of activities undertaken and whether they are managed by the public or private sectors. Subsection 5 discusses ex situ in vitro conservation programmes in greater depth, including an analysis of the types of material stored and the breed coverage. Subsection 6 presents a region by region overview of the state of conservation programmes. Subsection 7 presents an analysis of changes in the state of conservation programmes since the time the first report on The State of the World’s Animal Genetic Resources for Food and Agriculture (first SoW-AnGR) (FAO, 2007a) was prepared. The final subsection presents some conclusions and discusses priority actions that need to be taken in order to improve the state of conservation programmes worldwide.

2Global overview



A comprehensive assessment of the state of global provision of conservation programmes would require breed-by-breed data on the presence or absence (and if present the effectiveness) of the various types of conservation programme that can be implemented, as well as on the risk status of the respective breeds. Requiring the inclusion of breedwise data on conservation activities in the country reports was not considered to be feasible (the major gaps that exist in risk-status data are discussed in Part 1 Section B). The country-report questionnaire therefore requested countries to provide scores (none, low, medium or high) for the extent to which their breed populations are covered by each of the three categories of conservation programmes. Given that some breeds may be in so secure state that they do not need to be included in a conservation programme, countries were asked to focus particularly on at-risk breeds. The main objective, as stated in the questionnaire, was to obtain an indication of the extent to which the countries’ programmes meet the objective of minimizing the risk of breed extinction. Countries where all breeds are regarded as secure had the option of indicating this as an explanation for the absence of programmes in a given category.

The majority (82 percent) of country reports indicate the presence of in situ conservation programmes for breeds belonging to at least one species. However, there is a lot of variation across the regions and subregions of the world (Table 3D1). In situ conservation programmes are reported by all countries in Europe and the Caucasus, Central Asia, East Asia and North America. North and West Africa (65 percent) and Central America (60 percent) are the subregions in which the lowest proportions of countries report the presence of in situ conservation programmes. It should be noted that these figures simply indicate the presence of conservation programmes. They provide no indication of how many breeds are targeted or how effective the programmes are.

Ex situ conservation programmes are less common than in situ programmes: 60 percent and 54 percent of countries report ex situ in vivo and ex situ in vitro programmes, respectively. The figures are particularly low in the Southwest Pacific (29 percent and 14 percent). However, 100 percent of East Asian countries report the presence of both types of programme.
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While the overall figures indicate that conservation programmes are widespread, the country-report responses regarding the level of breed coverage indicate that in many countries programmes are far from comprehensive. This is illustrated, for example, by Figure 3D1, which shows average national breed coverage scores for in situ programmes at country level (taking into account the so-called “big five” species – cattle, chickens, pigs, sheep and goats). A more detailed breakdown, covering all three categories of conservation programme, is presented in Figure 3D2. High scores for breed coverage (i.e. comprehensive conservation programmes for a given species at national level) are rare globally: 23 percent in the case of in situ programmes; 7 percent in the case of ex situ in vivo programmes; and 8 percent in the case of ex situ in vitro programmes.1 The regional breakdown shows that the main exceptions are the coverage of in situ and ex situ in vitro programmes in North America and to a lesser extent in Europe and the Caucasus. The breed coverage of ex situ in vivo programmes is generally low even in developed regions, where this type of programme appears to be a low priority relative to the other two categories. This is probably explained by the fact that if effective in situ and ex situ in vitro programmes are in operation for a given breed, the addition of an ex situ in vivo programme may not provide much additional benefit in terms of reducing extinction risk (see Part 4 Section D). In all categories, high scores are more common in Latin America and the Caribbean and in Asia than in other developing regions.
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Table 3D2 shows that, while in some regions breed coverage within a given category of programme is at a similar level across all species, in other regions some species are more comprehensively covered than others. For example, in the case of in situ programmes, sheep, pigs and multi-purpose cattle have the highest average scores in Europe and the Caucasus, dairy cattle in Latin America and the Caribbean, chickens in Asia and small ruminants in the Near and Middle East. In the case of ex situ in vitro programmes, the global totals indicate a higher level of coverage for cattle and sheep than for other species, although there are again some regional variations. Sub-regional breakdowns showing the three categories of conservation programme are presented in Tables 3D3, 3D4 and 3D5.

In addition to providing information on the big five species, countries also had the option of providing information on other species. The responses are summarized in Table 3D6. Countries that have programmes were probably more likely to respond than those that do not, so it is possible that the relatively high proportion of responding countries indicating the presence of conservation programmes and the relatively high breed coverage scores for these species are overestimates. Some of these species are widely distributed, but were only reported on by a few countries. In absolute terms, the number of countries reporting the presence of conservation programmes for some of these species is very low (e.g. eight countries report in situ programmes for asses, eight for geese, six for turkeys and ten for ducks).
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3In situ conservation programmes – elements



In situ conservation programmes can include a wide range of different activities. The country-report questionnaire requested countries to indicate which activities (from a predefined list) form part of their in situ programmes and to indicate whether these activities are operated by the public or private sectors (or both). The twelve potential activities considered in the questionnaire are listed below (grouped into four categories for the purposes of analysis and discussion):
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Activities focused on increasing demand for breed products and services


	Promotion of niche marketing or other market differentiation (including promotion via association of breeds with products having geographical indications or other indicators of origin):2 efforts to promote the marketing of a breed’s products to a subgroup of consumers who have particular preferences regarding, for example, product quality, the type of production system (e.g. high animal welfare or organic) or the association of products with particular geographical regions or traditions.

	Promotion of at-risk breeds as tourist attractions: the establishment of specific tourist attractions featuring at-risk breeds (e.g. farm parks) or efforts to promote the keeping of at-risk breeds as elements of attractive landscapes that appeal to tourists.

	Use of at-risk breeds in the management of wildlife habitats and landscapes: situations in which animals belonging to at-risk breeds are used deliberately to alter the environment (usually the vegetation) to create habitats suitable for wildlife or landscapes that are considered desirable by humans.

	Promotion of breed-related cultural activities: the promotion of cultural activities such as shows, festivals and sporting events in which at-risk breeds play a role.
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Activities focused on incentivizing and supporting livestock keepers


	Incentives or subsidy payment schemes for keeping at-risk breeds: schemes under which livestock keepers receive payment (e.g. from the government) for keeping at-risk breeds.

	Recognition award programmes for breeders: schemes in which breeders that make a particular contribution to the conservation and sustainable use of a breed or breeds are honoured or recognized in some way (e.g. a programme of annual awards).

	Extension programmes to improve management of at-risk breeds: programmes that target the keepers of at-risk breeds with advice on how to manage them.

	Awareness–raising activities on the potential of specific at-risk breeds: activities that provide livestock keepers (or potential livestock keepers) with information on the potential (e.g. unique traits that may be valuable in particular circumstances) of specific at-risk breeds that might otherwise be overlooked.
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Activities focusing on breeding programmes


	Conservation breeding programmes: breeding programmes that maintain breed-specific traits and limit inbreeding.

	Selection programmes for increased production or productivity in at-risk breeds: genetic improvement programmes for at-risk breeds that aim to increase their production and/or productivity and thereby promote their ongoing use by livestock keepers.
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Activities focusing on community-level participation and empowerment


	Community-based conservation programmes: programmes in which the local people are the primary stakeholders responsible for the development and implementation of the activities undertaken to conserve their animal genetic resources (AnGR).

	Development of biocultural protocols: a biocultural protocol is a document that is developed after a community undertakes a consultative process to outline their core cultural and spiritual values and customary laws relating to their traditional knowledge and resources.



For further discussion of the elements of in situ conservation programmes, see Part 4 Section D and FAO (2013). The various listed activities are not necessarily completely distinct from each other. In particular, a community-based conservation programme is likely to include one or more of the other activities. Moreover, many of the activities are also not necessarily confined to conservation programmes, i.e. they can be implemented for a variety of reasons associated with livestock and rural development, environmental management, etc. The intention in the country-report questionnaire was to identify activities that are part of conservation programmes, i.e. deliberately being used to reduce the risk of genetic erosion or breed extinction. The information provided in the country reports was not always sufficient to determine whether or not this was the case.

The country-report responses are summarized in Tables 3D7 (species breakdown) and 3D8 (regional breakdown). It should be recalled that the figures only indicate the presence of a given activity as an element of conservation programmes within a given country for a given species. The activities are not necessarily widespread or well developed. The data presented in Figures 3D1 and 3D2 and in Table 3D2 indicate that, at least in developing regions, the majority of reported conservation activities are likely to be being undertaken only on a limited scale.

Globally, the most commonly reported activity is the implementation of conservation breeding programmes (74 percent of responses),3 followed by the promotion of niche marketing (68 percent), awareness-raising activities (63 percent), extension activities aimed at improving the management of at-risk breeds (53 percent) and breeding programmes aimed at increasing productivity in at-risk breeds (51 percent).

The popularity of niche marketing as an element of conservation programmes may be because of its potential to become self-sustaining, eventually removing the need for support from government or other external sources. Niche marketing is reported to be widespread in conservation programmes for all species, although relatively uncommon in programmes for multi-purpose cattle. The regional breakdown shows that this approach is less widespread in conservation programmes in Africa and in the Near and Middle East than in other regions. While traditional products from locally adapted breeds are popular in many countries and often command premium prices, establishing a new niche market for products from a breed that is at risk of extinction is challenging. Opportunities are likely to be greater where a substantial number of consumers can afford to pay premium prices and where appropriate legal frameworks are in place (see Part 3 Section F).

Other conservation activities in the category “increasing demand for products and services for at-risk breeds” are far less widely reported than niche marketing. This may, in part, be accounted for by the fact that the number of breeds for which these activities are potentially relevant is lower. For example, use in landscape management is mainly relevant for grazing animals and only in certain locations. It may also be because the “demand” in question is, to varying degrees, for public goods, and therefore the activities are unlikely to become self-sustaining on the basis of market demand. Some livestock-related cultural and touristic activities can generate income for the keepers of at-risk breeds (trekking with ponies or other animals, charging for entrance to farm parks, etc.), but others accrue to the general public or to the local tourism industry more broadly. Conservation grazing is typically organized by public authorities or on a smaller scale by NGOs.

The second most commonly reported element in this category is the promotion of AnGR-related cultural activities. This is reported with roughly the same frequency across the big five species. However, it is reported far more frequently in Europe and the Caucasus than elsewhere. Promotion of breeds as tourist attractions is somewhat less frequently reported overall. Again there are no major differences in the frequency with which it is reported in the various big five species, and Europe and the Caucasus is again the region where the activity is most frequently reported. It is also relatively frequently reported in North America and to a lesser extent in Latin America and the Caribbean and Asia. However, it is mentioned in very few of the reports from Africa, the Southwest Pacific and the Near and Middle East.

Use of livestock in the management of wildlife habitats and landscapes is reported to be used as an element of in situ conservation programmes in only 24 percent of countries that have such programmes. Unsurprisingly, this activity is more commonly reported among types of livestock that are kept in grazing systems (i.e. cattle and small-ruminants among the big five, plus, in particular, horses). Potential synergy between AnGR conservation and wildlife conservation/landscape management arises because locally adapted breeds, including those that are at risk of extinction, are often well suited to grazing in harsh environments and may have other characteristics (including links to local culture) that make them suitable for use in conservation grazing. This activity is again much more commonly reported in Europe and the Caucasus than in other regions. The reports from several European countries, including Finland, Germany, Hungary, the Netherlands and the United Kingdom, note that locally adapted breeds play important roles in the management of landscapes in national parks and other scenic areas.
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The country reports indicate that conservation programmes for each of the big five species frequently include awareness-raising activities. These activities are quite widespread in all regions. However, they are particularly widespread in North America and Europe and the Caucasus and relatively rare in Africa and the Near and Middle East. Reported awareness-raising activities extend beyond those aimed at livestock keepers to include those aimed at consumers or the general public. There is therefore some overlap with the above-described “demand-creation” category, as consumers may become interested in buying products from at-risk breeds.
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In Europe and the Caucasus, consumers and the general public are the main targets of the reported awareness-raising activities, whereas in Asia and Africa activities commonly focus on encouraging livestock keepers to avoid indiscriminate cross-breeding of locally adapted breeds. Among examples of awareness-raising directed at the general public, the country report from Japan mentions that some breeds have been designated as “national monuments”. Channels for awareness raising include museums and zoos (country report of Germany) and schools (country reports of Italy and the Czech Republic), as well as a range of print and electronic media. Social awareness is reported to be increasing in some countries, and in some cases has led to government intervention to support conservation. For example, Mongolia’s country report notes that in response to public concerns, the government has taken steps to help conserve the reindeer kept by the Dukha people, establishing a support programme that will include veterinary extension, financial support and technical advice on reindeer-antler craft.

Extension activities are a relatively common element of conservation programmes for all the big five species and in all regions (more so in Europe and the Caucasus and the Southwest Pacific than elsewhere). The above-described reindeer-focused programme in Mongolia is one example. In developed regions, some conservation-related extension activities involve the provision of advice to hobby farmers (see Box 3D3 for example), a group that may be interested in raising at-risk breeds but lack experience in animal husbandry and breeding.

Recognition and award schemes for livestock keepers are also reported with moderate frequency. Frequency of reporting is similar in each of the big five species, but more common in North America and Europe and the Caucasus than elsewhere.

The provision of economic incentives to livestock keepers raising at-risk breeds is widely used in Europe and the Caucasus as a core element of in situ conservation programmes, but is very rare in other regions. The Southwest Pacific is a partial exception because, in New Zealand, the Rare Breeds Conservation Society of New Zealand, which is the main operator of conservation programmes in the country, gives small grants to livestock keepers raising at-risk breeds. This is the only reported case in which financial incentives are paid by a private institution rather than by the government of the respective country. Many European Union member countries use allocations from the European Union Rural Development Programme to support the conservation of AnGR by providing payments to those keeping at-risk locally adapted breeds. Reported examples from other regions include the provision of financial support to the keepers of some locally adapted breeds of cattle goats and chickens in Indonesia.

Both breeding programmes involving conservation breeding and those that aim to increase the productivity of at-risk breeds are widely reported as elements of in situ conservation programmes. Conservation breeding is the more widely reported. While it is more frequently reported in Europe and the Caucasus than elsewhere, it is also reported quite frequently in some developing regions. Governmental farms and nucleus herds play a key role in these activities in most regions. In the case of both types of programme, there are no major differences in frequency between species. In some cases, the information provided in the country reports from Africa, Asia and Latin America and the Caribbean suggests that conservation breeding programmes and breeding programmes focusing on improving performance are not clearly distinguished. Some of the programmes referred to as “conservation breeding programmes” aim to contribute to conservation by improving the production traits of the targeted breeds.

Community-based conservation is more commonly reported in Asia than in any other region (75 percent compared to an average of 48 percent). As noted above, this activity clearly overlaps with others. Box 3D2 provides an example of the successful involvement of a community in in situ conservation activities. Biocultural community protocols (see Box 4D3 in Part 4 Section D) are not widely reported (17 percent overall). Initiatives of this kind are a relatively new phenomenon and relevant only in certain circumstances.
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4In situ conservation programmes – the roles of the public and private sectors



In most countries where in situ conservation programmes exist, public institutions are directly involved in the implementation of most of the reported activities (Figure 3D3). Involvement of the private sector is more unevenly distributed. In Africa and Asia, public institutions are the main operators of all the in situ conservation activities reported, except for the promotion of breed-related niche-market products. In Europe and the Caucasus and Latin America and the Caribbean, involvement of the public and private sectors is reported with roughly equal frequency. In Europe and the Caucasus, private institutions are most commonly involved in the development of niche marketing of breed-related products and in the promotion of breed-related cultural and touristic activities. The involvement of public institutions is prominent in the fields of extension and awareness-raising and in the implementation of conservation breeding programmes.

In the United States of America, Australia4 and New Zealand, public institutions play a minor role in the implementation of in situ conservation activities. The country report from the United States of America, for example, indicates that public-sector activity in the field of conservation is largely confined to the gene banking of cryo-conserved material, while in situ conservation is handled largely by breeders’ associations. Breeders’ associations are also heavily involved in in situ conservation in Europe and the Caucasus and to some extent in South America. They manage breeding programmes focusing on conservation and/or performance improvement, and collaborate in the development of niche marketing and touristic and cultural activities (see Part 3 Section C for a general discussion of stakeholder involvement in breeding programmes). In some European countries (e.g. the Netherlands and the United Kingdom), breeders’ associations are reported to be the primary stakeholders in in situ conservation, operating with some support from NGOs (see Box 3D3 for example) and government.
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Globally, public institutions play a key role in breeding programmes focusing on conservation and/or performance improvement (Figure 3D3). In the majority of African, Asian and to a lesser extent South American countries, national governments are the main, and usually only, operators of breeding programmes associated with in situ conservation. In the majority of the countries in these regions, governments manage nucleus farms where locally adapted and/or exotic animals are kept. These nucleus farms distribute breeding stock (males) to improve the wider livestock population. Schemes of this kind can play an important role in the conservation and development of at-risk breeds, although their impact is often limited by a range of organizational weaknesses and resource-related constraints (see Part 3 Section C and Part 4 Section C).
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The provision of funding is a key element of the public sector’s role in AnGR conservation. For example, governments may provide financial support for in situ conservation activities carried out by breeders’ associations, cooperatives, livestock keepers organized at community level or NGOs. They may also provide direct financial incentives to livestock keepers who keep at-risk breeds. Payments of this kind play an important role in Europe and the Caucasus and in some countries in Asia, but are almost absent in the rest of the world. Governments also play a key role in extension activities aimed at improving the management of at-risk breeds. This role is significant even in countries such as the United States of America, where the government generally has little involvement in in situ conservation.
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5Ex situ in vitro conservation programmes



Almost half (45 percent) of reporting countries indicate that they have an operational in vitro gene bank for AnGR. A further 32 percent report that they have plans to develop one (Figure 3D4). In addition to being present in the United States of America, gene banks are widely reported in Europe and the Caucasus (71 percent of reporting countries), East Asia (100 percent), Southeast Asia (67 percent) and South America (63 percent). Note that a higher percentage of countries report the presence of ex situ in vitro conservation programmes (Table 3D1) than report gene banks (Figure 3D4 and Table 3D9). The discrepancy is accounted for mainly by the fact that some countries that do not have gene banks report the storage of cryopreserved genetic material for use in research or breeding programmes or for conservation purposes within the framework of small-scale projects.

Table 3D10 shows the percentage of national breed populations (big five species) reported to be cryoconserved in each region and sub-region. The figures show that despite the large number of countries that have established gene banks, only a small proportion of national breed populations are conserved: 27 percent in cattle; 23 percent in sheep; 20 percent in goats; 18 percent in pigs; and 6 percent in chickens. The United States of America is the only reporting country where the majority of national cattle, sheep, goat and pig breed populations are conserved in vitro. The proportion of breed populations with sufficient material stored to allow them to be reconstituted in case of need is substantially lower (in most species fewer than half the cryoconserved breeds have a sufficient quantity of material stored).

Countries had the option of providing information on ex situ in vitro conservation in species other than the big five. The responses are summarized in Table 3D11. Note that answering the question was not compulsory and therefore it is possible that some countries that have genetic material from these species stored in their gene banks did not provide information. The reported proportion of buffalo breed populations with material stored is similar to that for cattle (although the absolute number is clearly much lower). In horses and rabbits, widely distributed species with a large number of reported breeds, the figures are substantially lower, at 8 percent and 9 percent, respectively. A similar proportion (but lower absolute numbers) is reported for asses. Material from several other mammalian species (dromedaries, Bactrian camels, alpacas, llamas and yaks) is reported to be stored in gene banks. These species do not have worldwide distribution and the total number of reported breeds is low. In all cases, material from between 10 and 30 percent of breed populations is reported to be stored in gene banks. In absolute terms, this amounts to a handful of breed populations in each species. In all “minor” mammalian species, the number of breed populations for which sufficient material is stored to allow them to be reconstituted is either low or none. The figures for “minor” avian species are almost all very low. Muscovy ducks are something of an exception (material from 43 percent of 21 reported breed populations stored – and in all cases in sufficient quantity to allow the breeds to be reconstituted).

Countries that have national gene banks were requested to provide further information on the contents of the collection, the operation of the gene bank (stakeholder involvement) and the purposes for which the stored material is (or has been) used. Responses are summarized in Tables 3D9 and 3D12. Semen is by far the most commonly stored material, followed by embryos. However, isolated DNA, somatic cells and oocytes are stored in a substantial number of gene banks. There is some regional variation. For example, more than half the African countries reporting the presence of a gene bank indicate that they store no material other than semen. The use of gene banks to store material from breeds that are not currently regarded as being at risk of extinction is quite widespread (53 percent of responsee).5 This material has the potential to serve as an ultimate backup should some major unexpected disaster strike the in vivo population, but it can also be used in less extreme circumstances, for example to introduce the genetic variation needed to a re-orientate a breeding programme in response to changing market demands (see FAO, 2012).
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While a gene bank is a strategic national resource, the most direct beneficiaries (or potential beneficiaries) are livestock breeders. The involvement of stakeholders from the breeding sector in the planning of the development and operation of the gene bank is therefore likely to be important in ensuring that it is well targeted and operates effectively (FAO, 2012). Only a minority of country reports indicating the presence of a gene bank state that livestock keepers or breeders’ associations are involved in its operation.

The number of cases in which genetic material from gene banks is reported to have been used to increase the genetic variability in in situ or ex situ populations is rather limited (26 and 18 percent of responses, respectively) and the country reports generally do not provide detailed information on these cases. Only a very few cases of gene bank material being used to reconstitute extinct or nearly extinct breeds are reported and few details are provided. An example of the reconstitution of a discontinued research line from cryoconserved material is presented in Box 3D5. Only a minority of countries globally (around 30 percent) report that they are involved in international or regional collaboration in gene banking. These cases are discussed in the regional overviews below.
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6Regional overviews



6.1Africa

In Africa, the main elements of in situ conservation are extension activities and breeding programmes focusing on conservation and/or improvement of performance. State farms play a central role. However, there are some differences between the subregions. Most notably, in situ conservation programmes in Southern Africa are more diverse than those in other subregions in terms of the elements they include. The private sector, including breeders’ associations, is also more involved in conservation in this subregion than elsewhere in the region.

In vitro conservation is not widespread in Africa. The majority of countries report that they have no gene bank and the proportion of breeds covered is low (Table 3D9 and 3D10). However, several country reports mention plans to establish subregional gene banks in Africa. The report from Uganda, for example, mentions the objective of developing a gene bank in collaboration with Burundi, Kenya, Rwanda, South Sudan and the United Republic of Tanzania. The report from Togo mentions plans to collaborate with other countries of the Economic and Monetary Union of West Africa to create a regional bank or strengthen the capacity of the gene bank of the International Centre of Research and Development of Livestock in the Subhumid Zone, based in Burkina Faso. The report from South Africa mentions the intention to collaborate with other Southern African Development Community countries (Botswana, Mozambique, Namibia, Zambia and Zimbabwe).
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6.2Asia

In situ conservation programmes in Asia are government driven and focus primarily on extension activities and breeding programmes aimed at improving breeds’ productivity. In East Asia, well-developed in situ conservation programmes are in place in some countries. Although there is some private-sector involvement, governments are the main operators. The most widespread in situ conservation activities in this subregion are awareness raising, conservation breeding programmes, promotion of niche market products and community-based conservation. In South and Southeast Asia, a lot of attention is paid to awareness-raising activities. For example, the country reports from Indonesia and the Philippines mention the use of the internet and social media in addition to traditional means of promoting locally adapted breeds. Some attention is also given to the establishment of breeding programmes for at-risk breeds. The country report from India, for example, mentions several such schemes for small-ruminant breeds.
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More than half (60 percent) of country reports from Asia indicate the presence of a gene bank. However, there are substantial differences between the subregions (Table 3D9). In general, the gene banks in East and Southeast Asia are more developed than those in the other two subregions. In every major species, the gene banks of East and Southeast Asia store material from a higher proportion of reported breed populations than those in Central and South Asia (Table 3D10).

East Asia has a higher proportion of its chicken breeds stored in gene banks than any other sub-region or region in the world. This is mainly a result of the presence of well-developed gene banks in China and Japan. Although gene banks are relatively uncommon in the reporting countries of Central and South Asia, some countries from these subregions report well-developed gene banks. The gene bank of the Islamic Republic of Iran, for example, includes genetic material in the form of semen, embryos, oocytes and isolated DNA from cattle, sheep, goats, horses, buffaloes, Bactrian camels and dromedaries. Material from the gene bank has been used to introduce genetic variability into in situ and ex situ populations. The gene bank of India includes semen and isolated DNA from cattle, sheep, goats, buffaloes, horses and asses. Cattle genetic material from the gene bank has been used to increase the genetic variability and population sizes of cattle breeds such as the Tharparkar, Sahiwal, Krishna Valley and Hariana. In Southeast Asia, Malaysia, the Philippines, Thailand and Viet Nam all report the presence of a gene bank, while Indonesia reports plans to develop one. These gene banks are used mainly for introducing genetic variability into breeding programmes involving ex situ populations. With regard to international collaboration in gene banking within the region, the country report from the Philippines mentions plans for collaboration between India, Pakistan and the Philippines in the ex situ in vitro conservation of buffaloes.
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6.3Europe and the Caucasus

In Europe and the Caucasus, in situ conservation programmes are well developed and generally involve a range of different elements (supplementary tables A3D1 to A3D7).6 The majority of locally adapted breeds are well characterized and their population trends are monitored. Breeders’ associations are widespread and conservation breeding programmes or those aiming to increasing the productivity of at-risk breeds are common. A lot of effort is put into awareness-raising activities and the methods used are diverse. The provision of direct financial incentives to the keepers of at-risk breeds is more common in this region than anywhere else in the world. The same is true for the use of at-risk breeds in the management of landscapes and wildlife habitats and their use in touristic activities. Niche marketing of breed products is well developed, facilitated by the existence of labelling schemes such as those operating in the European Union for protected designations of origin.

The majority of the countries in the region report well-established gene banks. However, the breed coverage of ex situ in vitro programmes remains far from complete: material from 40 percent of the reported cattle breed populations and less than 30 percent of reported sheep, goat and pig breed populations is stored in gene banks. Chickens are even less well represented, with material from only 5 percent of the reported breed populations included in gene banks (Table 3D10).
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Two types of gene bank are reported in this region: centralized national gene banks (e.g. Poland and Spain) and dispersed gene banks managed by different stakeholders (breeders’ associations, research institutions, NGOs or commercial companies) (e.g. Italy and the United Kingdom). Germany is planning to do develop a national gene bank in the form of a network of gene banks operated by different partners. Switzerland’s establishment of a “virtual gene bank” in collaboration with the private sector is described in Box 3D7. Despite the generally well-developed state of ex situ in vitro conservation in this region, several countries have no gene banks and have no plans to establish them (Figure 3D4). A network of gene banks involving 23 countries is being developed (Box 3D8).
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6.4Latin America and the Caribbean

In situ conservation programmes in Latin America and the Caribbean involve both government and private initiatives. The main elements of programmes in this region are breeding schemes focusing on conservation and/or performance improvement (in which governmental nucleus farms play a key role), promotion of niche-market products and awareness-raising activities. However, there is great diversity within the region in terms of the types of conservation activities undertaken (supplementary tables A3D1 to A3D7)7 and in the levels of breed coverage (Figure 3D1). Breeders’ associations exist in most countries, and where they exist are usually involved in conservation programmes. In some countries, in situ conservation programmes are in their first stages of development, while in others they are well established. Gene banks in the region usually consist of more than one separate collection managed by different stakeholders. Genetic material from both locally adapted and exotic breeds is usually stored, and collections are typically used both to support ongoing breeding programmes and for long-term conservation. Gene banks are common in South America, but scarce in Central America and the Caribbean. Ex situ in vivo conservation is relatively well-developed in the region.

6.5Southwest Pacific

In the small island countries of the Southwest Pacific, in situ conservation programmes, if they exist at all, are in their early stages of development and focus mainly on pigs and chickens (Tables 3D2 and 3D3). The main activities undertaken within these programmes are awareness raising, promotion of niche marketing and breed-related cultural activities. In the case of pigs, there are some community-based conservation programmes. In Australia8 and New Zealand, most in situ conservation activities are implemented by private institutions, with NGOs playing a key role. Despite the lack of government involvement, these programmes include a diverse range of elements. In New Zealand, the Rare Breeds Conservation Society of New Zealand implements all in situ conservation activities. It gives small grants to livestock keepers who raise at-risk breeds, manages herd books, distributes newsletters and organizes fairs, shows and field days for awareness-raising and educational purposes.

Gene banks are present only in Australia and New Zealand. In both countries, the banks are operated by private bodies rather than by the public sector. In New Zealand, the Rare Breeds Conservation Society of New Zealand, in collaboration with a private cryostorage facility, maintains a genetic repository at which genetic material from at-risk breeds is stored in the form of semen and embryos. The gene bank operates entirely on the basis of private funding. No information was provided in the country report about the number of breeds from which material is stored. A similar approach is taken in Australia, where breeding organizations and civil society organizations support ex situ conservation. In vitro programmes in Australia only include at-risk breeds with commercial potential. There are no gene banks in the small island countries of the region.

6.6North America

In the United States of America, in situ conservation is largely undertaken by breeders’ associations and other non-governmental bodies. The most widespread activities include awareness raising, promotion of niche-market products, recognition/award programmes for livestock keepers and breeding programmes to improve productivity. Government activity is largely confined to ex situ in vitro conservation. The country has a well-developed gene bank that includes genetic material from more than 150 breeds; 30 percent of the country’s breeds have enough material stored to allow them to be reconstituted if needed (Table 3D10). The primary role of the programme is to serve as a backup of in situ livestock populations that can be drawn upon if national or industry need arises. However, the collection is also used to provide samples for use in genetic research, to reconstitute research populations, to add genetic variability to industry populations and to evaluate germplasm in a range of different physiological experiments.

6.7Near and Middle East

In the Near and Middle East, in situ conservation programmes are generally in their early stages of development. Oman has a well-developed strategic plan for the conservation of dromedary, cattle, sheep, goat and chicken genetic resources. Initial efforts are focusing on the identification of at-risk breeds, raising awareness among livestock keepers and children about the state of the country’s AnGR and increasing the skills and knowledge of livestock keepers and government officers. In the context of this plan, several international agreements promoting the conservation and sustainable use of AnGR have been signed and four research centres or stations have been created in the country with the aim of conserving locally adapted breeds. Oman is also the only country in the region that reports a gene bank (semen and isolated DNA of two multi-purpose cattle breeds are stored and are used for both conservation and breeding purposes).
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7Changes since 2007



Because of difference between the samples of reporting countries, it is difficult to present a direct comparison of the state of capacity in 2014 to that at the time the first SoW-AnGR was prepared. However, in addition to the detailed questions about the current state of conservation measures, the country-report questionnaire included some questions about the state of implementation of Strategic Priority Area 3 (Conservation) of the Global Plan of Action for Animal Genetic Resources (FAO, 2007b). Figure 3D5 summarizes the responses to a question about the state of conservation policies and programmes and whether they have been strengthened since 2007. The figure shows that a substantial number of countries report that they have improved the state of their conservation programmes since 2007. Improvements are more common in Asia and Europe and the Caucasus than in other regions. There are, however, a large number of countries (more than half) that report that they have no policies or programmes or that they have some provisions in place but have made no improvements since 2007. It appears that some countries interpreted this question more strictly than the question about the presence of the various categories of conservation activity (Table 3D1). A possible explanation for the discrepancy is that some countries have some conservation measures in place but that these do not form part of an organized policy or programme.

[image: Images]

According to the country reports, the main obstacle to the improvement of conservation measures is a lack of financial resources. Other frequently mentioned obstacles include a lack of skilled personnel, a lack of technical capacity, a lack of adequate information on AnGR, a lack of national policies and legal frameworks, and insufficient coordination among stakeholders.

8Conclusions and priorities



Conservation programmes are more widespread than they were at the time the first SoW-AnGR was prepared. Only a minority of countries now report that they have no conservation activities. In terms of practical impacts, the country reports provide several examples of breeds formerly classified as at risk of extinction whose population sizes have increased as a result of successful conservation programmes (see Box 3D3 for example). There are nonetheless major gaps in the breed coverage of conservation programmes, particularly in developing regions and many countries report that they have made little or no progress in improving their conservation measures in recent years.

A wide range of different in situ conservation activities are reported. However, many are much more widely used in Europe and the Caucasus, and in some cases North America, than elsewhere in the world. While not all activities are relevant in all countries, there appears to be considerable scope for diversifying existing in situ conservation programmes. A number of these potential activities are, however, relatively complex to organize and/or require substantial funding. Reported constraints to the improvement of conservation programmes indicate that many countries need to strengthen the basic human capacities and institutional structures needed for effective AnGR management (see Part 3 Section A for further discussion). In some countries, however, the prerequisites for successful conservation programmes are largely in place and the main challenge is to strengthen the political will to act.

The breed coverage of ex situ in vitro conservation programmes is still very limited overall, and many countries have no gene banks. Many report that they have plans to establish gene banks, but lack of funding and lack of technical skills often remain significant constraints. Collaboration at regional or subregional level is a potential means of avoiding duplication in the use of resources, provided the relevant institutional and legal arrangements can be put in place. Interest in initiatives of this kind is reported from several regions and subregions. Country-report responses related to the organization and operation of gene banks suggest that in many cases more could be done with regard to the practical utilization of gene bank material to increase genetic variability within ex situ or in situ livestock populations. The involvement of breeders’ associations and other livestock-sector stakeholders in the development and operation of gene banks is another area that may need strengthening.
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1Cases where the species is absent or all breeds are considered secure are excluded from these calculations.

2Geographical indications or other indicators of origin are schemes that protect (via the regulation of labelling, etc.) the names of agricultural products and foods originating from a particular geographical area or that are produced in a particular way (e.g. using traditional methods and ingredients).

3Each response refers to the conservation programme for a given species within a given country (taking the big five species into account and treating the three categories of cattle breeds separately).

4Australia did not provide a country report as part of the second SoW-AnGR reporting process. However, it published a report as an independent initiative in 2012.

5Responses = country × species combinations.

6Supplementary tables for Part 3 are provided on CD ROM and at http://www.fao.org/3/a-i4787e/i4787e197.pdf

7Supplementary tables for Part 3 are provided on CD ROM and at http://www.fao.org/3/a-i4787e/i4787e197.pdf

8Australia did not provide a country report as part of the second SoW-AnGR reporting process. However, it published a report as an independent initiative in 2012.




Section E

Reproductive and molecular biotechnologies

1Introduction



This section presents a review and analysis of the use of reproductive and molecular biotechnologies, based on the information reported in the country reports (for more information on the coverage of the country reporting, see the introduction to Part 3). The biotechnologies on which countries were requested to provide information are listed in Box 3E1. The section is structured as follows: Subsection 2 presents a global overview of where and to what extent various molecular and reproductive biotechnologies are used in the livestock sector; Subsection 3 discusses stakeholder involvement in the delivery of biotechnology services in the livestock sector; Subsection 4 presents region by region descriptions of the state of use of reproductive and molecular biotechnologies; Subsection 5 discusses changes since the time the first report on The State of the World’s Animal Genetic Resources for Food and Agriculture (first SoW-AnGR) (FAO, 2007) was prepared; and Subsection 6 presents some conclusions and future priorities.
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2Global overview



The country-report questionnaire requested countries to indicate the level of availability of a range of reproductive and molecular technologies by providing a score (by species): none; low (at experimental level only); medium (available to livestock keepers in some locations or production systems); or high (widely available to livestock keepers). Responding to the question was optional. Countries could provide information on any of the livestock species covered in the questionnaire.1 The responses are summarized in Tables 3E1 and 3E2.
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Artificial insemination (AI) is the most widely used biotechnology, with 93 percent of reporting countries indicating that it is used at least to some extent. The only regions/subregions where this biotechnology is not reported to be used in all countries are the Southwest Pacific and North and West Africa. Embryo transfer is less widely reported, but is nonetheless used to some extent in a majority of countries. Countries that do not report the use of embryo transfer are more common in Africa, the Near and Middle East and the Southwest Pacific than in other regions. The use of semen sexing and in vitro fertilization is less commonly reported. Apart from North America, where all the technologies under consideration are used at least at experimental level, these two technologies are reported with medium frequency in Asia, Europe and the Caucasus, and Latin America and the Caribbean, and rarely in other regions. Few countries report the use of cloning, genetic modification or the transplantation of gonadal tissue. The use of molecular genetic or genomic information is reported with medium frequency overall, least frequently in Africa, the Southwest Pacific and Central Asia.
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The figures shown in Tables 3E1 and 3E2 conceal big differences in the level of availability of the various technologies and in the extent of their use in different species and different production systems. Table 3E3 presents a species breakdown of the reported scores (see above) for the availability of different technologies. Figure 3E1 shows the frequency distribution of the availability scores by region. Production system differences are further discussed below (see Table 3E4).

As well as being the most widely reported biotechnology, AI also has the highest availability to livestock keepers in the countries where it is used. More than 40 percent of all reporting countries indicate that AI is widely available to livestock keepers raising dairy cattle (Figure 3E1). However, the figure is much lower for beef and multi-purpose cattle and for pigs (less than 25 percent) and very low for other species.2 Across all the other reproductive technologies considered, high and medium levels of availability are more commonly reported in cattle than in other species and more commonly in dairy cattle than in beef and multi-purpose cattle. Where the use of molecular genetic or genomic information is concerned, high and medium scores are again most frequent in dairy cattle. However, they are relatively frequent also in sheep and pigs (roughly at the same level as beef and multipurpose cattle). For all technologies apart from AI, high and medium scores are a small minority of responses, indicating that in most countries they are used, if at all, only on an experimental basis.

[image: Images]

In order to obtain an indication of differences between production systems in the level of use of AI – and in the sources of the semen used – countries were asked to indicate (by providing a score) the relative contributions of natural mating, AI using semen from locally adapted breeds, AI using nationally produced semen from exotic breeds and AI using imported semen to the total number of matings/inseminations within the various production systems present in the country. The production-system categories used in the questionnaire are shown in Box 3E2. The responses are summarized in Table 3E4.

The only species × production system combinations for which natural mating received an average score of less than 2 (approximately 33 to 66 percent of matings) were industrial systems (all species), dairy cattle (all systems except pastoralist), multipurpose cattle in small-scale peri-urban or urban systems and pigs in “ranching” systems (these are presumably pigs raised in outdoor systems that are not part of mixed farms). The averages conceal the extent of variation between regions and between countries within regions. Moreover, given the broad range of coverage represented by each category, the scores do not provide very precise estimates of the level of AI use. However, it appears that apart from the dairy sector and “industrial” systems, the use of natural mating is generally predominant.

There is some variation in the main sources of the semen used in different production systems and species. In the case of cattle, imported exotic semen has the highest average score in most production systems. In contrast, in the case of small ruminants, imported semen scores at a similar level to, or slightly lower than, the other sources. However, scores for AI with all types of semen are low in these species. In the case of pigs, the highest-scoring category in industrial systems, which are the main users of AI, is locally produced semen from exotic breeds.

Countries had the option of providing information on the use of biotechnologies in species other than the big five. While the data may not be complete, they suggest that the use of bio-technologies in these species is not widespread (Table 3E5). Horses are to some extent an exception (particularly in Europe and the Caucasus and South America). Of the 62 countries that report the presence of horses, 63 percent indicate that AI is used in this species. In the case of embryo transfer, 34 percent of these countries report that the technology is used in horses and 21 percent indicate the use of MOET. The use of molecular or genomic information in horses is reported by 29 percent of countries that report the presence of the species. The use of AI in buffaloes is also quite widely reported: of the 31 countries reporting the presence of the species, 58 percent indicate that AI is used.
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The use of other biotechnologies in “minor” species is apparently limited and largely restricted to the experimental level. In the case of some species with limited geographical distributions, the use of molecular and reproductive technologies for research purposes is reported by some countries where the respective species are economically important. For example, research on AI in South American camelids is reported in the country reports from the Plurinational State of Bolivia and Peru. India and the Islamic Republic of Iran report research on AI, embryo transfer, MOET and in vitro fertilization in camels. The latter country also reports limited use of AI, embryo transfer and MOET for production purposes in Bactrian camels.

3Stakeholders involved in service provision and research



The country-report questionnaire requested countries to indicate which stakeholders (from a list of options)3 are involved in providing AI and embryo-transfer services to livestock keepers. The responses are summarized in Table 3E6. Globally, the public sector, breeders’ associations or cooperatives and national commercial companies are the main players in the delivery of these services. However, there are major differences between regions. The public sector has no involvement in North America and also in many countries in Europe and the Caucasus and the Southwest Pacific, but is widely involved in service delivery in other regions. Breeders’ associations frequently have a role in Europe and the Caucasus, Asia and Latin America and the Caribbean, are less frequently involved in Africa and the Southwest Pacific and have no role in other regions. National commercial companies are widely involved in developed regions, somewhat less so in Latin America and the Caribbean and Asia, and quite rarely in other regions. In most regions, services are more frequently provided by national commercial companies (i.e. those based within the respective country) than by external companies. The involvement of NGOs is quite widespread in Asia, Africa and the Southwest Pacific, but less so elsewhere. Donors and development agencies have some involvement in the provision of services in all developing regions.

Countries were also asked to provide information on whether they are undertaking research on the biotechnologies discussed in this section. The responses are summarized in Tables 3E7 and 3E8. Where reproductive biotechnologies are concerned, research is most frequently reported in the more widely used technologies – AI followed by embryo transfer. Research on semen sexing and in vitro fertilization is less common and research on cloning and genetic modification even less so. The most common use of molecular genetic or genomic information in research is in the study of genetic diversity. Research on the use of molecular genetic or genomic information for prediction of breeding values and research on adaptedness traits are also reported quite frequently. There are major differences between the regions. Research in all the fields of biotechnology under consideration is being conducted in North America. In most cases, research is also reported from a large proportion of countries in Europe and the Caucasus, East Asia and South America. Research activities are discussed in more detail in the regional overviews below.

4Regional overviews



4.1Africa

AI is the main, and in most cases the only, reproductive or molecular technology used in livestock production in African countries (Tables 3E1 and 3E2). AI use is reported by all the countries of East and Southern Africa, and by 74 percent of the countries of North and West Africa. However, the level of availability of AI is very variable across subregions, species and production systems. Only four of the region’s countries – Cameroon, Mauritius, South Africa (see Box 3E3) and Rwanda – report that AI is widely available to livestock keepers (and these responses refer only to its use in cattle). Many countries report that a lack of infrastructure and logistical and human capacity means that they are only in the early stages of establishing AI services. The country report from Benin, for example, notes that AI services were interrupted in 2010 because of a lack of liquid nitrogen.

The availability of AI is much higher in industrial and small-scale peri-urban and urban systems than in other systems. Many country reports, including those from Benin, the Gambia and South Africa (see Box 3E3), mention the preponderance of grassland systems as a constraint to the more widespread use of reproductive bio-technologies.

AI services in Africa are provided mainly by the public sector (Tables 3E6). The semen used may be imported or locally produced. In many countries, public institutions also provide AI technology and training to veterinarians and field technicians, who then deliver services. Governmental AI services are frequently provided in collaboration with livestock keepers’ associations and NGOs. The provision of AI services to livestock keepers is usually subsidized. For example, the country reports from Botswana (see Box 3E4), Ethiopia and Lesotho mention that semen doses are provided to livestock keepers at subsidized prices.

The provision of AI services by private companies is much less widespread in Africa than provision by the public sector in terms of the number of countries where the respective sectors are involved. The role of external commercial companies is particularly limited (Table 3E6). However, in the East and North and West Africa subregions, national commercial companies provide AI services in a substantial percentage of countries. For example, AI services in Kenya are provided mainly by private providers (including cooperatives), with the public sector providing services only where there are no private-sector providers. The country report from Senegal mentions that the government provides AI material to private veterinarians who act as service providers, often grouped into associations or consortia so as to be more competitive and to better organize the zoning of the programme. These organizations are also reported to work with foreign companies to obtain inputs. In other countries, the government is in the process of trying to involve private companies in the provision of AI services (noted, for example, in the country report from Mauritania).
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Other biotechnologies such as embryo transfer and MOET are reported to be used in some countries, but this is usually only for experimental purposes (Figure 3E1). The country report from Rwanda, for example, mentions that research on embryo transfer is being implemented by the Rwanda Agriculture Board in collaboration with Japanese researchers. Another example is provided in the report from the United Republic of Tanzania, which mentions that research on embryo transfer is being undertaken at the country’s Agriculture University and that preparations are under way to construct a MOET laboratory at the Mpwapwa Livestock Research Institute. A few countries in the region report the use of embryo transfer at farm or holding level, but only on a very limited scale.

Research in the field of biotechnology in Africa focuses mainly on improving AI techniques and extending the use of this technology to species other than cattle, embryo transfer techniques and the estimation of genetic diversity in various livestock populations (Tables 3E7 and 3E8). International collaboration in research is widely reported, including both collaboration between African countries and collaboration with countries from outside the region (European and Asian countries). Examples include collaboration in research on embryo transfer involving Rwanda and Japan and between Mozambique and South Africa (mentioned, respectively, in the country reports from Rwanda and Mozambique).
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4.2Asia

AI is the most widely used reproductive biotechnology in livestock production in Asia. Every country report from the region states that this technology is used (Table 3E1). Embryo transfer and MOET technologies are also used in a very large percentage of the Asian countries. However, in most cases they are reported to be used only at research level. Japan and the Republic of Korea are exceptions in this respect and report that embryo transfer is commonly used in livestock production. The use of molecular genetic or genomic information is also widely reported in the region, although less frequently in Central Asia. According to the country reports, molecular information is used mainly in research projects on genetic characterization and diversity and to a limited extent to detect regions in the genome involved in the regulation of animal performance. India reports extensive research on growth traits in native and broiler chickens and trait-based gene profiles for egg-quality traits. A few country reports explicitly mention the use of molecular techniques in breeding programmes. The country report from Japan, for example, mentions the use of genomic information in cattle breeding programmes. The report from Indonesia mentions the use of marker-assisted selection in dairy and beef cattle and the report from Malaysia mentions its use in goats and cattle. The use of cloning technology for research purposes is mentioned in the country reports from India, Japan, the Republic of Korea and Thailand. The report from India notes that research institutions have successfully cloned buffaloes and sheep. The report from the Republic of Korea mentions that cloning has been used to restore native animal genetic resources (AnGR) threatened with extinction.

In every reporting country in Asia, government and public institutions are heavily involved in the provision of reproductive biotechnology services, either directly to livestock keepers or via breeders’ associations or private veterinarians that provide the services to livestock keepers (Table 3E6). International donors, development agencies and NGOs also provide biotechnology services, mainly related to AI (see Box 3E5 for example). They also have a role in supporting research and in technical education, particularly in the less-developed countries of the region. For example, the country report from Bangladesh notes that NGOs play a key role in expanding the use of AI. The report from the Philippines mentions that Japan helped in the development of AI in the country and that the Republic of Korea provided support for the development of the cryopreservation facility of the Philippine Carabao Center. Private national and international companies also play a role in the provision of biotechnology services in some countries in the region, mainly in the dairy, pig and poultry sectors.

Country reports from East and Southeast Asia indicate research into almost all types of reproductive and molecular technology (Tables 3E7 and 3E8). In Central and South Asia, research is reported to be less wide ranging, but a majority of countries report research on AI, embryo transfer and MOET and on the estimation of genetic diversity. Many research projects in the region involve international collaboration, usually involving, on the one hand, Asian countries with relatively well-developed research programmes and, on the other, those where research capacity is more limited. Some collaboration with countries outside the region is also reported. The country report from Mongolia mentions collaboration with the Chinese Academy of Science in a research project on the improvement of embryo transfer and MOET in cattle, sheep and goats, and with the Russian Academy of Agriculture Science and the Chinese Academy of Science in a molecular study of the genetic diversity of Mongolian cattle and yaks.

4.3Southwest Pacific

The countries of the Southwest Pacific region fall into two distinct groups with respect to the level of use of reproductive and molecular technologies and the amount of research conducted in these fields: New Zealand and Australia4 on the one hand and the small Pacific island countries on the other.

The country report from New Zealand indicates that for most livestock species, molecular and reproductive technologies are widely available for use in production. It gives a score of 3 (widely available to livestock keepers) for the level of availability of AI, embryo transfer, MOET and use of molecular genetic or genomic information in the dairy and beef cattle and small-ruminant sectors. The same high level of availability is reported for AI and the use of molecular genetic or genomic information in the pig sector. National and international companies, as well as breeders’ associations, are heavily involved in providing AI and embryo transfer services to livestock keepers (Table 3E6). The country also has a well-developed agricultural research sector, with extensive international links, that undertakes research into many of the technologies discussed in this section.

Half the country reports from the region’s small island countries indicate that AI is used. This is mainly in the beef and, to a lesser extent, dairy sectors (see supplementary tables).5 The report from the Cook Islands notes that AI is not being used because it is cheaper to import live animals than semen. In the countries where they are available, AI services are provided by external commercial companies or international donor and development agencies, with governments playing a facilitating role. Some countries report the need to further foster the use of AI. For example, the country report from Samoa notes that the government is interested in increasing the use of AI and embryo transfer technologies in breeding programmes. However, it also notes that there is a great need to increase capacity and raise awareness in this field. No other molecular or reproductive technologies are reported to be used in the small island countries of the region and no research on such technologies is reported.
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4.4Europe and the Caucasus

In Europe and the Caucasus, commercial companies and breeders’ associations are the major actors in the provision of AI and embryo transfer services (Table 3E6). The role of the public sector varies across the regions. Most often, it is involved in research and in regulation (e.g. evaluating semen quality and licensing companies for semen importation). In some cases it operates AI centres and services. The country report from France, states that the public sector was the main actor in the provision of reproductive technology services until 2010, after which the activity has been progressively taken over by veterinarians and the cooperative sector. External commercial companies are also significant service providers.

Most of the countries of the region report the widespread use of reproductive and molecular technologies (Tables 3E1 and 3E2). Research in the fields of genomics and the main reproductive biotechnologies is widespread. Research on cloning and genetic modification is less common (Tables 3E7 and 3E8). Research activities often involve international collaboration.

4.5Latin America and the Caribbean

AI, embryo transfer, MOET, semen sexing, in vitro fertilization and molecular genetic and genomic information are reported to be used in a majority of countries in South and Central America (Tables 3E1 and 3E2). Brazil (see Box 3E6) and Mexico are the leading countries in their respective subregions, both in terms of the level of use of bio-technologies and in research. In Brazil, all the aforementioned technologies are used in cattle production. In the case of sheep, goats and pigs, AI, embryo transfer, molecular genetic and genomic information and MOET are used in production, but sexed semen and in vitro fertilization only in research. In most of the rest of the countries of South America, AI and embryo transfer, molecular genetic and genomic information and MOET are widely used in cattle and sheep production. In goats and pigs, AI is also widely used in production, but the use of embryo transfer, molecular genetic and genomic information and MOET is much less widespread (see supplementary tables).6

Research on biotechnologies is well developed in South America, mainly focusing on cattle and sheep; international collaboration in research is widespread (Table 3E7 and 3E8). The country reports from Peru and the Plurinational State of Bolivia mention research on optimizing the use of AI in llamas and alpacas. The reports from Argentina, Brazil and Uruguay mention research programmes on cloning and genetic modification.

In Central America, AI, embryo transfer and MOET are used in livestock production, although to a lesser extent than in South America (see supplementary tables).6 These technologies are used more widely in cattle (mainly dairy cattle) than in other species. The country report from Mexico, for example, notes that these technologies are widely used in dairy cattle and that there is a federal government support programme that aims to spread the use of AI and embryo transfer in the livestock sector and to begin work on other technologies such as genomic selection. The country report from the Dominican Republic notes that the main providers of biotechnologies in the country are Brazilian and Mexican operators. Semen sexing and in vitro fertilization, and the use of molecular or genomic information in genetic evaluation, are reported to be undertaken for research purposes in dairy cattle in a few countries (e.g. Mexico and Costa Rica). Outside the dairy sector, the country report from Mexico mentions that genetic association studies are being implemented in beef cattle and sheep.

In the Caribbean subregion, biotechnologies are reported to be much less widely available than in the rest of the region (Tables 3E1 and 3E2). AI is used to a limited extent in cattle and sheep. Research on embryo transfer and MOET is being undertaken in a few countries (Table 3E7). The country report from Jamaica mentions that research was done on the feasibility of artificially inseminating locally adapted goats using semen from Boer goats, but that a relatively low pregnancy rate was achieved.

The reported involvement of stakeholder groups in the provision of biotechnology services in Latin America and the Caribbean is similar to that described above for Asia. Governmental institutions are relatively heavily involved in the provision of services in countries where livestock production is less well developed and for species kept mainly in less intensive systems. The reverse is true for commercial companies (Table 3E6). In Chile, for example, where AI is widely practised in cattle production, the use of this technology is fostered by the Institute of Livestock Development, but the main providers are commercial companies that import semen from exotic breeds. In Central and South America, breeders’ associations play an important role in the provision of AI and to a lesser extent embryo transfer.
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4.6North America

In the United States of America, many biotechnologies are widely used in production (see Box 3E7). Services are provided primarily by the private sector. Extensive research into the use of biotechnologies is also conducted (Table 3E7 and 3E8). Newly developed technologies are quickly transferred to the private sector, where they are used not only by large companies, but also by independent breeders. National and external commercial companies are the main providers of AI and embryo transfer services to livestock keepers (Table 3E6).



4.7Near and Middle East

In the Near and Middle East, AI is the only reproductive biotechnology reported to be available to livestock keepers (Table 3E1). It is used mainly in the dairy-cattle sector (supplementary table A3E1).7 AI is usually provided by public institutions, which distribute imported semen. However, a few countries report the involvement of private institutions. The country report from Egypt notes that private veterinarians provide AI services in cattle, buffalo and rabbits. The report from Sudan mentions that AI services were privatized in 2006 and that since then they have been provided by commercial companies.

Research in this field in the Near and Middle East is mainly related to AI and the estimation of genetic diversity, although the country report from Egypt also mentions that research on MOET, mainly for use in buffaloes, and on in vitro fertilization is being conducted by several institutions and universities. Some international collaboration in research is reported (Table 3E7 and 3E8). For example, the country report of Iraq mentions the involvement of the National Center for Genetic Resources Preservation of the United States of America in a study on the genetic diversity and structure of locally adapted breeds of cattle and sheep.
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5Changes since 2005



Table 3E9 presents a comparison of the level of availability (reported use at least at experimental level) of AI and embryo transfer reported in the country reports prepared (between 2002 and 2005) for the first SoW-AnGR to the level reported in 2014. The figures refer to the countries that provided the relevant information in both reporting processes. Use of both AI and embryo transfer has become more widespread in terms of the number of countries where they are used. However, as discussed above, in many countries, their use is restricted to particularly production systems or locations. In the case of embryo transfer, availability for use in production is often very limited.

Very few of the country reports prepared for the first SoW-AnGR indicated the use of molecular genetic or genomic information in breeding programmes. The use these technologies has become considerably more widespread in recent years, but in many cases remains at experimental level.

6Conclusions and priorities



The information provided in the country reports indicates major gaps in the availability of reproductive and molecular biotechnologies for use in the livestock sector. There has been some increase in their availability over recent years and, where availability of reproductive technologies is concerned, the gap between developed and developing countries appears to have narrowed to some extent. Nonetheless, with the exception of AI, many countries report no use of any reproductive biotechnologies and the proportion of countries where their use extends beyond the experimental level is generally very low, particularly for species other than cattle. In some cases, the use of biotechnologies is restricted because technical issues related to the efficiency of their use in certain species (or more generally) remain to be resolved (see Part 4 Sections B, C and D). The use of some is restricted by social or ethical concerns. In other cases, however, the use of potentially beneficial technologies is restricted by a lack of funding, lack of infrastructure, lack of trained personnel or a lack of organizational capacity.

A range of different stakeholders are involved in the provision of biotechnology services to livestock keepers. The private sector has at least some role in all regions and its role has increased over recent years in some developing countries. Nonetheless, the public sector continues to play the main role in the delivery of services in developing regions, particularly in more marginal locations and production systems.

Reproductive and molecular biotechnologies are powerful tools for the management of AnGR, particularly for characterization, monitoring, breeding and conservation. Improvements to infrastructure can help to make these technologies more widely available to livestock keepers. However, as some of these technologies allow very rapid changes in the genetic make-up of livestock populations, it is important to plan their use carefully and with adequate involvement of all relevant stakeholders. If their use is to become more widespread, it is important that this takes place in the context of a comprehensive understanding of AnGR management that considers the pros and cons of applying such powerful tools and the need both to increase livestock production and productivity and to maintain genetic diversity.
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Section F

Legal and policy frameworks

1Introduction



This section is divided into three major subsections, respectively addressing international, regional and national (including where relevant subnational) legal and policy frameworks. As was the case in the first report on The State of the World’s Animal Genetic Resources for Food and Agriculture (first SoW-AnGR) (FAO, 2007a), the first two subsections are based mainly on a review of relevant literature, while the subsection on national frameworks is based on country reporting – in this case comprising both the main country reports (see introduction to Part 3) and responses to a separate survey on legal and policy frameworks conducted by FAO in 2013.1

2International frameworks



The first SoW-AnGR described a number of international legally binding and non-binding instruments relevant to the management of AnGR.2 This subsection presents an overview of developments since the time the first report was prepared.

2.1Management of biodiversity

Developments related to the work of the Convention on Biological Diversity

The Convention on Biological Diversity (CBD)3 remains the main legally binding international framework for the management of biodiversity. From the perspective of AnGR management, significant developments in recent years have included an in-depth review of the CBD’s Programme of Work on Agricultural Biodiversity, as a result of which, in 2008, the Conference of the Parties (COP) to the CBD invited


“Parties, other Governments, relevant international and regional organizations, local and indigenous communities, farmers, pastoralists and plant and animal breeders to promote, support and remove constraints to on-farm and in situ conservation of agricultural biodiversity through participatory decision-making processes in order to enhance the conservation of plant and animal genetic resources, related components of biodiversity in agricultural ecosystems, and related ecosystem functions” (Decision IX/1).



Under the same decision, the COP welcomed the launch of the first SoW-AnGR and the adoption of the Global Plan of Action for Animal Genetic Resources (FAO, 2007b; see below for more details). It invited stakeholders to ensure the effective implementation of the Global Plan of Action.

In 2010, the COP adopted the Strategic Plan for Biodiversity 2011–2010, along with the Aichi Biodiversity Targets (Decision X/2). Of particular significance to AnGR management is Target 13:


“By 2020, the genetic diversity of cultivated plants and farmed and domesticated animals and of wild relatives, including other socio-economically as well as culturally valuable species, is maintained, and strategies have been developed and implemented for minimizing genetic erosion and safeguarding their genetic diversity.”



The COP invited FAO and its Commission on Genetic Resources for Food and Agriculture (CGRFA)


“to contribute to the implementation of the Strategic Plan for Biodiversity 2011-2020 by refining targets for agricultural biodiversity, including at the ecosystem and genetic resources levels, and monitoring progress towards them using indicators” (Decision X/34).



At the same meeting, the COP adopted the Nagoya Protocol on Access to Genetic Resources and the Fair and Equitable Sharing of Benefits Arising from their Utilization to the Convention on Biological Diversity (CBD, 2011) (see Subsection 2.2 for further discussion).

In 2011, the second phase of the Joint Work Plan of the Secretariats of the CBD, FAO and the CGRFA, covering the period 2011 to 2020, was agreed upon. The key areas of work under this plan are assessments of biodiversity of relevance to food and agriculture, targets and indicators, best practices in the management of biodiversity, micro-organisms and invertebrates, access and benefit-sharing, enhancing implementation of the Strategic Plan for Biodiversity at national level, and climate change and genetic resources for food and agriculture (FAO, 2011a).

Developments related to the work of the Commission on Genetic Resources for Food and Agriculture

The CGRFA is the only permanent intergovernmental forum specifically addressing matters related to biodiversity for food and agriculture.4 As far as AnGR management is concerned, the most significant development under the auspices of the CGRFA in recent years has been the adoption of the Global Plan of Action for Animal Genetic Resources. The process of preparing the first Sow-AnGR led to the development of draft strategic priorities for action for AnGR management (FAO, 2007c). This provided the basis for the negotiation of the Global Plan of Action by the CGRFA and its adoption by the International Technical Conference on Animal Genetic Resources for Food and Agriculture, held in Interlaken, Switzerland, in September 2007, along with the Interlaken Declaration on Animal Genetic Resources. Later in 2007, the Conference of FAO adopted a resolution endorsing the Global Plan of Action (FAO, 2007d).

The Global Plan of Action contains 23 strategic priorities for action, grouped into four strategic priority areas:


	Characterization, Inventory and Monitoring of Trends and Associated Risks;

	Sustainable Use and Development;

	Conservation; and

	Policies, Institutions and Capacity-building.



The strategic priorities, along with their main levels of implementation (national, regional or international) are shown in Table 3F1.

In 2009, the CGRFA agreed a timetable for monitoring the implementation of the Global Plan of Action, based on the preparation of periodical country progress reports (FAO, 2009a). The first round of reporting took place in 2012 (FAO, 2012). A further round of reporting followed as part of the reporting process for the preparation of the second SoW-AnGR. The outcomes are described in the various sections of Part 3, and in more detail in the Synthesis progress report on the implementation of the Global Plan of Action for Animal Genetic Resources – 2014 (FAO, 2014a).

In 2013, the CGRFA agreed upon a set of targets and indicators to be used to monitor the implementation of the Global Plan of Action and another set to be used to monitor the status and trends of AnGR (FAO, 2013a; 2013b). The former set of indicators are referred to as “process indicators” and the latter as “resource indicators”. The resource indicators are discussed in greater detail in Part 1 Section B.

The process-indicator framework includes indicators at the level of each strategic priority of the Global Plan of Action, as well as indicators at the level of the four strategic priority areas, with additional indicators for the overall state of collaboration and funding. The indicators can all be calculated at national, regional and global levels. This was done for both the 2012 and the 2014 rounds of reporting (FAO, 2012; 2014a). Indicators for 2014 at strategic priority area level are summarized by region in Table 3F2 (country-level indicators for Strategic Priority Area 4 are shown in Figure 3A8 in Part 3 Section A). The figures show that implementation of the strategic priority areas is, on average, at a high level in North America and in Europe and the Caucasus, and at a medium or low level elsewhere. Implementation of Strategic Priority Area 4 (Conservation) is somewhat less advanced than that of the other strategic priority areas. The indicators for collaboration and funding are at a lower level than those for the strategic priority areas themselves.
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Also in 2013, the CGRFA welcomed the idea of establishing a ten-year cycle for the preparation of state of the world reports for the various subsectors of genetic resources for food and agriculture. Following this cycle would mean that the next (third) SoW-AnGR would be published in 2025.

The Funding Strategy for the Implementation of the Global Plan of Action for Animal Genetic Resources was adopted by the CGRFA in 2009 (FAO, 2009a; 2009b). An FAO trust account was established for the receipt of voluntary contributions in support of the implementation of the Global Plan of Action. All trust account funds are dispersed to countries to support implementation activities at national or regional level. By 2011, US$1 million had been contributed to the trust account and the first call for proposals under the Funding Strategy was launched. In 2012, 13 projects, involving 30 countries, were chosen to receive funding.5

In addition to developments directly related to the implementation of the Global Plan of Action, the CGRFA has addressed a number of topics that are of relevance to AnGR management. For example, in 2013, the CGRFA adopted its Programme of Work on Climate Change and Genetic Resources for Food and Agriculture (FAO, 2013a). Also in 2013, it requested FAO to prepare The State of the World’s Biodiversity for Food and Agriculture, which – it stressed – should focus on interactions between the various sectors of genetic resources (animal, plant, forest, aquatic, micro-organism and invertebrate) and on cross-sectoral matters (ibid.).

Milestones and outputs for the CGRFA’s work across all sectors of genetic resources and in cross-sectoral matters (access and benefit-sharing, climate change, biotechnology, biodiversity indicators and biodiversity and nutrition) are set out in its Multi-Year Programme of Work, which was adopted in 2007 and has been periodically revised (FAO, 2013a). In 2009, the CGRFA adopted a Strategic Plan in which it identified the processes and the partners that would be needed in order to achieve the milestones set out in the Multi-Year Programme of Work. A revised Strategic Plan, covering the period 2014 to 2023, was adopted in 2013 (ibid.).

2.2Access and benefit-sharing

At the time the first Sow-AnGR was prepared, the main international instruments addressing access and benefit-sharing (ABS) issues were the CBD, the International Treaty on Plant Genetic Resources for Food and Agriculture (International Treaty) (FAO, 2009c) and, among “soft laws”, the Bonn Guidelines on Access to Genetic Resources and Fair and Equitable Sharing of the Benefits Arising out of their Utilization (CBD, 2002).6 While AnGR fall within the scope of the CBD, the specific characteristics and requirements of the AnGR sub-sector had received little attention in the development of international instruments related to ABS. There was a degree of concern about the potential effects that ABS frameworks might, directly or indirectly, have on the use of AnGR and other genetic resources for food and agriculture. In 2004, the CGRFA had recommended


“that FAO and the Commission contribute to further work on access and benefit-sharing, in order to ensure that it move in a direction supportive of the special needs of the agricultural sector, in regard to all components of biological diversity of interest to food and agriculture” (FAO, 2004).



The Nagoya Protocol on Access to Genetic Resources and the Fair and Equitable Sharing of Benefits Arising from their Utilization to the Convention on Biological Diversity entered into force on 12 October 2014. During the course of the negotiations on the Nagoya Protocol, the FAO Conference, at the recommendation of the CGRFA, invited the negotiators


“to explore and assess options … that allow for adequate flexibility to acknowledge and accommodate existing and future agreements relating to access and benefit-sharing” (FAO, 2009d).



In 2011, the Commission decided to establish the Ad Hoc Technical Working Group on Access and Benefit-sharing for Genetic Resources for Food and Agriculture and mandated it to


“identify relevant distinctive features of the different sectors and sub-sectors of genetic resources for food and agriculture requiring distinctive solutions; taking into account the relevant distinctive features identified, develop options to guide and assist countries, upon their request, in developing legislative, administrative and policy measures that accommodate these features; and analyze, as appropriate, possible modalities for addressing access and benefit-sharing for genetic resources for food and agriculture, taking into account the full range of options, including those presented in the Nagoya Protocol” (FAO, 2011b).



The Ad Hoc Working Group met in July 2012 in Longyearbyen (Svalbard), Norway (FAO, 2012).

Following the adoption of the Nagoya Protocol, the CGRFA launched a process aimed at the development of “Elements to Facilitate Domestic Implementation of Access and Benefit-Sharing for Different Subsectors of Genetic Resources for Food and Agriculture”, intended as a voluntary tool to assist national governments with their work in this field (FAO, 2013a). The outcomes of the process were welcomed by the CGRFA at its Fifteenth Regular Session in 2015 (FAO, 2015).

The Nagoya Protocol – scope and objectives

The Nagoya Protocol was adopted on 29 October 2010 by the Conference of the Parties (COP) to the CBD at its tenth meeting, held in Nagoya, Japan. The objective of the Nagoya Protocol is to further advance the third of the three objectives of the CBD: the fair and equitable sharing of benefits arising out of the utilization of genetic resources, including by appropriate access to genetic resources.

In general, the assumption when selling genetic material in the form of breeding animals, semen, embryos, etc., is that its value as a genetic resource is already reflected in its price, and that the buyer will be free to use it for further research and breeding (FAO, 2009d). However, following the adoption of the Nagoya Protocol, things could change. The point of departure of the Nagoya Protocol is the sovereign right of states over their natural resources (Article 3 of the CBD), which implies that the authority to determine access to genetic resources rests with national governments and is subject to national legislation. The sovereign right of states to determine access to genetic resources should not be confused with other categories of entitlement, such as the private ownership of an animal or genetic material. ABS measures may require that, even though an animal may be the private property of a livestock keeper or the common property of a community, certain conditions (e.g. related to the need for “prior informed consent”) have to be met before it can be provided to a third party for research and development. Governments can, however, defer to providers and users to work out arrangements for the exchange of privately held genetic resources, and can choose not to require prior informed consent.

The Nagoya Protocol, in its preamble, explicitly recognizes the importance of genetic resources to food security, as well as


“the special nature of agricultural biodiversity, its distinctive features and problems needing distinctive solutions”



and


“the interdependence of all countries with regard to genetic resources for food and agriculture as well as their special nature and importance for achieving food security worldwide and for sustainable development of agriculture in the context of poverty alleviation and climate change ...”



In this regard, the Nagoya Protocol also acknowledges the fundamental role of the CGRFA and of the International Treaty.7 In its operational provisions, the Nagoya Protocol requires its Parties to consider, in the development and implementation of their access and benefit-sharing legislation or regulatory requirements, the importance of genetic resources for food and agriculture and their special role for food security.8 However, the Nagoya Protocol does not specify how, in practice, ABS measures might take these matters into account.

It is important to note that the Nagoya Protocol does not prevent its Parties from developing and implementing other relevant international agreements, including other specialized ABS agreements, provided that they are supportive of and do not run counter to the objectives of the CBD and the Nagoya Protocol.9 The Nagoya Protocol does not apply with respect to genetic resources covered by and for the purpose of such specialized instruments.10 The Nagoya Protocol does not require its Parties to apply their ABS legislation or policies to any, or all, of their genetic resources.

Main provisions of the Nagoya Protocol and their relevance to animal genetic resources management

The Nagoya Protocol covers genetic resources, including AnGR, that are provided by Parties that are the countries of origin of the respective resources or by Parties that have acquired the resources in accordance with the CBD. The Nagoya Protocol sets out core obligations for its Parties to take measures in relation to access to genetic resources, benefit-sharing and compliance. It also addresses:


	access to traditional knowledge associated with genetic resources;

	the sharing of benefits derived from the utilization of genetic resources and of traditional knowledge associated with genetic resources; and

	the compliance of utilization of genetic resources and traditional knowledge with applicable requirements to obtain prior informed consent, where applicable, and to establish mutually agreed terms.



The Nagoya Protocol does not define “access to genetic resources”. Instead it relies on the CBD definition of “genetic resources”11 and introduces the concept of “utilization” of genetic resources, which according to the Nagoya Protocol means “to conduct research and development on the genetic and/or biochemical composition of genetic resources, including through the application of biotechnology ...”12 Thus, access to material that is not a genetic resource and access to a genetic resource for purposes other than research and development on its genetic and/or biochemical composition (e.g. access to milk for human consumption) are clearly outside the scope of the Nagoya Protocol. It remains to be seen whether, and to what extent, this definition of utilization proves to be useful in the AnGR subsector. Where, as in the case of AnGR, “research and development” and agricultural production occur in tandem, it may be difficult, in some situations, to distinguish “utilization” from activities related to production.

According to the Nagoya Protocol, access to a genetic resource for its utilization shall be subject to the prior informed consent of the Party that is the country of origin of the resource or has acquired the resource in accordance with the CBD, unless otherwise determined by that Party. Countries of origin of genetic resources, according to the CBD, are countries that possess them “in in situ conditions”, which are defined as “conditions where genetic resources exist within ecosystems and natural habitats, and, in the case of domesticated or cultivated species, the surroundings where they have developed their distinctive properties”.13 The Nagoya Protocol further states that benefits arising from the utilization of genetic resources shall be shared with the providing Party in a fair and equitable way on the basis of mutually agreed terms.14 A potential problem in this regard is that for animal breeds that are the result of dispersed contributions and that owe their development to a range of actors and environments in several different countries, it will often be difficult to identify the country in which they “developed their distinctive properties.”


The Nagoya Protocol also requires its Parties to “take measures, as appropriate, with the aim of ensuring that traditional knowledge associated with genetic resources that is held by indigenous and local communities is accessed with prior and informed consent or approval and involvement of these indigenous and local communities, and that mutually agreed terms have been established.”15



They are also required to ensure that


“the benefits arising from the utilization of traditional knowledge associated with genetic resources are shared in a fair and equitable way with the communities holding such knowledge, upon mutually agreed terms.”16



Also with regard to traditional knowledge associated with genetic resources, the Nagoya Protocol states that


“Parties shall endeavour to support, as appropriate, the development by indigenous and local communities, including women within these communities, of: (a) Community protocols in relation to access to traditional knowledge associated with genetic resources and the fair and equitable sharing of benefits arising out of the utilization of such knowledge ...”17



The potential role of so-called biocultural community protocols in AnGR management is discussed in Part 4 Section D.

The key components of the Nagoya Protocol include the compliance measures: appropriate, effective and proportionate measures to provide that genetic resources utilized within a Party’s jurisdiction are of good legal status, i.e. have been accessed with prior informed consent, and that mutually agreed terms have been established, as required by the relevant domestic ABS measures.18 The rationale for these compliance measures is to discourage illegal access to, or acquisition of, genetic resources. To support compliance, countries have to monitor, and enhance the transparency of, the utilization of genetic resources and associated traditional knowledge, including designating one or more so-called checkpoints.19 While the Nagoya Protocol’s “user-country” measures may well have a deterrent effect in countries that implement and effectively enforce them, they may pose substantial administrative and logistical challenges in many countries. Similarly, Parties will need to consider the potential costs (transaction costs, administrative costs, etc.) of measures they are considering introducing in order to implement the Nagoya Protocol with respect to AnGR. The Nagoya Protocol does not distinguish between user and provider countries. All Parties will have to adopt user-country compliance measures.

2.3Intellectual property rights

As discussed in the first SoW-AnGR,20 rapid developments in the field of biotechnology have focused attention on the issue of intellectual property rights in relation to AnGR. Since 2007, the debate on these matters has continued in various international fora. While these debates continue, the World Trade Organization’s (WTO) Agreement on Trade-Related Aspects of Intellectual Property Rights (TRIPS Agreement) remains the main international legal framework in this field. While the TRIPS Agreement, under its Article 27, states that patents shall be available for any invention, whether product or process, in all fields of technology, it allows for some exemptions to patentability. Of particular relevance in the context of AnGR management is the following wording from paragraph 3(b) of Article 27:


“Members may also exclude from patentability … plants and animals other than microorganisms, and essentially biological processes for the production of plants or animals other than non-biological and microbiological processes.”



At the same time, the TRIPS Agreement does not prescribe a specific notion of invention and does not explicitly bind WTO Member States either to allow or to forbid the patentability of substances existing in nature. For further information on the question of the patentability of substances existing in nature, see WIPO (2011).

Article 27.3(b) states that a review of provisions on optional exceptions to patentability should take place four years after the entry into force of the WTO Agreement, i.e. in 1999. This review took place, but did not reach a definitive conclusion. After the Doha Declaration of 2001 (WTO, 2001), the discussion on the review of Article 27.3(b) was broadened to include the relationship between the TRIPS Agreement and the CBD, as well as the protection of traditional knowledge and folklore. Debate on this issue is still ongoing.

In addition to the developments in WTO fora, discussions on this topic are also taking place elsewhere. In 2000, members of the World Intellectual Property Organization (WIPO) established an Intergovernmental Committee on Intellectual Property and Genetic Resources, Traditional Knowledge and Folklore. In 2009, WIPO members agreed to develop an international legal instrument (or instruments) that would give genetic resources, traditional knowledge and traditional cultural expressions effective protection. This process is also ongoing. In particular, WIPO members are considering whether, and to what extent, the intellectual property system should be used to ensure and track compliance with ABS systems in national laws established pursuant to the CBD, its Nagoya Protocol and the International Treaty.

One of the options under discussion is to develop mandatory disclosure requirements that would require patent applicants to show the source or origin of genetic resources, and also possibly evidence of prior informed consent and a benefit-sharing agreement. Another key issue is that of defensive protection of genetic resources, i.e. the implementation of measures aimed at preventing patents that do not fulfil the patentability requirements of novelty and inventiveness from being granted over genetic resources and associated traditional knowledge. Defensive protection measures could include, for example, the creation of databases on genetic resources and traditional knowledge to help patent examiners find relevant prior art and avoid the granting of erroneous patents. Over the years, WIPO has developed a number of tools in the area of intellectual property and genetic resources, including a database of Biodiversity-related Access and Benefit-sharing Agreements21 and Intellectual Property Guidelines for Access to Genetic Resources and Equitable Sharing of the Benefits arising from their Utilization (WIPO, 2013).

Additional developments have taken place in the forum organized by WIPO’s Standing Committee on the Law of Patents (SCP), established in 1998. The work of the Standing Committee led, in 2000, to the adoption of the Patent Law Treaty, which aims to harmonize certain formal aspects of the patent grant procedure. The scope of the Patent Law Treaty, however, does not cover substantive aspects of patent law. In order to harmonize the latter, the Standing Committee began, in 2001, to discuss a draft substantive patent law treaty. In 2006, the draft was put aside because no consensus had been reached on it. Although the draft treaty has been abandoned for the time being, the importance of conducting an international debate on substantive patent law has been recognized and the Standing Committee has been maintained. Currently, five topics related to substantive patent law are under debate within the Standing Committee, namely: exceptions and limitations to patent rights; technology transfer; quality of patents, including opposition systems; confidentiality of communications between patent advisors and their clients; and patents and health.

The first SoW-AnGR included a subsection on the role of patenting as an “emerging issue” in AnGR management.22 Trends in the use of patents in the AnGR subsector were recently subject to a more in-depth analysis as the basis for the preparation of a WIPO patent landscape report (WIPO, 2014). Findings are summarized in Box 3F1.

Another aspect of the TRIPS Agreement that has some relevance for AnGR management is regulation of the use of geographical indications. Article 22 of the TRIPS Agreement defines geographical indications as “indications which identify a good as originating in the territory of a Member, or a region or locality in that territory, where a given quality, reputation or other characteristic of the good is essentially attributable to its geographical origin.” Member countries are obliged to provide legal means by which the “use of any means in the designation or presentation of a good that indicates or suggests that the good in question originates in a geographical area other than the true place of origin in a manner which misleads the public as to the geographical origin of the good” can be prevented. Article 23 provides additional protection for geographical indications for wines and spirits.

Articles 22 and 23 have been subject to negotiations under the Doha Round.23 A special session of the Council for TRIPS24 has been negotiating the establishment of a multilateral register for wines and spirits, which would register geographical indications for wines and spirits and provide notification of the registries for those Members using the system. Linked to the negotiations of the multilateral register, are discussions on the extension of the higher level of protection, as provided for in Article 23, beyond wines and spirits. Members remain deeply divided on this issue. Those in favour of expanding the register have argued that a higher level of protection for more goods is a better way to defend and market locally based products (e.g. WTO, 2005). Those in opposition have argued that the existing level of protection is adequate and that expanding protection would create unnecessary burdens that would disrupt legitimate marketing practices (Taubman et al., 2012). As part of the ongoing review pursuant to Article 24.2 of the TRIPS Agreement, negotiations on other matters related to geographical indications continue under the auspices of the Council for TRIPS. These include a stock-taking exercise of national practices in this field (WTO, 1998; 2010). Given the role of product marketing in the “valorization” of livestock breeds (see Part 3 Section D and Part 4 Section D), these developments are potentially relevant to AnGR management. However, their significance is difficult to assess.
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The issue of patenting in the AnGR subsector has always been controversial. While some stakeholders argue that the possibility of obtaining a patent helps to stimulate innovation, others express a range of ethical and socio-economic concerns.25 The trend towards greater use of the intellectual property rights system to incentivize and protect advances in breeding and associated technologies has been one of the factors motivating various civil society organizations to advocate the establishment of so-called livestock keepers’ rights (see Part 3 Section A) and biocultural community protocols (see Part 4 Section D).

2.4Regulation of international trade, including sanitary issues

The main international legal framework regulating trade livestock and livestock products is provided by the WTO’s Agreement on Agriculture (adopted in 1994).26 Trade in animals and animal products is greatly affected by sanitary rules, i.e. many countries’ ability to trade is limited as a result of their having a poorer disease status than potential trading partners. This can have a knock-on effect on AnGR management. For example, access to breeding animals or genetic material may be constrained and restrictions on access to export markets may affect demand for livestock products and hence the profitability of using particular types of AnGR.

The WTO’s Agreement on the Application of Sanitary and Phytosanitary Measures (SPS Agreement) aims to ensure that trade restrictions are minimized by requiring that members ensure “that any sanitary or phytosanitary measure is applied only to the extent necessary to protect human, animal or plant life or health, is based on scientific principles and is not maintained without sufficient scientific evidence ...” (Article 2, paragraph 2). Measures that “conform to international standards, guidelines or recommendations” are “deemed to be necessary to protect human, animal or plant life or health, and presumed to be consistent with the relevant provisions [of the agreement]” (Article 3, paragraph 2). In the case of animals and animal products, the relevant international standards are those of the World Organisation for Animal Health (OIE)27 and the Codex Alimentarius Commission.28 Countries can implement more restrictive standards if there is scientific justification or if determined to be appropriate based on the risk assessment procedures set out in the agreement (Article 3, paragraph 3).

The legal framework for trade and sanitary matters that was in place in 2005/2006 remains largely unchanged in 2014. One issue that has become increasingly prominent in recent years is the question of private-sector standards, such as those set by supermarket chains. Standards of this type have the potential to affect demand for animal products and hence the use and development of AnGR. In 2011, the WTO’s Committee on Sanitary and Phytosanitary Measures agreed to take some actions aimed at reducing the potential negative effects of private-sector standards on countries’ abilities to trade internationally (WTO, 2011). Discussions on this topic have continued, but at the time of writing remain unresolved.

2.5Conclusions

As far as legally binding instruments relevant to the management of AnGR are concerned, the most significant development of recent years has been the adoption and entry into force of the Nagoya Protocol. Implications for the AnGR sub-sector are not yet clear. Efforts to ensure appropriate provisions for the various subsectors of food and agriculture are ongoing, inter alia under the auspices of the CGRFA. Negotiations on various international legal frameworks that may directly or indirectly affect the management of AnGR, most notably on issues related to international trade and intellectual property rights, are also ongoing. The Global Plan of Action for Animal Genetic Resources notes the need to ensure that the various international instruments that affect countries’ capacities to exchange, use and conserve AnGR, and to trade animal products, are mutually supportive. It calls for a review of such frameworks


“with a view to ensuring that [they] ... take into account the special importance of animal genetic resources for food and agriculture for food security, the distinctive features of these resources needing distinctive solutions, the importance of science and innovation, and the need to balance the goals and objectives of the various agreements, as well as the interests of regions, countries and stakeholders, including livestock keepers.”29



Whether or not AnGR-related concerns are successfully mainstreamed into negotiations related to the ongoing development of international legal frameworks, these frameworks will continue to influence the development of the livestock sector internationally and hence affect the use of AnGR. It is therefore important that stakeholders involved in AnGR management pay attention to developments in the international legal arena and have the capacity to follow them and interpret their implications for the subsector. There may be some need for capacity-development and awareness-raising in this field.

In terms of international policy, the major development since the time the first SoW-AnGR was prepared has been the adoption of the Global Plan of Action. Countries’ ongoing commitment to the process has been demonstrated by developments such as the adoption of the Funding Strategy for the Global Plan of Action and the establishment of a mechanism for monitoring implementation, as well as by the large number of countries that reported on their implementation activities in 2012 and 2014. The Global Plan of Action was envisaged as a rolling plan, with an initial time horizon of ten years. The outputs of the second SoW-AnGR process will provide a basis for reviewing and potentially revising the Global Plan of Action (FAO, 2014b; 2015).

The adoption of the CBD’s Strategic Plan for Biodiversity and the Aichi Targets, including Target 13 on the maintenance of genetic diversity, was another major development. Updated national biodiversity strategy and action plans, the main instruments for the implementation of the CBD at country level, are increasingly including references to AnGR and actions related to their management (see Subsection 4 for further discussion).

3Regional frameworks



This subsection discusses the effects of legal and policy frameworks at regional level (i.e. applying to a group of countries) on the management of AnGR, focusing particularly on developments since the first SoW-AnGR was drafted in 2005/2006. The equivalent subsection in the first SoW-AnGR focused largely on the legal and policy framework in place in the European Union (EU),30 because of its comprehensive nature and many AnGR-relevant provisions. EU frameworks are, similarly, the main focus of this updated analysis (particularly given that the frameworks in most of the fields discussed in the first AnGR have been updated during the intervening period). Regional-level policy frameworks, and in particular regional-level legally binding instruments, in fields directly relevant to AnGR management are rare in other regions. The discussion of instruments outside the EU is therefore, inevitably, relatively brief in comparison. Initiatives at regional level not specifically related to legal and policy frameworks, particularly the activities of regional focal points for the management of AnGR, are discussed in Part 3 Section A.

3.1The European Union

EU legislation relevant to AnGR management addresses a range of different topics, including conservation, zootechnics (animal breeding), animal health, trade in animals and animal products, organic agriculture, food and feed safety, the use of genetically modified organisms (GMOs) and access and benefit-sharing. The EU utilizes several different types of legal instrument, some of which are binding and some of which are not. Binding instruments fall into three main categories: regulations, directives and decisions. A regulation is a legislative act that must be applied in its entirety across the whole EU. A directive sets out goals that member countries must achieve, but leaves it up to countries to decide how they wish to achieve the these goals. A decision is binding on those (e.g. an EU country or an individual company) to whom it is addressed and is directly applicable (EU, 2014a).

General frameworks addressing agriculture, rural development and biodiversity

The EU’s Common Agricultural Policy (CAP) comprises a set of rules and mechanisms regulating the production, trade and processing of agricultural products in the EU. It has a major influence on the agricultural sector in EU member countries and has major implications for the management of all resources used in agriculture, including AnGR. The first SoW-AnGR emphasized the significance for AnGR management of the reforms to the CAP that had occurred over the preceding decade and a half, particularly the introduction of agri-environmental schemes, first under Council Regulation (EEC) No 2078/92 and then under Council Regulation (EC) No 1257/99. At the time the first SoW-AnGR was drafted, Council Regulation (EC) No 1698/2005, a new act providing a framework for support for rural development, financed by the European Agricultural Fund for Rural Development, had recently been passed. The objective of the fund, whose first funding period ended in 2013, is to improve the competitiveness of agriculture and forestry, the state of the environment and the countryside, and the quality of life and economic activity in rural areas (EU, 2012). On the basis of strategic guidelines (Council Decision 2006/144/EC), EU member countries developed national rural development strategy plans (RDP) for the 2007 to 2013 period. These plans constituted the reference framework for rural development programmes featuring measures grouped around four “axes”: 1. improving the competitiveness of the agricultural and forestry sector; 2. improving the environment and the countryside; 3. quality of life in rural areas and diversification of the rural economy; and 4. “LEADER” (related to local development strategies involving public–private partnerships).

Council Regulation (EC) No 1698/2005 states specifically (Article 39) that, under Axis 2, agri-environment payments can be provided for the conservation of genetic resources in agriculture. The actions under the other axes do not directly target AnGR. However, they potentially influence demand for different types of AnGR via demand for the various products and services that they provide. Measures that promote the diversification of the rural economy and the economic sustainability of rural livelihoods, particularly those of smaller-scale producers in harsh or remote production systems, have at least some potential to provide indirect support to the maintenance of diverse AnGR.

The background to the establishment of these instruments was the CAP reform of 2003, which involved the decoupling of farm support payments from production and the introduction of so-called single farm payments (Council Regulation (EC) No 1782/2003; Council Regulation (EC) No 73/2009). It was noted at the time that these developments, at least in theory, had the potential to reduce the profitability of keeping at-risk breeds and bring about a fall in their population sizes unless alternative economic incentives emerged (Canali and the Econogene Consortium, 2006). Concerns were also expressed about an increase in the minimum area eligible for single farm payments, because of the significant role played in breed conservation by part-time farmers and hobby breeders operating on small areas of land (RBST, 2009). Zjalic (2008) noted that the expected decline in the overall number of sheep and goats in the EU as a result of decoupling could prove to be a threat to some breeds, but also that agri-environmental schemes providing payments for raising at-risk breeds might become increasingly attractive as an alternative source of income. Such reflections about future trends are, however, inevitably rather speculative. A review undertaken in 2010, based on consultations with National Coordinators for the Management of Animal Genetic Resources from EU countries (Zjalic, 2010), suggested that the effects of the reforms on the status of at-risk breeds had generally not been large.

In 2010, the European Commission launched a public debate on the future of the CAP, which attracted 5 700 submissions from stakeholders, think tanks and research organizations, and the general public. The report summarizing the outcome of the process concluded there was considerable consensus among EU citizens that the objectives of agriculture in the EU should be “provision of a safe, healthy choice of food, at transparent and affordable prices; ensuring sustainable use of the land; activities that sustain rural communities and the countryside; and security of food supply (European Commission, 2010). The specific “directions to be followed” identified via the consultation process included efforts to “protect the environment and bio-diversity, conserve the countryside, sustain the rural economy and preserve/create rural jobs, and mitigate climate change” (ibid.).

In 2011, the European Commission presented a set of legal proposals for the future of the CAP (EU, 2014b) and an “impact assessment” of various policy options (European Commission, 2011). In June 2013, political agreement on CAP reform was reached. In December of the same year, four basic regulations were adopted – Regulation (EU) No 1305/2013 on rural development, Regulation (EU) No 1306/2013 on “horizontal” issues such as funding and controls, Regulation (EU) No 1307/2013 on direct payments to farmers and Regulation (EU) No 1308/2013 on market measures – along with transitional rules for the year 2014. Under the regulation on rural development, “agri-environment-climate” support payments can be made “for the conservation and for the sustainable use and development of genetic resources in agriculture.” Under the same regulation, the European Commission is also empowered to adopt delegated acts31 related to “the conditions applicable to commitments to rear local breeds that are in danger of being lost to farming or to preserve plant genetic resources that are under threat of genetic erosion.” In this regard, Commission Delegated Regulation (EU) No 807/2014, adopted in March 2014, sets out rules for determining whether a breed is “in danger of being lost to farming.” In contrast to previous arrangements, the new framework does not include a set of population thresholds. Member states are required to determine for themselves whether breeds fall into this category. The following conditions must be met:


“(a) the number of breeding females at national level concerned is stated;

(b) that number and the endangered status of the listed breeds is certified by a duly recognised relevant scientific body;

(c) a duly recognised relevant technical body registers and keeps up-to-date the herd or flock book for the breed;

(d) the bodies concerned possess the necessary skills and knowledge to identify animals of the breeds in danger.”



The effects that the other aspects of the 2014 CAP reform will have on AnGR management are difficult to predict. Developments such as the provision of support for young people entering the agricultural sector and a range of measures to support the economic and social vitality of rural areas, along with the above-mentioned agri-environmental measures, are broadly compatible with efforts to support livestock-keeping livelihoods that involve the use of breeds that are at risk, or potentially at risk, of extinction (SAVE Foundation, 2013). With regard to the abolition of milk quotas, the country report from Poland notes that this is likely to have a significant effect on the utilization of AnGR, although precise outcomes are difficult to predict. The report notes that Poland has high potential to increase dairy production and that concentration of the sector might be very rapid and lead to substantial breed replacement.

In 2012, the European Commission launched the European Innovation Partnership “Agricultural Productivity and Sustainability” (EIP-AGRI) (European Commission, 2012a). European Innovation Partnerships are intended to “address weaknesses, bottlenecks and obstacles in the European research and innovation system that prevent or slow down good ideas being developed and brought to market” (European Commission, 2012b). The communication that launched EIP-AGRI heavily emphasized the important role of agricultural genetic resources, noting that “making use of European genetic diversity unlocks a vast potential for development.” Roles are foreseen across most of the “areas of innovative actions” described in the document, which range from “increased agricultural productivity, output, and resource efficiency” to “biodiversity, ecosystem services, and soil functionality” and “innovative products and services for the integrated supply chain.” A focus group on “genetic resources – cooperation models” has been established and held its first meeting in early 2014 (European Commission, 2014a).32

In the general field of biodiversity conservation and management, significant policy developments in recent years have included the adoption by the European Parliament (EU, 2007) of the 2006 Biodiversity Communication and Action Plan: “Halting the loss of biodiversity by 2010 – and beyond” (European Commission, 2006a; 2006b; 2006c). The plan included a set of objectives, targets and actions. Most relevant to AnGR were Objective 2: “To Conserve and Restore Bio-diversity and Ecosystem Services in the Wider EU Countryside”, which under the heading “Agricultural and rural development policy” included the target “Member States have optimised use of opportunities under agricultural, rural development and forest policy to benefit biodiversity 2007–2013” and the action “Strengthen measures to ensure conservation, and availability for use, of genetic diversity of crop varieties, livestock breeds and races, and of commercial tree species in the EU, and promote in particular their in situ conservation.”

In 2011, the European Commission adopted the EU Biodiversity Strategy to 2020, which includes the headline target of “Halting the loss of bio-diversity and the degradation of ecosystem services in the EU by 2020, and restoring them in so far as feasible, while stepping up the EU contribution to averting global biodiversity loss” (EU, 2011). Genetic resources for food and agriculture are targeted under several actions, including via references to facilitating “collaboration among farmers and foresters to achieve continuity of landscape features, protection of genetic resources and other cooperation mechanisms to protect biodiversity” (Action 9), encouraging “the uptake of agri-environmental measures to support genetic diversity in agriculture and explore the scope for developing a strategy for the conservation of genetic diversity” (Action 10) and regulating “access to genetic resources and the fair and equitable sharing of benefits arising from their use” (Action 20). In 2012, the European Parliament adopted a resolution33 on the biodiversity strategy. Of particular relevance to AnGR management are paragraphs 71 and 72 of the resolution, which call for


“appropriate legislation and incentives for the maintenance and further development of diversity in farm genetic resources, e.g. locally adapted breeds and varieties”



and stress


“the need for more effective cooperation at European level in the field of scientific and applied research regarding the diversity of animal and plant genetic resources in order to ensure their conservation, improve their ability to adapt to climate change, and promote their effective take-up in genetic improvement programmes.”



Animal genetic resources management

This subsection discusses instruments that specifically target the management of AnGR. These instruments fall roughly into two categories: those targeting animal breeding or “zootechnics” and those targeting the broader sustainable management of AnGR, with particular emphasis on breeds that are at risk of extinction.

EU zootechnical legislation addresses a range of issues related to animal breeding. The legal framework described in the first SoW-AnGR34 was largely still in place at the time of writing (July 2014). Separate sets of legal instruments are in place for each of the main mammalian livestock species or species groups raised in the EU (bovine, porcine, ovine and caprine, and equine) addressing a range of different aspects of the breeding process and trade in breeding animals (recognition of breeding organizations, entering in herdbooks, pedigree certificates and acceptance for breeding). For “other breeding animals” a basic directive is in place, but no implementing measures providing rules for the various above-listed elements. Another set of instruments regulates the import of breeding animals and genetic material from outside the EU and a further Council Decision regulates the operation of INTERBULL as the official reference centre for pure-bred breeding animals of bovine species. The main objectives of this body of legislation are to promote public health and food safety (rules on identification and registration), ensure the quality of traded breeding stock (rules requiring uniform breeding methods) and promote equity among breeders (rules ensuring that all breeders and breeding organizations are subject to the same requirements).

At the time of writing, a review of these measures was underway with a view to their consolidation under a single regulation and directive, the aim being (inter alia) to address concerns about inconsistencies in the interpretation of the existing provisions by the authorities in different countries and hence potential obstacles to trade and the operation of the EU single market (European Commission, 2014b; 2014c). It is expected that this review will be completed by the end of 2015.

As described above, Council Regulation (EC) No 1698/2005 allowed for the provision of agri-environment payments for the conservation of genetic resources in agriculture, and similar provisions are now in place under Regulation (EU) No 1305/2013. These payments are the mainstays of support for in situ conservation measures in the EU. However, support for a range of activities related to the conservation and sustainable use of AnGR is also addressed within the framework of Council Regulation (EC) No 870/2004, which established a second Community Programme on the “conservation, characterization, collection and utilization of genetic resources in agriculture.” Actions that can potentially receive support under the programme include those related to establishing inventories of conservation measures and the exchange of scientific and technical information, as well as those more directly related to conservation (in situ and ex situ), characterization, etc. Seventeen co-funded actions under the programme commenced in 2007, with a maximum duration of four years (European Commission, 2013a).35 Five of these projects targeted AnGR: Towards self-sustainable European Regional Cattle Breeds;36 An Integrated Network of Decentralized Country Biodiversity and Genebank Databases;37 Heritage Sheep;38 European Livestock Breeds Ark and Rescue Net;39 and A Global View of Livestock Bio-diversity and Conservation.40

An independent expert evaluation of the Community Programme published in 2013 (European Commission, 2013b) noted a number of positive outcomes and recommended that the programme should be continued. It concluded that the programme had:


“a. stimulated considerable interest among various groups of stakeholders within the European Union and beyond;

b. promoted collaboration among diverse groups of stakeholders in different countries;

c. led to the establishment of useful links and partnerships across Europe;

d. advanced the understanding of some local practices and needs;

e. led to useful results and guidelines for the conservation of valuable genetic resources;

f. established well characterised and evaluated core collections and cryo-banks of various plant and animal species; and

g. improved the scientific knowledge on the nature, management and potential of genetic resources of some species of farm animals, crops and forest trees in Europe.”



However, the assessment noted that the utilization component of the programme had not been addressed to the same extent as the other components. To address this gap, it recommended that “the primary objective of selected Actions be the delivery of appropriate utilisation of agricultural genetic resources in practice” and that “increased involvement of end-users and small and medium enterprises in the funded actions, to ensure the immediate transfer and implementation of project results.” With regard to AnGR management specifically, the submission provided by the European Regional Focal Point on Animal Genetic Resources to the expert evaluation emphasized the opportunity that the programme provided to link “on-farm” conservation activities to research activities (ERFP, 2012). It also noted that applied research under the five AnGR-related co-funded actions had contributed enormously to the sustainable management of AnGR. The weak points of the programme were considered to be the limited amount of funding available overall and the lack of continuity associated with project-based activities (ibid.).

With the aim of implementing the recommendations of the evaluation of the second Community Programme, the European Parliament, in 2013, allocated 1.5 million euros for a “preparatory action on EU plant and animal genetic resources”41 that would review the state of genetic resources-related activities in the EU and make practical recommendations for future improvements (European Commission, 2013c).

The following themes were identified for inclusion in the review:


“improvement of the communication between Member States concerning best practice and the harmonisation of efforts in the conservation and sustainable use of genetic resources”;

“enhancing networking among key stakeholders and end-users in view of exploring marketing (and other cooperation) opportunities, such as provided by quality schemes and short supply chains”;

“improvement of the exchange of knowledge and research on genetic diversity in agricultural systems”;

“adaptation of breeding methods and legislation to the need of conservation and sustainable use of genetic diversity”;

“contribution to the successful implementation of rural development measures concerning genetic diversity in agriculture”;

“explore bottlenecks and enabling conditions for the sustainable use of genetic resources in agriculture”; and

“reduction of the unnecessary administrative burden so as to provide better access to actions.”



Access and benefit-sharing

Following the adoption of the Nagoya Protocol (see Subsection 2), the EU was faced with the task of establishing dedicated legislation that would enable it to proceed with ratification and implementation. A draft regulation was developed by the European Commission (European Commission, 2012c), based on an extensive impact assessment study covering all relevant economic sectors and involving broad stakeholder consultation (European Commission, 2012d). The draft regulation covered the elements of the Nagoya Protocol that required harmonization and were better addressed at EU level – namely user measures and compliance – leaving access requirements to be considered by the individual EU Member States.

The draft regulation, together with the proposal for the ratification of the Nagoya Protocol, was presented to the European Parliament and the Council of Ministers in October 2012. The submission of the draft regulation was followed by an intensive period of discussions and negotiations between the different EU institutions involved in the legislative process. Political compromise between the co-legislators – the Council and the European Parliament – on the text of a draft regulation was achieved at the end of 2013. The vote in the Plenary of the European Parliament took place in March 2014 and the Council of Ministers adopted the regulation the following month. Successful completion of the process enabled ratification of the Nagoya Protocol by the EU on 16 May 2014 and publication of Regulation (EU) No 511/2014 on 20 May. The remaining step at EU level was to develop and agree on implementing acts. An ABS Committee established by the European Commission completed this task in July 2015. The ratification of the Nagoya Protocol by individual Member States is proceeding in accordance with their internal procedures.

The regulation sets out rules governing compliance with the Nagoya Protocol’s provisions on access and benefit-sharing for genetic resources and traditional knowledge associated with genetic resources. It is based on the principle that users of genetic resources should exercise “due diligence” in ascertaining that applicable rules on access and benefit-sharing have been and are followed (Article 4). The due diligence concept, which is elaborated in the EU timber regulation (Regulation (EU) No 995/2010), contains three elements: provision of information; risk assessment; and risk mitigation. The benefit-sharing requirements of the Nagoya Protocol are to be dealt with on the basis of “mutually agreed terms” between the provider and the user.

Regulation (EU) No 511/2014 also covers compliance measures, such as checkpoints (Article 7) and risk-based monitoring of users (Article 9), as well as the establishment of competent authorities and national focal points, and reporting and submission of information to the Access Benefit Sharing Clearing House.42 It requires Member States to establish penalties that are effective, proportionate and dissuasive. It also establishes important compliance-facilitation tools, such as EU-registered collections (Article 5) and recognized best practices (Article 8).

The influence that the Nagoya Protocol will have on the management of AnGR in the EU is difficult to predict. Effects will depend heavily on the access legislation adopted by individual Member States and other Parties to the Nagoya Protocol. However, it is possible that the new arrangements will help to promote gene banking and the development of AnGR held in the public domain.

Animal health

The first SoW-AnGR provided an overview of the EU framework for animal health – a large body of instruments addressing various individual species, health problems and livestock-sector activities – and noted a number of potential effects on AnGR and their management. Given that animal health problems can pose a direct threat to the survival of at-risk breed populations and can undermine the economic sustainability of livestock-keeping livelihoods, a well-regulated animal-health system is an important component of AnGR management in the broad sense. Potentially negative consequences include the effects of compulsory culling campaigns on at-risk breed populations and various restrictions and requirements that may constrain conservation activities or the keeping of certain breeds in their traditional production systems. The report noted both that some problems of this type had arisen at EU level and that some steps had been taken to address them (e.g. allowing for potential derogations for at-risk breeds in the event of a culling campaign and adjusting animal identification requirements to account for problems encountered in certain extensive production systems).

In 2008, the European Commission adopted a communication on an action plan for the implementation of a new animal health strategy for the EU for the six years to 2013 (European Commission, 2008). The strategy document, subtitled “Prevention is better than cure”, noted the challenges posed by new and re-emerging diseases and by the increased volume of trade in animal products, both within the EU and with third countries. The strategy was based on four main pillars: “1. Prioritisation of EU intervention; 2. The EU animal health framework; 3. Prevention, surveillance and preparedness; and 4. Science, innovation and research” (European Commission, 2007).

With regard to regulation, the objective was to develop a “single clear regulatory framework” converging as far as possible with the standards and guidelines of the World Organisation for Animal Health (OIE)43 and the Codex Alimentarius Commission.44 After extensive consultations a proposal for a new regulation on animal health was published in 2013 (European Commission, 2013d), the intention being to streamline the large number of existing instruments in this field into a single law. In April 2014, the European Parliament adopted a legislative resolution containing a number of amendments to the draft act (EU, 2014c). These amendments featured a number of references to AnGR management, including statements that:


	competent authorities should consider effects on diversity and the need to conserve AnGR when deciding upon what actions to take in the event of a disease outbreak;

	the European Commission should take breed-level diversity into account when adopting delegated acts related to the approval of establishments45 of various kinds; and

	breed should be included as a data item in traceability systems for genetic material.



Organic products and other specialized food products

Supplying products to niche markets is recognized as a potential means of keeping breeds in profitable production and thereby reducing the likelihood that they will fall out of use and face the risk of extinction (see Part 4 Section D). Niche marketing can be facilitated by the existence of a legal framework that regulates the designation and labelling of particular classes of products that have characteristics that make them attractive to particular groups of consumers.

The first SoW-AnGR noted the existence of a number of EU quality schemes covering animal products, and briefly described the legal framework established during the 1990s to regulate the operation of these schemes.46 A new framework was put in place in 2006: Council Regulation (EC) No 510/2006 on protected geographical indications (PDI) and protected designations of origin (PDO); and Council Regulation (EC) No 509/2006 on traditional specialties guaranteed (TSG). In the case of PDIs and PDOs, the rules stated that a name could not be registered if it conflicted “with the name of a plant variety or an animal breed and as a result is likely to mislead the consumer as to the true origin of the product.” The regulation on TSGs, however, stated that the “name of a plant variety or breed of animal may form part of the name of a traditional speciality guaranteed, provided that it is not misleading as regards the nature of the product.” Rules related to product specification (i.e. the description of the product for the purposes of its registration under one of the quality schemes) included no references to breed-related information. Many PDIs, PDOs and TGIs for animal products involve no requirement that the product comes from a specific breed.

2012 saw the adoption of a new unified instrument, Regulation (EU) No 1151/2012. The main innovative feature of this instrument is the establishment of a scheme for the use of “optional quality terms”, the objective being “to facilitate the communication within the internal market of the value-adding characteristics or attributes of agricultural products by the producers thereof.” The regulation establishes the term “mountain product” as an optional quality term and requires the European Commission to investigate the case for a new term “product of island farming”. A report setting out the pros and cons of introducing this term was published late in 2013 (European Commission, 2013f). Conditions of use for the “mountain product” quality term are further elaborated under Commission Delegated Regulation (EU) No 665/2014. The European Commission has also investigated the possibility of establishing a labelling scheme for “local farming and direct sales” (European Commission, 2013f).

The EU legal framework for organic agriculture has also been revised since the time the first SoW-AnGR was drafted (2005/2006). The main instrument in the current framework is Council Regulation (EC) No 834/2007, which addresses both crop and livestock production. Detailed rules for the implementation of this regulation are set out in Commission Regulation (EC) No 889/2008. Under this new framework, provisions related to the choice of breeds for organic livestock production are similar to those previously in place,47 i.e. account must be taken of animals’ capacity to adapt to local conditions. Likewise, both the 1999 and the 2007 regulations refer to the use of well-adapted breeds being a fundamental element of organic disease-control strategies. The 2007 regulation also refers to the use of well-adapted breeds as a means of avoiding the use of welfare-unfriendly practices. The provisions of the 2007 regulation that address the use of “non-organic” animals for breeding purposes, allow some additional flexibility in the use of such animals in the case of breeds that are at risk of extinction.

On the policy front, the European Action Plan for Organic Food and Farming, launched by the European Commission in 2004 (European Commission 2004a; 2004b), was replaced in 2014 by the Action Plan for the Future of Organic Production in the European Union (European Commission, 2014d). The new plan aims to ensure, inter alia, that consumer trust and the integrity of organic production are maintained in the face of rising demand and changing societal expectations, while also avoiding overcomplicated rules that exclude small operators and maintaining the innovative role of the organic sector. It contains no specific references to the role of AnGR diversity in organic agriculture.

A legislative proposal for a new regulation (replacing that of 2007) was published by the European Commission in March 2014 (European Commission, 2014e; 2014f). The roles of well-adapted breeds are again highlighted and the above-mentioned provision related to the use of non-organic breeding animals from at-risk breeds is maintained (in other respects, the rules regarding the origin of breeding animals for use in organic agriculture become less flexible).

The precise implications of these developments for AnGR management remain unclear. While the growth of organic production probably contributes to some degree to increasing demand for locally adapted animals – and thus keeping relevant laws and policies updated is likely to be conducive to sustainable AnGR management – in many cases, organic production is based on “mainstream” breeds widely used in conventional agriculture. Effects on the use of AnGR at national level in some EU countries are discussed below in Subsection 4.4. Some criticism has been directed at the current EU framework on the grounds that allowing the widespread use of mainstream animals in organic agriculture creates welfare problems because of these animals’ lack of adaptedness to more “natural” production environments (Compassion in World Farming, 2013; Eurogroup for Animals, 2013).

Animal welfare

The main EU legal instrument on the welfare of animals kept for farming purposes is Council Directive 98/58/EC. This directive includes rules on the use of breeding procedures and others related to the need to ensure that “on the basis of their genotype or phenotype” animals “can be kept without detrimental effect on their health and welfare.” Specific instruments addressing the welfare of laying hens, calves, pigs and broiler chickens are also in place. The main developments since the time the first SoW-AnGR was drafted (2005/2006) have been the adoption of Council Directive 2007/43/EC on broiler welfare and Council Directive 2008/119/EC and Council Regulation (EC) No 1099/2009, updating, respectively, rules on calf welfare and welfare at the time of slaughter. The main policy instrument in this field is the EU Strategy for the Protection and Welfare of Animals 2012–2015 (European Commission, 2012e). The various new laws and policies do not include any provisions specifically related to the use of breeding technologies or to the circumstances in which particular genotypes can be raised. However, the broiler Directive does request a report on genetic parameters and their influence on broiler welfare.

The extent to which welfare-related instruments affect the management of AnGR is difficult to estimate. As production systems are adapted to meet welfare rules, demand for various types of AnGR is likely to change to some degree. More direct effects may potentially arise in connection with the use of breeds that have specific pheno-types that may affect their welfare. An interesting example of a cattle breed whose use has been the subject to legal challenges is the Belgian White Blue, which because of its double muscling phenotype has a high rate of caesarean sections (Lips et al., 2001). During the 1990s, the European Court of Justice ruled that under European zootechnical legislation (Directive 87/328/EEC) Sweden could not forbid, because of welfare concerns, the use of imported semen from this breed, on the grounds that “national authorities are not entitled to reject the use of semen of that breed … since the genetic peculiarities and defects of an animal may be defined only in the Member State in which the breed of cattle has been accepted for artificial insemination” (Case C-162/97).48 In other words, as the Belgian authorities had approved the breed for artificial insemination, no restrictions on the use of its semen could be imposed by any EU member state.

Food and feed safety

In the field of food and feed safety, the main instruments noted in the first SoW-AnGR – Regulation (EC) No 178/2002 and Regulation (EC) No 882/2004 – continue to form the backbone of the EU legal framework. A new regulation on the traceability of food of animal origin, Regulation (EU) No 931/2011, has been put in place. These instruments do not include any provisions specifically related to breeding or AnGR management. Effective frameworks addressing these matters are, in general, likely to benefit livestock-keeping livelihoods by promoting animal health and consumer confidence in animal products and hence in some circumstances may indirectly benefit AnGR diversity. However, such legislation can potentially prove onerous for small-scale producers and may also create problems for the marketing of some speciality products (see Subsection 4 for further discussion).

3.2Other regional frameworks

Many parts of the world have regional or subregional intergovernmental bodies that promote economic or political cooperation among their member countries. In some cases, these bodies have the authority to adopt legally binding instruments. Whether or not this is the case, they normally have some policies and strategies that aim to coordinate the actions of their member countries within particular areas of activity. Outside the EU, regional legal frameworks, where they exist, are relatively undeveloped and include few instruments specifically targeting the livestock sector, with the partial exception of animal health-related matters. It is beyond the scope of this report to review the legal and policy frameworks of all the world’s regional and subregional bodies and their potential effects on AnGR management. However, a number of examples of livestock-related and AnGR-related instruments (mostly policy instruments) are discussed below.

Several of the subregional economic communities of Africa have developed policies that directly target AnGR management, as well as various provisions addressing the livestock sector in a broader sense. For example, in 2005, the Heads of State and Government of the Economic Community of West African States (ECOWAS)49 adopted a regional agricultural policy referred to as ECOWAP (Decision A/Dec. 11/01/05). Livestock-related elements of the policy include plans to harmonize sanitary norms and standards and to establish a regional programme on transhumance. A decision on the use of “transhumance certificates” to regulate the cross-border movements of pastoralists had previously been adopted (Decision A/Dec. 5/10/98).50 2010 saw the publication of the Strategic Action Plan for the Development and Transformation of Livestock Sector in the ECOWAS Region (2011–2020) (ECOWAS Commission, 2010). The plan’s objectives include:


“Improvement of the performance of local breeds through emphasis on the following: (i) Evaluation and harmonisation of the management of genetic resources; (ii) Facilitation of the development of regional centres of excellence and genetic value addition to local breeds as well as capacity building.”



The Regional Indicative Strategic Development Plan of the Southern African Development Community (SADC)51 for the period 2005 to 2020 includes the “sustainable management and utilization of farm animal genetic resources” among its strategies for increasing production, productivity and profitability in the livestock sector (SADC, 2003). Other relevant elements of the plan include promoting diversification and intensification of crop and livestock systems and strengthening and broadening early warning systems for livestock diseases. None of SADC’s legally binding instruments target AnGR management specifically. However, the Protocol on Trade (1996) has an annex on sanitary and phyosanitary matters (approved in 2008). The organization has taken several initiatives of relevance to AnGR management in the region, including the Promotion of Regional Integration initiative, which operated between 2005 and 2009 with the aim of improving productivity and trade flows in the livestock sector, the Trans-boundary Animal Diseases Project and the Foot and Mouth Disease Programme.52

The African Union, as part of its efforts to foster agricultural development across the continent, has taken steps to promote the sustainable use and development of AnGR. For example, its framework for mainstreaming livestock into the Comprehensive Africa Agriculture Programme53 calls for a number of actions targeting the characterization and conservation of AnGR, as well dissemination of information, technology transfer and harmonization of regulatory frameworks (AU-IBAR, 2010). The Strategic Plan 2014 to 2017 of the African Union – Interafrican Bureau for Animal Resources (AU-IBAR) addresses the implementation of the Global Plan of Action for Animal Genetic Resources in Africa (AU-IBAR, 2013).

As described in the first SoW-AnGR,54 the African Union’s predecessor, the Organization of African Unity, developed a model law on the protection of the rights of farmers and the regulation of access to biological resources, to assist countries in the development of national policies and legislation in this field (OAU, 2000). In the wake of the adoption of the Nagoya Protocol, the African Union Commission developed draft African Union Strategic Guidelines for the Coordinated Implementation of the Nagoya Protocol on Access and Benefit Sharing, which were adopted by the African Ministerial Conference on the Environment in March 2015 (Decision 15/3).

In Latin America, the Andean Community of Nations55 has put in place a number of instruments relevant to AnGR management. For example, Decision 523 of 2002 approves the Regional Biodiversity Strategy for the Countries of the Tropical Andes. While this strategy does not include any provisions specifically addressing AnGR management, it includes a “line of action” on the conservation and sustainable use of native and locally adapted agrobiodiversity, which focuses, inter alia, on characterization, identifying means of stimulating the marketing and use of products and services to support in situ conservation, strengthening scientific and technical capacities, and addressing access and benefit-sharing issues. Decision 391 of 1996 establishes a common subregional regime for access to genetic resources. It targets all genetic resources, with no particular provisions for AnGR or for genetic resources for food and agriculture in general. Other relevant instruments in this subregion include Decision 328 on agricultural and animal health.

Elsewhere in the world, regional bodies have put in place few legal instruments or major policy instruments that target AnGR management or explicitly include it within broader fields of action such as livestock development or biodiversity conservation. One example of an instrument that acknowledges the significance of AnGR is the Cooperation Council of the Arab States of the Gulf’s56 General Regulations of Environment in the GCC States (1997), which states that responsibilities of agencies responsible for environmental protection and conservation should include issuing and implementing rules and regulations related to, inter alia, “conservation of biological resources of local domesticated animals and local plants of economic value and improving them.”

3.3Conclusions

As recognized in the Global Plan of Action for Animal Genetic Resources, many aspects of AnGR management potentially benefit from coordination and cooperation at regional level. Regional collaboration does not necessarily depend on the existence of regional-level legal and policy frameworks. However, a lack of consistency and coordination at policy and legislative levels has the potential to inhibit both trade in genetic resources and non-commercial collaboration in conservation, research and so on. In this respect, a regional approach that facilitates harmonization may be useful. There may also be benefits in terms of cost effectiveness if countries are spared the need to develop their own frameworks from scratch. On the other hand, as with laws and policies at any level (e.g. national or global), regional frameworks have the potential to overburden stakeholders with costs and bureaucratic procedures or to fail because of a lack of capacity to implement them or because of poor design. Clearly, any plans to establish regional frameworks need to be well adapted to the needs and capacities of the respective regions. Experiences from the EU appear to indicate (see various examples above) that in some fields of activity legal and policy frameworks need to be overhauled quite frequently if they are to remain relevant – a point that may need to be borne in mind when considering the feasibility of regional approaches elsewhere. Another notable characteristic of developments in the EU are the wide-ranging stakeholder consultations that take place before any legal instruments are put in place.

Outside Europe, as was the case at the time of the first SoW-AnGR, regional policy and, particularly, legal instruments addressing AnGR management are few and far between. The topic appears not to have entered in any substantial way onto the agendas of many regional bodies. It is, of course, difficult without an in-depth analysis of circumstances in the respective regions to know what the potential benefits and costs of attempting to establish instruments of this kind might be.

Assessing the effects of existing frameworks is also difficult. In the EU, assessments of the impact of AnGR-related instruments have been published and indicate various positive outcomes. However, there is some concern about a lack of involvement of the “end-users” of genetic resources and a lack of focus on utilization relative to conservation. Little has been published on the effects of regional AnGR-related policies elsewhere in the world.

Changes since the time of the first SoW-AnGR have been quite substantial in Europe. Several areas of AnGR-relevant legislation have seen major revisions, often with the aim of consolidating and clarifying frameworks that had developed into elaborate sets of species- and topic-specific instruments. In many cases, the updated frameworks have been established only recently or are still in the process of development.57 Their practical effects on AnGR management are therefore not yet evident. Outside Europe, the most prominent developments have been in policy rather than legal frameworks and mainly in Africa, both at continental (African Union) and at subregional levels.
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4National frameworks



4.1Roles of national laws and policies in animal genetic resources management


“A range of policies and legal instruments have direct or indirect effects on the use, development and conservation of animal genetic resources. These instruments often pursue different objectives, such as economic development, environmental protection, animal health, food safety, consumer protection, intellectual property rights, genetic resources conservation, and access to and equitable sharing of benefits arising from the use of animal genetic resources.” (FAO, 2007a)



As the quotation shows, the Global Plan of Action on Animal Genetic Resources58 recognizes both the significant role of legal and policy frameworks in AnGR management, and the potentially complex nature of the effects involved. Laws and policies can serve as tools in AnGR management, but they also form part of the context within which AnGR management takes place. As discussed in Part 2 of this report, legal and policy frameworks are often among the factors shaping the development of a country’s livestock sector.

There is no “blueprint” for an effective legal and policy framework for AnGR management. As well as having its own particular set of objectives, problems and opportunities, each country will have its own legal system and its own approach to the development and implementation of policy instruments. The Global Plan of Action does not attempt to prescribe solutions or even to provide a checklist of topics that need to be addressed. However, it does call on countries to


“periodically review existing national policies and regulatory frameworks, with a view to identifying any possible effects they may have on the use, development and conservation of animal genetic resources ...”



and to


“consider measures to address any effects identified in [the] reviews of policy and legal frameworks.”59



Countries wishing to improve the effectiveness of their legal and policy frameworks as tools to promote the sustainable management of AnGR potentially have a number of different strategies at their disposal. For example, the Global Plan of Action notes that countries may wish to respond to any identified weaknesses in their existing provisions either via policy and legislative changes or by improving the implementation of existing measures.60 With regard to the types of instruments required, the first SoW-AnGR tentatively concluded that, in some circumstances, attempting to develop elaborate legal frameworks may not be the best way forward. It noted the potential contribution of “sound policy decisions and strategies, complemented by a clear legal definition of the competences and duties of institutions, and a well-organized monitoring and evaluation system ...”61 However, it also noted that some countries had reported the need to improve their legal frameworks in order to put their existing policies into operation. It also noted that some countries were increasingly relying on market mechanisms and private institutions to provide for various aspects of AnGR management and that in these circumstances close attention needed to be paid to the potential need for regulatory measures to ensure that public-goods aspects of AnGR management were adequately accounted for.

Whatever approach countries choose to take in terms of promoting or enabling effective AnGR management (i.e. whatever balance between legislation, policy measures and reliance on the market and private initiatives), it is likely that some aspects of livestock development (and other activities that affect livestock development) will be regulated by law and that this will affect the management of AnGR. The field of animal health and sanitary protection – which the first SoW-AnGR concluded was the most heavily regulated aspect of the livestock management – is perhaps the most obvious example. Moreover, given increasing concerns about a number of public goods-related issues in the livestock sector (e.g. environmental protection and human public health), across ever wider areas of the world, it is possible that, in a number of countries, the range of livestock-sector activities subject to legal regulation may expand. Developments of this kind can present both challenges (e.g. additional regulatory burdens or restrictions on livestock keepers’ activities) and opportunities (e.g. better protection from disease and environmental threat or potential new niche markets) for the management of AnGR. In some circumstances, it may be feasible to build “AnGR-friendly” provisions into legal instruments in these various fields. In others, it may be necessary to focus on policy measures that help livestock keepers and other managers of AnGR adapt to the circumstances created by the introduction of the new legislation.

4.2Context, information sources and methodology

The broad range of potentially relevant legislation and policies, and the fact that the concrete effects of legislation and policies on AnGR management cannot necessarily be inferred simply from the wording of the respective instruments, have meant that it has been difficult to obtain a global overview of the state of national provisions in this field and their implications for AnGR. In 2003, FAO conducted a survey on the legal framework for AnGR management, in which questionnaires were sent to all National Coordinators for the Management of AnGR and the Chairs and Technical Secretaries of National Consultative Committees62 on AnGR. Combined with information obtained from all the country reports63 that had been submitted to FAO by September 2003 and from an extensive internet search, the results of the survey were used to prepare an FAO Legal Study entitled The legal framework for the management of animal genetic resources (FAO, 2006). The material assembled for this study was later combined with information obtained from additional country reports, from FAO’s FAOLEX database64 and via direct e-mail contact with National Coordinators to prepare a chapter on national legislation and policy for the first SoW-AnGR.65 Both the legal study and the first SoW-AnGR stressed that the material presented should not be regarded as a comprehensive global inventory of relevant legal and policy instruments. The other main limitation of these studies was that, as noted above, an inventory of instruments does not necessarily provide a good indication of their effects on AnGR management – or of what needs to be done to supplement or improve them.

In 2013, as part of the preparation process for the second SoW-AnGR, FAO organized another global survey of national legal and policy frameworks (referred to below as the “legal survey”). All National Coordinators were invited to complete a questionnaire66 in which they were asked to indicate the presence or absence of legal and policy instruments at national level in a number of fields directly or indirectly relevant to the management of AnGR, to describe these instruments, to indicate the effect they (or the absence of relevant laws and/or polices) were having on AnGR management, and to describe the country’s needs with respect to the future development of its legal and policy framework. Forty-six fully completed questionnaires were submitted.67 This provided a smaller, but more in-depth, dataset than had been available for the previous studies. The objective of obtaining detailed information on how existing instruments affect AnGR management and on countries’ future priorities was only partially met (answers were often worded in a very general way or referred to general improvements in AnGR management rather than specifically to improvements to legal and policy frameworks). The main country-report questionnaire for the second SoW-AnGR provided countries with additional opportunities to report on their legal and policy frameworks, particularly in the section on institutions and stakeholders (see Part 3 Section A) and the section on progress in implementing Strategic Priority Area 4 of the Global Plan of Action.

For the purposes of the legal survey, a “policy” was defined as follows:


“a set of planned actions adopted by government with the aim of meeting a specific objective or objectives – a policy may be approved by parliament, but is not as by intent or nature legally binding. Instruments of this type may be given a range of different names including ‘strategy’, ‘programme’ or ‘plan’.”68



One of the objectives was to identify whether, how and to what extent formal instruments of this kind contribute to improving the management of AnGR relative to situations in which management actions (if any) are taken on a more ad hoc basis. The discussion that follows below focuses on formal policy instruments of this kind. It should, however, be recognized that “policy”, in a broader sense, can include the unwritten “level of commitment” shown by a government to a given field of activity, whether or not it is targeted by a specific policy instrument. It may also refer to the “stance” or attitude of a government with respect to a particular question, influencing the type of action that is taken, but not part of a conscious and coherent effort to pursue a particular outcome. The legal survey did not address the effects of policies in these more informal senses. However, the country-report questionnaire provided countries with opportunities to comment on the state of policy implementation, the state of awareness of policy-makers and constraints (of any kind, including political) to the implementation of various AnGR management activities.

For the purpose of the survey, “legislation” was taken to include “both primary legislation (e.g. laws, acts)69 and secondary legislation (e.g. regulations)70”. Countries were also given the opportunity to report on “relevant court cases (especially in common law systems)71 and on trends in customary law.72” Little or no information on the significance for AnGR management of customary law or legal precedent in common-law systems was submitted in the survey responses and the topics were not pursued further.

The discussion presented below is based largely on an analysis of the results of the legal survey, supplemented with material from the country reports. In the case of instruments specifically targeting the sustainable use, development and conservation of AnGR, examples drawn from FAO’s FAOLEX database are also included. In a few cases, material from other sources is used to illustrate particular points that were not well covered in the survey responses. The discussion is divided into four main subsections:


	instruments specifically addressing AnGR management (characterization, surveying and monitoring, genetic improvement, conservation, etc., i.e. approximately the subject matter of the Global Plan of Action);

	instruments addressing various aspects of the marketing of livestock products (these instruments are not primarily concerned with AnGR management, but are highly relevant to efforts to promote sustainable use);

	instruments addressing animal health (again not specifically focused on AnGR, but a highly regulated field with substantial potential to affect AnGR management); and

	instruments addressing various general aspects of agricultural and rural development (not specifically focused on AnGR, but possibly including some AnGR-related provisions and possibly affecting AnGR management indirectly in various ways).



The discussion of each specific aspect of the legal and policy framework for AnGR management aims to provide an overview of the state of provision in the respective field (whether instruments are present, in development or non-existent), to present some examples of existing provisions, to draw attention to any gaps and weaknesses that countries report in existing frameworks and to summarize available information on countries’ priorities for future developments. Where necessary, a short introduction to the topic and the main types of instrument that are likely to be relevant is included. In the case of instruments directly targeting the management of AnGR (Subsection 4.3) an attempt is made to present a quantitative analysis of the state of provision. It should be borne in mind that the figures presented are based purely on countries’ responses to the legal survey and are therefore likely to be affected by differences in how the questionnaire was interpreted (e.g. in terms of precisely what kind of instrument qualifies for inclusion in which field of AnGR management). Moreover, it should also be recalled that, given the complexity of many aspects of AnGR management, the presence of an instrument addressing a given field does not necessarily indicate that there are no significant gaps in existing provisions.

Because of the relatively small number of survey responses received, the quantitative results presented below are not broken down by region as was done for the equivalent chapter in the first SoW-AnGR. However, to give an indication of differences between developed and developing countries, results for OECD (Organisation for Economic Co-operation and Development) and non-OECD countries are presented separately. The sample includes 17 OECD countries (50 percent of all OECD countries) and 29 non-OECD countries (20 percent of all non-OECD members of the CGRFA). Given that member countries of the EU are subject to regional-level legal and policy frameworks in many relevant fields (see Subsection 3 above), these countries are treated as a distinct subgroup in some of the textual descriptions. However, separate quantitative analyses are not presented for this group of countries.

The legal survey respondents were a self-selecting group that included approximately 35 percent of all the countries that submitted country reports.73 The country-report questionnaire did not include detailed questions about legal policy frameworks. However, it required countries to provide a score (none, low, medium or high) for the state of their legal and policy frameworks for AnGR management (see Part 3 Section A). Comparing the average scores of the survey respondents to those of the full set of countries that submitted country reports provided an opportunity to roughly evaluate how representative the subsample was with respect to the state of policies and legislation. As might have been expected, the survey respondents scored, on average, higher than did the full set of countries. In the case of OECD countries, the survey respondents scored on average 17 percent higher than the full sample for both legislation and policies.74 The equivalent figures for non-OECD countries were 6 percent higher in the case of legislation and 15 percent higher in the case of policies.75

The choice of examples presented below, both in the main text and in boxes, is influenced to a large extent by the availability of information. However, the aim is to provide some geographical diversity, at least in terms of developing vs. developed countries. The focus is also, as far as possible, on instruments that include a substantial body of AnGR-focused provisions or have some clearly identifiable effect on AnGR management. It must, however, be emphasized that the examples presented are intended as illustrative instances of the kinds of instruments that countries have put in place. They are not necessarily typical of instruments in the respective field. They are also not intended as examples of “best practice”, and the mention of an instrument is not intended to imply that it is superior to equivalent provisions in other countries.

4.3Instruments targeting the management of animal genetic resources

Overall management of animal genetic resources

As awareness of the importance of AnGR has increased at policy level in recent years – particularly since the adoption of the Global Plan of Action in 2007 – a growing number of countries have recognized the need for a more coherent national approach to the management of their livestock biodiversity. In some cases, this was an explicit conclusion of the country report prepared for the first SoW-AnGR. For example, the country report of the United Kingdom states that “The creation of a National Action Plan, facilitated through the National Co-ordinator, for the conservation and utilisation of AnGR in the UK based on the recommendations in this Report is strongly recommended.” The recommendation was followed up in 2006 with the publication of the UK National Action Plan on Farm Animal Genetic Resources.76

The Global Plan of Action itself recognizes the importance of adopting a “strategic planning approach to conservation and utilization strategies” that identifies priorities at (inter alia) national level.77 In 2009, the CGRFA endorsed guidelines on the preparation of national strategies and action plans for AnGR (FAO, 2009e) and encouraged countries to make full use of them (FAO, 2009a). The guidelines emphasize the importance of obtaining government endorsement for national strategies and action plans, i.e. that these instruments should become formal national “policies” in the sense described above (Subsection 4.2) (although the guidelines also recognize that the most appropriate approach to obtaining governmental commitment will vary from country to country).

Twenty-six percent of the countries that submitted country reports indicated that they have government-endorsed national strategy and action plans (NSAPs) in place. A further 4 percent reported that their NSAPS have been prepared, but are not yet government endorsed, and 24 percent reported that they are in the process of preparing NSAPs (see Figure 3F1).

As part of the legal survey, countries were asked about legislation and policy instruments targeting the “overall management of AnGR”.78 A large majority of responding OECD countries (76 percent) indicated that they have developed policies in this category. The figures for non-OECD countries were substantially lower (34 percent). However, a further 55 percent of non-OECD countries reported that they are in the process of developing policies of this type.79 While many countries have chosen to develop AnGR-specific national strategies and action plans, some survey responses indicate that AnGR-related issues are addressed via national biodiversity strategies and action plans (i.e. instruments covering all types of biodiversity) (e.g. France),80 via strategies for agricultural biodiversity as a whole (e.g. Italy)81 or as part of a broad livestock-development policy or strategy (e.g. the United Republic of Tanzania).82 The potential advantage of such an approach is that AnGR management may be better integrated into broader development strategies. The potential disadvantage is a lack of sufficiently detailed attention to AnGR and possibly a lack of sufficient “visibility” for AnGR-specific issues among policy-makers and the general public. The question of how AnGR management is addressed in legal and policy instruments addressing broader issues in rural development and environmental protection is discussed in more detail below (Subsection 4.6).
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In cases where the survey responses highlight problems associated with the lack of an overarching national policy for AnGR management, the main concern is a lack of coordination among different policy initiatives. In the words of the response from Iraq, for example, AnGR-related work “is scattered and not organized.” Similarly, the response from Bhutan states that


“since there are no overall policy directives, different agencies are promoting their own mandates. For example, Agency A promotes exotic high-yielding breed X in an area with traditional breed Y to increase production, while Agency B says breed Y has to be conserved ... [C]onservation and management of ... traditional breeds are less effective under such circumstances.”



Where legislation is concerned, 76 percent of OECD countries and 48 percent of non-OECD countries reported ed that they have legislation targeting “overall” management of AnGR (Figure 3F2).83 Again, a substantial proportion of non-OECD countries reported that they have instruments under development. While it is possible to speculate that a single broad-scope instrument might help to promote a more cohesive approach, few if any survey responses mention any specific problems associated with the lack of an instrument of this kind. Evidence from the country reports suggests, on the other hand, that some countries regard the development of a more comprehensive legal instrument as an important priority. Hungary’s country report, for example, makes several references to the objective of developing a new “Animal Breeding Act” that would address a wide range of different aspects of AnGR management.84 Slovakia’s country report, in describing the main constraints to improving the sustainable use and development of its AnGR, states that “the priority is to adopt legislation ... that will treat farm animal genetic resources comprehensively” – adding that this would require amendment of the existing Animal Breeding Act85 and the introduction of relevant regulatory decrees.

Among the instruments described in the responses to the legal survey, one of the more comprehensive in its scope is Spain’s Royal Decree 2129/2008,86 which established the country’s National Program for the Conservation, Improvement and Promotion of Livestock Breeds. A policy document, the Development Plan of the National Program for the Conservation, Development and Improvement of Livestock Breeds, followed in 2009.87 The principles underlying the “joined-up” approach to national AnGR management taken in this decree are set out as follows in its preamble:


“While the need to characterize and conserve animal genetic resources has become a priority, this conservation must be linked to the selection of breeds that start from a better situation in terms of their census population size and productivity, and, in whatever case, to their sustainable use”,



which further states that it is the


“competency and responsibility of the public administration to implement effective regulation and planning of the [management of the country’s] genetic heritage ...”
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Other reported instruments targeting multiple aspects of AnGR management include France’s Law on Agricultural Orientation (2006)88 and Germany’s Animal Breeding Act (2006).89 The survey responses did not include many examples of broad-scope legal instruments from outside Europe. However, a search of FAO’s FAOLEX legal database90 revealed a number of instruments, from various parts of the world, that target genetic improvement programmes but also include measures related to conservation (and to varying degrees other aspects of AnGR management). Examples (including additional examples from Europe) include Decree No. 2010-106 Regulating the Improvement of Domestic and Domesticated Animals in Madagascar,91 Kyrgyzstan’s Law on Pedigree Stockbreeding (2009),92 Hungary’s Decree No. 93 of (VII. 24.) concerning the Genetic Resources Conservation System of Protected Autochthonous Animal Species (2008),93 Viet Nam’s Decision No. 10/2008/QD-TTg approving the Strategy on Animal Breeding Development up to 2020 (2008)94 (see Box 3F2) and Order No. 04/2004/L-CTN promulgating the Ordinance on Livestock Breeds (2004),95 Poland’s Act on Livestock Breeding (2007) (see Box 3F10),96 Albania’s Law on Livestock Breeding (2005) (see Box 3F3),97 the Stock-breeding Law of the People’s Republic of China (2005),98 Uganda’s Animal Breeding Act (2001),99 Kazakhstan’s Law No. 278-1 on Pedigree Stockbreeding (1998),100 Uzbekistan’s Law No. 165-I on Pedigree Stockbreeding (1995),101 the Russian Federation’s Federal Law No. 123-FZ on Pedigree Stockbreeding102 and Ukraine’s Law No. 3691-XII on Pedigree Stockbreeding (1993).103 Another recent example is the Punjab Breeding Act of 2014 (Pakistan) (see Box 3F4).

A related category of legal instruments are those that address the establishment (or designation) of institutions responsible for overseeing or coordinating AnGR management at national level. Examples detected via search of FAOLEX include Poland’s 2008 regulation104 designating responsibility for the coordination of activities related to AnGR management and Argentina’s Resolution No. 693/2004 Creating the National Advisory Commission for Genetic Resources for Food and Agriculture.105 The legal basis for Turkey’s institutional framework is described in Box 3F5. An interesting comment on the link between legal and institutional frameworks is provided in the country report from Cameroon, which states that


“the major impediment to implementation of [AnGR-related legislation] lies in the conflicts that arise due to their dispersal in different ministries, namely Livestock, Agriculture, Environment and Forestry. Harnessing these laws and attributing their implementation and monitoring to a single National Competent Authority will greatly improve the situation.”
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Having considered a number of examples from countries that have chosen to develop broad-based instruments in this field, it is important to note that others have deliberately adopted a light touch with respect national legal and policy measures addressing AnGR management. In the United States of America, for example, breed development strategies are left in the hands of the private sector. Government involvement in AnGR management is focused largely on cryoconservation and assessing the status of genetic diversity (the country’s response to the legal survey notes that the establishment of its National Animal Germplasm Program was enabled by legislation106 passed in 1990). As another example, Australia’s response to the legal survey reports no legislation within the category “overall management of AnGR.” It notes that


“Australian Government policy on management of genetic resources is to create the enabling environment to allow both owners and users of animal genetic resources to establish breeding and conservation programs for their respective industries.”



The main mechanisms involved are reported to be


“industry-government partnerships [that] collaborate through R&D [(research and development)] activities to determine future priorities for these industries and through these, the appropriate conservation, use and development of animal genetic resources.”
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With regard to the significance of legal measures relative to policy measures, it is interesting to note the following statement from Ireland’s country report:


“Traditionally, laws were enacted in this area, but over the last 20 years policies developed by the sector have been the main drivers.”



Integration of animal genetic resources management with other sectors of genetic resources for food and agriculture

As part of the legal survey, countries where asked whether they had any legal or policy instruments in place that specifically address the integration of AnGR management with the management of other genetic resources for food and agriculture. Such measures might, for example, aim to promote efficiency in the operation of genetic resources management programmes across sectors or to promote greater attention to ecological interactions between livestock and crop plants, forest trees, micro-organisms, aquatic species, etc.

Among OECD countries, in the case of both policies and legislation, 65 percent of respondents reported that they have instruments of this type in place. In the case of non-OECD countries, the figures were substantially lower (14 percent and 41 percent, respectively, for legislation and policy instruments). However, a number of countries reported that they have instruments under development (13 percent for legislation and 24 percent for policy instruments).

While the practical effects on AnGR management are not always clear, a number of countries provide examples of policies, strategies or institutions that, in one way or another, span several sectors of genetic resources. Austria, for example, describes several policy instruments, including the Austrian Agri-Environmental Programme (ÖPUL) and Initiative Agriculture 2020,107 that target all aspects of agriculture (including management of AnGR) in an integrated way, taking ecological and social factors into consideration. The aim – as described in the survey response – is to strengthen “a sustainable farm-based agriculture and forestry”, within which sustainable management of AnGR is integrated. Other reported examples from Europe include Norway’s National Strategic Plan of the Norwegian Genetic Resources Centre, which addresses livestock, crops and forest trees. The response from Germany notes that AnGR are considered in the country’s National AgroBiodiversity Strategy and National Rural Development Policy, and also mentions the importance of integrating the management of livestock with grassland management.

Reported examples from developing countries include Malaysia’s National Strategies and Action Plans for Agricultural Biodiversity Conservation and Sustainable Utilization (strategies for plant, livestock, arthropod and microbial genetic resources published together in one document), which “strive for coordinated and holistic ways to identify, conserve and optimize the use of agricultural biodiversity in Malaysia”.108 The survey response from Brazil mentions that over the last decade the country’s Ministry of Agriculture has been promoting integrated crop–livestock– forestry systems, which have reportedly contributed to reducing the amount of deforestation and greenhouse gas emissions associated with livestock production. It further notes that there is no specific legislation related to this activity, but that it has taken place within the framework of the country’s Forestry Code,109 which was revised in 2010.110 Nepal (which is in the process of developing instruments in this field) highlights links to the management of pastures and forests:


“programs on conservation and promotion of farm animal genetic resources are tied up with the fodder, pasture and leasehold forestry programs …From the fiscal year 2013/14, the Government of Nepal has launched the forage pasture mission which also focuses [on] programs to conserve native animals as well as to increase the production and productivity of farm animals.”



Surveying and monitoring

As discussed in Part 4 Section A, establishing a national breed inventory and monitoring changes in the size and structure of breed populations are important elements of national AnGR management. Countries vary greatly in their capacities to implement surveying and monitoring activities (see Part 3 Section B) and in terms of their specific objectives for data collection. The tasks that need to be addressed by policy and legal frameworks in this field will thus vary from country to country. Nonetheless, given the need to assemble, store and report national-scale data in a consistent way over an extended period of time, some degree of leadership and coordination at national level is likely to be essential.

FAO’s guidelines on Surveying and monitoring of animal genetic resources (FAO, 2011c) recommend that countries should review their requirements for data and information on AnGR and draw up strategies for meeting these requirements. The guidelines also note the importance of a “mandate” for national surveying and monitoring activities, i.e. that these activities should have “official status and backing from the relevant authorities.” They further recommend that the key elements of such a mandate should include a definition of the objectives and scope of the activities (species and geographical coverage, time frame), allocation of responsibilities to organizations and individuals (including responsibility for coordinating and overseeing the strategy), provisions related to stakeholder involvement, and provisions related to accessing and using the data collected.

Among responses to the legal survey, 76 percent of OECD countries reported that they have policy instruments in place in this field and 82 percent that they have legislation (Figure 3F2). The figures for non-OECD countries were 41 percent for policies and 31 percent for legislation. A substantial number non-OECD countries reported that they are in the process of developing legislation (21 percent) and/or policies (28 percent) in this field. Several other countries mentioned that they regard the development of legislation and/or policies in this field as an important objective.

Survey responses from a number of European countries (e.g. Austria and the Netherlands) note that national implementation of EU regulations on animal registration facilitate the monitoring of breed population sizes. The usual pattern in EU countries is for monitoring programmes to be based on the involvement of breed societies. The societies keep track of demographic trends in their respective breeds and provide data to a central authority that operates a database of some kind. The legal and policy frameworks for such programmes vary from country to country, but in all EU countries they are underpinned by legislation on animal registration and on the operation of breed societies. Some countries have legislation in place that explicitly allocates the task of operating a monitoring programme to a particular national body. In other cases, monitoring programmes have been established or strengthened through policy measures without recourse to specific legislation. While most survey responses from EU member countries do not mention any future needs in terms of improving legal or policy frameworks in this field, there are some indications that further strengthening is required. For example, Germany mentions the need to establish a specific regulation on monitoring. The country report from Slovakia lists a lack of “legislation concerning the responsibility of individual institutions” as one of the main obstacles to the implementation of surveying and monitoring programmes. Among countries from other parts of Europe, the survey response from Norway notes the need to establish monitoring systems for species that currently lack adequate recording systems at breed level, but states that this needs to be addressed more at policy than at legislative level.

Survey responses from developing countries provide little detailed information on the nature of their existing or planned legislation and policies in this field, on the impacts of existing measures or on steps that need to be taken to improve them. However, several countries note the practical difficulties involved in implementing their existing instruments. One objective mentioned by several countries (e.g. Brazil, Costa Rica and Sri Lanka) is to have breed-level data collection included in national livestock censuses. A search of the FAOLEX database did not reveal many examples of legal instruments from non-OECD countries that specifically address surveying and monitoring. Where instruments are in place, the main objective appears to be the establishment of institutional responsibilities. For example, China’s above-mentioned Stock-breeding Law of 2005 allocates responsibility “for organizing the investigation of livestock and poultry genetic resources, releasing national reports about the status of livestock and poultry genetic resources and publishing the list of livestock and poultry genetic resources approved by the State Council” to the stockbreeding and veterinary administrative department of the State Council. Cameroon’s Decree No. 2012/382 of 2012 on the organization of the Ministry of Livestock, Fisheries and Animal Industries111 charges the Insemination and Animal Genetic Resources Service with inventory of AnGR and the identification of breeds that are at risk of extinction.

Official recognition of breeds

Given that the breed is generally the main unit of management in national AnGR management programmes, many countries are likely to see the need for some kind of procedure (formal or informal) whereby a livestock population can be officially recognized as a breed by the national authorities, if only for matters such as international reporting on the state of AnGR diversity. Countries may also wish to establish procedures for the allocation of breeds to categories such as “native”, “locally adapted” and “exotic.” While formal mechanisms and strict criteria are not necessarily required, if recognition as a breed (or as belonging to a particular category of breed) affects how a livestock population is treated under national laws and policies (e.g. eligibility for support payments under conservation schemes), clear legal definitions of the criteria and processes involved may be important.

Seventy-one percent of the OECD countries that responded to the legal survey reported that they have legislation in place addressing the question of the official recognition of breeds (Figure 3F2). The same proportion reported that they have policies. The figures for non-OECD countries were 55 percent and 41 percent, respectively. It should, however, be noted that the reported legal instruments are quite diverse in terms of how prescriptive they are and the extent to which they grant a role to the national authorities. For example, the response from Australia refers to the country’s Competition and Consumer Act (2010)112 rather than to any AnGR-specific legislation and notes that the recognition of breeds is the responsibility of breed societies.

Several survey responses from European countries indicate that clearly defined criteria and/or procedures for the recognition of breeds are set out in laws or regulations. The response from Slovenia, for example, notes that a new breed or line can be recognized by the minister competent for animal husbandry on the basis of advice from the country’s Animal Husbandry Council. Detailed rules on the criteria and procedures for the recognition of breeds (along with specific rules for the recognition of breeds as “indigenous” or “traditional”) are set out in the Regulation on Conservation of Farm Animal Genetic Resources (2011).113 Bulgaria, in its survey response, notes that the country’s Law on the Protection of New Plant Varieties and Animal Breeds of 1998 (as amended in 2010)114 includes a list of autochthonous breeds and breeds developed in Bulgaria that are considered the property of the state, as well as provisions related to the recognition of other breeds (whether newly developed or brought in from outside the country) by the State Breed Commission. In this particular case, the law creates the basis for a sui generis intellectual property rights (IPR) system for livestock breeds: a breeder who has “created or discovered and developed” a breed can be issued with an “animal breed certificate” valid for 30 years. Another example is provided in the response from Latvia, which notes that its Agricultural Data Centre established a commission for approval of breeds in accordance with Cabinet Regulation No. 475 (21.06.2011) Approval and Registration of Farm Animal Breeds.115 The commission includes representatives from the country’s Agricultural Data Centre and from scientific and educational institutions. The approval process takes into account the “number of female and male animals, characteristic traits, productivity and genetic structure of [the] population.” Some countries, in contrast, have adopted a more flexible approach based on ongoing advice to government from officially recognized expert bodies. For example, the United Kingdom’s National Action Plan on Farm Animal Genetic Resources (2006) recommended that this role be given to the country’s National Standing Committee on Farm Animal Genetic Resources.116 This body later developed a set of definitions117 for use in the country’s breed inventory and guidance on the evidence needed to prove that a breed should be included in the inventory.118

Some countries report that legal frameworks for breed recognition are still in the process of being developed. Montenegro’s survey response, for example, notes that the country’s Law on Livestock Farming (2010)119 lays down rules for the recognition of new breeds and lines of domestic animals developed in Montenegro “in accordance with the scientific methods”, but also notes that secondary legislation laying down more detailed conditions and procedures needs to be developed. It further notes that developing a regulation for the recognition of already-known autochthonous breeds is an important objective with respect to the genetic assessment and conservation of these breeds.

Non-European countries that report legal instruments in this field include Brazil, where the recognition of a breed goes hand in hand with the recognition of a breeders’ association (see Box 3F6) and Viet Nam. In the latter country, the Ordinance on Livestock Breeds (2004)120 sets out rules under which “new livestock breeds shall be recognized and put on the lists of livestock breeds permitted for production and business promulgated by [the relevant ministry].” The procedure involves determining “the difference, stability, uniformity of yield, quality [and] disease resistance of new breeds”, as well as any potential “harmful effects.” The registration process in Indonesia is described in Box 3F7.
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The survey responses provide relatively little information on the effects that legislation (or lack of legislation) in this field has on AnGR management. Neither do they provide much information on countries’ future needs in terms of developing legislation or policies in this field. Some responses note positive effects. Cyprus, for example, comments that legislation has “major implications for PDO [protected designation of origin] applications for specific products.” The descriptions of arrangements in Brazil and Indonesia presented in Boxes 3F6 and 3F7 provide further examples of how sustainable AnGR management has benefited from the process of breed recognition.

Some countries mention that a lack of legislation on breed recognition creates problems or report that the introduction of legislation is a future priority. For example, the response from Bhutan mentions that its lack of legislation in this field hampers the conservation and sustainable use of its traditional breeds. Likewise, Nepal’s response notes that official recognition of breeds would help in promoting conservation and sustainable use activities. Other responses, however, state that the absence of legislation has little effect. For example, the United States of America (as noted above, a country that relies largely on the private sector to manage its AnGR) reports that it has no legislation or policies in this field, but that this has “no negative impact on animal genetic resources management.” Mauritius (a country with a small number of breeds and that, to date, has given little emphasis121 to in situ conservation or policies promoting sustainable use of locally adapted breeds) notes that, although it has no legislation in place, all stakeholders accept the breed inventory used by the government in, for example, its National Biodiversity Strategic and Action Plan.122

Genetic improvement programmes

Genetic improvement programmes can have major implications for the livelihoods of individual livestock keepers and breeders, for the profits of commercial organizations and for national objectives such as food security and the maintenance of diverse portfolios of AnGR. However, they are complex undertakings (see Part 4 Section C), and establishing and sustaining effective breeding programmes has proven to be a challenge in many countries (see Part 3 Section C). The roles of different stakeholder groups, including those of public-sector bodies, in the planning and implementation of genetic improvement programmes (or the extent to which their participation is regarded as an objective) varies greatly from country to county (see Part 3 Section C). Along with major differences between countries in terms of technical and organizational capacity to implement the various elements of breeding programmes, this means that the challenges involved in establishing appropriate legal and policy frameworks for genetic improvement programmes are very diverse.

Policies supporting or influencing the objectives of breeding programmes – or promoting changes in breed utilization (e.g. substitution of one breed by another) – are discussed in Part 3 Section C, based on the material provided in the country reports. The emphasis below in this subsection is therefore on legal frameworks.

Eighty-two percent of the OECD countries that responded to the legal survey indicated that they have legislation addressing animal breeding and genetic improvement in place (Figure 3F2). Slightly fewer (76 percent) indicated that they have policies in place. Among non-OECD respondents, the equivalent figures were 45 and 52 percent, respectively, with a further 14 percent reporting that they have legislation in preparation and 28 percent that they have policies in preparation.

One factor that facilitates the establishment of breeding programmes is the existence of a national animal identification system. Because of the multiple benefits that can be obtained from having such a scheme, compulsory animal identification systems are widespread in developed countries. Eighty-eight percent of OECD countries that responded to the legal survey reported that they have legislation in place in the field of “animal identification and recording” (Figure 3F2). The figure rises to 100 percent if countries reporting animal identification laws related to animal health (see Subsection 4.5 below) are included. There is also growing interest in the establishment of animal identification schemes in developing countries. Sixty-nine percent of non-OECD survey respondents indicated that they have legislation related to animal identification in place and a further 7 percent that they are developing legislation. The main motivation for the development of animal identification systems is to improve animal health and the traceability of animal products (see Subsections 4.4 and 4.5 for further discussion). However, once systems exist they can also serve other purposes such as the identification of animals for breeding purposes.

In many countries, particularly in the developed regions of the world, the main stakeholders involved in implementing breeding programmes are breeders’ associations. These associations are usually non-governmental bodies operated by their members. National authorities may, however, choose to introduce legal and policy measures to promote the establishment of such organizations or to regulate their operation, with the aim of promoting the sustainable development of national AnGR, as well as improving rural livelihoods, food security, etc. Defined standards and procedures for the various elements of breeding programmes can also help ensure effective implementation and create conditions in which breeding animals can be traded with confidence.

As discussed above in Subsection 3, EU member countries are obliged to comply with EU-level legal instruments related to animal identification, the recognition of breeders’ associations, the keeping of herdbooks, the contents of pedigree certificates, performance testing and genetic evaluation and the acceptance of animals for breeding. Countries vary in the extent to which they go beyond establishing the basic EU-prescribed legal framework and seek more actively to influence the objectives and implementation of breeding programmes. For example, the survey response from the Netherlands states that genetic improvement is completely in the hands of the private sector and that the only remaining involvement of the government in breeding is through pre-competitive public–private research programmes and other specific research projects. The response from Germany mentions that its Animal Breeding Act (see above) regulates the process of recognizing breeding programmes and makes performance recording and the estimation of breeding values mandatory, but contains no rules directly addressing breeding goals. It notes that in the case of breeds that are at risk of extinction, conservation breeding programmes that do not involve performance evaluation are permitted. It further notes that, if necessary, breeders’ associations can be required to cooperate in the implementation of conservation measures (although this is reported not to have happened to date).

Slovenia, in its country report, mentions that in order (inter alia) to ensure the maintenance of genetic diversity and the overall progress of the livestock sector, it has established a “basic common breeding programme” for all livestock species, the implementation of which – by breeding organizations in collaboration with research institutions – is financed by the government. Rules related to the establishment and implementation of the common programme are set out in the country’s Livestock Breeding Act.123 The implementation of this programme, and of other approved breeding programmes, forms the basis of Slovenia’s conservation programme – in accordance with the requirements of its Regulation on Conservation of Farm Animal Genetic Resources (see above). Further information on legislation related to conservation breeding programmes is provided below in the subsection on conservation.

Among countries elsewhere in the world, instruments addressing the establishment or operation of breeders’ associations are the most commonly reported type of legislation related to breeding programmes. Fifty-two percent of non-OECD respondents to the legal survey indicated that they have legislation of this type in place. Costa Rica’s response, for example, mentions its Executive Decree No. 19400 (1989),124 which transfers responsibility for the management of genealogical registers to breeders’ associations and prescribes minimum standards for the operation of these associations. Zimbabwe’s response mentions the Zimbabwe Herd Book, a registering body for breeders’ associations that was established by act of parliament in 1981.125 Namibia mentions its Livestock Improvement Act (1977), which – as well as containing provisions related to the recognition of breeders’ associations – grants exclusive rights to the Namibian Stud Book Association to issue pedigree certificates. Responses from several countries (e.g. Ghana, Sri Lanka, Suriname and the United Republic of Tanzania) indicate that they are in the process of developing legislation in this field.

Few of the survey responses provide any information on legal instruments related to the establishment of breeding programmes by the public sector. Viet Nam’s Ordinance on Livestock Breeds (2004)126 sets out basic objectives for state policies on livestock breeding, which include ensuring “the development of livestock breeds along the direction of industrialization and modernization on the basis of livestock breed development strategy, planning and plans”, supporting “organizations and individuals tasked to multiply or raise purebred livestock breeds, prototypal, grandparental and nucleus breed stocks” and encouraging “organizations and individuals to produce and use new livestock breeds.” The abovementioned Namibian Livestock Improvement Act allows for the establishment “by the Minister”127 of schemes to evaluate and certificate the performance of particular kinds and breeds of animals with the object of improving their genetic production potential. The Livestock Act of Bhutan (2001)128 is described in Box 3F8.

Several of the AnGR-related laws listed above in the subsection on “general instruments” include provisions related to the role of the state in coordinating and/or implementing genetic improvement programmes, the operation of state-run breeding establishments and/or the provision of breeding services by the public sector. Madagascar’s Decree N°2010-106,129 for example, establishes the country’s National Council for Genetic Improvement, which is allocated the task (inter alia) of developing national genetic improvement programmes. The “genetic improvement service” of the Livestock Ministry is charged with coordinating and monitoring the implementation of the council’s recommendations. Regional “Breed Offices” are given the task of supporting and overseeing the operation of herd books by livestock-keepers’ associations. As another example, Kyrgyzstan’s Law on Pedigree Livestock Breeding130 includes provisions related to the organization of a state herd book and to the supply of state support to breeding organizations. It assigns a role in coordinating the activities of breeding organizations to an “Authorized State Body for Pedigree Stock-breeding” and also includes provisions related to the operation of state breeding farms.

In so far as they provide any information on the effects that legislation related to breeding programmes is having on AnGR management, the survey responses generally indicate that the reported instruments are having a positive effect. France, for example (referring to both legal and policy measures), states that


“the collective organization of the measures allows different organizations to carry out their missions ... [in] animal breeding, management of genetic diversity and the sustainable conservation of genetic resources.”



Likewise, the response from Austria states that


“the regulations guarantee that a breeders’ organisation is competent and works according to approved good practice methods.”



The responses from countries where there is no legislation in place generally provide little detailed information on their future priorities. The country report from Rwanda, however, notes that the main weakness of the national legal framework is the lack of an “animal breeding law” that would (inter alia)131 regulate


“who is entitled to collect and sell semen and from what animals, who can do inseminations and [under] what ... minimum standards/requirements, pedigree registration[,] ... the recognition of breed associations and their herd books, the right to issue pedigree certificates and ... [the implementation of] performance testing and genetic evaluation”.



Few countries report specific gaps in their existing provisions (although some note that implementation needs to be strengthened) or any problems caused by existing instruments. One exception is provided in the United Kingdom’s country report, which lists “zootechnical legislation requirements being unachievable for numerically small breeds” among the obstacles to enhancing AnGR conservation measures. As is the case in several other areas of AnGR management, the survey response from the United States of America notes that the absence of legislation on breeding programmes (other than on animal identification) does not cause any problems with regard to AnGR management.

Reproductive biotechnologies

Legal and policy frameworks related to the use of reproductive technologies such as artificial insemination and embryo transfer have the potential to affect both breeding and conservation programmes. More broadly, they may influence the types of AnGR used by livestock keepers (e.g. if programmes only provide genetic material from certain breeds) and hence potentially affect both livestock-keeping livelihoods and the diversity of national livestock populations. The extent to which these technologies are in use in livestock production at country level is discussed in Part 3 Section E.

Relevant policies in this field can include instruments that aim to promote the use of reproductive technologies via the provision of subsidized services or via extension activities. In the case of legal instruments, the main objectives are generally to ensure the quality of the germplasm used in sanitary and genetic terms. Provisions typically relate to the licensing and inspection of artificial insemination centres and other facilities, quality controls on donor animals, and inspection and certification of imported or exported materials. Bhutan’s Livestock Act of 2001 (see Box 3F8) can serve as an example: this law contains a subchapter on artificial insemination and embryo transfer, which provides for the establishment of artificial insemination units (laboratories and housing facilities for donor animals) according to prescribed standards, forbids the use of semen from unlicensed premises, requires that donors of semen or embryos be certificated for genetic merit and disease status, requires that consignments of semen and embryos entering the country have a valid import licence and provides for inspection of artificial insemination units and laboratories used for semen processing and embryo storage. Further provisions are included in the country’s Livestock Rules and Regulations of 2008 and the Livestock Breeding Policy of 2007. Brazil’s legal framework in this field is described in Box 3F9.

[image: Images]

[image: Images]

A large majority (88 percent) of the OECD countries that responded to the legal survey indicated that they have legislation in place related to the use of reproductive biotechnologies (Figure 3F2). The figure for policies was lower (47 percent). This may be because developed countries where the service provision is largely in the hands of the private sector do not feel the need for policies in this field. In the case of non-OECD countries, the figures were 55 percent for legislation and 31 percent for policies.

Survey responses from countries that have legislation in place generally indicate that it serves its purpose of promoting the safe and efficient use of reproductive biotechnologies. A problem is, however, noted in the country report from Cyprus, which states that legal constraints affecting the use of fresh semen create difficulties for the use of artificial insemination in locally adapted ruminant breeds. The survey responses also mention few specific gaps in existing legislation. The response from Burundi notes the need to expand the species coverage of its legislation, while the responses from both Austria and Spain note the potential need to develop legislation to regulate the use of cloning. The only response that mentions any provisions specifically addressing potential problems that legal restrictions on the use of reproductive technologies might cause in AnGR management is that from Spain, which states that in the case of Royal Decree 841/2011132 exemptions to the requirements of the law are possible in the case of breeds that are at risk of extinction or difficult to manage, or for the establishment of a gene bank. It further states that future requirements include a system for determining with more precision the situations in which exemptions from sanitary rules should be allowed. With regard to problems caused by the absence of legislation, Malawi’s country report notes that the


“lack of a breeding protocol and regulation has led to use of non-evaluated bulls for AI [(artificial insemination)] and potential inbreeding due to few bulls being used.”



Conservation

As the state of conservation programmes and policies is discussed in Part 3 Section D, the focus in this subsection is on legal instruments. Legislation in the field of AnGR conservation may address a range of different issues, including institutional responsibilities for implementing or coordinating national conservation programmes, the establishment of conservation facilities such as gene banks, the provision of support payments to the keepers of at-risk breeds, and the definition of the responsibilities of particular stakeholder groups such as breeders’ associations.

Among the respondents to the legal survey, 71 percent of OECD countries reported that they have legislation in place targeting AnGR conservation and 88 percent that they have policies (Figure 3F2). The figures for non-OECD countries were 48 percent for legislation and 44 percent for policies. Countries were also asked specifically about measures targeting in vivo conservation and cryoconservation (Figure 3F3).133 In the case of OECD countries, in both the legal and the policy categories, more respondents reported that their instruments target cryoconservation than in vivo conservation (71 percent vs. 65 percent for legislation and 76 percent vs. 65 percent for polices). In contrast, among non-OECD countries, more respondents reported instruments targeting in vivo conservation than cryoconservation (41 percent vs. 31 percent for both legislation and policies). However, a substantial proportion of non-OECD countries (34 percent) reported that they have a policy instrument under development in this category, suggesting a growing interest in cryoconservation in developing countries.

As noted above in the subsection on instruments targeting the general management of AnGR, a number of countries have legal instruments in place that assign responsibility for implementing conservation programmes to specific bodies as part of their overall mandates to implement or support national AnGR management programmes. A few other countries report legislation related specifically to the establishment of gene banks. One example is the Kenya Animal Genetic Resources Centre Order (2011),134 which, inter alia, establishes the centre as a state corporation, defines its functions and the composition and competencies of its governing board, and establishes arrangements related to its funding.135

At a more fundamental level, legislation may serve to establish the implementation of (and/or provision of support to) AnGR conservation activities as one of the responsibilities of the national government. For example, France’s Agricultural Orientation Law (2006)136 states that the government is authorized to take (by ordinance) the measures necessary to conserve of AnGR diversity, making specific efforts to conserve local breeds, particularly those from mountain areas. The same country’s Rural and Sea Fishing Code137 states that the state shall ensure the conservation of AnGR diversity in collaboration with all relevant stakeholders. As another example, Viet Nam’s Ordinance on Livestock Breeds (2004)138 prescribes that the state


“shall invest in and render support for the collection and conservation of precious and rare livestock gene sources; build establishments for keeping precious and rare livestock gene sources; and preserve precious and rare livestock gene sources in localities.”
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The extent to which the activities of bodies mandated to manage national conservation programmes are prescribed in legal instruments varies greatly from country to country. Slovenia’s above-mentioned Regulation on Conservation of Farm Animal Genetic Resources, for example, includes quite detailed provisions related both to the elements of the national conservation programme and to associated activities such as the official recognition of breeds (see above). The conservation programmes prescribed in this regulation are based on breeding programmes certified in accordance with the legislation described above in the subsection on genetic improvement, but also include risk-status monitoring and conservation-related research, education, training and public-awareness raising, as well as proposals for ex situ in vivo conservation measures and for activities related to the ethnological, cultural, historical and environmental roles of the respective breeds.

As noted above, in a number of countries, legislation addressing the operation of breeding programmes includes explicit references to conservation or the need to maintain genetic diversity. Spain’s Royal Decree 2129/2008, for example, classifies “[breed] improvement programmes” either as “selection programmes” or as “conservation programmes.” A conservation programme is defined as an


“improvement programme which has as its objective the maintenance of genetic diversity to guarantee the conservation of a breed, cross-bred population,139 bloodline or variety and to prevent its extinction or to increase its population.”



Improvement programmes of whatever category have to be submitted to the competent authority as part of the process through which the respective breeders’ association acquires official recognition. The obligations of breeders’ associations under the decree include implementing the officially approved improvement programme (whether “conservation” or “selection”) for their respective breed. If a conservation programme has been approved, participation “in the form that the competent authorities stipulate” is obligatory for all livestock breeders who belong to the respective breeders’ association. The contents of a conservation programme (i.e. the elements that have to be included in the plans submitted for approval by the competent authority) are listed in an annex to the decree. The decree further states that the decision as to whether or not a conservation programme is required is to be based on the “degree of development, population size, zootechnical value and productive capacity” of the breed.

As noted above in Subsection 3, EU legislation includes provisions related to support payments for the keepers of breeds considered to be at risk of extinction. Several survey responses from EU member countries mention conservation programmes that include payments made in accordance with this legislation. Examples include the Austrian Agri-Environmental Programme 2007–2013,140 which allowed for payments to be made to the keepers of 31 “acknowledged endangered breeds” provided that they were members of the respective breeding organization, followed the breeding programme for the breed and – if the breed was classified as “highly endangered” – followed the mating recommendations drawn up by the breeding organization.

The survey responses do not generally provide detailed information on how the reported legal and policy instruments contribute to the implementation of concrete conservation activities. In some cases, countries report that conservation activities underpinned by legislation have been associated with improvements in the status of at-risk breeds. Taking Austria again as an example, the country’s survey response notes that since its Agri-Environmental Programme was established in 1995,141 the populations of all at-risk breeds in the country have grown significantly and none have been lost. It should, of course, be borne in mind that, while appropriate legal frameworks may contribute to such successes they are also likely to depend on a wide range of other factors, including the availability of resources, capacity to plan and implement appropriate activities and “political will” to support them on the part of the national authorities and other stakeholders. The relative significance of legal and other factors – and chains of cause and effect among them – are difficult to identify and are likely to vary from country to country.

In some cases, the existence of legislation may help promote the provision of financial resources for conservation: some legal instruments (e.g. China’s Stock-breeding Law of 2005142 and Montenegro’s Law on Livestock Farming – 2010)143 make specific references to the inclusion of AnGR-related funding in state budgets. Alternatively, a lack of funding may inhibit the development of legislation. For example, the survey response from Latvia notes that developing laws and regulations that allocate institutional responsibilities for implementing conservation programmes is an important objective, but that this has not been done because regular funding to support the work has not been secured.

The survey responses generally do not report any specific problems associated with current legal or policy frameworks or any specific gaps or weaknesses in them. Some responses do, however, indicate problems associated with the absence of legislation. The response from Bhutan, for example, states that the


“lack of legislation on conservation programs hampers execution of conservation, especially in-situ conservation. The Biodiversity Act of Bhutan 2001 needs to be updated and AnGR conservation and management [needs to be] ... included.”



Similarly, the country report from Italy mentions that the country’s ability to make appropriate plans for AnGR conservation is constrained by the lack of a national law, although the problem is partially mitigated by the existence of several regional laws.144
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Importation of genetic material

As discussed in Section C of Part 1, there are considerable international flows of AnGR. While it is generally accepted that enabling livestock keepers and breeders to access a wide range of genetic material, whether from inside or outside their home countries, is an important objective, countries may for various reasons wish to control the flow of genetic resources across their borders.

The most common reason for placing legal restrictions on the import of genetic material is to prevent the entry of transboundary animal diseases. Controls of this type, which have to comply with international regulations related to trade barriers (see Subsection 2), are discussed below in Subsection 4.5. Countries may also choose to put in place rules related to the characteristics of the genetic material itself. Rules of this type potentially relate to the genetic quality of specific consignments of genetic material (e.g. requiring that it comes from animals that have been subject to genetic evaluation) or to categories of genetic material (e.g. to the breed from which it comes). It has sometimes been proposed that countries should require compulsory assessments of potential impacts on AnGR diversity, livelihoods and the environment before allowing a new breed to be imported. Counter arguments are that such measures can constitute a barrier to trade and that ensuring that breeders and livestock keepers are sufficiently well informed to make appropriate decisions about the type of animals they wish to use is a more appropriate approach (for discussion see Tvedt et al., 2007; Pilling, 2007).

The legal survey requested countries to report on instruments aimed at ensuring the suitability of imported genetic material for use in local production environments. Among reporting OECD countries, 52 percent stated that they have legislation of this type in place. The equivalent figure for non-OECD countries was 45 percent (Figure 3F2). In the case of policies, the figures were 29 percent and 31 percent, respectively.

There appears to have been some diversity in how this question was interpreted. Where the responses provide details, they generally refer to legislation targeting the quality of imported genetic material, rather than measures specifically related to matching imported material to production systems in the importing country. As discussed above in Subsection 3, imports of genetic material into EU member countries from “third countries” (i.e. non-member countries) have to comply with rules set out in the relevant EU directive.145 A number of responses from European countries refer to this requirement (although, as indicated by the above-cited figures for OECD countries, not all EU respondents considered that their instruments fall into the category targeted by this question).

The responses from developing countries, where they provide details, also for the most part refer to general legislation targeting the quality of imported genetic material. The response from Brazil, for example, states that imported material must be accompanied by a pedigree record of at least three generations and by performance certification attesting to the potential of the material to improve the production levels of the respective breed. Likewise, the survey response from Ecuador notes that, in order to guarantee the development of the national livestock sector, the introduction of animals of low zootechnical quality for the purpose of breeding is prohibited, even in the case of international donations, and that import documents for breeding animals or other genetic material must include pedigrees. Namibia’s response notes that the relevant instrument in this field is the above-mentioned Livestock Improvement Act of 1977. This law requires that anyone wishing to import animals, semen, ova or eggs into Namibia must obtain written permission from the Registrar of Livestock Improvement. If a breeders’ society exists for the respective breed, the application must be lodged with the society, which will then make a recommendation to the Livestock Improvement Board.

None of the survey responses describe any instruments requiring compulsory impact assessments prior to the introduction of new breeds. However, South Africa’s country report notes that its Animal Improvement Policy (2006)146 calls for the implementation of “biological impact studies” before new breeds are imported so that their potential impact on locally adapted AnGR can be assessed (see Part 1 Section C). A few survey responses express some concern about the absence of such measures. The response from Cyprus, for example, notes that the


“import of exotic genetic material that cannot cope with [the] local production environment, results in financial losses for the farmers and, sometimes, [leads] to genetic dilution of local animal genetic resources”



and the need for


“tighter control, policies and infrastructure to allow for genetic assessment before introduction of genetic material for the purpose of animal husbandry.”



Some survey responses advocate an approach based on awareness-raising rather than on legal measures. The response from the Czech Republic, for example, states that future needs include carrying out an assessment of the suitability of imported material from different breeds and publishing its results “to improve the general awareness on this issue and facilitate farmers’ decisions.”

Animal genetic resources-related research

A lack of sufficient information about the characteristics of AnGR, particularly the characteristics of locally adapted breeds, is often noted as a constraint to their effective management (FAO, 2007), as is a lack of appropriate tools for their characterization, conservation, use and development. Strengthening AnGR-related research is therefore an important objective. Relevant legal instruments include those that prescribe the inclusion of AnGR-related research in national research activities and/or establish the institutional framework for such research activities (e.g. establishing research organizations or prescribing their mandates). Research activities may also be affected by legislation in fields such as animal welfare, sanitary protection and ABS.

While several survey responses note that research on AnGR is neglected, a number of relevant legal and policy instruments are reported. Most OECD respondents (76 percent) indicated that they have relevant policies in place (Figure 3F2). Fewer (53 percent) reported legislation. The equivalent figures for non-OECD countries were 48 percent for both policies and legislation. Among legal instruments, reported examples include Slovenia’s Regulation on the Conservation of Farm Animal Genetic Resources (2011),147 under which the activities to be covered by the country’s Programme for Conservation of Farm Animal Genetic Resources include “research, education, training, and raising public awareness and promotion in the field of conservation of livestock biodiversity.” Under the same instrument, the organization “appointed as a public-service gene-bank for animal husbandry” is charged with research into the zootechnical and molecular characteristics of indigenous breeds. Most of the reported legal instruments in this category do not include such detailed AnGR-specific provisions, but outcomes in terms of promoting research on the topic are generally reported to be positive. The precise mechanisms involved are not always clear. However, the response from Latvia (which reports “no specific regulations regarding research related to AnGR”) links the need for legislation to the need for regular funding for AnGR-related research.

Reported national policies that target AnGR-related research include the Renewable Natural Resources Research Policy of Bhutan (2011),148 whose section on veterinary and livestock health includes the objective of enhancing “sustainable livestock production and health through participatory selective breeding, identification of promising indigenous animals and animal products”; Costa Rica’s State Policy for the Food and Agriculture Sector and Rural Development,149 which includes a strategy for improving the infrastructure for research into genetic improvement (focusing particularly on the creation of gene banks and the establishment of public–private partnerships for the management of genetic resources); and Malaysia’s National Strategies and Action Plans on Agricultural Biodiversity Conservation and Sustainable Utilization,150 which include a subsection on “monitoring and research” of AnGR. The survey response from Germany notes that “research on conservation and sustainable use of AnGR is part of the research agenda of public research conducted by the Ministry of Agriculture and other institutions.” It also notes that a number of research programmes not specifically focused on AnGR (e.g. on organic farming and various aspects of biodiversity management) can, in principle, include projects in this field. The response from Spain, likewise, notes that several National Research Plans implemented by the National Institute for Agricultural and Food Research and Technology (INIA)151 have included activities related to AnGR.

Transgenic animals and the use of transgenic products

Given the number of genetically modified crop varieties available for use in agriculture and the various controversies that surround their use, many countries have put in place regulatory frameworks of one kind or another addressing the use of genetically modified organisms (GMOs) in agriculture and the use of products derived from GMOs. These frameworks generally establish mechanisms via which specific GMOs or products derived from GMOs can be assessed and (if deemed appropriate) certified for use (see Box 3F11 for an example), prohibit or restrict the use of particular categories of GMOs or GMO-derived products and/or set out rules aimed at ensuring the safe use of GMOs. To date, the most prominent GMO-related issue in the livestock sector has been the use of GMOs in animal feed. Any future moves to expand the use of transgenic animals in agriculture and food production will inevitably bring regulatory issues to the fore.

As part of the legal survey, countries were asked to report on legislation related to the use of transgenic livestock and whether current legal frameworks have any effect on AnGR and their management. A majority of responding OECD countries (76 percent) reported that they have relevant legislation in place, while 47 percent reported policies. The equivalent figures for non-OECD countries were 41 percent and 27 percent respectively.

The survey responses do not highlight many AnGR-specific issues. Some countries report that they are in the process of developing legislation related to the use of GMOs in general. Some responses note that current frameworks do not specifically address livestock. However, no specific problems related to gaps in existing legislation are mentioned. Some countries report that they have established institutional responsibilities for dealing with the regulation of the use of GMOs in the livestock sector. Costa Rica, for example, notes that the National Animal Health Service has been assigned the task of developing and implementing provisions related to the use, release or commercialization of genetically modified animals – or their products or subproducts – that could present any kind of risk to the environment or to human or animal health.152 Countries report varying levels of legal restriction on the use of GMOs. The survey response from Austria, for example, states that


“the use of genetically modified animals and their products is forbidden in agricultural production in Austria. Imported products containing GMO may be used for feedstuff but must be labelled accordingly.”153



With regard to the effects of these measures, the response notes that


“organic farming plays an important role in Austrian agriculture. To further protect the organic sector, use of GMOs in agriculture is not desirable.”



The response from Norway notes that the country’s legal prohibition of the use of GMOs in all food and feed creates problems with regard to the sourcing of feed products, particularly soybeans. However, there is no indication that this has any particular effect on the management of AnGR.
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Access and benefit-sharing

International developments in the field of access and benefit-sharing are described above in Subsection 2. As part of the legal survey, countries were asked about the state of ABS-related legislation and policies at national level and about whether existing or planned instruments include any specific provisions related to AnGR or genetic resources for food and agriculture in general. Previous assessments of use and exchange practices in the AnGR sector (e.g. FAO, 2009c) have generally concluded that few ABS-related problems have arisen, either in terms of potential users being unable to access AnGR or in terms of AnGR being acquired without adequate consent being obtained from the providers or without appropriate sharing of benefits. However, they also suggest that some stakeholders have concerns about potential future developments: on the one hand that additional regulations may inhibit or add to the transaction costs of exchanging AnGR and on the other that greater interest in utilizing locally adapted AnGR outside their areas of origin (e.g. as part of climate change adaptation efforts) may lead to inequitable exploitation of these resources.

The survey responses largely reflect the low profile of ABS issues in the AnGR subsector. The proportion of countries reporting that they have ABS-related legislation currently in place was low: 18 percent in OECD countries and 28 percent in non-OECD countries. The figures for policies were 35 percent and 28 percent, respectively. A number of countries, however, reported that national ABS-related instruments are being introduced or updated in order to enable them to meet their commitments under the Nagoya Protocol. In the case of OECD countries, of all the topics covered in the survey, ABS was the one for which the largest number of respondents reported that instruments are “in development”: 47 percent in the case of legislation and 29 percent in the case of policies. The equivalent figures for non-OECD countries were substantially lower (particularly in the case of legislation) at 10 percent and 21 percent, respectively. Fifty-nine percent of OECD respondents and 31 percent of non-OECD respondents reported that their existing or planned instruments feature at least some provisions specifically targeting AnGR (including exemptions, or potential exemptions, for AnGR from general ABS rules). However, few responses highlight any concrete AnGR-related ABS issues that need, or have needed, to be addressed at legislative or policy level. A few note the need to develop measures addressing access to genetic material for research purposes or for storage in gene banks (and subsequent extraction of the material for use). Again, however, no specific problems (current or foreseen) are described.

Some survey responses indicate that AnGR are included under ABS-related provisions set out in general instruments on biodiversity. Domesticated animals are, for example, explicitly included within the scope of the Biodiversity Act of Bhutan (2003)154 and hence within the scope of the ABS-related rules set out in this law. In this case, the provisions allow for the possibility of exemptions for AnGR (and plant genetic resources for food and agriculture) under “special rules and regulations or conditions” where the competent authority deems appropriate.

Reported legal instruments that include provisions specifically related to the export of AnGR include Montenegro’s above-mentioned Law on Livestock Farming (2010),155 which states that


“indigenous and endangered indigenous breeds can be exported only if exports do not threaten their numerical strength and their protection, based on authorization from the Ministry.”



Similarly, Viet Nam’s Ordinance on Livestock Breeds (2004)156 states that “international exchange of precious and rare livestock gene sources” requires permission from the Ministry of Agriculture. Another example is provided in Turkey’s country report: a regulation adopted in 2012 – the Regulation on Utilization and Export of Native Domestic Animal Genetic Resources157 (see also Box 3F5) – prohibits the export of AnGR without permission from the Ministry of Food, Agriculture and Livestock. It also requires foreign researchers to obtain permission to use AnGR for research purposes in Turkey and Turkish researchers to obtain permission to use AnGR for research abroad. Export of at-risk AnGR for commercial purposes is forbidden and requests for genetic material from gene banks are not to be accepted if stocks are limited. Export is prohibited unless the prescribed application procedures are followed and a material transfer agreement prepared.

China’s Stock-Breeding Law (2005)158 includes the following specific reference to benefit-sharing arrangements:


“Where any livestock or poultry genetic resource included in the protection list is to be exported from China or is to be researched and utilized within China in cooperation with any foreign institution or individual, the applicant shall file an application with the stockbreeding and veterinary administrative department of the provincial people’s government and shall simultaneously put forward a plan on sharing the benefits with the state.”



No survey responses or country reports describe any specific effects that provisions of this kind have had, to date, on the use and exchange of AnGR.

Patenting

International developments with regard to legal frameworks addressing intellectual property rights in the field of AnGR management are discussed above in Subsection 2. National-level measures were addressed as part of the legal survey. Countries were asked to provide information on their patent laws, particularly whether they include any provisions specifically related to AnGR or to living organisms in general. Because the questions were clearly interpreted differently by different countries, it is difficult to provide an overview of the findings in quantitative terms. However – whatever the legal framework in the respective country – the survey responses generally suggest that patent law has had little impact on AnGR management. No specific concerns are raised about existing frameworks. However, some responses note the need for adaptation or clarification of existing provisions or called for a more homogeneous approach globally.

The responses from several EU member countries refer to the exclusion of “animal varieties” from patentability under the EU directive on the legal protection of biological inventions.159 Similar exclusions are reported in the responses from a few other countries (e.g. Malaysia and Switzerland). Little information is provided on the effects of these exclusions. In the case of Switzerland, the effects of the existing framework are described as follows:


“Respect is given to safety of breeds and genetic diversity, privilege of farmers and breeders is respected, benefit sharing is respected, fundamental research can be done.”



The response from Austria notes that a change in the law “would have powerful effects on the management of Animal Genetic Resources in EU/Austria” and the need for “decisions in the EU about the legality of future patenting praxis.” The response from Bulgaria mentions that under the country’s sui generis system for livestock breeds (see above), autochthonous breeds are excluded from “authorship claims”, which it is stated “can be harmful for the conservation and development of the breed.”

4.4Instruments related to marketing

In most production systems, the management of AnGR is influenced – at least to some degree – by the need to produce goods or services that can be sold at a profit. If a breed’s products are difficult to market, it will often become less popular with livestock keepers and, in extreme cases, may fall completely out of use and become extinct. While the basic driving forces of markets for livestock products are consumer demands and competition among producers, they are also generally regulated, at least to some extent, by legislation and may be influenced by public policies. The main objectives of these instruments are normally to protect the interests of consumers and/or to promote the development of a flourishing livestock sector (or the economy more broadly). However, because they may differentially affect the profitability of different types of livestock production, they have the potential to influence the types of AnGR that are kept by livestock keepers.

Consumer protection

Most if not all countries have some kind of legislation in place that aims to protect consumers by prohibiting the sale of dangerous or defective goods, goods marketed under misleading descriptions and so on. While legislation of this type has no obvious differential effects on the marketing of products from different types of AnGR, it may underpin more specific regulations or initiatives that do have such effects.

Where animal products are concerned, one of the most significant aspects of consumer protection is food safety. While effective regulation in this field is, clearly, extremely important from the perspective of public health and in terms of consumer confidence in livestock products, food safety laws can create challenges for the producers of certain types of food (including traditional products such as cheeses made from raw milk) or for producers that operate in conditions that make it difficult to comply fully with the relevant rules (e.g. some small-scale livestock keepers). The possibility that effects of this kind might create problems for the marketing of products from at-risk breeds was acknowledged in the first SoW-AnGR. However, there was little to indicate that this was a widespread issue. A small number of responses to the legal survey mention problems of this kind. The response from the Czech Republic, for example, states that


“the impact appears to be in some respect negative. Compliance with legal measures brings a number of inspections [and] additional administrative burden. It requires technical measures which might be capital intensive. For that reason some farms retreat from keeping animals and ... [AnGR diversity] decreases.”



Likewise, the response from Norway notes that


“due to high hygienic standards requiring expensive production equipments, these regulations challenge the profit for small-scale entities.”



Product traceability

An issue closely related to consumer protection is that of the traceability of food products of animal origin through all stages of production, processing and distribution, i.e. from the birth of the animal to the sale of the product to the consumer. As noted above in Subsection 4.3, traceability is one of the multiple benefits potentially associated with an effective animal identification system. Traceability is important from the perspective of improving food safety. It can also help to increase consumers’ confidence in claims made about the origin of products as part of marketing campaigns. It can, however, create substantial transaction costs. A compulsory traceability system normally requires legal backing to ensure compliance.

Traceability systems and related legal frameworks are widespread in developed countries. EU regulations, for example, are noted above in Subsection 3. There is also increasing interest in establishing traceability systems in developing countries. Examples of relevant legislation reported in the responses to the legal survey include the United Republic of Tanzania’s Act on Animal Identification and Traceability (2010),160 Ecuador’s Ministerial Accord establishing the Animal Identification and Traceability System (2011),161 Namibia’s Animal Identification Regulations (2009)162 and Uruguay’s Resolution on the Animal Identification and Registration System (2011).163

The survey responses do not highlight any particular problems with regard to the effectiveness of existing legislation as a basis for establishing effective traceability systems. However, the response from the United Republic of Tanzania notes that the country’s system is new and that more efforts are needed to ensure that it functions properly and is sustainable over the longer term. The indirect effects that the existence of a traceability system has on AnGR management are likely to vary from country to country depending on how it affects market access and demand for various kinds of animal product. The livestock sector in general is likely to benefit from greater consumer confidence and possible opportunities to enter new markets. The survey response from Slovenia, for example, notes that traceability increases buyers’ awareness of the origin of food products and increases demand for food from local sources. On the negative side, the response from the Czech Republic notes that, as in the case of food-safety regulations, complying with traceability legislation can sometimes be a burden for small-scale producers.

Marketing schemes – mainstream and niche products

Several countries indicate in their survey responses that they have policy measures in place supporting marketing schemes for livestock products. In some cases, these measures have been established on the basis of specific legislation. Some of these policies and laws target mainstream livestock products. Others focus on (or include provisions related to) the marketing of niche products, i.e. products with specific characteristics that appeal to a particular subset of consumers. A few survey responses note that “general” laws or policies on marketing do not adequately address the marketing of products from a diverse range of AnGR, either because of a lack of provisions specifically addressing this area or because the types of products promoted tend to come from a narrow range of “mainstream” breeds. The response from Nepal, for example, notes that a


“lack of clear policy for the marketing of animal products specially from the native breeds and of niche products hinders the conservation of animal genetic resources”.



The response from Luxembourg notes that


“animal products are ... [promoted] under the national meat quality labels (beef, pork, direct farm sales, etc.) or private initiatives. Mostly, conventional intensive beef breeds and pig hybrids are valued under these labels.”



Reported examples of marketing laws that address the promotion of niche products include Slovenia’s Act on the Promotion of Agricultural and Food Products (2011).164 Marketing activities within the framework of this law reportedly contribute to increasing product diversity and awareness of “autochthonous and other breeds of AnGR”, which in turn helps to keep the breeds in use.

There are a number of specific niche markets that are recognized as having at least some potential as outlets for the sale of products from breeds that are not competitive in mainstream markets. These include the market for organic products, the market for products sold under protected designations of origin (or similar labels that indicate the geographical source of a product or the methods used in its production) and the market for products produced under labels that indicate high standards of animal welfare. The legal survey specifically asked countries to report on laws or policies related to markets of this type. Responses are discussed in the following paragraphs.

Organic production. In the case of organic production, all the responding OECD countries and more than 60 percent of responding non-OECD countries reported that they have legislation in place. The sample of countries that responded to the survey appears to be a little more advanced in this respect than the world as a whole. UNEP (2013) reports that 86 countries have legislation on organic agriculture in place, while another 26 countries are in the process of drafting legislation.

A legal framework for organic production normally consists of a set of standards that producers have to follow in order to be permitted to describe their products as organic, arrangements for the certification of organic products and rules related to the use of logos and labels indicating that products are organic. By increasing consumer confidence in organic products and providing protection against fraudulent competition, an effective legal framework increases the likelihood that producers who follow organic standards will be able to make a profit and continue operating. If organic products are produced for export, they normally have to be certified by a certification body that is recognized by the relevant authorities in the importing country (UNEP, 2013). In addition to legislative measures, countries may choose to introduce various kinds of policy measure to encourage or support the development of organic production (support payments, provision of information to producers and consumers, etc.).

Organic standards for livestock production typically include some reference to the types of breed that are appropriate for use in organic systems. The Codex Alimentarius Commission’s Guidelines for the Production, Processing, Labelling and Marketing of Organically Produced Foods (FAO/WHO, 2007), for example, state that


“the choice of breeds, strains and breeding methods shall be consistent with the principles of organic farming, taking into account in particular:

a) their adaptation to the local conditions;

b) their vitality and resistance to disease;

c) the absence of specific diseases or health problems associated with some breeds and strains (porcine stress syndrome, spontaneous abortion etc.).”



As noted above in Subsection 3, the EU regulation on organic production refers to the need to choose breeds that are appropriate to the production conditions. Examples at national level include Canada’s General Principles and Management Standards,165 which serve as organic standards within the framework of the Organic Products Regulations (2009)166 and state that


“the operator shall ... select breeds and types of livestock that are suitable for site-specific conditions within the local environment and production system and that are resistant to prevalent diseases and parasites ...”



While rules related to the use of well-adapted animals in organic production clearly have some potential to influence AnGR management, in many cases the breeds used in organic production are the same as those used in conventional production in the same geographical area (FAO, 2007a). A further point to note is that a well-developed legal framework will not, in and of itself, create a thriving organic sector if consumers have little interest in organic products or are unable to pay the higher prices usually associated with them. Any potential benefits in terms of promoting the sustainable use of AnGR are likely to depend on a number of factors in addition to legal and policy frameworks.

Among respondents to the legal survey, several European countries indicated that the presence of a legal framework for organic livestock production has some positive effect on the maintenance of breeds that might otherwise be at risk of abandonment. The response from Austria, for example, notes that


“one of the major principles of organic livestock farming is to use animal breeds that are adapted to climatic and other local conditions. The organic farming sector in Austria contributes to diversity of farm animals by following [this] principle and by supporting the use of rare animal breeds.”



Other examples of countries reporting positive effects include Croatia, the Czech Republic and Germany. Some countries, however, report that effects of this kind are limited (e.g. Cyprus and Norway).

Most survey responses from developing countries, even if they indicate that some legal or policy measures are in place, do not mention any particular effects on AnGR management. An exception is the response from Thailand, which notes that its provisions in this field help to promote the conservation of AnGR. The Thai Agricultural Standard for Organic Agriculture (2005) states that


“the choice of breeds, strains and breeding technique shall be consistent with the principles of organic agriculture taking into account in particular: their adaptability to the local conditions; the capacity of vitality and resistance to diseases by selection of breeds which are resistant to diseases such as tick-borne disease, etc.”167



On the policy side, the response from Nepal notes that its Agriculture Policy of 2004 and Poultry Policy of 2011 include provisions related to the marketing of organic products and that some guidelines have also been formulated for the promotion of organic products. While several other developing countries indicate that strengthening the organic sector is regarded as an important objective, little information is provided on the specific legal and policy measures required or on potential effects on the management of AnGR.

Geographical indications. As in the case of organic labelling schemes, the objective of geographical indications and similar designations is to prevent false claims about product origin and thereby ensure that the consumer is not deceived and that genuine producers of the sought-after products can take advantage of price premiums. The significance of niche markets in efforts to promote the sustainable use and conservation of AnGR is discussed in Part 3 Section D and Part 4 Section D. The following discussion focuses on legal and policy instruments.

As described above in the Subsection 3, several geographical indication schemes have been established under EU legislation. Many EU member countries mention this in their survey responses. The responses suggest that the extent to which the schemes have contributed to keeping potentially threatened breeds in use varies considerably from country to country. However, in most countries such schemes are clearly regarded as valuable, or potentially valuable, tools for promoting sustainable use and conservation. Some responses mention national schemes (e.g. France’s Label rouge)168 in addition to the EU-level schemes. No particular weakness in existing provisions are highlighted in the survey responses, but several note that the link to specific breeds is usually indirect, i.e. breeds usually benefit because they are associated with the location or production system associated with the indication rather than because their use is mandatory for inclusion in the scheme. Some countries, however, have gone a step further and established breed-specific labelling schemes. Examples of legislation addressing schemes of this type include Spain’s Royal Decree 505/2013 Regulating the Use of the Logo “Autochthonous Breed” in Products of Animal Origin (2013),169 under which breeders’ associations for officially recognized autochthonous breeds are able to establish specifications for the use of the logo for their respective breeds. The specifications (minimum contents for which are set out in an annex to the decree) have to be submitted to the competent authorities for approval.

Provisions related to geographical indications are reported by some non-EU European countries, such as Montenegro170 and Serbia,171 but appear to be uncommon in other regions of the world. One exception is Brazil,172 where products that have a distinct reputation associated with their place of origin and unique qualities associated with local production conditions or know-how can be assigned a registration of geographical indication. Brazil’s survey response indicates that by the end of 2013 geographical indications had been granted to two types of cheese (Canatra and Serro) and one type of beef (Pampa Gaúcho).

In some circumstances, a label for a class of products sourced from a particular geographical area and/or produced using specific methods can be established under trademark law. The survey response from Nepal, for example, mentions labels established for pashminas and for carpets made from the wool of native sheep breeds.

Animal welfare-related labelling. If consumers are willing to pay premium prices for animal products derived from high-welfare production systems, it may be necessary to regulate product labelling in order to ensure that they are provided with accurate information that allows them to make informed choices about their purchases. For example, EU legislation includes provisions related to the labelling of eggs as “free range.”173 Potential effects on the management of AnGR arise because the type of animals suitable for keeping in different types of production system may vary (e.g. more “robust” animals for outdoor production systems). Legislation that facilitates the marketing of products from higher-welfare (often higher-cost) production systems may help to keep breeds of this type in use. Most instruments in this category reported in the responses to the legal survey focus on organic production rather than on other high-welfare production methods. Several responses recognize that there is some potential for at-risk breeds to benefit from the existence of marketing schemes for high-welfare products, but no specific cases are highlighted. Likewise, few specific gaps in existing legislation are mentioned, although the response from Germany notes the possibility that EU-level legislation regulating the use of voluntary animal welfare labels might be required in the future.

Few responses from developing countries report any legislation in this field or mention it as a priority for the future. Interest appears to be higher in countries that target export markets. Brazil’s survey response, for example, while stating that there is no legislation in this field, mentions its Permanent Technical Committee on Animal Welfare, created in 2008, whose duties include legislative alignment of domestic standards with the scientific criteria established by international agreements to which the country is a signatory, as well as preparing and stimulating the Brazilian agricultural sector to comply with the requirements of its export markets. The response from Namibia mentions the Farm Assured Namibian Meat Scheme,174 which combines animal welfare standards with rules on environmental protection, animal identification and traceability and various other aspects of animal husbandry and record keeping.

4.5Instruments related to animal health and welfare

The first SoW-AnGR concluded that animal health was the most highly regulated aspect of livestock management globally. Most, if not all, countries have put in place legislation that aims to control the spread of livestock diseases within national borders and to prevent the introduction of diseases from outside. Many countries have also established policies or programmes of various kinds that aim to improve the health of their livestock populations. In addition to provisions related to the establishment of relevant institutions (veterinary services and so on), legal frameworks in this field can include provisions that place various kinds of restriction on the activities of livestock keepers and other stakeholders (prohibiting practices that contribute to the spread of diseases) and may also make compulsory certain activities that contribute to disease control (e.g. slaughter and safe disposal of infected animals).

The impacts that policies and legislation in the animal-health field have on AnGR and their management are generally indirect. Control of animal health problems helps to support livestock-keeping livelihoods, to protect animal populations (including at-risk breeds) from the effects of disease epidemics and to facilitate the exchange of breeding animals and genetic material both at national level and internationally. Effective policy and legal instruments that promote animal health can therefore contribute in many ways to the sustainable management of AnGR. Having noted these benefits, it has to be acknowledged that it in some circumstances an improved animal-health situation may facilitate the replacement of locally adapted breeds by disease-susceptible exotic breeds, with potentially negative consequences for diversity. Clearly, this does not mean that animal health-related policies and legislation should be neglected in order to help keep resistant breeds in use. It may, however, be a factor to bear in mind when assessing the effects of livestock-sector policies on AnGR management (see Part 2).

Another potentially problematic effect of animal health-related legislation is that it may prescribe the compulsory culling of animal populations affected by (or that have come into contact with) particular infectious diseases. Culling campaigns against disease such as foot-and-mouth disease, classical swine fever and African swine fever have led to the extinction of an (apparently) small number of breeds and substantially reduced the population sizes of several others (for further discussion of this threat, see Part 1 Section F). Less dramatically, legal requirements or restrictions imposed in order to improve disease control may make it difficult or costly to continue keeping livestock in certain production systems, with potentially negative consequences for the associated AnGR. A further set of potential problems relate to restrictions on access to breeding material. Such problems are most likely to arise because of sanitary controls on imports, but may also occur because of rules related to the movement of animals within the country or to the use of genetic material in the form of semen, embryos, etc. (potentially including material cryo-conserved at an earlier time when sanitary rules were less strict).

As part of the legal survey, countries were asked to report on a range of animal health-related laws and policies, including those related to animal identification, the import and export of animals and breeding material, the movement of livestock within the country, the use of reproductive biotechnologies175 and the control of epidemics through culling.

As discussed above (Subsection 4.3), animal identification systems serve a number of purposes and can contribute in several ways to the management of AnGR. The main initial motivation is often to improve disease control, but systems developed for this purpose can serve other objectives such as facilitating genetic improvement programmes and programmes for monitoring of population trends. Several survey responses note the multiple benefits that can be obtained from having legislation on animal identification in place. All OECD respondents to the survey reported that they have legislation related to animal identification in place, as did more than 50 percent of non-OECD countries, with a further 10 percent reporting that they are developing legislation in this field. Effects on AnGR diversity are generally regarded either as neutral or as positive, the latter because the systems help to reduce the threat posed by epidemics.

The survey responses do not highlight any particular AnGR-related problems associated with animal identification laws. It is, nonetheless, interesting to note that some issues have arisen in the past. The first SoW-AnGR, for example, noted that some amendments to EU legislation on animal identification had to be introduced to account for the difficulty of attaching ear tags to animals kept in certain extensive production systems within the required time limits after birth.176 More recently, the survival of certain types of semi-feral pony in the United Kingdom was reportedly threatened by the high costs of compulsory “horse passport” identification documents and microchipping. Derogations, allowable under the relevant EU regulation,177 were incorporated into national legislation to address the problem.178

Many survey responses note that national legislation prescribes compulsory culling in certain circumstances and that this poses a potential threat to AnGR. While some countries’ legislation allows for possible derogations to protect at-risk breed populations (reported examples include Finland and Germany), the survey results suggest that provisions of this kind are not widespread. Several countries note the need to review legislation in this field.

A few survey responses mention problems, or potential problems, arising because of sanitary restrictions on the import of breeding animals or genetic material. Brazil’s response, for example, notes that for many years Brazilian breeders of various zebu cattle breeds were unable to import semen or embryos from India. Spain’s response notes that legislation of this kind might hamper the exchange of genetic material and that in the case of transboundary breeds at risk of extinction, simplified mechanisms that facilitate the implementation of conservation programmes need to be developed.

With regard to animal movements at country level, the survey response from Brazil notes that when a disease outbreak occurs, restrictions on the movement of breeding animals across state boundaries cause some problems for breeders, but also notes that these restrictions are accepted because breeders recognize the benefits in terms of disease control. The response from Norway reports that


“movement of live AnGR within Norway is highly regulated and restricted by law, especially [in the case of] sheep and goats. This makes sustainable breeding a big challenge since it is almost impossible to get ‘new’ breeding animals to the herd.”

It further notes that




“exemptions based on [the needs of] national AnGR should be accepted within this legislation.”



Another problem is mentioned in the response from Latvia, which notes that restrictions on marketing imposed in order to control diseases can have a significant effect on livestock keepers’ incomes.

A small number of survey responses indicate that legislation related to the use of reproductive technologies and frozen genetic material can have implications for cryoconservation programmes. The response from Spain, for example, reports that specific provisions for at-risk breeds are included in its Royal Decree 841/2011 Establishing Basic Conditions for Collection, Distribution and Marketing of Genetic Material from Bovine, Ovine, Caprine and Equine Species.179

The legal survey also sought information on instruments related to animal welfare (instruments related specifically to labelling are discussed above in Subsection 4.4). Potential effects of such instruments on AnGR management might arise, for example, because of rules affecting the use of particular reproductive technologies. Indirect effects might arise if production systems have to be adapted in order to account for welfare rules and this in turn leads to changes in the types of AnGR kept. It is also possible that activities (e.g. sports) that create demand for particular types of animal might be banned or restricted under welfare legislation.

The survey responses suggest that while many countries have animal welfare legislation and policies in place, impacts on AnGR management are limited (or at least unrecognized). Some responses note that because locally adapted breeds tend to be associated with extensive systems – often regarded as high-welfare systems – the keepers of these breeds may be less likely than the keepers of other breeds to be affected by any financially burdensome welfare-related rules that might be introduced.

4.6General instruments related to agriculture, land use, rural development and natural-resources management

The final section of the legal survey was devoted to legislation and policies that address “agriculture, land use and natural resources management”, i.e. that address the overall management of the production systems, ecosystems and environments within which AnGR are used and developed. The topics covered included very broad fields of action such as agricultural and livestock development, the use of natural resources, environmental protection and management of biodiversity (including wild biodiversity), as well as some more specific topics such as the management of natural and human-induced disasters.180 In this context, influences on AnGR and their management may be direct or indirect. One the one hand, a law or policy may have an impact because of specific provisions related to AnGR; in other words AnGR may (to some degree) have been “mainstreamed” within the respective field. On the other, a policy or law that does not include a specific reference to AnGR may have an inadvertent effect (positive or negative) on AnGR (e.g. by promoting or constraining the operation of different types of livestock production that tend to use different types of AnGR).

The various topics addressed in this part of the survey (and below in this subsection) are closely inter-related. The “architecture” of legal and policy frameworks addressing them (e.g. whether topics are addressed separately or under broad all-encompassing instruments) inevitably varies from country to country. The absence of a specific instrument does not necessarily mean the topic is being neglected. For some categories, it is therefore not particularly informative to present quantitative figures for the proportion of countries having instruments in place. The survey questionnaire was, however, arranged topic by topic (proceeding roughly from the broader to the narrower), with the aim of eliciting as much information as possible. The description presented below is structured in a similar way.

Agriculture and rural development

The management of AnGR is closely entwined with the management of a range of other natural resources and with many aspects of agricultural and rural development. These resource-use and developmental issues are likely to be major themes of interest for national governments and therefore targeted by legal and policy measures of one kind or another. Growing concerns about the harmful effects that agriculture can have on the environment and growing awareness of the importance of ecosystem services used in agriculture and produced in agricultural systems have contributed to a growing interest in a more integrated approach to these issues at policy level.

As described above in Subsection 3, measures that address interactions between agriculture and the environment are a significant feature of policies and legislation at EU-level. All EU member countries developed national rural development strategy plans for the 2007 to 2013 period. Most of the policies of this type reported in the survey responses were from European countries (including both members and non-members of the EU). Examples include the New Hungary Rural Development Programme,181 which included an action on “Preservation of native and endangered farm animal genetic resources through breeding” under which livestock keepers who raise a “protected native or endangered farm animal breed” and adhere to rules regarding herd book registrations and the mating plans prescribed in the respective breeding programme are eligible to receive support payments in line with the rules set out in the relevant EU legislation.182

In some circumstances, the recognition of AnGR issues in a broad rural development programme may provide a framework for the development of a national strategy and action plan specifically for AnGR. For example, Montenegro’s Action Plan for the Conservation of Genetic Resources in Agriculture183 (published in 2008) was foreseen in the country’s Agriculture and Rural Development Strategy (2006).184

The extent to which agri-environmental schemes affect the management of AnGR indirectly by influencing trends in livestock-sector development is not easy to assess. However, the inclusion of measures aimed at supporting livelihoods in more remote and “marginal” areas, the diversification of the rural economy and the use of grazing livestock to provide various ecosystem services implies some potential for positive outcomes in terms of promoting the use of more diverse livestock populations. An example of an indirect effect of this kind is provided in the survey response from Luxembourg, which states that although the country’s rural development programmes are “not particularly aimed at conserving farm animal genetic resources”, they include measures aimed at protecting forest soils against compaction, including support for the use of horses for work in the forests – a task for which the rare Ardennes horse is reportedly well suited.

Legal instruments in this field reported in survey responses from non-European countries tend to be less focused on the multiple functions of agriculture and its multiple impacts on ecosystem function. They generally do not include specific provisions related to the sustainable use or conservation of AnGR. The focus is often on the sustainable use of specific natural resources that underpin agriculture (water, soil, etc.), access to these resources, land-use planning and/or establishing the institutional framework for the management and development of the agricultural sector. Reported examples include Uruguay’s Law on Land Management and Sustainable Development (2008)185 and Sri Lanka’s Agrarian Development Act (2000).186 Ecuador’s Organic Law on Food Sovereignty187 explicitly refers to the multiple social and environmental considerations that have to be accounted for in land use and to the importance of maintaining ecological functions. It also refers explicitly to the conservation of agrobiodiversity, although the focus is largely on plants. Any effects on AnGR management reported in the survey responses are indirect: sustainable management of AnGR can only occur in sustainable production systems. For example, the response from Burundi mentions (inter alia) laws on the management of soil188 and water189 and notes that “land and water are key issues in the management of genetic resources.”

Among reported policy instruments, Costa Rica’s State Policy for the Food and Agriculture Sector and Rural Development 2010–2020190 includes (in addition to the above-mentioned provisions on AnGR-related research – see Subsection 4.3) a section on agrobiodiversity, which – interestingly from the perspective of this chapter – calls for an exhaustive analysis of the country’s legislation on genetic resources and intellectual property and the establishment of a national plan for its application. It also calls for efforts to strengthen the conservation and use of plant and animal genetic resources, emphasizing collaborative and interdisciplinary approaches within the frameworks of national programmes for the two subsectors and the respective global plans of action. A section on climate change adaptation emphasizes the importance of in situ and ex situ conservation of crop, livestock and fish genetic resources.

Livestock sector development

The legal survey also asked countries about instruments specifically focusing on the overall development of the livestock sector. These would typically be national livestock-development strategies or plans, or legal instruments of similar scope. Few of the survey responses indicate that broad livestock-sector policies include any provisions related to promoting the sustainable use, development or conservation of AnGR. The picture provided by the country reports is, however, rather more positive. Sixty-five percent of countries report that they have livestock development strategies or plans that address AnGR management and a further 12 percent that the topic will be addressed in a forthcoming plan. The region with the highest proportion of countries (83 percent) reporting such policies is Africa. In many cases, little information is provided on the content or state of implementation of these policies. It cannot be assumed that all are having a positive effect on AnGR management. Nonetheless, a number of the policy documents referred to in the reports include substantial provisions related to the sustainable use, development and conservation of AnGR and of locally adapted breeds in particular.

Kenya’s National Livestock Policy (2008)191 includes a section on AnGR that contains plans, inter alia, for the implementation of demographic surveys of AnGR, the development of guidelines on appropriate matching of breeds and production environments, the strengthening of various aspects of the organizational infrastructure for breeding programmes (e.g. animal registration and recording schemes, breeders’ associations and the delivery of breeding services, such as artificial insemination) and the establishment of breeding programmes for locally adapted breeds (see Box 3F12 for further information). As another example, India’s National Livestock Policy (2013)192 sets out breeding policies for all the main species of (mammalian) livestock present in the country, with varying degrees of emphasis given to the development of locally adapted breeds. Other elements of the policy include promoting the use of reproductive biotechnologies and the implementation of conservation measures including the provision of support to migratory pastoralist communities that manage breeds of “buffaloes, sheep, goats, yaks, etc.”

Several countries report that although policies exist their implementation is weak or that general provisions related to AnGR management need to be elaborated in more detail. South Africa mentions that both its National Livestock Development Strategy and its Animal Improvement Policy (2006)193 promote the sustainable use of AnGR and are linked to the country’s Animal Improvement Act (1998).194 Both policies were reportedly undergoing revision in parallel to the second SoW-AnGR reporting process, with the aim of ensuring consistency among the instruments and their relevance under changing circumstances, “including climate change and climate smart animal agriculture.”
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As far as indirect effects on AnGR management are concerned, there are indications in the responses to the legal survey that livestock development policies can have both positive and negative effects on diversity. The response from Mauritius, for example, notes that the country’s livestock policy aims to increase its


“self-sufficiency in certain commodities ... through the provision of imported animals with better production potential as well as infrastructure and equipment.”



The consequence of this for AnGR is that


“exotic animals with higher production potential are being favoured at the expense of local animals and their crosses.”



The response from Suriname, however, notes the existence of breeding, livestock-management and livestock-extension policies that target small-scale farmers in low external input production systems, and that within these policies “local genetics are sometimes the choice.”

Management of biodiversity

The next topic explored in the legal survey was legislation and policies addressing the management of biodiversity (i.e. biodiversity as a whole rather than agricultural biodiversity or AnGR in particular). From the AnGR management perspective, the main questions of interest with regard to these instruments are:


	whether they include any provisions directly related to promoting the conservation and sustainable use of AnGR;

	whether they include any provisions that may indirectly affect AnGR management (e.g. by restricting the use of grazing animals in protected areas); and

	whether they include any provisions that affect access to AnGR or the sharing of benefits derived from their use (this issue is discussed above – see Subsection 4.3).



National policies on biodiversity are very widespread (Figure 3F4). As of April 2014, National Biodiversity Strategies and Action Plans (NBSAPs) (the principal instruments for implementing the CBD at national level) had been developed by 179 countries.195 To assess the extent to which these plans address the management of AnGR, the 174 NBSAP documents available on the CBD website in April 2014 were searched using relevant keywords. Based on the results of this search and the information provided in the country reports, the plans could be roughly grouped into the following three categories: no mention of AnGR (18 percent); AnGR explicitly included in the scope of the plan, but no AnGR-focused activities mentioned (13 percent); and AnGR-focused actions mentioned (69 percent). The practical impact of these AnGR-related provisions is difficult to assess, but is not necessarily very large. For example, Austria’s response to the legal survey states that “the Austrian National Biodiversity Strategy has little impact on the management of animal genetic resources.”

The survey responses indicate that legislation targeting the management of biodiversity is also widespread. More than 80 percent of OECD countries and almost 70 percent of non-OECD countries reported that they have legislation in place (Figure 3F2). Several responses indicate that the conservation of AnGR is explicitly included within the scope of national biodiversity legislation. For example, the Biodiversity Act of Bhutan (2003)196 states that


“This Act shall apply to all the genetic and biochemical resources including wild, domesticated and cultivated species of flora and fauna, both in-situ and ex-situ conditions found within the territory of [the] Kingdom of Bhutan.”
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Norway’s Nature Diversity Act (2009)197 states that “The genetic diversity of domesticated species shall be managed in such a way that it helps to secure the future resource base” and further that “The King may make regulations regarding special conservation measures for domesticated species ...” Other reported examples in which AnGR are explicitly mentioned as targets for conservation measures are the biodiversity laws of Viet Nam (2008)198 and Costa Rica (1999).199

The survey responses provide little information on practical effects that instruments of this type have on AnGR management. Likewise, little information is provided on any priority requirements in terms of developing new instruments or improving existing ones. A few of the reported legal instruments include provisions allowing for restrictions to be imposed on the use of grazing animals in circumstances where they are regarded as a potential threat to biodiversity. None of the survey responses indicated that such instruments have caused any problems for AnGR management (see, however, Box 1F3 in Part 1 Section F).

Environmental protection and planning

Another field of legislation and policy that can affect the development of livestock production systems and hence indirectly affect the management of AnGR is environmental protection. As described above, instruments focusing on biodiversity were treated as a separate category in the legal survey. The category “environmental protection” was therefore intended to catch instruments related to other environmental issues such as the pollution of land, air and water. While a large majority of responding countries reported that they have legislation and policies relating to environmental protection in place, few mentioned any impacts on AnGR management. However, there were some exceptions. The survey response from France, for example, notes that its National Plan on Climate Change Adaptation200 and its legislation on water management have affected the availability of animal feed (e.g. in some areas a reduction in the availability of forage maize and an increase in the proportion of grass in the diet). These changes, in turn, are reported to affect AnGR management, as they may favour the use of breeds that make good use of grass-based diets. Similarly, France’s “Écoantibio” plan (National Action Plan for the Reduction of Risks of Antibiotic Resistance in Veterinary Medicine)201 is reported to have led breeders to pay greater attention to “rusticity” and disease resistance.

Rules related to the establishment of livestock farms and holdings – another category of instrument addressed in the legal survey – can target a range of concerns including environmental, animal health and animal welfare related matters. Where regulations are in place, farmers and livestock keepers typically have to register their holdings and comply with certain minimum standards. The survey responses indicate that legislation of this type is widespread. Some mention that regulations can constrain the establishment, operation or expansion of livestock holdings. However, no examples of significant effects on AnGR management are reported. Several responses note that small-scale holdings where locally adapted breeds tend to be kept are less strictly regulated than larger holdings. The country report from Norway notes that the


“production of pork and poultry has since 1975 been legally regulated by a concession act. This act aims to avoid the development of industrial-type animal production in the most concentrate-intensive production systems. The accepted upper limit of herd sizes [was] ... increased in 1992, 1995, 2003 and 2013.”



Rangeland management

Another area in which environmental concerns interact with livestock development is rangeland management. Access to grazing land is vital to many livestock-keeping livelihoods – and by extension to the maintenance of many breeds. This is one of the few fields of action in which the results of the legal survey suggest that legislation is more prevalent in non-OECD than in OECD countries. This is probably because land-ownership systems other than straightforward private ownership (under which management and access is largely a matter for the individual owner) are more widespread in non-OECD countries.

While livestock-keeping communities often have – or used to have – traditional mechanisms for regulating access to grazing land, in recent decades (in some cases over a longer period) legislation has come to play an increasing role in rangeland management. Several examples of national legislation in this field were discussed in the first SoW-AnGR.202 Because they directly affect access to productive resources, laws and policies in this field are potentially more controversial than some of the other types of legislation discussed in this section. While stated objectives, such as promoting the sustainable use of grazing land, typically appear to favour the sustainable use of AnGR, detailed provisions – or details of implementation – may or may not favour the continuation of livestock-keeping livelihoods and practices that support the maintenance of locally adapted breeds.

In so far as the legal survey responses provide any information on the consequences of legislation in this field for AnGR management, they note positive outcomes. The responses from several European countries (e.g. France, Hungary and Latvia) note that increased interest, at policy level, in the protection of permanent meadows and other grassland habitats has created opportunities for keeping locally adapted breeds in use.

It should, however, be noted that some criticism has been levelled at existing legislation in this field. Hesse and Thebaud (2006), for example, argue that while the pastoral laws adopted in several West African countries during the 1990s and early 2000s include a number of positive features, their complicated bureaucratic mechanisms, and sectoral approaches that artificially divide local livelihood systems, have the potential to disempower pastoralist communities and undermine their grazing-based livelihood strategies. Legal frameworks and policies in West Africa have, nonetheless, been described as “more favourable” to pastoralism than those in East Africa, which reportedly tend to favour sedentarization (Inter-Résaux, 2012). The African Union’s Policy Framework for Pastoralism in Africa (African Union, 2013) notes positive trends in pro-pastoral policies and legislation in Africa, but recognizes that major challenges remain. Appropriate legislation – accompanied by institutional and operational measures – is recognized as an essential component of efforts to improve pastoral policies. Specifically, it is recognized that there is a need to secure


“access to rangelands for pastoralists through supportive land tenure policies and legislation, and further development of regional policies to enable regional movements and livestock trade” (ibid.).



Stakeholder participation

A further issue addressed in the legal survey was the question of stakeholder participation. Countries were also asked to provide information on legal and policy frameworks promoting the participation of livestock keepers in decision-making related to livestock-sector development. Instruments of this type are reported to be widespread. In some cases, the survey responses indicate that even though there is no legislation or formal policy in place, frequent consultations with a range of stakeholders take place. The effects on AnGR management are generally reported to be positive, although as discussed in Part 3 Section A, many countries acknowledge that much remains to be done to improve stakeholder participation in this field.

The legislation reported in this category includes general instruments related to the participation of citizens in the development of national laws and policies (e.g. Slovenia’s Resolution on Legislative Regulation of 2009),203 instruments related to the organization of research and development programmes (e.g. Australia’s Primary Industries and Energy Research and Development Act of 1989),204 instruments addressing the development of the agricultural sector (e.g. Spain’s Royal Decree 822/2010)205 and instruments specifically focusing on livestock breeding (e.g. Bulgaria’s Animal Breeding Law of 2000, as amended in 2010).206

Several survey responses describe institutional frameworks for the participation of livestock keepers and other stakeholders in decision-making processes without providing details of the legal and policy instruments (if any) that underpin them. A number of responses from countries where there are no instruments in place report the need to strengthen participation, although not necessarily through the development of a formal instrument. The general topic of stakeholder participation is discussed in more detail in Part 3 Section A.

In this context, it is important to note that the link between legal and policy frameworks and stakeholder participation is often a two-way relationship: not only may laws and policies help to promote participation, but appropriate stake-holder participation may help to create more appropriate laws and policies and facilitate their implementation. For example, the country report from Botswana, commenting on AnGR-related laws, notes that


“farmers feel that they are more recipients of these laws, as they are seldom consulted ... [or enabled to have an] input in the law-making process.”



5Changes since 2005



Because of differences in the approaches to data collection and the number of countries that participated, it is not possible to compare the figures presented above directly to those presented in the equivalent chapter of the first SoW-AnGR. It is also not possible, based on the survey results, to provide a detailed analysis of how many countries have developed legal and policy instruments in specific fields during the period between 2005 and 2013. Indicators of change include the substantial proportion of countries (particularly non-OECD countries) that report that they are in the process of developing legal or policy instruments and (less quantifiably) the numerous post-2005 instruments presented as examples above.

In response to a question in the country-report questionnaire about the development of legal and policy frameworks since the adoption of the Global Plan of Action, 20 percent of countries reported that progress had been made in this field (in addition to 23 percent that stated that they already had comprehensive legislation and policies in place before 2007) (Table 3F3). In addition, as part of the assessment of institutions and stakeholders (see Part 3 Section A), countries were asked to score (none, low, medium or high) the current state of their legal and policy frameworks and the state of implementation of these frameworks. For the first SoW-AnGR, countries were assigned scores based on the information provided in their country reports.207 Clearly, the two sets of scores are not directly comparable. As well as being affected by differences in methodology, the differences between the two sets of scores may reflect changes in countries’ objectives and “ambitions” over the years. While these caveats should be borne in mind, the findings appear to indicate positive developments overall. Out of 110 countries that were included in both scoring exercises, far more increased their scores (between 45 percent and 48 percent depending on the category) than decreased their scores (between 13 percent and 16 percent) between 2005 and 2013.208

While it appears that progress has been made, the country reports indicate that a large proportion of countries still consider their legal and policy frameworks – and the state of implementation of these frameworks – to be inadequate. There is some indication that mainstreaming of AnGR into wider legal and policy frameworks (e.g. livestock-sector development strategies and national biodiversity strategies and action plans) has become more widespread, but the practical consequences of this are as yet unclear. The number of national strategies and action plans for AnGR developed in recent years also indicates that additional attention is being paid to AnGR management at policy level. However, the implementation of most of these instruments is still at an early stage.

Interest in the development of AnGR-related legal measures is apparently widespread. However, the question raised in the first SoW-AnGR about whether elaborate legal frameworks are always necessary or appropriate remains to be resolved. It is not clear, based on the country reports and responses to the legal survey, that all countries have adequately assessed the impact of their current legislation (or lack of legislation) on AnGR management or developed a clear vision of their future needs in this field. Where this is the case, the Global Plan of Action’s recommendation regarding the need to conduct “periodic reviews” of legal and policy frameworks to identify effects on AnGR management – and, if necessary, steps that can be taken to improve the situation – remains relevant.
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6Gaps and needs



The results of the legal survey give an indication (based on a limited sample of countries) of which areas of AnGR management are well covered by laws and policies and which are not. However, the extent to which specific gaps in this coverage represent significant constraints to AnGR management on a global scale is difficult to estimate. Priorities for improving national legal and policy frameworks have to be developed at country level based on careful assessments of national needs and circumstances. Some country reports suggest that weaknesses in policy- and law-making processes constitute a bottleneck that inhibits progress towards better AnGR management. Perhaps the most significant of these weaknesses is a lack of stakeholder participation, but a lack of expertise in the formulation of legal instruments is also an issue for some countries.

The country reports note a number of different factors that contribute to problems in the implementation of policy and legal frameworks. These include a lack of human and financial resources, logistical problems, lack of coordination between different departments, excessive bureaucracy, lack of awareness on the part of stakeholders, lack of clarity in the formulation of legal and policy texts, and lack of harmony between the procedures envisaged in such texts and the administrative arrangements through which they are meant to be implemented. Addressing some of these constraints may be relatively straightforward given the necessary political will, but others may be difficult to overcome, at least in the short to medium term. A realistic assessment of what is feasible and what policy and legal tools are appropriate in national circumstances is likely to be important. The process of developing, or where relevant reviewing and updating, national strategies and action plans for AnGR (FAO, 2009e) may provide countries with the opportunity to assess the state of their existing policy and legal frameworks, in consultation with a range of stakeholders, and identify any changes that may be required.
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Part 4

THE STATE OF THE ART



Introduction

This part of the report provides an overview of the state of the art in methodologies, tools and techniques for the management of animal genetic resources for food and agriculture (AnGR). There is no well-defined set of methodologies encompass by the phrase “management of AnGR”. However, it can be taken to encompasses all technical, policy and logistical operations involved in understanding and documenting AnGR (inventory, characterization, surveying and monitoring); using and developing AnGR; conserving AnGR; and ensuring fair and equitable access to AnGR and sharing of benefits from their utilization.

The sections contained in this part of the report – addressing, in turn, surveying, monitoring and characterization, molecular tools, breeding programmes, conservation and economic evaluation – are each intended to serve as updates of the equivalent sections in the first report on The State of the World’s Animal Genetic Resources for Food and Agriculture, published in 20007. They therefore focus in particular on developments over the last decade or so. Each section ends with an assessment of gaps in current knowledge and proposes priorities for future research.


Section A

Characterization, inventory and monitoring

1Introduction



The Global Plan of Action for Animal Genetic Resources (FAO, 2007a) notes that:


“Understanding the diversity, distribution, basic characteristics, comparative performance and the current status of each country’s animal genetic resources is essential for their efficient and sustainable use, development and conservation. Complete national inventories, supported by periodic monitoring of trends and associated risks, are a basic requirement for the effective management of animal genetic resources. Without such information, some breed populations and unique characteristics they contain may decline significantly, or be lost, before their value is recognized and measures taken to conserve them.”1



The Convention on Biological Diversity calls on countries to identify and monitor their bio-diversity, including agricultural biodiversity. It recognizes that these activities are fundamental to the conservation and sustainable use of genetic resources. It also calls for the identification and monitoring of factors that threaten or are likely to threaten biodiversity.2

Knowledge of animal genetic resources (AnGR) is fundamental to their sustainable use, development and conservation. As defined in the first report on The State of the World’s Animal Genetic

Resources for Food and Agriculture (first SoW-AnGR) (FAO, 2007b),


“characterization of animal genetic resources encompasses all activities associated with the identification, quantitative and qualitative description, and documentation of breed populations and the natural habitats and production systems to which they are or are not adapted”.3



The objective of characterization is to increase knowledge of AnGR and their present, and potential future uses, in a wide variety of environments (FAO, 1984; Rege, 1992). Characterization activities should contribute to objective and reliable prediction of animal performance in defined environments, so as to allow a comparison of the potential performance of different types of AnGR within the various production systems found in a country or region.

The term “surveying” is typically used in the context of national efforts to obtain data on the size of breed4 populations. However, there is no clear cut distinction between surveying and characterization. A “survey” may collect a range of different types of AnGR-related data, while characterization, broadly defined, includes the task of obtaining data on population sizes. A survey that provides, for the first time, sufficient data to estimate the size of a national breed population is often referred to as a “baseline survey” (FAO, 2011a). At national level, surveying and characterization comprise the identification and description of the respective country’s AnGR, including their population sizes and structures, geographical distributions and production environments, as well as threats to their survival. Monitoring is the process of documenting how the sizes and structures of breed populations – along with their geographical distributions and production environments and the threats that they face – change over time. Characterization is typically differentiated into two categories: phenotypic characterization and molecular characterization (see Box 4A1).

In addition to data collection, the process of characterization, surveying and monitoring also includes the systematic documentation of the information gathered, so as to allow easy access by stakeholders involved in the management of AnGR. Monitoring of breed populations is a prerequisite for the operation of the early warning and response systems for AnGR (FAO, 2008) called for in the Global Plan of Action (see Box 4A2).5

The first SoW-AnGR presented an overview of the significance of characterization, surveying and monitoring in AnGR management and the main activities involved. The material presented below updates this overview, drawing on guideline publications prepared by FAO during the intervening years (FAO, 2011a; 2011b; 2012a) and focusing particularly on recent developments.

2Characterization as the basis for decision-making



Decision-making related to the management of AnGR requires reliable data. Figure 4A1 illustrates the basic decision-making steps involved in identifying a strategy for managing a breed population. Breeds are grouped into categories according to their risk of extinction (the orange rectangles in the figure) and this defines the types of actions taken to manage them. The octagons in the figure list criteria considered when assigning breeds to risk categories and when determining the course of action to take. Characterization provides the information necessary to evaluate a breed with respect to the various criteria upon which the categorization and management decisions are made.
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Breed surveys will provide the bulk of the information needed to establish a breed’s risk status. An effective baseline survey at national level will establish a reliable estimate of the size, structure and geographical distribution of the breed’s population and regular monitoring will record how these change over time. If the breed is present in more than one country (i.e. a transboundary breed), national surveys in all countries where it is present will be needed in order to obtain an accurate estimate of its global population size (a breed’s international distribution and global risk status may be factors to consider in decision-making at national level, but knowledge of these factors should clearly not be regarded as a prerequisite for action).

Analysis of data from molecular characterization studies allows inferences to be drawn not only on the present genetic structure of a breed population, but also on the breed’s history (see Part 1 Section A). Molecular characterization can also be used to refine knowledge about trans-boundary populations by contributing to the identification of breeds that have different names but show little differentiation at the genetic level (see Part 4 Section B).

The relative utility value of a breed for food and agriculture will depend on a combination of factors and can be assessed on the basis of the results of phenotypic characterization studies that record performance, adaptability and product quality, along with descriptions of the production environments in which the animals are kept. Phenotypic characterization will also provide an indication of the breed’s genetic distinctiveness, as unique traits can be expected to have a significant genetic basis. Molecular characterization can confirm this differentiation with respect to functional genes and extend it to “neutral” areas of the genome that are not subject to the forces of selection. A combination of phenotypic character ization (including information on production environments) and molecular characterization will indicate a breed’s adaptive traits and provide some indication of the biological basis for the observed characteristics. Studies will ideally also note any particular historical or cultural significance of the breeds targeted.
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Molecular characterization can help in the evaluation of a breed’s potential for genetic improvement. For simply inherited traits controlled by a single locus or a few well-defined loci, molecular analyses can determine whether a given breed carries the most favourable allele(s) and at what frequency. The situation is more complicated for quantitative traits, because such traits are influenced by many genes – and few of these genes have been identified. However, genetic variation is essential for genetic improvement, and molecular characterization can be used to obtain a general assessment of a breed’s genetic variability. An approach of this kind relies on the assumption that overall genetic variation (which includes variation for neutral loci that do not influence traits) is proportional to the variation for trait-influencing loci.

As noted above, description of the production environment is an essential element of phenotypic characterization. It can allow inferences to be drawn regarding a breed’s potential for improvement, particularly whether or not its genetic potential is being constrained by the environment (natural conditions or management capacity). Describing the production environment in which a breed has been raised for many years can also serve as an indirect means of characterizing its adaptive traits, based on the assumption that, over the years, the breed will have become adapted to the conditions in which it is kept. A description of the production environment in the broad sense may include an assessment of marketing opportunities and current and potential future demand for products or services provided by breeds and thereby provide information that can be used in planning their future management. Knowledge of the production environments in which performance measurements are taken is, clearly, also essential if they are to be interpreted appropriately. A set of standard production environment descriptors has been developed for use in the Domestic Animal Diversity Information System (DAD-IS) (FAO, 2012a; FAO/WAAP, 2008). The main elements of the framework are shown in Figure 4A2.

3Tools for characterization, surveying and monitoring



Since the first SoW-AnGR was prepared, FAO has developed and distributed technical guidelines on surveying and monitoring (FAO, 2011a), phenotypic characterization (FAO, 2012a) and molecular characterization (FAO, 2011b). These guidelines describe in detail the tools recommended for use in the respective fields. They also describe some of the major developments that have occurred in the field of characterization in recent years.

[image: Images]

The guidelines on surveying and monitoring provide advice on how to draw up a strategy for meeting national needs for data and information on AnGR. They also offer practical advice on how to plan and implement an AnGR survey – covering the whole process from planning the survey to disseminating the outputs and taking the first steps in translating results into action. A range of surveying methods are presented and advice is offered on how they can be combined and integrated within an effective strategy that addresses both the task of acquiring a baseline of data on AnGR and the subsequent task of monitoring changes over time. Box 4A3 provides brief descriptions of various methods or tools that can be used for surveying and monitoring.

When planning a survey or a surveying strategy, the appropriate choice of tools will depend on the specific objectives and on the circumstance in which the data will be collected (state of capacity to implement surveying activities, characteristics of the communities targeted, challenge posed by the rural landscape, availability of funding, etc.). Table 4A1 provides an overview of the suitability of different tools as methods for answering some of the basic questions that AnGR surveys attempt to address.

The guidelines on phenotypic characterization (FAO, 2012b) offer advice on how to conduct a well-targeted and cost-effective phenotypic characterization study and provide an overview of the concepts and approaches that underpin phenotypic characterization. They also provide practical guidance on planning and implementing field work, data management and data analysis. Generic data collection formats for phenotypic characterization of major livestock species, as well as a framework for recording data on breeds’ production environments are also included.

To summarize briefly, phenotypic characterization encompasses the following activities (FAO, 2012b):


	describing the geographical distribution of the targeted breeds and if possible the size and structure of their populations;

	assessing the breeds’ phenotypic characteristics, including physical features and appearance, economic traits (e.g. growth, reproduction and product yield/quality) and some measures (e.g. range) of variation in these traits – the focus is generally on productive and adaptive attributes;

	obtaining images of typical adult males and females, as well as of herds or flocks in their typical production environments;

	gathering information on the breeds’ origin and development;

	describing any known functional and genetic relationships with other breeds within or outside the respective country;

	describing the biophysical and management environment(s) in which the breeds are kept;

	documenting the breeds’ responses to environmental stressors such as disease and parasite challenge, climatic extremes and poor feed quality, along with any other special characteristics related to adaptation; and

	cataloguing any relevant indigenous knowledge (including gender-specific knowledge) related to the breeds and their management.



Many of these tasks can be accomplished through desk work or by consulting breeders or other stakeholders. The clearest exceptions are items 2 and 3, which require recording of data on a representative sample of live animals directly in their production environments.

The guidelines on molecular characterization (FAO, 2011b) include a short overview of progress in molecular characterization of AnGR over the preceding two decades and prospects for the future. They also provide practical advice for researchers wishing to undertake a molecular characterization study. The guidelines emphasize the importance of obtaining high-quality and representative biological samples that yield standardized data that can be integrated into analyses on an international scale.
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With respect to biological samples, the guidelines suggest the collection of samples from at least 40 animals from across the geographic range of the breed. Blood has traditionally been the most frequently sampled material, but tissue and hair are gaining in popularity. Equipment has been developed for sampling ear tissues during the process of tagging animals for identification purposes. This approach efficiently combines animal identification with sample collection and links the identification number of the animal to the container in which the tissue sample is captured and stored. The material in the sampling tubes can also be cryo-preserved and stored in a gene bank for possible use in population regeneration through cloning via somatic cell nuclear transfer (FAO, 2012b).

Ideally, for maximum efficiency, phenotypic and molecular genetic characterization activities will be combined, so that body measurements and other relevant traits can be recorded from the same animals from which biological samples are taken. Recording geographic coordinates for each animal from which samples and measurements are taken facilitates the description of their production environments, as the coordinates can be linked to other georeferenced datasets. A simple method for the collection of phenotypic data based on images is described in Box 4A4.

A variety of biotechnological tools are available for assaying the DNA collected during molecular characterization. Lists of the standard International Society for Animal Genetics–FAO Advisory Group panels of microsatellite markers for nine common livestock species are included in the guidelines on molecular genetic characterization (FAO, 2011b). These panels are, however, limited to the characterization of neutral genetic variability.
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4Information systems



The information gathered through characterization, surveying and monitoring activities is not useful unless a system is in place to ensure it is organized and made easily available to stakeholders. An information system normally includes data, hardware and software for the organization, analysis and storage of these data, and facilities for communication. Information systems can be manual or automated and may or may not be publicly accessible. The most widely used systems are those that are publicly available on the internet.

The roster of public-domain electronic AnGR information systems that are globally accessible and contain data from more than one country has remained largely unchanged since the time the first SoW-AnGR was prepared. Two of these systems – the Domestic Animal Diversity Information System (DAD-IS)6 and the European Farm Animal Biodiversity Information System (EFABIS)7 (previously EAAP–AGDB) – are part of a linked network of information systems (EFABISnet)8. Countries are able to set up their own national information systems (“nodes”) linked to EFABIS. Seventeen countries9 (as of October 2014) operate national nodes that regularly exchange data with EFABIS, which in turn exchanges data with DAD-IS. The national nodes can be accessed via the web. In most cases the data are provided in English and the respective local language. In addition to the core data structure that is common to all the systems in the region, countries can add data structures that reflect their specific needs. Data pertaining to these national specificities are not synchronized with EFABIS. Similarly, EFABIS, is tailored to the specific requirements of the European region (e.g. it includes a register of cryobank material) and data pertaining to these specificities are not transferred to DAD-IS. The number of national breed populations for which some information is available in DAD-IS has increased by about 6 percent (from 14 017 in 2006 to 14 896 in 2014) and the proportion of breeds for which population data are recorded has increased from 42 to 59 percent (see Part 1 Section B for further information).
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The Domestic Animal Genetic Resources Information System (DAGRIS),10 managed by the International Livestock Research Institute (ILRI), is based on a database of research information obtained from published and grey literature (DAGRIS, 2007). At the time the first SoW-AnGR was prepared, DAGRIS comprised a single central database. However, dispersed national units have now been established for some countries through an initiative known as “Country DAGRIS” (DAGRIS, 2013). Oklahoma State University’s Breeds of Livestock11 information system (Oklahoma State University, 2005) provides brief summaries of breed origins, characteristics and uses. Although this resource is maintained, little new information has been added in recent years. Brazil, Canada and the United States of America are collaborating in the development of Animal-GRIN (the Animal Genetic Resources Information Network)12 as a common platform for the management of AnGR-related data.13 Wikipedia, the online encyclopedia,14 has descriptive entries for many individual livestock breeds. Breeds are, clearly, not the main focus of this resource and the information available is not standardized.
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Information systems for AnGR are developed and administered as global public goods and have limited ability to attract investment from the private sector or major funding agencies. This explains the very limited amount of information that they contain relative to what would potentially be possible – and would be necessary for them to achieve their stated purposes effectively.

5Changes since 2005



Developments in telecommunication technologies, expansion of their range of usage and decreases in their costs are creating greater potential for the use of these technologies in surveying and monitoring. However, adoption of these technologies for this purpose has been very limited. Increasing numbers of countries are exploiting telecommunication technologies to establish or enhance animal identification and traceability systems (FAO, 2015). However, in most cases these systems do not gather data on the breeds to which animals belong.

Advances in global positioning technologies and geographic information systems have created opportunities for more accurate and detailed descriptions of breeds’ production environments. Box 4A5 discusses some recent developments in this field. Various publicly available databases provide access to georeferenced data on the climate and other environmental measures such as soil type and vegetation. If the geographical coordinates of breed distributions have been recorded, they can be linked to these datasets as part of efforts to characterize breeds’ production environments. Global positioning technologies and geographic information systems, along with advances in molecular genetic characterization have also facilitated the use of “landscape genomics” in the study of adaptation at molecular level.

Developments in the field of molecular genetic analysis since the time the first SoW-AnGR was prepared have been nothing short of revolutionary (details are provided in Part 4 Section B). Genome sequencing has become much more rapid and much less costly. Reference genome sequences have been established for all the major livestock species and several minor ones. The genomes of several thousand individual animals, most commonly cattle, have been sequenced. The single nucleotide polymorphisms (SNPs) identified through sequencing have become the basis for high-throughput genotyping assays with which tens of thousands of markers can be screened simultaneously. One shortcoming, however, is that development of these technologies for livestock has been driven by the commercial market. As a result, the tools have been created for, and are more applicable to, the species and breeds that are most common in industrialized countries (i.e. a limited number of international trans-boundary breeds).

As far as phenotypic characterization is concerned, genomic and other technological advances have increased opportunities and demands for so-called advanced characterization. Such studies involve relatively complex data-gathering activities, particularly repeated measurements over a period of time (e.g. weights of young animals to characterize growth rate), and often target novel traits related to the cost and efficiency of production rather than to the quantity of output produced. The scientific community has recently realized that a lack of phenotypic information, rather than genomic information, has now become the limiting factor in the study of biological systems and processes. “Phenomics” – the study of pheno-types from a systematic perspective – has thus recently emerged as an important discipline. Phenomics involves the collection of data on multiple phenotypes, including “traditional” traits and biological indicator traits measured in an automated manner. Integration of phenomics concepts into phenotypic characterization, although not yet widely done, is likely to become more common in the future, especially as more effort is made to characterize breeds for complex phenotypes such as heat resistance and other forms of adaptation.

Characterization of rumen microbes is an emerging research topic that may assist in the reduction of greenhouse gas emissions (Box 4A6).

6Conclusions and research priorities



Adequate surveying, monitoring and characterization of AnGR are prerequisites for successful management of these resources and for informed decision-making in national livestock development. A strategic and coherent approach is needed and all activities should be undertaken in close cooperation with livestock keepers and other stakeholders. There is still particular need to develop innovative methods and tools that take advantage of the potential of telecommunication networks (e.g. cellular phones and mobile internet) for use in surveying and monitoring. The political will to undertake surveying and monitoring at breed level is also essential. Most national livestock censuses and animal identification systems do not record information about breeds.

In many countries, comprehensive breed definitions that unambiguously distinguish different populations are often lacking. Also often lacking are descriptions of the production environments in which breeds are kept and in which they achieve given levels of performance. FAO is cooperating with several countries to collect such information, but recording has yet to be implemented on a wide scale.
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With regard to research priorities, the first SoW-AnGR noted that growing interest in issues such as animal welfare, distinctive product qualities, human–health effects, the environmental impacts of livestock production and the efficiency of resource utilization meant that there was a need for characterization studies to target traits relevant to these concerns. Specific priorities identified included research into the robustness of different breeds, as measured by the extent of genotype–environment interactions, and into the genetic basis of robustness and disease resistance, including infection mechanisms and host– pathogen interactions. These priorities remain relevant. More generally, there is a need to improve understanding of the contributions that different types of livestock make to the economy and to rural development, including not only the supply of marketed products, but also the provision of regulating, habitat and cultural ecosystem services (see Part 1 Section D and Part 4 Section E for further discussion of ecosystem services). Studies that investigate the links between the characteristics of specific breeds and the supply of niche products and ecosystem services may also be significant in the planning of conservation measures, given that functions of this kind are increasingly being regarded as potential means of keeping at-risk breeds in use (see Part 3 Section D and Part 4 Section D).

Lack of phenotypic data has always been a constraint in developing countries, but advances in genomics and interest in new traits have meant that phenotyping has now become the main limiting factor in characterization in both developing and developed countries. Methods for measuring phenotypic characteristics associated with health, fitness, adaptability and the provision of ecosystem services need to be improved.

There is a need to develop cheap and efficient tools for monitoring AnGR populations, including monitoring of their geographic distributions. It is possible that in the era of the internet and crowd sourcing it may be possible to develop more participatory approaches to the collection of AnGR-related data. This would require forms of organization that differ from those used in
conventional top-down surveying and monitoring programmes. Investigating the feasibility of using such approaches would be likely to require input from the social sciences.

Ideally, decision-making in AnGR management would be based on comprehensive information. However, given that immediate action is required, there is a need to develop tools and methods that make effective use of the information that is presently available.

Existing AnGR information systems have relatively little functionality beyond simple searches by country or breed. There is a need to create user-friendly tools that allow stakeholders to access the data they require and conduct customized analyses. However, information systems are only as good as the information they contain. Insertion of missing data and regular updating and correction of existing data are essential. This process would be facilitated by the development of specific software applications that reduce the work associated with data input. Georeferencing of AnGR-related data needs to be expanded and made routine, so as to allow these data to be linked to georeferenced geophysical and agro-ecological data and to provide more precise information about the current and past geographic distributions of specific AnGR. Finally, given that no single information system can gather and store all relevant data, the interconnectivity and interoperability of information systems and databases need to be further developed.
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Section B

Molecular tools for exploring genetic diversity

1Introduction



Recent advances in the field of genomic technology have constituted a major innovation in livestock production. The increasing availability of molecular tools is deeply affecting the ways in which livestock species are studied and managed. This section provides an overview of recent developments related to molecular tools and their use, focusing particularly on the period since the first report on The State of the World’s Animal Genetic Resources for Food and Agriculture (first SoW-AnGR) (FAO, 2007) was prepared.

The first SoW-AnGR noted that the main roles of molecular technologies in the characterization of AnGR include:
 

	assessing functional and neutral genetic variability within and between populations, including investigation of their history (domestication, expansion or reduction of the population size, migrations, introgression episodes, etc.);

	assessing the current state of a population in terms of risks related to inbreeding and genetic drift, using estimators such as effective population size; and

	genetic characterization of traits (e.g. physical appearance, productivity, disease resistance and other adaptability traits) specific to given populations.



The report highlighted the following three ongoing developments in molecular biology as being particularly relevant to AnGR management:


	the establishment of whole genome sequences for various livestock species;

	the development of technologies for measuring polymorphisms at loci spread across the entire genome; and

	the development of technologies for measuring gene transcription and expression on a large scale.



Since the first SoW-AnGR was prepared, the list of species whose genomes have been sequenced has continued to grow. It now includes chicken (2004), sheep (2010), cattle (2009), horse (2009), pig (2012), rabbit (2009), turkey (2009) and goat (2013). The costs of genotyping and sequencing have declined sharply during this period (Figure 4B1). High-density SNP arrays, allowing the simultaneous assay of several tens of thousands to several hundreds of thousands of SNPs, are available for use in livestock species at a cost of US$100 or less if a relatively large number of individuals are sequenced. Genomes can be sequenced for less than US$3 000 each with moderate coverage (e.g. “eight-fold” coverage – meaning that, on average, each position in the genome is sequenced eight times). Sequencing smaller fractions of genomes (restriction site associated DNA sequencing – RAD-Seq) can be used directly in the characterization of individual animals (this is termed “genotyping by sequencing”) (De Donato et al., 2013). Similarly, the development of tools capable of assaying a high density of transcripts and even direct transcriptome sequencing (also known as “RNA-seq” – short for RNA sequencing), has increased capacity to study gene expression and hence to unravel the complex physiological regulation of target traits (D’Alessandro and Zola, 2012).
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2Developments in the use of DNA markers



Progress in sequencing techniques and the opportunities offered by the development of high-density marker arrays have considerably improved the availability of DNA information over the last ten years, both in terms of the number of markers identified and in terms of the cost of genotyping.

Until recently, microsatellites remained one of the most popular types of marker in genetic characterization studies (Lenstra et al., 2012), used for example in projects such as “GlobalDiv”, which ran from 2007 to 2010 and combined microsatellite datasets from various diversity studies from different parts of the world (Ajmone-Marsan et al., 2010). Microsatellite data continue to be used, especially in developing countries (e.g. Abdullah et al., 2012; Azam et al., 2012) and in the context of conservation and priority setting at regional level (e.g. Medugorac et al., 2011; Ginja et al., 2013). However, they are increasingly being superseded by the use of SNP marker arrays. With the advent of next-generation sequencing, mitogenomics (analysis of the whole mitochondrial genome rather than a limited fragment of mitochondrial DNA) can be routinely used in livestock species, including less intensively studied species such as goats (Doro et al., 2014) and horses (Achilli et al., 2012). The recent generation of whole genome reference sequences for many livestock species has allowed “population genetics” to become “population genomics”. Population genomics uses large sets of SNPs to study specific variations across the genome and determine how they have been shaped by the history (e.g. changes in population size, selection, and cross-breeding) of livestock populations. SNPs can be assigned to various classes (neutral vs. genic, intron vs. exon or synonymous vs. non-synonymous), which provides opportunities for more detailed analysis of diversity. The past decade has also witnessed a revolution in sequencing technologies that has led to the development of various platforms for DNA and RNA sequencing, known collectively as next-generation sequencing technologies (see Metzker, 2010 and Davey et al., 2011 for reviews). These tools can rapidly (in a few days or weeks) provide sequence data in the form of short reads (sequenced DNA fragments between 100 and 400 base pairs long on average) that collectively cover the whole genome of a sample (or the transcriptome of a particular organ) several times. Identifying SNPs from this type of data is relatively easy, provided that a reference sequence has been established (Nielsen et al., 2011), which is the case for most livestock species. Methods have also been developed for SNP discovery in newly sequenced species (Norman et al., 2013) and these approaches may prove useful for less common livestock species.

High-density SNP panels are now widely used for genome-wide association studies (GWAS), genomic prediction and population genomic analyses. However, the preliminary phase, i.e. SNP discovery or SNP selection from databases, is critical. If data have not been obtained randomly, standard estimators of population genetic parameters should be applied with caution. Non-random selection may occur if SNP sets are derived for use on a given set of breeds but later used on other breeds or if SNP sets are filtered to meet certain criteria (e.g. a minimum allele frequency).

Many current tools are affected by both these factors, as they have been developed primarily using widely used international transboundary breeds and with the use of SNP-filtering criteria. Such protocols bias the distribution of allelic frequencies relative to what would be expected in a random sample. The resulting inaccuracy in estimation of genetic parameters is known as “ascertainment bias”. Bias caused by problems of this kind is probably present in most commercial and ready-to-use medium- and high-density SNP panels currently available for use in livestock species. Unbiased estimates of the absolute genetic diversity (i.e. the nucleotide diversity) of a population can, in theory, be obtained only via whole genome sequencing. Statistical approaches that explicitly account for the methods used in SNP discovery and sample preparation have been developed for use when undertaking various kinds of population genetics analyses with SNPs (Nielsen et al., 2011; Kofler et al., 2011). Large-scale projects have also started to harvest genome-wide information for use in characterizing livestock populations at national or international scale, including studies on cattle (Gauthier et al., 2010), sheep (Kijas et al., 2012), horses (McCue et al. 2012; Orlando et al., 2013), pigs (Groenen et al., 2010), chickens (Weigend et al., 2015) and goats (Dong et al., 2013).
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It is important to note that although cost per SNP is low relative to microsatellites (and decreases with the number of SNPs analysed) the costs of high-density assays – currently (2015) US$50 to US$200 and depending heavily on the number of arrays purchased – are nonetheless prohibitive for many applications. Costs continue to decline, however, and financially realistic options are likely to eventually become available for most situations. This being said, even if lower cost genotyping assays become available, the bioinformatic infrastructure in most developing countries will still require further development. Both the sheer amount of raw data and the complexity of analytical models are several orders of magnitude larger than those associated with microsatellite-based analyses. This is true for work with SNP array data, but even more so for work with sequence data.

Further studies are in the process of identifying millions of SNPs and haplotypes (specific allelic combinations for a given set of loci) and also other sequence variants such as insertion– deletion polymorphisms (InDels) and copy number variants (CNV) (see Box 4B2 for explanations of these terms). Novel sequencing technologies are continuously evolving, accompanied by a drop in cost per sequenced genome (see Figure 4B1). Allele frequency differences and diversity measures derived from them can be obtained inexpensively by sequencing pooled DNA from multiple individuals from a population (e.g. Qanbari et al., 2012). Sooner or later, sequence-based approaches will become the standard methodology for generating data for use in livestock diversity studies.

Marker information will become even more useful when linked to biological background information available in specialized databases. Information about marked genes and their functions is available in the Ensembl database1 (among others) for many livestock species. Information on quantitative trait loci (QTL) is collected in the AnimalQTL database2 and genomic pathway information is available through KEGG.3 In human genetics, the Encode project4 is systematically annotating functional elements in the genome, and similar initiatives are emerging in other species, including livestock (Andersson et al., 2015). On this basis it can, for example, be judged whether observed between-breed diversity in a given genomic region is purely neutral and has been generated by genetic drift or is of functional relevance and may have been caused by selection. Making systematic use of such information will allow a shift from a purely statistical assessment of genetic diversity to a more informative functional approach.

3Characterization of within-population diversity



Classical estimators of genetic variability (heterozygosity, F-statistics, etc.) are still commonly used. However, some are not adapted for use with biallelic markers (e.g. number of alleles per locus, which is invariably equal to two for biallelic markers). As the use of SNPs has become more common, so has the use of individual and population genomic indicators of diversity and similarity, such as coancestry and inbreeding (Meuwissen and Goddard, 2001; Keller et al., 2011; Saura et al., 2013; Curik et al., 2014). Some of these indicators make it possible to test whether inbreeding effects are more or less important in specific genomic locations, or whether inbreeding comes from a more or less distant common ancestor (e.g. Ferenčaković et al., 2013). Estimators of genetic variability can also be used in conservation decision-making as a means of optimizing the choice of breeding animals so as to minimize the loss of genetic variability (Oldenbroek, 2007).

In parallel, several methods of estimating present and past effective population sizes have been developed or improved, based either on the correlation between allele frequencies (linkage disequilibrium) or on runs of homozygosity (Sved, 1971; Hill, 1981; Hayes et al., 2003; Waples, 2006; Li and Durbin, 2011; Hillestad et al., 2014). These approaches have been increasingly applied in livestock, including cattle (de Roos et al., 2008; Flury et al., 2010), sheep (Kijas et al., 2012), pigs (Uimari and Tapio, 2011), chickens (Qanbari et al., 2010) and horses (Corbin et al., 2010). It should be noted, however, that the widely used approach suggested by Sved (1971) has some methodological shortcomings (Sved, 2008) and is especially sensitive to non-random samples of SNPs (Corbin et al., 2012; Ober et al., 2013).

At the time the first SoW-AnGR was prepared, it was generally considered that because of the limited number of markers available it was more efficient to use genealogical information than molecular information in conservation decision-making (Fernandez et al., 2005). This appears no longer to be the case. Commercial SNP arrays are now affordable and provide estimates of genetic relationships that account for the random segregation and recombination of chromosomes that occur during inheritance from parents to off-spring. Because marker-based information provides better estimates of genetic relationships than pedigree data, inclusion of genomic data is likely to increase the efficiency of conservation schemes (Hasler et al., 2011; Toro et al., 2014).

4Characterization of between-population diversity



Relationships between populations have long been assessed through the estimation of genetic distances, which are often used to construct phylo-genetic trees to visually infer genetic relationships. However, a major drawback of reconstructing phylo-genetic trees is that the evolution of lineages is assumed to be non-reticulate, i.e. it is assumed that while lineages may diverge, they never result from crosses between lineages. There is therefore a tendency for these methods to be replaced by alternative graphical networks or other approaches such as Bayesian clustering methods or multivariate analysis (Bertorelle et al., 2004). One of the most popular model-based Bayesian approaches in current use is the model-based clustering method developed by Pritchard et al. (2000) (STRUCTURE software), although alternatives are available (e.g. Alexander et al., 2009). The approach uses Monte Carlo Markov chain simulation to assign individuals to a chosen number of clusters (populations), inferring genetic origins without a priori knowledge or assumptions. This is a particularly important consideration in livestock populations, where unsuspected admixture may have occurred. The approach is, however, not without limits. For example, inferred clusters may not always be ancestral, but rather related to highly inbred populations (“inbreeding bias”) or to populations over-represented in the dataset (“sampling bias”) (Lenstra et al., 2012). Multivariate analysis approaches are interesting alternatives to model-based approaches, as they are generally assumption-free methods and are specifically designed for summarizing large and complex datasets into a small number of synthetic variables (Jombart et al., 2010). These various approaches are usually applied to microsatellite or SNP marker information. They have been extensively used in livestock studies, either independently or (because of the complementary information they may provide) in parallel (Muchadeyi et al., 2007; Leroy et al., 2009; Gautier et al., 2010; Kijas et al., 2012). Methods have been developed over the last few years that use dense haplotype data to unravel fine-scale population structure (Lawson et al., 2012) or apply advanced admixture analysis in order to infer the presence and historical timing of admixture events among human populations (Patterson et al., 2012; Pickrell and Pritchard, 2012; Hellenthal et al., 2014).

Recently, a growing number of methods for combining genomic information with information from other sources, often related to the environments where animals are raised, have been developed (Pariset et al., 2012). Landscape genomics is an approach that aims to use various methods (e.g. estimation of molecular distance, Bayesian and multivariate analyses) to identify environmental factors that shape genetic variability. For example, a study on Vietnamese goats showed that social organization and husbandry practices were as important as geographical distance in shaping genetic structure (Berthouly et al., 2009). The increasing density of markers genotyped may also allow these approaches to be used to identify chromosomal regions and genes likely to be subject to positive selection linked to the environment. Finally, knowledge of the history of livestock populations has greatly increased in the last ten years, based on the development of new methods and the increasing availability of large sets of markers (see Part 1 Section A). For instance, a recent study on horse breeds (Wallner et al., 2013) showed that the diversity of the paternally inherited Y-chromosome was very low in comparison to that of maternally inherited mitochondrial DNA haplotypes, a finding consistent with the disproportionate use of a limited number of popular stallions over recent centuries. Genome-wide panels of markers also make it possible to discriminate areas of the genome whose variation has increased or decreased though history in relation to specific gene function.

5Molecular tools for targeting functional variation



Recent advances in genomics have clearly improved our capacity to characterize functional variation in livestock species. Detection and mapping of QTLs, i.e. markers physically linked to a genomic variant that underlies variation in a quantitative trait, have benefited from increased genome coverage, as well as from the development of new methodologies. In particular, the use of sequence data may allow causative polymorphism to be targeted directly instead of via QTLs. The molecular background of various breed-specific traits has been the subject of numerous investigations (Table 4B1) (see also Box 4B3). The molecular analysis of adaptive variation has also improved knowledge of the possible adverse effects of selection on the health and productivity of animals. For example:


	Several gene variants are pathogenic or confer sterility in homozygous animals. For instance, myostatin deficiency caused by mutations in the MSTN (myostatin) gene hinders the delivery of calves (Bellinge et al., 2005).

	Gene variants exhibiting clear antagonism between milk yield and fertility (increasing the former while decreasing the latter) have been identified in cattle (Kadri et al., 2014).

	The use of only a few top sires promotes inbreeding and thus increased homo-zygosity. This effect, which inevitably increases the proportion of offspring that have recessive genetic defects, can be assessed using neutral genetic markers (Lenstra et al., 2012). Several pathogenic mutations in livestock species, most of which are recessive, have been identified. They surpass in number the gene variants known to be involved in economic traits (Nicholas et al., 2012).

	Significant deficiency or complete absence of individuals homozygous for a given haplo-type may indicate the presence of a recessive genetic defect causing early embryonic mortality. This concept has been successfully used in the identification of possible causes of reduced fertility in various cattle populations (Fritz et al., 2013).



International consortia have provided large amounts of data on SNPs and other variants. For example, the “1 000 bull genomes project” (Daetwyler et al., 2014) identified 28.3 million variants, related, inter alia, to coat colour, embryonic loss and production traits. However, it is still difficult to obtain genome sequences for a large number of animals at an affordable price. Methods have therefore been developed that can be used to “impute” or infer the genotypes of individual animals for which information is sparse (e.g. obtained using low- or medium-density SNP chips) from information on a subset of individuals that have been sequenced (e.g. those studied in the above-mentioned 1 000 bull genomes project) (Jansen et al., 2013).

Although the study of animal genetic diversity has typically concentrated on direct differences in genomes, the impact of genetic diversity on the expression of genes may be relevant, especially as interest grows in functional genetic diversity relative to neutral genetic diversity. Since the mid-1990s, the widespread use of DNA microarrays and serial analysis of gene expression (SAGE), both of which provide a snapshot of actively expressed genes and transcripts in a biological sample, has facilitated high-throughput molecular studies of the transcriptome. Microarray experiments provide a cost-effective means of studying the transcriptome, and the bioinformatic and statistical analyses (referred to as “analysis pipelines”) used to transform raw microarray data into interpretable results are now well established (Ritchie et al., 2015). Since the time the first SoW-AnGR was prepared, the development of high-throughput sequencing in the field of transcriptomic analysis (RNA sequencing or RNA-seq) has led to radical changes (Mortazavi et al., 2008), primarily because RNA-seq approaches do not necessarily require prior knowledge of a genome sequence or annotation (identification of locations and functions of coding regions within a genome) and can therefore be used even in poorly characterized organisms. In addition, it enables a wide range of novel applications, including detection of weakly expressed genes and alternative splicing isoforms (variations in the proteins translated from the same gene) (Wang et al., 2008; Pan et al., 2008), variable assembly of transcripts (Trapnell et al., 2010; Guttman et al., 2010; Robertson et al., 2010; Grabherr et al., 2011; Schulz et al., 2012) and allele-specific expression (Skelly et al., 2011).
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Recent comparisons have indicated good overall agreement among results obtained using microarrays, quantitative PCR (polymerase chain reaction) and RNA-seq across different sequencing platforms (Zhao et al., 2014; Trapnell et al., 2013; Nookaew et al. 2012; Liu et al., 2011). However, although microarrays and RNA-seq are both used to characterize transcriptional activity, the experimental, bioinformatic and analytical steps associated with the two differ considerably (Oshlack et al., 2010). In particular, RNA-seq experiments generate much more data than alternative transcriptomic approaches and require more sophisticated analyses and therefore greater technical capacity in bioinformatics and biostatistics (e.g. Langmead and Salzberg, 2012; Grabherr et al., 2011; Oshlack and Wakefield, 2009; Zhou et al., 2014). The analytical processes of transcriptomics constitute a major area of research in bioinformatics and statistics.

In recent years, studies using RNA-seq to examine genetic variation in gene expression have been undertaken in cattle (Li et al., 2011), chickens (Endale Ahanda et al., 2014; Davis et al., 2015) and pigs (Corominas et al. 2013; Fischer et al., 2015). The objectives of these studies have included the identification of candidate genes influencing phenotypic differences and the study of differences in gene expression associated with specific SNPs.

6The role of bioinformatics



The successful use of high-throughput technologies in the study of genetic diversity is largely contingent on the availability of support and expertise in bioinformatics and statistics. Increasingly large and complex datasets need to be understood, organized, quantified, and analysed. Developing and applying the methods and software tools needed to do this requires appropriate computing resources (including sufficient
computational power and memory to store and manipulate large data files) and programming skills. For example, genome sequencing and RNA-seq studies often require the services of a dedicated bioinformatics team to pre-process the data, including raw-data quality control and sequence alignment or assembly, in addition to biostatisticians for eventual data analysis. Bioinformatic support is often also an integral part of the development, maintenance and interrogation of biological databases.

An increasing number of well-documented and open-access bioinformatics and statistical tools are available online. For example, the Bio-conductor project5 is an open-source open-development software project that develops and provides widespread access to a diverse set of well-documented statistical and graphical analysis tools (written in the R programming language) for high-throughput genomic data. In addition, an increasing number of free and publicly accessible resources (e.g. the Galaxy project,6 an open web-based platform) are available to facilitate bioinformatic analyses without the need for extensive programming knowledge.

It is highly desirable that when researchers gather large-scale genomic data for a given project they make them freely available to other researchers once the initial analyses have been completed. Increasingly, scientific journals and research-funding organizations request that data underlying publications or generated in publicly funded projects be deposited in open repositories. This kind of open-source policy will generate a large quantity and variety of reference data, across species and breeds, that can be used for increasingly comprehensive and informative diversity studies.

7Conclusions and research priorities



The world of genetics has been revolutionized over the last decade with the advent of massive parallel sequencing and high-throughput geno-typing technologies. Other technologies and opportunities are on the way (see Box 4B4). These developments have opened many opportunities to utilize molecular techniques in the management of AnGR. However, while these technologies facilitate the sequencing of complete genomes or the genotyping of high-density SNP panels at moderate cost, they have not completely replaced traditional molecular markers such as micro-satellites, mainly because of their still relatively high costs and the additional skills needed to analyse the enormous amount of data they produce. Low-cost alternatives, such as low-density SNP panels, that allow genetic variants scattered across the genome to be queried and can feasibly be used in small and medium-sized laboratories are in development, but remain to be implemented in practice.

Understanding of genetic diversity needs to be improved, even in the most widely used livestock species. For example, comprehensive assessments of genetic diversity using molecular genetic markers need to be extended to locally adapted breeds, particularly those with small population sizes. The value of the large quantities of data that currently exist in fragmented form needs to be maximized (e.g. by undertaking meta-analyses and by making as much data as possible publicly available for use by breeders, researchers and policy-makers). Improvements in sequencing and genotyping technologies have already provided standards that can be used as references for further genotyping and sequencing studies. Reference genomes, biological background information and population genotypic data are still not available for some species, but sequencing efforts currently underway in laboratories around the world will soon fill these gaps. For most populations and production systems, taking full advantage of the opportunities that advances in genomics have created for the study of genetic diversity will also require new and additional phenotypic data.
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Understanding of the genetic basis of adaptive traits also needs to be improved. Potential approaches include the use of new technologies, such as genome sequencing and geographic information systems, in combination with new data-capture methods (e.g. remote sensing, image analysis and mid-infrared technology) and analytical approaches (e.g. landscape genetics approach), to facilitate the identification of signatures of natural selection reflecting local adaptation to diseases and other environmental conditions. This is of particular importance in the light of climate change. There is a need to develop methods for integrating molecular information into conservation and breeding programmes, and these methods need to be adapted to different environmental, agricultural and socio-economic circumstances. Tackling this task will be a challenge and will require substantial additional data (on genotypes, phenotypes and production environments). Greater international collaboration in data collection, analysis and interpretation will be essential.
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Section C

Breeding strategies and programmes

1Introduction



This section serves as an update of the overview of the state of the art in genetic improvement methods presented in the first report on The State of the World’s Animal Genetic Resources for Food and Agriculture (first SoW-AnGR) (FAO, 2007a).1 The importance of appropriate breeding strategies and programmes is highlighted throughout the Global Plan of Action for Animal Genetic Resources (FAO, 2007b), particularly in Strategic Priority Area 2, Sustainable Use and Development. The material presented in the first SoW-AnGR included an overview of the “context for genetic improvement”, which described both the factors influencing the objectives of breeding programmes (market demands, wider societal concerns about the nature and impacts of livestock production, the need to provide animals suitable for a diverse range of production environments, growing recognition of the importance of maintaining genetic diversity in livestock populations, etc.) and the latest scientific and technological developments in the field. This was followed by a description of the various activities or “elements” that make up a breeding programme and then by a review of the current state of breeding programmes by production system (high input vs. low input) and by species. Much of this material remains relevant. While the livestock sector is continuously evolving (see Part 2), the challenges that breeding programmes have to contend with remain broadly similar to those that existed at the time the first SoW-AnGR was prepared (2005/2006). Similarly, the basic constituent elements of a typical breeding programme have not changed.

This update largely follows the same structure as that described above for the first SoW-AnGR. Emphasis is given to recent developments, but each subsection aims to provide sufficient background information (where relevant, a short recapitulation of the material presented in the first report) to make it comprehensible, in standalone form, to the non-specialist reader. High-input systems are again treated separately from low-input systems. These terms can be defined in various ways, but for the purposes of this section, “high-input systems” is used to refer to systems in which external inputs such as supplementary feeds, veterinary medicines and advanced breeding and reproductive technologies are relatively easily obtainable and widely used (precise levels of use will depend on the particular circumstances) and “low-input systems” to systems where the use of such technologies is more limited, often because of factors such as inaccessibility, unaffordability, lack of relevant knowledge or lack of organizational capacity. Departures from the structure of the first SoW-AnGR include separate subsections on sheep and goat breeding in high-input systems and the addition of a subsection on rabbit breeding in high-input systems. The issue of breeding in the context of conservation programmes is addressed in Part 4 Section D. As indicated above, the broad context for breeding programmes (trends in the livestock sector) is addressed in Part 2.

2Scientific and technological advances



2.1Quantitative genetics

Since the time the first SoW-AnGR was prepared (2005/2006), there have been few technological advances in the field of quantitative genetics. The standard method for estimating breeding values and ranking animals according to their genetic merit continues to be traditional BLUP (best linear unbiased prediction). This method uses phenotypic information on animals and their relatives to predict the genetic potential of each animal. Existing tools for controlling inbreeding in herds and populations (e.g. Meuwissen, 1997) have become more widely utilized. From a given set of selection candidates, these tools allow the selection of a group of parents in which the genetic merit is maximized while a measure of genetic variation (e.g. the average coefficient of coancestry) is constrained.

Many breeding organizations, particularly in the dairy cattle, pig and chicken industries, have long been using mate selection software to minimize the effects of inbreeding in their breeding populations (Weigel and Lin, 2000). Over recent years, the various algorithms have been made more efficient (e.g. Kinghorn, 2011) and their value in the control of genetic defects has been recognized (Van Eenennaam and Kinghorn, 2014). Not surprisingly given the increasing use of genomic information in breeding programmes (see Subsection 2.3 and Subsection 4), software for managing inbreeding in the context of increasingly available genomic data has also been developed (e.g. Schierenbeck et al., 2011).

2.2Molecular genetics

Knowledge of the biology of traits is being enhanced by the availability of an ever increasing amount of genetic information, much of it unavailable only a few years ago. Genotypes can now be obtained much faster and at a lower cost than they could just five years ago. A simple biological sample (usually blood, hair, tissue or semen) from an individual animal can be used to determine its entire DNA sequence. Of particular interest are the areas where the sequence differs, at a single point, from that of the common reference sequence for the respective species. Such differences are referred to as single nucleotide polymorphisms (SNPs). Combined with enhanced computational capacity, these developments mean that researchers can analyse the genome for more complex traits than ever previously thought possible. It is likely that genotyping costs will continue to decline and that computational capacity will continue to improve – and that therefore the use of these tools will become ever more widespread in the coming years (see Part 4 Section B).
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2.3Gene-based selection

As knowledge of molecular genetics and trait biology has improved, it has been possible to improve breeding programmes through the use of various types of gene-based selection. Most traits of economic importance in livestock are so-called quantitative traits, the pheno-types of which are the result of the combined small effects of many genes. In some instances, however, individual genes can have substantial effects. Molecular genetics can be used to detect the presence of these genes and this information can be used in concert with phenotypic information from animals and their relatives in a process generally referred to as marker-assisted selection (MAS), where “marker” refers to a polymorphic locus either directly responsible for the genetic differences observed or “linked” to the causative locus by being situated nearby on the same chromosome. Most commonly, MAS is applied using linked loci rather than the causative gene, although some accuracy is lost by doing this.

At the time the first SoW-AnGR was prepared (2005/2006), several countries had incorporated MAS into their national breeding programmes for dairy cattle (e.g. Liu et al., 2004; Boichard et al., 2006) and other species. The application of MAS was judged to be profitable in dairy cattle even with only moderate linkage between the marker and the causative gene. However, for species lacking the complex system of artificial insemination (AI) and progeny testing that is in place for dairy cattle, MAS was considered to be a profitable strategy only in the case of highly informative markers located very close to the causative loci (Boichard et al., 2006).

In recent years, the availability of genomic information has greatly increased and continues to accumulate at a rapid pace. Cost-efficient DNA sequencing methods have facilitated the development of assays that can provide genotypes for tens to hundreds of thousands of SNPs for only a few tens or hundreds of dollars per animal. Thus, nearly all genes with effects on phenotypic traits can be marked by a SNP. It has become possible to apply genome-wide approaches that are more comprehensive than simple MAS based on a few markers.

Researchers have established ways of incorporating information on the genetic make-up of individual animals into breeding programmes for complex traits influenced by many genes, a process known as genome-enabled selection. There are two general approaches to this: genome-enhanced BLUP (Garrick, 2007; VanRaden, 2007; Zhang et al., 2007) and SNP-effect models.

Whereas genetic evaluations based on traditional BLUP utilize average relationships based on animals’ pedigrees, genome-enhanced BLUP utilizes the actual genomic relationship between the animals. For example, with traditional BLUP, two animals with the same sire are assumed to have exactly one-quarter of their genes in common. In reality, this proportion is not a fixed quantity, but rather ranges from zero to one-half. Genome-enhanced BLUP allows this proportion to be estimated more precisely. The approach can be extended – via a method known as single-step genome-enhanced BLUP – to incorporate phenotypes from individuals that are not genotyped (Aguilar et al., 2010; Christensen and Lund, 2010).

Simple genome-enhanced BLUP is based on the assumption that all regions of the genome have an equal influence on the phenotype being evaluated. Although this assumption facilitates the statistical analysis and generally yields satisfactory results, our knowledge of biology tells us that this assumption is not strictly true; only certain genes have actual physiological effects on a given trait. Computational methods such as Bayesian regression allow differential weighting of specific genomic regions that have a particularly large statistical association with the trait of interest, in other words where findings are consistent with the presence of a quantitative trait locus (QTL) affecting the trait.

In SNP effect models, effects on phenotype are simultaneously estimated for all genotyped SNPs in a so-called “training population” for which full phenotypic information is available (Erbe et al., 2010). The output is referred to as a “SNP-key” and can be used to predict the breeding value of animals that are genotyped, but for which no phenotypic data have been recorded. Such predicted breeding values are obtained by summing the estimated effects at each genotyped SNP. To incorporate information from individuals that have not been genotyped, the resulting genomic prediction is “blended” with an estimate of breeding value derived using traditional BLUP. This blended estimate is used as the final genetic index value for each animal.

Another distinction to note is that between high- and low-density genotyping. High-density genotyping involves analysing 50 000 to 1 million SNPs. Low-density genotyping only analyses a few hundred to a few thousand SNPs. The cost of high-density genotyping is more than twice that of low-density genotyping. Costs can be reduced via a process known as “imputation”, in which high-density genotyping is conducted only in a base population of animals that have many descendants (usually AI sires) and the information obtained is then used to develop a system for inferring or deducing the missing information for animals that have been subject only to low-density genotyping. The correlation between low-density and high-density genotyping has been shown to be approximately 0.95 (Hickey et al., 2012).

If genomic information is used alone (i.e. is based exclusively on historical phenotypic data), the genetic improvement resulting from selection may not exceed that achieved using traditional BLUP with phenotypes for selection candidates (Dekkers, 2007; Muir, 2007). Moreover, because of the effects of selection and recombination, the accuracy of genomic estimated breeding values (GEBVs) decreases as the number of generations from the training population increases. All available phenotypic and genomic information should be incorporated into GEBVs to ensure that they are as accurate as possible.

Studies have attempted to predict GEBVs for one breed based on the phenotypes of a training population belonging to another breed. The value of this approach has been found to be small or non-existent (Hayes et al., 2009a; Erbe et al., 2012). In numerically small breeds that have adequate phenotyping, multibreed genomic selection may, in future, prove to be an interesting option (Hozé et al., 2014), especially for breeds with a shared genetic history. However, in developing countries, a lack of routinely recorded reference populations is likely to be a significant barrier for the foreseeable future (see Subsection 5.3). Development of genome-enabled selection strategies that can alleviate the constraints imposed by low population sizes and limited phenotypic data is therefore a priority.

Genome-enabled selection can be expected to improve the accuracy of EBVs, particularly for young animals for which phenotypic data are not available (Meuwissen et al., 2001). Increasing EBV accuracy proportionally increases the expected rate of genetic gain. Having more accurate EBVs at a younger age allows selection decisions to be made earlier, which reduces the generation interval and increases genetic gain per unit of time.

In general, genome-enabled selection is beneficial because it can be used to increase the accuracy of the EBVs of animals without direct phenotypic measurements. This general rule applies not only with respect to young animals, but also to sex-limited traits, traits that are difficult or impossible to measure in the live animal, traits measured at the end of an animal’s productive life and as yet undetermined traits that are not currently measured but may become important in the future. In the latter instance, data collected in the future could be used to obtain EBVs for animals that are no longer living but from which cryopreserved semen or other germplasm is available. Genetic material from these animals could thus potentially be used to enhance the trait in the in vivo population.

Genome-enabled selection has been implemented in some animal breeding programmes, including programmes for pigs and dairy cattle. In pigs, generation intervals are already low, and hence the greatest effect of genome-enabled selection is on the accuracy of selection for traits that are difficult to measure or measured late in life, such as disease resistance (difficult to define and measure systematically), feed efficiency (expensive to measure directly) and longevity (sow longevity is a sex-limited trait that is not recorded until the animal is culled from the herd).

In addition to quantitative traits (and arguably to an even greater degree) the use of genomic information has increased our ability to manage Mendelian traits, i.e. those traits controlled by a single or small number of genes. In particular, genomic approaches have been used to identify causative mutations or genomic regions associated with deleterious recessive traits, and genetic markers have been developed to help eliminate these genetic defects or attempt to fix beneficial traits within a population.

Deleterious recessive traits are often characterized by a completely homozygous chromosomal region that includes the mutation responsible for the defect and flanking regions on either side of it. Such completely homozygous regions can be relatively simply detected by sequencing or genotyping a small group of affected animals (even as few as ten) and comparing their geno-types to those of unaffected animals (Charlier et al., 2008). For example, in dairy cattle, a rare recessive genetic defect affecting cow fertility has been identified in the Holstein breed. The defect, known as brachyspina syndrome, is caused by a 3.3 kb (kilo base pair) deletion in the so-called FANCI gene (Charlier et al., 2012). Despite the low incidence of brachyspina syndrome (thought to be less than 1 in 100 000), the frequency of the carrier state may be greater than 7 percent. The large discrepancy between the low incidence and relatively large percentage of carriers is accounted for by the fact that almost all homozygous mutant calves die during pregnancy. Identifying this mutation would not have been possible without state of the art genomic tools. Producers can now select against animals carrying a single copy of the gene and thereby improve fertility in the Holstein breed.

Arachnomelia is a monogenic recessive defect affecting skeletal development in cattle. The causative mutation, mapped to chromosome 5, was identified using array-based sequence capture and parallel sequencing technologies (Drögemüller et al., 2010), state of the art genomic tools at the time. A healthy, partially inbred cow known to be carrying one copy of the mutation was re-sequenced and a single heterozygous position was identified. As in the case of brachyspina syndrome, homozygous recessive offspring die before birth, which negatively affects fertility. Again, animals carrying the gene can be selected against in order to improve the fertility of the population.

Genomic information can also be utilized to correct pedigree errors (Seroussi et al., 2013) and reconstruct pedigrees when parentage data have not been recorded (Kirkpatrick et al., 2011). Using genomic information in this way not only increases the accuracy of genome-enhanced BLUP (Munoz et al., 2014), but can also improve traditional BLUP EBVs. Correcting pedigree errors allows more accurate understanding of the true relationships among individuals in the herd. This is important when establishing contemporary groups to estimate breeding values.

2.4Reproductive technology

The state of the art in the use of reproductive technologies has not changed greatly in recent years, at least in terms of application in the field. One area of advancement has been increased commercial use of semen sexing, predominantly in cattle and particularly in dairy cattle (see Boxes 3E6 and 3E7 in Part 3 Section E). This process involves the use of a molecular biology technology known as flow cytometry to sort X and Y sperm cells (Johnson and Welch, 1999). The obvious advantage is that sexed semen can be used to obtain offspring of the desired sex (more than 90 percent accuracy can be achieved). This allows the rate of genetic improvement to be increased, as selection intensity can be increased and the generation interval shortened. Given that in some production systems young animals of the undesired sex often suffer from neglect, the use of sexed semen can also indirectly enhance animal welfare.
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Challenges associated with the use of sexed semen include a slight decline in conception rate (a fall to 80 or 85 percent of the rate obtained using conventional semen) and the fact that sexed semen is not available from all potential sires (Van Doormaal, 2010). These challenges are likely to be overcome as more experience is gained in the use of sexed semen and as companies make sexed semen routinely available for all sires. Another challenge is that semen sexing does not work well in all species. In cattle, for example, overall semen and sperm volumes are low and the technology works well. Pigs, however, have relatively large semen and sperm volumes, which means that a lot of time (up to a day per sample) is needed to sort a single semen collection into X and Y sperm cells. To enable widespread use of semen sexing in this species, flow cytometry technology will need to be improved so as to allow sorting to be done much more quickly, as many commercial boar studs collect semen from as many as 100 boars in a day.

Reproductive technologies targeting the female animal (multiple ovulation, embryo transfer, in vitro fertilization and cloning) have been available for most major livestock species for some time (all had already been developed at the time the first SoW-AnGR was prepared – 2005/2006). Active research into these technologies continues to improve their success rates and their efficiencies, hence decreasing their costs. Nevertheless, cost remains a major constraint to their more widespread use. Genomic developments could, however, help change this. As discussed above, genome-enabled BLUP and related approaches have increased the accuracies of EBVs. In particular, the EBVs of female animals, especially young females, have become more accurate. This improved accuracy has increased the monetary value of the best females (Pryce et al., 2012). In theory, this increases the expected return on investments in reproductive technologies that increase the number of offspring per female.

Cloning and genetic modification (GM) have been available for many years, but have not gained widespread commercial use. This is largely for economic reasons, but there are also potential ethical concerns. Among livestock species, cloning is most frequently undertaken in horses, where individual animals can have extremely high values because of their earning potential in racing and other riding competitions. Since the first SoW-AnGR was prepared, technologies involving “genome editing” have been developed. These techniques tend to be much more efficient than more traditional GM approaches. Moreover, as genome editing does not involve transfer of genes across species, it may also raise fewer ethical questions. Research on this technology is increasing and has the potential to have a significant effect on animal production and the management of AnGR (see Box 4C2).

3The elements of a breeding programme



Genetic improvement strategies fall into three main categories: selection between breeds; selection within breeds or lines; and cross-breeding. The choice of which strategy to pursue will depend on the characteristics of the production system and of the types of animal available (i.e. already present in the local area or potentially introduced). To reduce the risk of costly failures, any options under consideration need to be thoroughly assessed. Detailed advice on planning a breeding strategy is provided in the FAO guidelines Breeding strategies for sustainable management of animal genetic resources (FAO, 2010).

All within-breed selection programmes (straight-breeding programmes) have a number of common elements. Setting up a breeding programme involves defining a breeding goal and the design of a scheme that is able to deliver genetic progress in line with this goal. This requires, inter alia, the identification of selection criteria, recording of animals’ performances and pedigrees, genetic evaluation, selection and mating, progress monitoring and dissemination of genetic improvement.

A breeding goal is a list of traits to be targeted by the breeding programme, including their relative importance, and a description of how they should be changed genetically (increased, decreased or maintained the same). Breeding goals inevitably shift over time in response to the changing requirements of livestock producers and ultimately the demands of consumers and society at large. For many years, production traits were the primary target. Later, traits affecting function such as longevity, health and reproductive ability were added, as it was observed that selection for production had led to deterioration in these traits. Today, as a result of societal pressures, increasing attention is being given to behaviour, well-being and other novel traits. For example, in response to the elimination of gestation stalls in pig husbandry, the breeding industry has started to select for more docile sows, which it is hoped will be more tractable in situations where animals are housed in groups during gestation.

As breeding objectives become broader, breeders increasingly have to deal with antagonisms between different sets of traits. When the genetic correlation between two traits is favourable, selecting for one trait can bring a correlated beneficial response in the other trait. However, when traits are antagonistically correlated, selecting for one trait will lead to an undesirable response in the other. In such cases, it is common practice to include both traits in the selection objective and select animals with desirable attributes for both traits. This strategy allows all traits to be improved over time (Neeteson-van Nieuwenhoven et al., 2013). Typically, the most efficient way to select for multiple traits is to combine them into a “selection index” (Phocas et al., 2013). Traits are weighted according to index coefficients that consider the economic importance of traits and their genetic relationships and maximize the correlation between the selection index and the breeding goal.

The outcomes of breeding programmes, particularly in species with long generation intervals, are realized many years after selection decisions are made. Even in poultry, a genetic change implemented in a breeding nucleus will take at least three years to have a noticeable effect at commercial level. This underlines the need to anticipate future demands when defining breeding goals. Breeders and breeding organizations need to be tuned into societal pressures and how they are likely to affect future demand.

Animal identification and the recording of animals’ performance and pedigrees are the driving forces of genetic improvement. Detailed advice on the development of animal recording systems is provided in the FAO guidelines on the Development of integrated multipurpose animal recording systems (FAO, 2015). Abundant and accurate measurements lead to efficient selection. As described above (Subsection 2), developments in the field of genome-enabled selection are creating significant new opportunities to improve animal breeding. A key prerequisite is to have sufficient phenotypic information recorded for the traits that potentially benefit the most from the use of this technology (e.g. health traits, sex-limited traits and traits that are difficult or impossible to measure in live animals).

Genetic evaluation is the process of determining which animals have a superior genotype for the traits of interest so that decisions can be taken as to which animals should be used to breed the next generation. As performance is influenced both by the animal’s genetics and by its environment, genetic evaluation involves separating environmental components from genetic components. As described above in Subsection 2, genetic evaluation methods based on information on the performance of animals and their relatives are now being supplemented by methods that involve the use of molecular genetic information. The extent to which these new methods have moved beyond the research level and into commercial production varies from species to species (see Subsection 4 and also Part 3 Section E).

Capacity to store performance and pedigree data for use in genetic evaluations is continuously increasing as more sophisticated computer hardware becomes more widely available. It is likely that technology will continue to improve and that capacity to run yet more complex genomic evaluations will not be limited by hardware availability. The greatest limitation may prove to be a lack of progress in the development of software for these types of analysis because of a lack of trained personnel in the field of animal breeding and genetics and a lack of labs working on the development of the specialized software required.

Family information in genetic evaluation increases the probability of co-selecting close relatives, which in turn leads to increased inbreeding. Various methods are used to reduce inbreeding while maintaining high rates of genetic gain. All are based on the principle of reducing the average relationship between the individuals selected. Computer programmes have been developed to optimize selection decisions for a given list of candidates for which pedigree information and EBVs are available (Weigel and Lin, 2000). Other mating rules or methods for reducing the accumulation of inbreeding in a population were outlined in the first SoW-AnGR2 (see also Part 4 Section D and FAO, 2013). These rules have been utilized in commercial poultry and pig breeding to maintain inbreeding at relatively low levels. Many breeding companies have moved towards using programs such as “Mate Select” to control inbreeding more systematically.

The progress achieved in a breeding programme is usually assessed by regressing average phenotypic and breeding values on year of birth. In addition, breeders run regular internal and external performance testing. An external testing scheme needs to cover a wide range of production environments to ensure that selected animals can perform well under a wide range of conditions. Other sources of information, and probably the most important, are field results and feedback from customers. Frequently, companies test their products against those of their competitors.

The impact of a breeding programme depends on the dissemination of genetic progress to customers or into the wider livestock population. Reproductive technologies, particularly AI, play an important role in many species. They allow genetic material to be transported around the world and greatly increase the number of off-spring that can be obtained from a superior breeding animal. As discussed above (Subsection 2.3), recent years have not seen major technological advances in this field. However, the use of reproductive technologies is becoming more widespread in many countries (see Part 3 Section E).

Despite the ever-increasing sophistication of breeding technologies, it is important to recall that all the elements of a breeding programme can be implemented even under very basic conditions. Success is possible without the use of elaborate data recording and genetic evaluation systems, without genomic tools and without the use of reproductive technologies (see Subsection 5 for further discussion of breeding programmes in low-input systems).

4Breeding programmes in high-input systems



4.1Dairy and beef cattle

The characteristics of the cattle breeding industry highlighted in the first SoW-AnGR3 included:


	a relatively decentralized structure (compared to the pig and poultry sectors), with different organizations performing complementary tasks in the breeding scheme (identification, performance recording, genetic evaluation, selection and commercialization of genetics), the most distinctive feature being the role played by commercial producers in the provision of data used in genetic evaluation;

	(in the dairy sector) a historical emphasis on production traits (milk yield and components) that had led to a great increase in milk output, but also to a deterioration in so-called functional traits, i.e. those related to the animal’s health and fertility; this had led breeding organizations to increase the weight of functional traits in selection indices;

	(in the beef sector) a focus on increasing growth rates that had caused an increase in calving problems associated with calf size, as well as creating potential fertility problems associated with heifers being unable to meet higher nutritional demands associated with a larger size;

	a need to improve the recording of functional traits, particularly in beef cattle;

	a lack of capacity to implement direct selection for feed efficiency, resulting from a lack of capacity to obtain feed-intake data for sufficient numbers of animals;

	a lack of market mechanisms that reward producers for improved meat quality;

	(in the beef sector) a lack of well-organized cross-breeding programmes;

	a major role played by breeders’ associations, along with significant input from public institutions in terms of data management and genetic evaluation; and

	a trend towards the internationalization of AI companies.



These characteristics have changed little in the years since the first SoW-AnGR was prepared (2005/2006). Decentralization remains a common theme. Ownership of individual animals remains with private livestock keepers, particularly in the case of female animals, although there is a general trend towards concentration. Breed associations continue to play a major role. The trend towards globalization continues, both in terms of the organization of AI companies and the use of breeds in a transboundary manner. Cross-breeding is a routine practice in dairy cattle as a means of increasing profitability by improving functionality and fitness. As discussed in more detail below, the adoption of genomic selection has been nothing short of revolutionary. The evaluation, acquisition and marketing of AI bulls have been transformed, with a much greater emphasis now given to younger bulls with no progeny.

The breeding objectives listed in the first SoW-AnGR4 are still relevant to most selection programmes worldwide, but some changes have occurred. In many countries, selection indices for dairy cattle have been adjusted so as to reduce the emphasis given to production traits and to accentuate functional traits such as fertility, longevity and udder health. The major obstacle to including more health traits and novel traits such as feed efficiency in selection programmes is a lack of reliable phenotypic records, either because of logistical problems or because of high costs. The automation of milking procedures has become significantly more widespread during the past decade and is generating a large volume of new records that could potentially be used to expand the portfolio of traits evaluated. The practice of breeding companies establishing contracts with the owners of large herds to collect data on novel traits is foreseen to become more common in the future and to play an increasingly important role in genetic evaluation of these traits. These practices may increase the accuracy of genetic evaluation, but perhaps only for the specific standardized environment in which they are recorded. In beef cattle, growth and carcass traits continue to be the main selection objectives, although calving and fertility traits are receiving increasing attention. Difficulties with reliable recording are even more acute in beef than in dairy operations. Assessing the sophisticated carcass classification data collected by slaughterhouses (e.g. the EUROP carcass classification system)5 for genetic evaluation purposes would improve the selection process. However, it would require a consistent animal identification infrastructure, from birth to slaughter (or, perhaps, much more widespread reliance on DNA-based measures of animal identification and genetic relationships) that would allow the development of consolidated databases. Current breeding objectives in dairy and beef cattle are summarized in Tables 4C1 and 4C2.

The development of technologies that allow fast, accurate and affordable determination of SNPs has enabled the AI industry to make efficient use of genetic markers for selection purposes and represents the most significant advance in cattle breeding since the adoption of AI (see Subsection 2 for a general description of the role of genetic markers in animal breeding). The completion of the bovine genome sequence and reference assembly (Elsik et al., 2009) enabled the identification of the several thousands of SNPs used to develop low-cost SNP chips. Genomic screening of a large proportion of the population facilitates the discovery of haplotypes associated with economically important traits such as recessive disorders, reproductive performance, coat colour and polledness. Carriers of such haplotypes are now regularly identified among genotyped cattle (Table 4C3).
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Adoption of genomic selection has been extremely rapid in the dairy sector and has already replaced the progeny testing schemes that were the state of the art for several decades. Males, and a rapidly increasing number of females, are genotyped at very young ages and not used as breeding animals if their GEBVs do not meet the selection criteria. In combination with advances in multiple ovulation and embryo transfer (MOET), genomic selection has shortened the generation interval to such an extent that the sires of the currently active AI bulls do not yet have any recorded progeny. The replacement of progeny testing has been a revolution in dairy cattle breeding, but yet another paradigm shift is now taking hold. The relatively low reproductive capacity of cattle and the rates of involuntary culling have traditionally meant that the female offspring from all cows were needed as replacements within a given herd. Therefore, genetic improvement via the dam-of-daughters pathway has been negligible. Now, the combination of sexed-semen technologies and low-density, low-cost SNP chips has increased both the selection intensity and the selection accuracy within this pathway, thus creating a new opportunity for additional genetic improvement.
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Because the accuracy of GEBVs is highly dependent on the size of reference populations (Hayes et al., 2009b), even the largest cattle populations greatly benefit from international exchanges of genomic data. Exporting countries took the lead in adopting genomic technologies and formed consortia to share genotypes. Interbull, a subcommittee of the International Committee for Animal Recording (ICAR), has continually adapted its activities to account for the use of genomic information in genetic evaluation. The market has become polarized into two major blocks, the importers and the exporters of genetics. The technological gap between these two blocks has widened rapidly, both because of the investments required and because of a relative lack of expertise in the importing countries. Poor results from multibreed genomic predictions have hindered genomic applications in smaller, non-mainstream, populations and the hegemony of the Holstein has been increasing at a greater speed. The potential uses of genomics are seemingly limitless. New actors coming from sectors not directly related to dairy or beef breeding (e.g. pharmaceutical companies) have started to take the lead and supply innovative and customized services to dairy breeders in a manner similar to that already pertaining in the poultry and pig industries. Data ownership has become a key issue and control over the genetic-improvement process may shift from breeders to corporations (Dürr, 2013).

Genomic selection has advanced more slowly in the beef sector. This is mainly because of differences in population structure (in dairy breeds, the large number of offspring produced per bull through AI improves the precision of genomic selection), the fact that major production traits such as growth rate can be measured in all animals relatively early in life and the lack of large phenotypic and animal-pedigree databases for beef cattle.

4.2Sheep

The first SoW-AnGR presented an overview of the state of sheep breeding in high-input systems, noting the selection criteria utilized and describing the organization of the breeding sector in different parts of the world.6 Table 4C4 summarizes the traits most commonly considered in current sheep breeding programmes. While the broad characteristics of the sheep breeding industry remain similar to those described in the first SoW-AnGR, breeding programmes for high-input systems have undergone considerable change in the past decade. Although developments in genomic prediction are exciting and have attracted considerable research investment in a number of countries, structural and economic effects are also very important.

While in general, sheep breeding programmes have typically aimed to improve production and reproduction traits, identification of molecular markers for major genes that directly affect sheep health has led to the incorporation of selection for health traits. Selection for the ARR haplotype at the PRNP locus and against the VRQ haplo-type has been used in several countries to reduce susceptibility to scrapie (Hunter, 2007). Selection against day blindness in Awassi sheep is being undertaken via the CNGA3 locus (Reicher et al., 2010) and resistance to maedi visna infection has been shown to have favourable alleles at the TMEM154 locus (Heaton et al., 2012).
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In the very intensive sheep-farming systems of Europe and the Middle East, where high prolificacy is economically important, use of genetic technologies such as introgression of the FecB mutation with the aid of molecular genotyping (Gootwine et al., 2008) and the advent of genomic selection (Larroque et al., 2014) have created substantial opportunities to increase the rate of genetic progress. Breeding programmes for improving milk production traits are in place in several European counties. Most milk recording is carried out in France, Italy and Spain, where large-scale use of AI facilitates breeding work. According to an ICAR survey reported in 2013 (Astruc, 2014), there are about 2 million sheep under recording, almost exclusively in European countries.

The potential to exploit genomic selection is less in small milking ruminants than in dairy cattle breeds such as the Holstein, which have larger values per animal, longer generation intervals in progeny testing schemes, smaller effective population sizes and larger numbers of historical individuals with accurately recorded phenotypes and genotypes. However, because genomic selection simplifies the AI cooperative structure, a shift towards genomic breeding strategies is occurring, at least in some French milking sheep breeding programmes (Duchemin et al., 2012; Larroque et al., 2014) (see Box 4C3).

In the meat and wool sectors, programmes such as the National Sheep Improvement Program in the United States of America7 and LAMBPLAN8 in Australia evaluate records of on-farm performance records and provide the industry with EBVs for many traits for elite and young rams belonging to a range of breeds. Some EBVs are combined to calculate indexes for specific breeding goals.
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Breed shifts and the introduction of composite breed types have been transformational in New Zealand and Australia over recent decades. This has been driven, at least partly, by shifts in focus from wool production to meat production. Interestingly, in New Zealand, although higher performance composites rapidly took substantial market share following the introduction of novel breeds from Europe, much of this market share has since been recovered by breed types (including lower-performance composites) identified by farmers as having higher levels of robustness in breeding ewes. Sheep flocks in New Zealand are increasingly being forced into harsher production environments due to rapid expansion of the dairy industry (Morris and Kenyon, 2014). The three test sites of the country’s central progeny testing structure, widely recognized as a key facilitator of accelerating rates of genetic progress, have recently been supplemented by two additional sites, both of which are commercial farms operating in very harsh production environments.

Despite considerable investment in genomic approaches, there are still challenges to the integration of these technologies into breeding programmes. Both the Australian approach, based on a very large reference population with intensive phenotypic recording, and the New Zealand approach, based on industry sires as the training resource, have produced relatively modest improvements in selection accuracy compared, for example, to those achieved in Holstein cattle (Dodds et al., 2014; Swann et al., 2014). To date, adoption of genomic selection approaches in both countries has been limited to highly progressive breeders who wish to be at the forefront of technology and are content with marginal gains in the rate of genetic progress. Work on how to integrate genomic predictions into novel breeding programme structures and attempts to reduce testing costs per animal and per breeding scheme via two-stage selection strategies (Sise et al., 2011) and combination with reproductive technologies (Granleese et al., 2013) have been identified as keys to increased adoption. Research is also being undertaken into higher-density chips and gene sequences, although there is little evidence of practical benefits. Exploiting the ever-decreasing costs of genome sequencing remains an exciting challenge for the future.

Formal industry structures and coordinated provision of genetic improvement services such as databases and genetic evaluation systems are critical to the success of genetic evaluation systems. However, even where such systems exist, rates of adoption of new technologies may be poor and rates of penetration into the commercial sector by rams from flocks in which the latest technologies are used may be very low (Amer et al., 2007). An example of steps that can be taken to overcome challenges of this kind is provided in Box 4C4.

4.3Goats

The first SoW-AnGR provided a short review of the state of goat-breeding programmes in high-input systems, noting that such programmes were mainly concentrated in Europe and North America and focused mainly on dairy breeds. Breeding programmes for meat goats were described as being present in a few countries with well-developed goat-meat sectors, such as Australia, South Africa and the United States of America.9 This overall picture has not changed greatly in the recent years. Well-structured goat breeding programmes are generally found only in developed countries where the production, processing and commercialization of goat products are well organized. Table 4C5 lists the most important traits considered in contemporary breeding programmes for dairy and meat breeds.

All effective goat breeding programmes are based on straight-breeding. They rely on the existence of well-characterized breeds and breeders’ associations that can manage herd books and performance-recording systems. As with other species, goat breeds are monitored for inbreeding, and the selection and diffusion of AI bucks is modulated to minimize inbreeding (Colleau et al., 2011; Palhiere et al., 2014). Obtaining EBVs that are sufficiently reliable for efficient selection requires the recording of pedigree information and at least a minimum of genetic connection between herds. Schemes based on progeny testing and the collective use of sires have become somewhat more common in recent years. In addition to the French and Norwegian programmes noted in the first SoW-AnGR (the former involving the use of AI and the latter the sharing of sires among cooperating breeders), examples now include selection schemes for Spanish dairy breeds (Murcianogranadina, Malagueña, Florida and Payoya), based on progeny-tested males and the use of their semen for planned matings throughout the whole selection nucleus (Seradilla, 2014). Although some of these schemes have achieved a degree of success (Menendez-Buxadera et al., 2014), several constraints to their further development remain to be resolved, particularly with regard to their economic sustainability (Serradilla, 2008).
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There have also been some notable developments in Latin America. In Brazil, selection schemes for improving meat and milk production have been implemented in small selection nuclei of imported and locally adapted breeds (Lôbo et al., 2010). In Mexico, a small selection nucleus has been organized by a group of breeders from the state of Guanajuato, which also progeny tests sires through AI and undertakes genetic evaluation of sires and dams (Torres Vázquez et al., 2009).

The main technological innovation in recent years has been the development of tools for the exploitation of molecular genomics in advanced selection schemes. Gene-assisted selection is currently applied in France and Norway to improve milk protein content (Manfredi and Ådnøi, 2012). The International Goat Genome Consortium10 has worked with a private company to develop a commercially available SNP chip for goats (Tosser-Klopp, 2012). France has investigated the adoption of genomic selection and has established reference populations for the popular Alpine and Saanen breeds (Larroque et al., 2014). Study of these populations suggests that the reliability of genomic evaluation would be less than in dairy cattle breeds with large populations, but similar to that in cattle breeds with equivalent population sizes (ibid.). In addition, in contrast to the findings of most studies in dairy cattle (e.g. Kemper et al., 2015), joint genomic evaluation of goat breeds tends to improve the accuracy of GEBVs (Carillier et al., 2014).

4.4Pigs

The basic structure of the pig breeding sector remains similar to that described in the first SoW-AnGR.11 In the typical breeding programme, pedigree selection occurs only within pure-bred lines (designated as sire or dam lines) in the nucleus (i.e. the top layer of the production pyramid). Sire lines are selected for growth and carcass traits, meat quality and robustness. Dam lines are also selected for reproduction traits. New lines are regularly developed by crossing existing lines and/or by specialized selection in a particular direction. A breeding organization’s final products are parent sows (two- or three-way crosses) and parent boars (pure lines or two-way crosses). These parent animals are used by producers to breed pigs for slaughter.

The pig-breeding sector is less concentrated than the poultry sector (see Subsection 4.5). There are still many breed associations and many countries have some kind of national, often semi-governmental, genetic evaluation scheme (e.g. the National Swine Registry in the United States of America, the Canadian Centre for Swine Improvement Inc. and LGPC-IFIP-INRA12 in France). These schemes compete with pig-breeding companies that may be owned by cooperatives (e.g. Topigs, Danavl, Nucléus and ANAS) or by families (e.g. ACMC, Grimaud, Hendrix and JSR) or may be corporations (e.g. PIC). Over the years, pig-breeding companies have tended to amalgamate into larger and more cost-efficient entities.

Pig-breeding programmes have been very successful in improving economically important traits (e.g. Chen et al., 2002; Tribout et al., 2010), with growth and carcass performance (growth rate, leanness and feed efficiency) having been targeted since the 1970s and greater attention given to reproductive performance (litter size, piglet survival and farrowing interval) and meat quality (water binding capacity, colour and intramuscular fat content) from the 1990s onwards. Since the 2000s, the focus has been shifting towards breeding for more robust and efficient animals to meet the needs of a more diverse range of production environments (Merks et al., 2012). This has required strategies for dealing with genotype by environment interactions. One popular approach is the combined cross-bred and pure-bred selection (CCPS) scheme, which involves recording the cross-bred progeny of AI nucleus boars under commercial conditions and using the data to estimate the breeding values of pure-bred relatives that are selection candidates in the nucleus (Wei and Van der Steen, 1991). This approach implies increasing the emphasis given to robustness traits such as survival rates, leg soundness, disease resistance, stress susceptibility and longevity. Table 4C6 presents a summary of current selection objectives in pig breeding. Recent changes have been quantitative rather than qualitative: a gradual shift towards robustness traits and efficiency. An important development for the late 2010s will be the introduction of boar taint as a breeding goal trait in the European Union, where piglet castration is likely to end in 2018.

With ongoing intensification of the production sector, pig health is becoming ever more important. This requires, in the first place, improving sanitary status and biosecurity at the breeding-farm level, so that diseases are not introduced from the breeding farms into the production pyramid. It has also triggered attempts to breed for disease resistance and against metabolic disorders. However, this work is only in its initial stages. Globally, pig production is gradually shifting from temperate to warmer climatic zones and this has created requirements for animals that are resilient to hot conditions. This has led to the introduction of novel breeding–goal traits such as lactation feed intake (Renaudeau et al., 2014). In Western societies, increasing attention to animal welfare is leading to the introduction of novel housing systems, which in turn is leading to the adoption of a new set of breeding-goal traits, mainly related to various aspects of animal behaviour. Growing concern about environmental efficiency (e.g. greenhouse gas emission, phosphorus retention and nitrogen excretion) is likely to increase the emphasis given to feed efficiency in genetic improvement programmes.
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Because of the competitive nature of the industry and its high levels of investment, commercial breeding companies usually spearhead the use of technologies. Many use MAS in one form or another and a handful have implemented full-scale genomic selection (Van Eenennaam et al., 2014). These are expensive technologies, and studies have been undertaken to evaluate their financial feasibility in various breeding systems (e.g. Abell et al., 2014). Another important innovation has been the development of optimization routines that balance between genetic improvement and inbreeding in the planning of selection and mating schedules at nucleus level (see Subsections 2.1 and 3). At present, a major focus of development is accommodating genomic information in mate-selection procedures.

4.5Poultry

The first SoW-AnGR provided an overview of the poultry-breeding industry, noting its hierarchical structure, often referred to as the “breeding pyramid”, and its concentration in the hands of a small number of companies.13 It also discussed the main selection criteria in poultry breeding programmes, noting a trend towards the inclusion of ever more traits in breeding objectives.

A typical poultry breeding programme includes a biosecure breeding nucleus from which genetic improvement is disseminated to the wider industry through multiplication tiers at great-grand parent, grandparent and parent levels. Improved birds are multiplied and crossed, in three or four steps, in the lower tiers of the breeding structure to produce broiler or layer birds (see Table 4C7). It is important to note, however, that the traditional portrayal of the structure of the poultry industry as a pyramid, with the breeding programme at the apex, is something of an over simplification (Laughlin, 2007). The structure can more accurately be represented by two pyramids: a small supporting pyramid at the base, representing the specialized breeding programmes, and a larger inverted pyramid above, representing the other tiers of production, with the consumer at the top (see Figure 4C1). The supporting pyramid contains all the elements needed to maintain a breeding programme: experimental lines, test lines and pure lines, along with the various support systems of modern genetics, including a strong research and development base geared towards responding to feedback from every tier of the industry and from society.

[image: Images]

[image: Images]

The poultry-breeding industry remains concentrated in few hands. Fewer than five groups of primary breeders dominate the market for breeding stock (Fuglie and Heisey, 2011) and some of these are involved in the production of more than one poultry species. Most breeding companies are based in Europe or North America, with subsidiaries in major production regions.

The main breeding objectives and selection criteria in commercial poultry breeding are summarized in Table 4C8. Since the 1960s, breeding goals have evolved from a narrow starting point emphasizing production traits to now encompass a very broad range of considerations, including reproduction, animal health, product quality and environmental impact. This expansion has been particularly notable during the last two decades (Neeteson-van Nieuwenhoven et al., 2013). The trend has been driven by the need for efficiency, including in environmental terms, as well as by the need for robustness and adaptability to varying production environments.

Poultry breeding is a global business and poultry are raised in production environments that vary substantially in terms of ambient temperature, humidity, altitude, disease exposure, feed quality and management capacity. Many regions where poultry are produced are highly vulnerable to climate change, and the development of resilient strains able to cope with climate change-affected production environments has become a focus of many breeding programmes. The high cost of recording and the need to maintain strict biosecurity mean that breeding companies typically undertake selection at a limited number of sites, rather than at many sites spread around the world. There is therefore a high potential for genotype × environment interactions (Neeteson-van Nieuwenhoven et al., 2013). To reduce the problem, poultry breeders have developed crosses that are robust to minor changes in the production environment. This is achieved by testing the siblings of selection candidates, different lines or different cross-bred progeny in multiple production facilities and field environments. The field data are then combined with data obtained in the breeding nucleus.

Increasing attention is also being paid to the need to reduce the carbon footprint of poultry production systems. This has led to an increased focus on the efficiency of production and a consequent shift in breeding objectives. Life-cycle analyses have indicated that the feed supply chain contributes a large proportion of the poultry sector’s share of global greenhouse gas emissions (Pelletier et al., 2014). Improving feed efficiency is thus a key factor in reducing the environmental impact of poultry production (Olori, 2010; Pelletier et al., 2014). It has been estimated that an improvement in feed efficiency resulting in a saving of 15 g feed per kg body weight gained would reduce global poultry feed requirements by around 1.85 million tonnes per year, freeing up about 4 000 km2 of arable land14 (Neeteson-van Nieuwenhoven et al., 2013). Feed intake, feed conversion ratio and residual feed intake are included in breeding objectives in the turkey, layer and broiler sectors. To account for group dynamics in feeding, some breeding programmes have invested in feed recording systems based on transponder technology that allow continuous recording of the feed intake of individual birds in housed groups (Bley and Bessei, 2008; Howie et al., 2010; Tu et al., 2011). This technology also allows the genetic basis of feeding behaviour under competition to be studied (Howie et al., 2009; Howie et al., 2010).
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One problem that has been highlighted by some authors (e.g. Dawkins and Layton, 2012) is the risk that rapid growth potential may pose to the welfare and the fertility of breeding birds. Feed management has been effective in optimizing reproductive performance while avoiding obesity and associated welfare problems in breeding birds. However, welfare concerns about hunger have also been raised (D’Eath, 2009). Recent research has focused on behavioural and neuro-physiological measures of hunger (Dixon et al, 2014; Dunn et al., 2013) and the development of feeding strategies that optimise reproductive performance while avoiding both obesity and hunger (Van Emous, 2015).

Reproductive ability is not only vital to the profitability of the breeding companies’ customers, it also affects the intensity of selection within the breeding nucleus. Increased longevity, egg fertility and hatchability, chick viability and persistency of performance are therefore key breeding objectives. These traits are significantly affected by hen age. New methodologies based on random regression models are now used to evaluate these traits (Wolc et al., 2009; 2010) and this facilitates examination of the persistency of performance over time.

Livability (survival to the end of the production cycle) and persistent performance require healthy birds that are free of physical and physiological defects. Breeding objectives therefore include traits that contribute to the health and welfare of the birds. For example, in the egg-layer sector, efforts are made to minimize cannibalism and feather pecking in group-housing systems. Traits monitored include feather coverage at various ages. Some companies select breeding stock while the birds are housed in groups, particularly in the case of broilers. A strategy based on group selection using so-called social interaction models has also been shown to be feasible (Bijma, 2010) and is being evaluated (Ellen et al., 2011). However, it is generally difficult to estimate genetic parameters for such effects, especially when group sizes are large, and this may limit the use of such methods. Livability also requires reduction in the incidence of cardio-vascular problems (sudden death syndrome and ascites) and leg problems in broilers and turkeys. However, the causes of these problems are multifactorial and have been the focus of research efforts for decades. Many breeding programmes regularly select against contact dermatitis (foot pad and hock burn) (Kapell et al., 2012a) and for improved clinical and subclinical leg health (Kapell et al., 2012b), as well as for measures of heart rate and oxygen saturation as indicators of ascites and sudden death.

Poultry breeders have adopted genomic selection (see Subsection 2.3) as a means of increasing selection accuracy and reducing generation intervals (Avendano et al., 2010; Avendano et al., 2012; Sitzenstock et al., 2013; Wolc et al., 2014). The greatest benefit from genomic selection is expected to be seen in the improvement of traits expressed in only one sex and/or at a late age (e.g. egg production, fertility and hatchability), carcass traits that hitherto required the sacrifice of potential selection candidates, and disease-resistance traits that could otherwise only be meaningfully selected for on the basis of challenge tests (i.e. tests involving exposure to disease). It is now clear that despite these developments traditional data recording remains important, as the accuracy of genomics-predicted breeding values relies on accurate phenotypic data. Further statistical and technological developments that reduce the cost of genotyping individual birds will be key to the widespread application of genomic selection and its contribution to poultry breeding in the coming decades.

4.6Rabbits

Intensive rabbit-meat production is based on three-way or four-way cross-breeding (Baselga and Blasco 1989; Lebas et al. 1997). In maternal lines, litter size remains the most common selection criterion because of its high economic value (Prayaga and Eady, 2000; Cartuche et al., 2014). However, functional traits, such as doe longevity, kit survival, maternal traits and genetic resistance to bacterial disease, are emerging as criteria in breeding programmes targeting more sustainable production (Piles et al., 2006; Eady et al., 2007; Garreau et al., 2008a; Sanchez et al., 2008). Paternal lines are commonly selected for post-weaning daily gain or for weight at a point close to market age (Rochambeau et al., 1989; Lukefahr et al., 1996; Piles and Blasco, 2003; Larzul et al., 2005). These criteria are easy to record and have a favourable genetic correlation with feed conversion index (Piles et al., 2004), which is very important for efficient production, as feeding accounts for the highest proportion of total costs. In Europe, demands from slaughterhouses mean that carcass yield is becoming increasingly important. Disease resistance has also become a major issue. Thus, in addition to weight at slaughter age or average daily gain, some paternal lines are now selected for carcass traits and against susceptibility to digestive disorders (Eady et al., 2007; Garreau et al., 2008b). Breeding objectives in rabbits are summarized in Table 4C9.

Meat-rabbit selection schemes are found mainly in France, Spain, Italy, Hungary, Egypt and Saudi Arabia. Pedigree selection occurs strictly in specialized paternal and maternal lines, mainly using the BLUP methodology. Genetic improvement is diffused from the breeding nucleus into the wider population via pyramidally structured multiplication units. Some public research organizations are deeply involved in meat-rabbit breeding, either providing scientific and logistic support to private breeding companies (e.g. the Institut National de la Recherche Agronomique in France) or directly managing breeding nuclei (e.g. the Polytechnic University of Valencia and Instituto de Investigación y Tecnología Agroalimentarias in Spain and the University of Kaposvar in Hungary).
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In contrast to meat-rabbit breeding, fibre (Rafat et al., 2008) and fur production in rabbits is based on pure-bred selection in specialized breeds: Angora for fibre and Rex for fur. Genetic improvement of fibre and fur production in rabbits targets:


	increasing production of fibre or fur to give greater economic return per animal and production unit; and

	improving the quality of the fibre or fur so that it can be processed into superior end-products and thus attract a higher unit value.



Functional and adaptation traits (reproduction, health, growth and maternal traits) are also taken into consideration, but to a lesser extent than in meat production. BLUP methodology is used for genetic evaluation. Programmes are mainly located in France and China and are operated by public organizations and some private companies.

The main objectives of selection in commercial rabbit lines (i.e. prolificacy and feed efficiency) have not changed in recent years. However, research has provided information on the feasibility of improving traits such as the length of does’ productive lives (Sanchez et al., 2008; Larzul et al., 2014), homogeneity of litter weight at birth (Garreau et al., 2008a), carcass dressing percentage, heat tolerance (Sanchez and Piles, 2013), resistance to pasteurellosis and diseases causing digestive disorders (Garreau et al., 2008b; Eady et al., 2007), and efficient production of semen doses for AI (Tusell et al., 2012). As a consequence, new breeding programmes targeting kit and doe survival, carcass dressing percentage and digestive health have been implemented in commercial lines, with successful results. In addition, new selection criteria for improving prolificacy (ovulation rate and litter size – Ziadi et al., 2013) and feed efficiency (residual feed intake and daily weight gain under feed restriction – Drouilhet et al., 2013) have also been introduced. Results from experiments on Angora rabbits have shown that selection for total fleece weight, a simple trait that is easy to measure on-farm, positively affects both quantitative and qualitative traits in wool production (Rafat et al., 2007; Rafat et al., 2008).

Future priorities in rabbit breeding relate to the intensification of production to cope with the expected growth in global demand for animal protein in a way that is economically, environmentally and socially sustainable and to the need to adapt to changing environmental conditions. Breeding for improved disease resistance (robustness) has become a major challenge because of the effect that some infectious diseases (e.g. epizootic rabbit enteropathy and pasteurellosis) have been having on efficiency and productivity, the safety of rabbit products, animal welfare and public perceptions of rabbit production. Research objectives are increasingly focusing on quantifying the genetic control of the host–pathogen interactions, as well as on identifying SNPs associated with resistance.

The recent development of high-throughput genomic tools and statistical methods for dealing with massive amounts of data could allow selection based on SNPs associated with resistance traits. The rabbit genome has been sequenced (Carneiro et al., 2014) and the implementation of gene-based and genomic selection is an emerging area of research in rabbit breeding. Its suitability in this species is still under discussion. As with other species, the use of genomic information could also lead to better understanding of the biological processes underlying important traits.

The design and implementation of recording systems for specific difficult-to-measure traits, such as individual feed intake, would allow consideration to be given to new breeding strategies for improving the efficiency of production. The development of advanced statistical models and procedures involving, inter alia, direct and indirect effects (e.g. social effects for traits recorded in animals raised in groups), genetic × environment interactions and the use of information from cross-bred animals in commercial farms is also a major issue for future research.

5Breeding programmes in low-input systems



The first SoW-AnGR provided an overview of the various challenges involved in establishing breeding programmes (including those involving cross-breeding) in low-input systems.15 It highlighted the importance of involving livestock keepers from the outset in the planning and implementation of such programmes and of paying attention to traits related to the efficiency of production (i.e. taking input use into account rather than simply targeting increased output). This subsection provides an updated account, beginning with a short description of the main options currently available for establishing breeding programmes in low-input systems and then addressing the specific considerations that need to be taken into account in the implementation of such programmes.

5.1Breeding strategy options

As noted above (Subsection 3), a genetic improvement strategy can involve selection among breeds, cross-breeding and/or within-breed selection. In a low-input system it is particularly important to ensure that any breeds introduced and any crosses produced are able to thrive in the local production environment. As in all circumstances, breeding strategies for low-input systems should be based on careful assessments of the current state of the targeted production systems, the trends affecting them and the needs and objectives of the local livestock keepers and of society more broadly (FAO, 2010).

A properly implemented cross-breeding scheme offers the opportunity to combine the positive attributes of two different breeds. In a low-input system, this will often involve an attempt to combine the adaptive qualities of a locally adapted breed with the higher production potential of an exotic breed. There are several different types of breeding schemes that can be considered:


	pure-bred or terminal crossing systems – mating of animals from separate pure-bred populations over one or two generations to produce a generation of cross-bred animals that “terminates” the system, i.e. has desirable qualities in production terms, but is not used for breeding;

	rotational crossing – producing an initial two-way cross and then, in each subsequent generation, alternating the sire breed used (can include the incorporation of additional breeds); and

	creation of a new synthetic breed – crossing two or more breeds in order to achieve a desired proportion of each, followed by inter se mating of these animals.



The two first options have the advantage of continuously producing a heterosis effect. However, they may present logistical difficulties, and maintaining an exotic parental line in low-input conditions may be problematic (see Serradilla, 2001 for discussion of this issue in goats). As with any other kind of breeding scheme, determining what is possible in the specific local circumstances is a key element of planning a cross-breeding strategy. It has to be emphasized that if cross-breeding efforts are not carefully planned, or if plans are not properly followed, activities of this kind may create serious problems, both in terms of producing animals that are not well suited to local conditions and in terms of eroding the existing locally adapted animal genetic resources. Uncontrolled cross-breeding is regarded as major threat to animal genetic resources in many countries (see Part 1 Section F).

Meta-analyses of studies on dairy and beef cattle in tropical environments (Burrow, 2006; Galukende et al., 2013) have shown that in most cases F1 crosses perform better than other genotypes. For instance, Galukande et al. (2013) showed that 50 percent B. taurus × B. indicus cross-breeds had on average 2.6, 2.4 and 2.2 times higher milk yield than local B. indicus in highland, tropical wet and dry and semi-arid climatic zones, respectively. However, harsher production environments can lead to increasing problems with a lack of adaptedness (including reproductive problems) in cross-bred animals and particularly in exotic parental lines. When evaluating a programme involving cross-breeding with exotics, it is therefore important to consider a multiyear time horizon, accounting both for the lifetime profitability of individual animals (i.e. considering input costs, lifespan, reproductive success, etc., in addition to product output) and the costs of maintaining the various populations needed to keep the programme operating in the long term.

Improving a breed through straight breeding is a long-term commitment. In low-input systems it generally involves either a programme based on a central nucleus or a community-based breeding programme. Central nucleus schemes involve genetic improvement in a nucleus flock or herd and subsequent dissemination of improved genetic material directly or indirectly (via a multiplier layer) into the base population. The scope of the operation is, in principle, the whole population of the respective breed. The nucleus may be “closed” (gene flow occurs in one direction only – from the nucleus to the base population) or “open” (gene flow can also occur in the opposite direction, i.e. superior animals from the base population may be used to supplement the nucleus).

The advantage of a programme based on a central nucleus is that it allows the use of advanced genetic evaluation methods (BLUP) and hence rapid genetic progress. Performance and pedigree recording is usually limited to the nucleus. A weakness is that such schemes depend heavily on organizational, technical and financial support (Mueller et al., 2015). They also tend to be hierarchical rather than participatory in their planning and operation and hence often fail adequately to address the needs of livestock keepers in low-input systems (e.g. Gizaw et al., 2013). Over the years, schemes of this type, entirely managed and controlled by governments or state operators – and with minimal, if any, participation on the part of livestock keepers – have been established in many developing countries (Wurzinger et al., 2013a). A large proportion of them have failed. Such schemes have proven to be effective only when governments and other funding agencies have a long-term perspective and continue to provide technical and financial support until the programmes have achieved self-sustainability (Wurzinger et al., 2011).

Community-based schemes (Mueller; 2006; Mueller et al., 2015) operate at the scale of a single community rather than at the scale of the whole breed population. As well as operating at community scale, they are also community-based in the sense that livestock keepers are the main players in their design and operation, although support of various kinds may be provided by external stakeholders. A number of different types of structure are possible (Haile et al., 2011; Gizaw et al., 2013). Schemes may operate with or without a nucleus and, if present, the nucleus may be open or closed. The nucleus may also have a “dispersed” character, i.e. rather than being maintained as a single unit the nucleus animals are maintained in several different flocks or herds. Table 4C10 contrasts the typical characteristics of conventional and community-based breeding programmes.

The number of community-based breeding programmes implemented in low-input systems has increased in recent years (e.g. Kosgey et al., 2006; Mueller, 2006; Pastor et al., 2008; Wurzinger et al., 2008; Tadele et al., 2010; Valle Zárate and Markemann, 2010; Wurzinger et al., 2011; Abegaz et al., 2013). A review prepared by Mueller et al. (2015) describes eight case studies of community-based programmes. An overview of the main characteristics of these programmes is provided in Table 4C11, along with some additional examples.

Experience indicates that establishing a successful community-based programme requires the involvement of a range of stakeholders (livestock keepers, local government, NGOs, universities, etc.) (Wurzinger et al., 2013a). Adopting a participatory approach from the start of the planning process will help to ensure commitment and ownership and to clarify the roles and responsibilities of the various stakeholders involved.

5.2Specific challenges involved in establishing and operating breeding programmes in low-input systems

The recording scheme of a community-based breeding programme needs to be cost-effective and should not be too elaborate for local conditions (Wurzinger et al., 2011). Performance testing at central stations and visual appraisal in herds are commonly used in recording schemes for meat and fibre production. A milk-recording scheme is more challenging, as it requires repeated measurements. Timely feedback is needed in order to maintain livestock keepers’ interest in the recording scheme (Wurzinger et al., 2011; Iñiguez et al., 2013).

As most livestock keepers are interested in improving many different traits, the use of an economic selection index (see Subsection 3) to determine which animals should be used for breeding is generally recommended (e.g. Gizaw et al., 2010). In the case of breeding schemes based on dispersed nuclei, livestock keepers will need to be more involved in the implementation of the animal identification and recording activities, and they will also need to agree on arrangements for sharing males to establish genetic linkages between herds/flocks.
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Participatory approaches to setting breeding goals and identifying traits to be recorded have been recommended as a means of promoting the involvement of livestock keepers in the operation of community-based programmes (Gizaw et al., 2010; Wurzinger et al., 2011). Potential methods include individual interviews with livestock keepers, workshops with groups of livestock keepers and exercises involving the use of choice cards or the ranking of live animals (e.g. Duguma et al., 2010; Haile et al., 2011). More generally, a participatory approach that engages the various actors involved will help ensure their commitment and ownership, prerequisites for the long-term sustainability of a breeding programme.

Controlling inbreeding can be a major issue in breeding schemes in low-input systems, especially in closed central nucleus schemes and in community-based schemes operating on a limited scale. Gizaw et al. (2009) recommend that for an acceptable rate of inbreeding, sheep breeding schemes should include at least 600 ewes and 15 rams. Rotation of males between livestock keepers’ herds/flocks or between the nucleus and livestock keepers’ herds/flocks can help to limit inbreeding. The use of sire-reference schemes (i.e. schemes in which each cooperating livestock keeper agrees to use sires or semen from a group of high-quality so-called “reference” sires – Simm et al., 2001) in the implementation of dispersed-nucleus schemes may reduce inbreeding in the short term but increase it in the long term at herd level. Systems for regularly providing males from other herds/flocks are particularly important in situations where introducing animals (or semen or embryos) from outside is not feasible.
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When calculating the economic efficiency of a given breeding programme, it is important to take into account both the tangible and the intangible benefits that accrue to various different groups of stakeholders (livestock keepers, retailers, government, etc.). Advice on how to evaluate investment decisions in breeding programmes is provided in FAO’s guideline publication Breeding strategies for sustainable management of animal genetic resources (FAO, 2010). Computer simulation of the breeding programme can be used to predict changes in targeted traits and their sensitivity to changes in various factors affecting genetic response (e.g. Gebre et al., 2014).

Finally, in addition to genetic considerations, factors related to market chains usually have a major influence on the success of breeding programmes in low-input environments. The absence of effective marketing chains will present a significant challenge. This is true for both output and input markets (Haile et al., 2011). Although a multi-trait breeding objective is likely to be optimal, such breeding programmes are usually designed so as to increase production to some degree. In theory, the increased production may be used simply to improve food security and nutrition within a subsistence system, but more commonly the programme is designed so as to generate excess product that can be marketed. Genetic improvement requires investment of human and financial capital, and these inputs will be wasted if no market channel is available. Improvements to productivity achieved by breeding programmes in low-input systems are rarely due only, or even primarily, to genetic improvement. Successful genetic improvement programmes are usually complemented by enhanced veterinary care and nutrition, so reliable access to these resources is also important. Organization of livestock keepers into associations or cooperatives to coordinate activities and increase access to input and output markets is usually beneficial. In the longer term, establishing a marketing system for superior breeding stock will also be beneficial, as it will provide breeders with another source of income and incentive for genetic improvement.

5.3Genomics and future developments

As discussed in Subsection 2, techniques that enable the use of genomic information in animal breeding have advanced greatly in recent years, particularly in the case of cattle, pigs and poultry. While these techniques offer major potential benefits, particularly in terms of allowing the selection of animals at earlier ages and reducing generation intervals, there are several concerns regarding their use in low-input production systems. Effective use of these techniques requires more than just vague information on the phenotypes and genotypes of the breeds concerned. A reliable data-recording scheme is absolutely necessary in order to provide the basis for associating genotypes to phenotypes. Such schemes are lacking in most low-input situations. There are nevertheless steps that can begin to be taken towards the use of these new technologies in developing countries. Efforts to identify genes or genomic regions associated with adaptation or variation in production traits in harsh environments need to be stepped up in developing countries and in low-input smallholder and past-oralist production systems (Rothschild and Plastow, 2014). Once relevant genes have been characterized, livestock populations can potentially be improved through genetic introgression or gene-assisted breeding programmes. With regard to genomic selection more specifically, implementation requires the establishment of training and validation populations, in which both pheno-types and genotypes are recorded, so that the prediction model can be established. Indigenous populations with low linkage disequilibrium generally do not meet these requirements (Akanno et al., 2014). The use of widely used international transboundary breeds as reference populations for genomic selection in locally adapted breeds seems to have little or no value, except perhaps in cross-bred populations, but this has not been studied. Any attempt to implement genomic improvement programmes needs to take into account the need for adequate infrastructure, technical skills, policies and communication strategies, and the need for a long-term perspective in planning and implementation (Rothschild and Plastow, 2014).

6Conclusions and research priorities



The main advances in breeding programmes and related technologies over recent years have been in the application of genomic information, particularly in high-input production systems. Geno-typing costs have dropped precipitously and for some species nearly all of the important selection candidates are genotyped, as have been the major ancestors from which genetic material is available. Genomic selection increases the accuracy of EBVs, particularly for those animals for which no phenotypic data are yet available. The impact on the commercial dairy breeding industry has been revolutionary. Progeny testing now plays a minor role. Breeding goals have seen various adjustments. In particular, greater emphasis is now being placed on profit, rather than output, and therefore on health, survival and other traits that influence production costs.

The genomic revolution has yet to affect developing countries to a significant degree. Accurate genomic selection depends on the availability of phenotypic data, which are usually lacking in the low-input production systems typically found in developing countries. Nevertheless, the situation in these countries has not remained static. Formal breeding programmes, usually community-based, have become more common and are improving the productivity of animals and livelihoods of their keepers. However, significant work is still required. Animal identification and pedigree and performance recording need to be expanded. This is necessary even to take advantage of traditional approaches to breeding, let alone genomic selection.

Little if any direct progress has occurred since the first SoW-AnGR was prepared in terms of determining the underlying genetics of phenotypic adaptation to the environment. However, the tools with which to do this are in place. Genomic analysis should allow breeders to determine actual genetic by environment interactions, although a tremendous amount of work remains to be done in order to obtain the phenotypic information needed to accurately predict such interactions.

Future research will need to address the need for new modes of production that can help meet the expected growth in global demand for animal protein in ways that are economically, environmentally and socially sustainable and address the need to adapt livestock production to changing environmental conditions. In other words, efficiency of production will be an increasingly important consideration. This will include a wide range of efficiencies and involve not only increasing product yield per unit of input, but also addressing negative effects such as environmental damage (see Box 4C8 for an example). Improvement in the use of feed resources, reproductive efficacy and prolificacy, and animal health will be key topics for research, both in developed and in developing countries.

The following list of research priorities draws on the Strategic Research Agenda of the Sustainable Farm Animal Breeding and Reproduction Technology Platform, an extensive review of research priorities in livestock breeding in Europe (FABRE TP, 2011).

Selection to balance functionality and production


	improving knowledge of the genetics of:



–disease resistance, resilience and immune response;

–host–pathogen interactions;

–gut functionality and its relationship with gut microbiota in different environments;

–emission of methane and production of other greenhouse gases;

–variation in digestion of specific amino acids and phosphorus – along with improving knowledge of nutrient (e.g. amino acid) requirements under different production conditions; and

–uniformity;


	developing economically viable means of including traits of increasing consumer concern in breeding goals, including traits with uncertain economic value;

	developing strategies for improving disease resistance without compromising production;

	developing phenotype definitions for novel traits;

	establishing standard phenotypic trait ontologies encompassing production traits, disease traits and other welfare traits and environmental sensitivity;

	developing tools to estimate and exploit non-additive genetic variation;

	developing social-interaction models including, male–female interactions, to facilitate the improvement of reproductive, health and welfare traits;



Genomics and other “-omics”


	characterizing the genome sequences (and variation therein, including epigenetic transmissible variants) of species, populations and individuals;

	developing methods for optimal incorporation of genomic information in breeding-value estimation;

	developing proteomic and immunological metabolomic technologies for high-throughput analyses;

	developing schemes incorporating large-scale genotyping at embryo level;

	metagenomic sequencing of gastro-intestinal microbial communities;



Bioinformatics and biostatistics


	developing statistical programming tools relevant to new traits and new phenotypes;

	supporting continued annotation and maintenance of public genome databases;

	developing scalable bioinformatics tools to handle high-throughput data (e.g. genomic selection procedures or inference of genome-wide diversity parameters);

	developing means of exploiting distributed computing technologies (GRID, Cloud) for more effective data storage, sharing, integration and analysis;

	improving the use of genomic sequences for predicting genetic values and detection of de novo mutations;

	developing transcriptomic tools (arrays and RNA-seq);
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Breeding strategies in low-input production systems


	improving methods for planning and implementing breeding strategies in production systems where there is little or no organizational infrastructure, including means of determining where breeding programmes are feasible and appropriate and how they can be adapted to local circumstances;

	exploiting the use of telecommunications and informatics technologies to improve data collection;

	improving strategies for the establishment of stable cross-breeding systems; and

	developing simulation tools to predict the consequences of introducing exotic breeds into local populations (as part of genetic impact assessment).



Improving research cooperation

Research in the field of animal breeding could be strengthened by promoting greater cooperation among the various stakeholders involved. Relevant measures include:


	promoting even greater collaboration between the breeding industry, academia and the public sector;

	exploring the feasibility of capturing and using production data from commercial producers (e.g. encouraging the use of commercial populations for high-resolution genetic analyses); and

	developing data-sharing policies that allow the value extracted from complex datasets to be maximized without compromising legitimate commercial interests.
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Section D

Conservation

1Introduction



A substantial proportion of the world’s livestock breeds are at risk of extinction (see Part 1 Section B). The need for action to protect them is recognized in the Global Plan of Action for Animal Genetic Resources (FAO, 2007a), whose Strategic Priority Area 3 is devoted to conservation. The state of implementation of conservation programmes (comprehensiveness of coverage, extent of use of different conservation methods, extent of involvement of different stakeholder groups, etc.) is described in Part 3 Section D. The present section describes the “state of the art” in the field, i.e. the methods, tools and approaches that can be drawn upon in order to design and implement effective conservation programmes and strategies. It serves as an update of the equivalent section of the first report on The State of the World’s Animal Genetic Resources for Food and Agriculture (first SoW-AnGR) (FAO, 2007b). It draws heavily on two guideline publications on conservation prepared by FAO since 2007 – Cryo-conservation of animal genetic resources (FAO, 2012) and In vivo conservation of animal genetic resources (FAO, 2013) – and focuses in particular on recent developments.

Various methods can be used to conserve animal genetic resources (AnGR). Conservation activities can be categorized according to whether they involve the maintenance of genetic material in vivo or in vitro (see Box 4D1). In vivo conservation can, in turn, be classified according to whether it takes place in situ or ex situ. In situ conservation is undertaken in the traditional production system of the conserved AnGR. Ex situ conservation is undertaken elsewhere (clearly, all in vitro conservation is ex situ). In situ and ex situ conservation are usually regarded as complementary (FAO, 2012; 2013)1 and in combination they can form the basis of a powerful conservation strategy.

The first part of the section focuses on themes common to all conservation methods: planning tools; methods for identifying breeds at risk of extinction (including a description of the updated risk classification system developed by FAO since the first SoW-AnGR was published); and methodologies for determining the conservation value of a breed as a basis for priority setting. This is followed by in-depth discussions of the two major categories of conservation: first in vivo conservation methods and then in vitro methods (otherwise referred to as cryoconservation). The subsection on in vivo conservation includes a look at institutional arrangements, methods for maintaining genetic variability in small populations, and strategies and methods for increasing demand for at-risk breeds. The subsection on in vitro conservation discusses the infrastructure and institutional frameworks for the operation of a gene bank, strategies for the development and assessment of gene bank collections, developments in cryobiology and reproductive physiology, developments in information systems and documentation of gene banked material, and legal aspects of gene banking.
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A number of different arguments have been put forward as to why efforts should be made to conserve AnGR (see the first SoW-AnGR2 for more detailed discussion). Conservation programmes for AnGR usually address one or more of the following objectives:


	economic – maintaining the livestock sector’s capacity to respond to ecological changes (e.g. those caused by climate change), changing market demands, changing regulatory frameworks, changes in the availability of inputs, and so on;

	social and cultural – maintaining the roles of livestock in the cultural and historical identities of the communities that developed them (and for the social and cultural benefit of society more broadly);

	environmental – AnGR make an intrinsic contribution to biodiversity and they also contribute to maintaining capacity to utilize livestock in the provision of ecosystem services and to reduce the negative environmental effects of livestock production; and

	research and training – maintaining resources that are valuable for research or educational purposes (e.g. in the fields of immunology, nutrition, reproduction, genetics, genomics and adaptation to climatic and other environmental changes).



As well as considering arguments for conservation, the discussion presented in the first SoW-AnGR also addressed differences between genetic resources conservation in the plant and animal sectors.3 A number of biological (e.g. reproductive rates, generation intervals and level of diversity within breeds/varieties), operational (e.g. feasibility and costs of activities such as in vitro conservation, germplasm collection and clonal propagation) and institutional (e.g. patterns of ownership and use of genetic resources and the state of development of gene banks) differences between the two sectors were identified. The combined effect of these differences is that AnGR conservation programmes are generally more complicated to organize than those for plant genetic resources. A particular difference is the primary role of the private sector in managing AnGR. Individual animals are usually owned by individuals or groups of individuals, which can make implementation of organized conservation programmes more complex. Owner prerogative as to the direction of selection and mating strategies adds a unique and dynamic nature to conservation actions in this sector.

The various types of conservation programme each have advantages and disadvantages with respect to addressing particular conservation objectives. These advantages and disadvantages are summarized in Table 4D1. This summary refers to situations in which only one of the types of conservation is used. For example, if only in vitro conservation is used and no in vivo population is present, the conserved AnGR will be making no ongoing contribution to rural development.

In situ conservation is considered to have a number of advantages, including:


	allowing the conserved breed to continue adapting to its production environment as it changes over time;

	facilitating the maintenance of local knowledge regarding the breed and its management; and

	providing opportunities for the development of strategies that enable the breed to become self-supporting (i.e. that remove the need for external support).



However, in situ conservation is not without risks. For example, a population maintained in situ may be struck by a disease outbreak or other disaster or may be affected by inbreeding, genetic drift or introgression from another breed. Ex situ conservation decreases these risks by providing a backup that can be drawn upon if required. Ex situ conservation as a stand-alone strategy does not allow for adaptation. However, if the population is also maintained in situ, regularly collecting and conserving new samples in vitro can help to maintain the potential for future adaptation.

As described above, ex situ conservation can be undertaken either in vivo or in vitro. While in many circumstances maintaining a live ex situ population adds little to a conservation strategy that already includes in situ and in vitro components, it can have some advantages. For example, ex situ in vivo programmes are usually under centralized control, which can facilitate management actions such as the control of mating. In cases where the population size is very small and no facilities are available for cryopreservation, ex situ in vivo conservation may be the only viable option. One weakness of ex situ in vivo conservation is that, because the populations are usually small (and thus highly subject to genetic drift) and animals are often kept in a single location that may not replicate their original production environments, the conserved population will usually not maintain the complete genetic diversity of the original founder population.
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Table 4D1 helps demonstrate the benefits of using complementary approaches to conservation. If an in vivo population is maintained along with an in vitro collection, then the living population can be periodically sampled to enrich the in vitro collection and account for changes in gene frequency that occur via the adaptive process. Likewise, although in the absence of an in vivo population an in vitro collection cannot contribute to the ongoing development of rural areas, if both types of programme are in place then material from the in vitro collection can be actively used in the management of genetic variation in the in vivo population.
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2Planning a conservation strategy



The planning process for a conservation strategy for a region or a country should start with a review of the status of each breed or breeding population potentially targeted for conservation activities. If inventories of breeds and populations are incomplete, effort should be made to improve them (see Part 4 Section A), as unrecorded breeds will clearly not be included in the planning process and not accounted for in the conservation strategy (although they may benefit indirectly from measures that support the sustainability of the production systems in which they are kept).

The characteristics of each breed should be described, along with its production environment and its uses, roles and values. It is also important to evaluate drivers of change and how they are affecting production systems and the breed’s roles within them. Data on the size and structure of the breed population and how these are changing over time are also essential. See Part 4 Section A for a discussion of data collection methods. The estimation of risk status is discussed in greater detail below in Subsection 3. Specific threats – whether associated with production system trends, weaknesses in management or exposure to risks such as disease outbreaks or climatic disasters – should, as far as possible, be identified and evaluated (see Part 1 Section F). The overall objectives of the conservation strategy also need to be considered, i.e. which of the objectives described above in Subsection 1 are to be prioritized?

Once the relevant information has been assembled, priorities can be set (see Subsections 3 and 4) and management strategies for individual breeds can be developed. One approach to planning a conservation strategy for an individual breed is to undertake a SWOT (strengths, weaknesses, opportunities and threats) analysis of the breed and its production system (Martin-Collado et al., 2013) (see Box 4D2 for an example). Threats or opportunities can be identified by analysing trends and drivers of change in the production system. Strengths and weaknesses can be determined by considering the characteristics of the breed in relation to the requirements of production systems and national objectives for conservation and livestock development. Also relevant are population-level factors that affect risk of extinction (e.g. the size, structure and distribution of the breed population, the demographics of the livestock-keeping population) or affect capacity to implement conservation and other management activities (e.g. the presence or absence of breeders’ organizations).

3Identifying breeds at risk



Population size and rate of change in population size are the most important criteria for determining a breed’s risk of extinction and should be recorded regularly. The two aspects of breed extinction – loss of animals and loss of gene variants – are deeply interconnected. The loss of breeding animals and consequently a low number of parents available to breed the next generation increases the average relationship between parents and may lead to a higher occurrence of genetic defects and inbreeding depression.

Species differ greatly in terms of their reproductive capacity, and this influences the ability of populations to recover after a decline. For example, a small population size creates a higher risk of extinction in horses than in pigs. In order to account for differences of this kind, FAO’s amended risk categorization system (FAO, 2013) distinguishes between species with low and high reproductive capacities and includes different risk-status thresholds for each group (see Tables 4D2 and 4D3; note also that a new category – “vulnerable” – has been added to the classification system).

Once a breed’s risk category has been assessed, different objectives for the management of its population can be considered. Four (non-mutually exclusive) means of strengthening the position of the breed can be distinguished:


	enlarging the population;

	managing diversity;

	selecting for improved productivity; and

	establishing a store of cryoconserved genetic material.



The relevance of each of these objectives for breeds in the various risk-status categories is indicated in Table 4D4.

In addition to population size and trends, other demographic factors can influence risk status. Concentration of the population in a restricted area or in a limited number of herds may place it at greater risk of extinction (Carson et al., 2009). Another factor to consider is the possible presence of controlled or uncontrolled cross-breeding. The average age of breeders, their plans to continue livestock-keeping activities and their “exit strategies” and “legacy plans”, if any, can also be significant. In many developed countries, significant proportions of livestock keepers are quite advanced in years and sufficiently financially secure to keep relatively unprofitable breeds because of tradition or as a hobby. When these breeders retire from active livestock keeping, the breeds they raise may be lost if younger breeders are not willing to take their place.
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4Determining the conservation value of a breed



All breeds or breeding populations categorized as being at risk of extinction can be considered candidates for inclusion in a conservation programme. However, it may be necessary to set priorities among these candidates. Risk status is often considered the most important criterion in setting conservation priorities. However, the value of conserving a given breed will be affected by a range of factors. Potentially relevant criteria include genetic uniqueness, within-breed genetic variation, traits of economic importance, unique traits and traits related to adaptation to a specific environment. The sociocultural value of the breed or its role in maintaining a unique ecosystem may also be reasons for assigning it a high priority.

When multiple factors need to be taken into account in establishing conservation priorities, one approach is to develop a “conservation priority index” that assigns different weights to the various factors (FAO, 2013). Once breeds have been prioritized, the costs of potential conservation programmes, along with their probability of success, need to be taken into account. Breed-ranking methods that include non-market values along with genetic variation and market values continue to be developed (e.g. Martin-Collado et al., 2014; Zander et al., 2013). However, to date such methods have mainly been limited to research. They are not widely used by countries when prioritizing breeds for conservation. Developments in this field are discussed in greater detail in Part 4 Section E.

In the case of transboundary breeds (see Part 1 Section B), prioritization may be complicated by the need to consider risk status not just at national level, but also across several countries. Collaboration at regional or global levels in the prioritization and planning of conservation activities should help ensure that transboundary breeds are not neglected because stakeholders at national level assume that they will be conserved elsewhere.

Molecular genetic data can contribute to the setting of conservation priorities (e.g. Tadano et al., 2013). The panel of 30 species-specific microsatellite markers recommended by ISAG-FAO Advisory Group (FAO, 2011) still has some utility, especially for minor species, but is quickly being superseded by more advanced approaches. Genomic techniques, such as detecting large numbers of single nucleotide polymorphisms (SNPs) or whole genome sequencing, allow the variety of alleles, haplotypes and genotypes within the genome to be established and the presence of rare alleles and unique genome sequences to be verified. The state of the art in the use of molecular tools is discussed in Part 4 Section B.

5In vivo conservation



In vivo conservation programmes can involve a range of different types of action. In the case of in situ conservation, the general objectives are to support livestock keepers that raise at-risk breeds, to promote the sustainability of production systems in which at-risk breeds are kept and to promote developments that enable at-risk breeds to become more self-sustaining. More specifically, in situ programmes can involve (inter alia):


	breeding programmes that focus on increasing the productivity of at-risk breeds while managing their genetic diversity;

	efforts to promote the marketing of products from at-risk breeds;

	efforts to promote alternative uses for at-risk breeds;

	efforts to promote community-level initiatives to improve the management of at-risk breeds;

	the provision of advice on the management of at-risk breeds; and

	the provision of support payments to the keepers of at-risk breeds.



The range of activities that can be undertaken at an ex situ in vivo conservation site is more limited. Direct support payments are generally considered to be feasible only on a short-term basis.

The success of an in vivo conservation programme is likely to depend on the presence of an appropriate institutional framework. The tasks involved in organizing such a framework are discussed below in Subsection 5.1. Specific tools and approaches are discussed in Subsections 5.2 and 5.3.

5.1Institutional arrangements

The context for in vivo conservation programmes will vary greatly between countries and between species. However, sustainable and realistic plans and appropriate mechanisms for involvement of livestock keepers and other stakeholders will always be required. An in vivo conservation programme, particularly an in situ programme, is likely to involve a wide array of stakeholders. Depending on the circumstances, these may include livestock keepers and breeders, government institutions, breeders’ associations, breeding companies, research and education institutes, NGOs, consumers and marketers. Livestock keepers and breeders are the cornerstones of any in situ conservation programme and ensuring their commitment to the goals of the programme is essential.

In some countries, mechanisms for livestock-keeper participation in conservation programmes are well developed, particularly via the activities of breeders’ associations. Elsewhere, involving livestock keepers in organized conservation activities often remains very challenging. Initiatives to promote so-called community-based conservation programmes have been taken in various countries (FAO, 2003). Establishing a programme of this kind is normally a multi-faceted task and requires careful assessment of the current and potential future roles of the targeted breed(s) in the livelihoods of local people. A top-down approach is unlikely to be successful. In other words, the livestock keepers potentially involved in the conservation activities will need to participate, from the start, in assessing the feasibility of the scheme and its relevance to their livelihoods and future objectives. New measures introduced to support the maintenance of the targeted breeds (e.g. breeding or marketing activities) will need to be planned in close collaboration with livestock keepers and other relevant stakeholders.

The long-term success of a community-based scheme is likely to depend on its being able to operate effectively with relatively little outside support (e.g. from government agencies). Establishing or strengthening organizations within the community that are able to undertake the various tasks involved in implementing the programme (breeders’ associations, marketing cooperatives, etc.) will therefore be essential. Nevertheless, as illustrated in Figure 4D1, some outside support from government or NGOs is likely to be necessary, particularly during the early phases of the programme. For example, at the start of a programme it may be necessary to create infrastructure such as new facilities for processing livestock products. Capacity-building to strengthen livestock keepers’ abilities to undertake any new activities introduced as part of the programme is likely to be essential.

In many instances, particularly in developing countries, a livestock-keeping community that is a potential player in a conservation programme will have a very strong cultural tie to their breed and strong interactions are likely to exist between the community, the breed and the production environment. In such cases, the survival of the breed in situ will depend on the sustainability of these interactions. The community will often have indigenous knowledge on how to co-manage the animals and the local environment and have clear goals and ideas about selection. Documenting a community’s role in the maintenance of AnGR diversity (and biodiversity more broadly) may encourage the development of policies that are favourable to the continued existence of the community and thus to the conservation of the breeds they keep. One approach that has been attracting increasing interest in recent years is to record such information in the form of a biocultural community protocol, a formal document prepared on the basis of consultations between community members, lawyers and experts in indigenous knowledge (see Box 4D3).
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Breeders’ associations can contribute in many ways to conservation activities, as well as to other aspects of AnGR management. Promoting the establishment of well-organized and well-functioning breeders’ associations, where they do not already exist, is therefore an important objective. However, this can again be a challenging task. For example, potential members may lack the relevant organizational skills or there may be a lack of agreement over objectives for the management of the targeted breed. Elements that need to be considered in the establishment of a breeders’ association include rules on eligibility for membership, procedures for registering animals and validating pedigrees, by-laws for the operation of the association (election procedures, composition of the board of directors, etc.), procedures for communication among the membership, procedures for conflict resolution and procedures for evaluating the performance of the association.
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Where a range of different stakeholders are involved in conservation activities (e.g. both commercial farmers and hobbyists) and the animals are kept for a variety of purposes (e.g. for food production and for the management of landscapes and wildlife habitats) different objectives may result in different views about what breeding goals are appropriate (Lauvie et al., 2011). However, the populations concerned will often be too small to allow the simultaneous operation of several different conservation and/or selection programmes. In these circumstances, it is important to ensure effective communication among stakeholders and discussion of any tensions that may arise.

Breeding goals may change over time and this will affect the genetic variability of a breed population conserved in vivo. For example, as noted by Martyniuk et al. (2014), many dual-purpose (milk and beef) cattle breeds in Europe are no longer used primarily for mainstream food production and their numbers have decreased sharply. Animals belonging to these breeds are now used for a variety of purposes, mainly in suckler cow systems, where improving beef production from the offspring is an important objective. This has meant that the breeding goal (in the past a balance between milk and beef production) has shifted more towards beef production. This, in turn, means that genetic diversity in the populations maintained in situ will come to differ from that present in the original dual-purpose populations. This phenomenon calls for storage of genetic material from the original populations in a gene bank.

The maintenance of ex situ in vivo populations can also play an important role in conservation strategies. For example, they may provide a means of sustaining a breed whose population has declined to such an extent that it is difficult to maintain in situ or a breed for which there are few current options for promoting profitable production in situ. Establishing and operating an ex situ in vivo facility involves a substantial investment and provides little return in the short term. Programmes of this type are typically operated by governments, research institutes or NGOs and their long-term existence may be threatened by financial shortfalls.
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One potential means of overcoming the constraints imposed by the cost of operating a centralized institutional farm is through the use of a dispersed model in which a breeding nucleus is linked to herds kept by NGOs and by private individuals who are willing to raise animals on a commercial or hobby basis. A network of several herds can provide a basis for an integrated conservation programme and systematic genetic improvement. The basic design of this type of model is illustrated in Figure 4D2. This approach is promoted in India as a means of conserving several of its indigenous cattle breeds.

5.2Conserving genetic variability in small populations

The probability that a breed will survive depends greatly on the amount of genetic diversity it harbours. A high level of genetic diversity allows the population to adapt to changes in the production environment. It prevents the rise of inbreeding and its detrimental effects. In very small populations, i.e. breeds whose risk status is critical or endangered, the management of genetic diversity is crucial to survival, and breeding programmes should focus on this task (see Subsection 3 for an explanation of the risk-status categories). In populations that are somewhat larger, i.e. breeds whose risk status is vulnerable, there is more opportunity to implement programmes aimed at genetic improvement. However, maintaining genetic variation remains essential.

A strategy aimed at maintaining a breed’s genetic variability needs to focus on managing the relationships among the breeding animals. Measures that can be taken include:


	involving as many animals as possible in the programme from the start in order to minimize genetic drift;

	increasing the number of males used for breeding;

	lengthening the generation interval;

	optimizing the contribution of each individual to the next generation;

	banking genetic material at the start of the programme and then at regular intervals, so that it can be used in subsequent generations; and

	in species with low reproductive rates, using embryo transfer to increase the population size.



It is also possible to adopt a mating strategy aimed at reducing inbreeding. This can involve:
 

	setting a limit to the degree of relationship between mates;

	using algorithms and software that determine the ideal set of matings for the entire population; and

	simple strategies that can be implemented even if no pedigree information is available (e.g. fixed rotation of males between herds).



Determining molecular coancestry using SNP-chip technology is a very effective tool in the management of genetic diversity within a population (Gómez-Romano, 2013). Several strategies for maintaining molecular genetic diversity in conserved populations have been developed (Fernandez et al., 2011; Toro et al., 2014). In general, molecular coancestry is a better descriptor of genetic relationships in a population than pedigree coancestry and is a better indicator of inbreeding and inbreeding effects. Pedigrees only indicate expected genetic relationships, whereas molecular coancestry provides information about the actual transmission of genes from parents to offspring. Moreover, pedigree registration occasionally includes errors (e.g. Kugonza et al., 2012). Errors occur in genotyping as well, and these errors can affect the accuracy of estimates of genetic parameters (Hinrichs and Suarez, 2005). However, they tend to be less serious than incorrect assignments of parentage in pedigrees. It is, however, important to pay particular attention to determining whether genetic similarity between animals at molecular level indicates identity by state or identity by descent (Powell et al., 2010; Stevens et al., 2011). Where maintaining diversity in a conserved population is concerned, identity by descent is of primary interest (Toro et al.,
2011).

Use of genomic technology in small conserved populations is very informative and highly recommended where possible (e.g. Pertoldi et al., 2014). Clearly, however, costs and requirements for technical expertise will limit such applications, especially in developing countries. Accuracy of inference depends on the amount of genomic information available (e.g. the number animals genotyped and the number of SNPs per animal) (Toro et al., 2011).

Further information on the various tools and approaches discussed in this subsection can be found in FAO’s guidelines on in vivo conservation (FAO, 2013).

5.3Potential strategies for increasing demand for at-risk breeds

Breeds may face the risk of extinction because their productivity is low and therefore keeping them provides inadequate economic returns. Breeding strategies can be a means of addressing this problem. Options include within-breed selection programmes (balancing between genetic progress in terms of increasing production and avoiding an increase in inbreeding) and strategies based on cross-breeding. The optimal approach will depend on the situation. As in all circumstances, any breeding strategy adopted must be well-matched to the production system (FAO, 2010). The size of the population is also an important consideration. If populations are too small, within-breed selection may not be a viable option. Genetic drift is likely to negate any potential for progress through selection.

Cross-breeding may not, at first sight, appear to be a good means of promoting the conservation of an at-risk population. However, there are situations where cross-breeding can be extremely useful. For example, if a breed population has become so small that it is non-viable, limited crossing with a genetically similar breed to increase the population size and increase genetic variability may be an option to consider. Moreover, cross-breeding strategies that involve ongoing maintenance of pure-bred populations (e.g. terminal crossing systems) may create a profitable means of utilizing breeds that in their pure-bred form are not sufficiently competitive to encourage livestock keepers to maintain them.

Aside from breeding strategies, a number of other methods can potentially be used to increase the value of at-risk breeds to livestock keepers (or other potential users) and hence promote their continued use. Techniques such as SWOT analysis (see Subsection 2) can help in the identification of appropriate strategies for specific breeds.

One potential, and relatively straightforward, approach is to provide practical support to livestock keepers that raise at-risk breeds. This can both increase the likelihood that the livestock keepers will be willing and able continue raising the targeted breeds and help ensure that they are appropriately managed in genetic terms. The type of support needed will clearly vary depending on the circumstances. Where an organized community-based conservation programme (see Subsection 5.1) is being implemented, the aim should be to tailor advice and support to the specific conservation activities being undertaken. More broadly, the provision of appropriate services that support the sustainability of diverse livestock-keeping communities – particularly smallholder and pastoralist communities – is likely to promote the continued use of the locally adapted breeds associated with these communities. In many circumstances there will be potential for increasing the profitability of livestock keeping by improving management at farm (or herd/flock) level (improving feeding, housing, disease control, etc.). Where “hobby farmers” (largely a developed-country phenomenon) are concerned, enthusiasm for keeping locally adapted breeds may not be matched by sufficient experience in breeding and in other aspects of animal husbandry. Advice on these matters may therefore be needed. One option for disseminating breed-specific knowledge is to implement a “role model breeders” programme that enables the experience accumulated by long-standing and successful breeders to be passed on to others (see FAO, 2013 for further discussion of schemes of this kind).

Another means of increasing the profitability of keeping an at-risk breed is to increase the marketability of its products (see Box 4D4). This may enable lower production levels to be compensated for by higher per-unit prices. Particularly in developed countries, a lot of attention has been paid in recent years to the development of niche markets for the products of “non-mainstream” breeds (e.g. Ligda and Casabianca, 2013). In some cases, this involves marketing on the basis of some unique and desirable characteristic of the product itself (e.g. superior taste). In others, it involves some desirable aspect of the breed’s production system (e.g. the appeal of buying a locally grown product). Initiatives of this kind can be facilitated by the existence of labelling schemes that increase consumer confidence in the provenance of the products (see Part 3 Section F Subsection 4.4 for a discussion of legal frameworks for schemes of this type).

As well as providing marketable goods and services, livestock also have the potential to deliver various other kinds of benefits within the ecosystems in which they are kept, for example by maintaining landscapes and wildlife habitats (see Part 1 Section D and Part 4 Section E for further discussion). Given that these benefits tend to be public goods, they generally cannot be marketed (i.e. directly sold to consumers) to provide additional income for livestock keepers. However, governments may be willing to pay for services of this kind. For example, so-called “conservation grazing” has become a significant tool in the management of wild biodiversity in a number of countries, mainly in developed regions. This trend has created opportunities to keep locally adapted breeds of grazing animals such as cattle, sheep, goats and horses in use and hence to promote their conservation. Locally adapted breeds are often the best suited to this role because of their ability to cope with the harsh environments (mountains, heaths, wetlands, etc.) where such services are often required.
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Touristic value is another attribute that can potentially be exploited to promote conservation. This is more likely to be the case where the breed has some kind of distinctive appearance or is closely linked to local products or cultural traditions. Some communities hold festivals celebrating traditional customs associated with raising local breeds of livestock. Such events, although they may not provide direct economic support to livestock keepers, may improve the economic status of the communities in general (e.g. by promoting tourism) and can provide marketing opportunities for the breeds’ products.

When possible, combining a number of different conservation activities is a logical approach. Box 4D5 describes a proposed programme to conserve Pantaneiro dairy cattle in Brazil. The programme aims to combine practical support for breeding with the marketing of a breed-specific product. In addition, opportunities have been identified to exploit specific genes from the Pantaneiro in breeding programmes for other breeds, as well as to leverage the ecosystem services provided by the breed in its traditional production environment.

6Cryoconservation



As described in Part 3 Section D, recent years have seen an increase in the number of national gene banks and in the sizes of their collections (see also Boettcher and Akin, 2010; Pizzi et al., 2010). National gene banks are a relatively new element of AnGR management and there have been ongoing efforts to develop the protocols and facilities needed to increase their operational efficiency.

All the available scientific evidence indicates that cryopreserved biological material can be stored without deterioration for several thousand years (Mazur, 1985). The possibility of long-term storage opens opportunities to conserve and utilize animal genetic diversity in ways that were impossible in the past when in vivo conservation was the only option available. Cryoconservation programmes can serve a number of purposes. FAO (2012) identified the following major objectives:


	One common reason for gene banking is to provide the possibility of recreating breeds or breeding lines if they are lost as the result of a catastrophic event or deliberately allowed to go extinct for financial reasons (e.g. the discontinuation of a specialized research line). In such cases, having sufficiently large and genetically diverse collections of germplasm from the affected breeds can allow them to be reconstituted.

	Cryoconserved material can be used to introduce genetic diversity into in vivo populations for the purposes of reducing inbreeding levels and broadening diversity. It can also be used to provide flexibility to the livestock industry when selection goals are found not to be as desirable as initially thought.
 
	Gene bank collections are invaluable if breeds are threatened with extinction because of an extreme genetic condition such as high frequency of a genetic defect resulting from selection or genetic drift. Stored material from animals not carrying the deleterious allele can be used to decrease the frequency of the defect to a manageable level.

	Gene bank collections can be used to develop new lines or breeds, introgress desired characteristics from one breed into another or quickly reorient the evolution or selection of a population.

	Gene banks serve as a ready source of genetically diverse and specialized DNA for genetic diversity studies, genome-wide association studies, exploration of gene function and other types of research. Importantly, gene banks can, over time, provide multigenerational samples that contribute to increasing the accuracy of genomic selection. These latter benefits will be more easily realized if information on animals’ phenotypes is maintained along with their genetic material (see Subsection 6.4).
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6.1Gene bank operations, infrastructure and institutional frameworks

A national gene bank should be designed in accordance with the needs and capacities of the country. Staffing a gene bank requires, in particular, expertise in genetics, cryobiology/reproduction and data management. The necessary physical infrastructure also needs to be developed. Figures presented by FAO (2012) illustrated that, in the case of small repositories, the cryopreservation component of a gene bank could potentially be established for less than US$50 000 in equipment costs. Greater access to commercial genotyping and potentially to large amounts of genomic data implies that a gene bank needs either to develop within-house capacity to conduct statistical analysis and interpret genetic and genomic data or contract out the analysis phase of genetic diversity studies. Hardware costs associated with the development of information systems are relatively minor. The largest recurrent costs in the operation of a gene bank are usually those associated with human resources.

A cryoconservation programme can involve the collection of various types of genetic material. Semen is the most commonly banked material. Embryos are more complicated and expensive to collect and store (Gandini et al., 2007). However, if a breed needs to be reconstituted, embryos have an advantage over semen in that they provide the full genetic complement of the reconstituted breed in a single generation. Reconstitution with semen requires several generations of backcrossing and will never achieve 100 percent reconstitution of the original genome. Moreover, the mitochondrial genome of the original breed is totally lost if only semen is stored. As well as semen and embryos, gene bank collections can include oocytes and various gonadal and nongonadal tissues.

Because of the role of the private sector in maintaining breeds in situ, it is essential that gene banks have close links to individual breeders and to breed organizations or livestock-keeping communities. This allows stakeholders to communicate their needs and helps establish working relationships that facilitate the collection of samples.

Gene bank collections should be viewed dynamically, with samples entering and exiting the gene bank as a matter of routine and being used for a variety of purposes. This type of approach is relatively new in the livestock sector. Each gene bank should have a set of protocols and procedures for assessing requests for germ-plasm. One option is to establish an advisory committee (e.g. consisting of industry and public-sector representatives) to review and make recommendations concerning requests. Issues for consideration when reviewing such requests can include the availability of the respective genetic resource in situ, whether the gene pool needs to be expanded, current and projected inbreeding levels, selection options available to the breeders and the way in which the progeny obtained using the gene bank material are to be utilized. Depending on the policies or regulations of the country, the advisory committee may also be interested in knowing whether, and if so how, germplasm from the progeny will eventually be made available to help replenish the gene bank.

Choice of breeds for inclusion in a gene bank collection can be politically sensitive. Gene bank managers should recall that while breeds do not need to be treated equally they should be treated equitably and reasonably.

Because of the increasing number of national gene banks (see Part 3 Section D) the question of potential international cooperation in gene banking is becoming increasingly prominent. Potential cooperative activities need to be evaluated on the basis of the needs and capabilities of the potential partners and the potential benefits that might be gained. Establishing linkages between gene banks is likely to be easiest at regional level, as there are likely to be shared interests, similar breed types and similarities in collection protocols. For example, groups of countries in the Americas and in Europe have identified common goals and interests. These are generally based on broad initiatives such as the development of shared databases (or at least some level of commonality among databases) and the exchange of experiences and technical knowhow. Protocols used to cryopreserve samples or to genetically evaluate collections are another area of collaboration.

In the plant genetic resources sector, pairs or groups of countries have agreed to back up each other’s gene banks by holding a complementary collection of some or all samples. However, for several reasons this approach has rarely been employed in the AnGR sector. Sanitary regulations restricting germplasm movement across national boundaries are a major limitation. It may, however, be possible to overcome constraints of this kind by classifying material “for gene bank storage only” (i.e. not for use within the importing country). If the material is not used in the importing country, then the risk of disease transmission will be low. Administratively, the most direct and effective means for a country to back up samples from another country is via a bilateral agreement. Such an approach also facilitates the identification of the specific needs of the cooperating countries and their rights, limitations and obligations with respect to storing and using the material.

6.2Establishment and assessment of gene bank collections

Collection strategy

The establishment and ongoing operation of a gene bank collection require strategic decisions regarding what material to collect. Consideration needs to be given to the intended scope of the collection. For example, some countries have focused gene bank collections on at-risk breeds (Mariante et al., 2009; Paiva et al., 2014), while others are developing collections that include both at-risk and mainstream breeds (e.g. Pizzi et al., 2010; Blackburn, 2009; Woelders and Hiemstra, 2011). While it is possible to argue that widely used transboundary breeds are not priorities for inclusion in conservation programmes, there are several reasons why countries may wish to include such breeds in their collections. For example:


	widely used transboundary breeds are likely to be important for the future of commercial agriculture and therefore need to be included in the gene bank to ensure a backup that can be drawn upon in case of need;

	large collections of material from such breeds have been shown to be invaluable in providing specific alleles or allelic combinations for use in industry or research; and

	collecting samples from such breeds will ensure that changes in allelic frequencies that may confer adaptation to environmental variables are captured and available for use as needed.



Regardless of what types of breed a country chooses to target, there will be a need to assess the genetic diversity captured and the quantity of germ-plasm accumulated and to optimize the collection in accordance with associated costs. Theoretical methods for prioritizing breeds (e.g. Boettcher et al., 2010; Martin-Collado et al., 2013) and animals (e.g. Blackburn, 2009; Engelsma et al., 2011) have been developed. Blackburn (2009 and 2012) discusses practical approaches to building collections at both within-breed and between-breed levels. In practice, effective development of a collection requires flexibility in the selection of animals within a population and the capacity to adjust and adapt cryopreservation protocols to the given situation. For example, theoretical approaches to selecting the optimal set of gene bank donors typically lack the flexibility needed to account for real-life circumstances such as the death or poor fertility of an animal targeted for collection or the refusal of its owner to allow access.

In developing a collection there is need to determine the minimum quantities of germplasm and genetic variation needed to meet the objectives of the gene bank. In general, the primary objective will be to store enough germplasm to reconstitute a breed that is extinct (in vivo) to create a new population with an effective population size of 50 animals. Population reconstitution is generally the objective that requires the greatest quantity of germplasm. The quantity required will depend on a number of factors, including the type of germplasm stored, the species involved and the reproductive efficiency achieved (see FAO, 2012 for further information). In general, breed reconstruction requires fewer embryos than units of semen. Species with multiple offspring per pregnancy, such as chickens, rabbits and pigs, will require fewer doses of semen than species, such as cattle, horses and small ruminants, that produce one or few off-spring. The higher the expected pregnancy and survival rates, the less germplasm is needed.

Once minimum quantities for a given cryo-conservation objective have been achieved (i.e. sufficient numbers of donors and quantities of germplasm per donor have been acquired), gene banks can consider various approaches to the management of their collections. For example, the national gene bank in the United States of America has developed an index that gives equal weight to quantities of germplasm and number of donors and uses this index to monitor the inventories of breeds with material in the bank (Blackburn, 2012). The index provides a simple means of identifying breeds for which additional collection would be beneficial. Closer examination of the data contributing to the index can then determine whether a given breed simply requires collection of additional material (i.e. from the same animals or their close relatives) or whether genetically diverse material from new, unrelated donors is needed.

While meeting targets is a first objective in the development of a gene bank collection, gene bank managers may choose to expand the scope of their collections for a variety of reasons. Smith (in FAO, 1984) showed that the probability of capturing an allele in 10 or more units of semen is equal to 1 – (1 – P)2N, where P is the allelic frequency and N is the number of males sampled (equation modified by Blackburn, 2004). As this equation demonstrates, increasing the number of males collected raises the probability of capturing an allele, but with a trend of diminishing returns. For example, with an allele frequency of 0.005, sampling 100 males will result in a 63 percent probability of capturing the allele. With 300 males, this value jumps to 95 percent. However, increasing the number of males sampled to 500 will raise the probability only another 4 percentage points, to 99 percent. This suggests that big collections may be necessary in order to capture and preserve extremely rare alleles. For example, the United States of America’s gene bank has a large collection of samples from Holstein cattle. This has allowed the cryoconservation of semen from bulls that carry rare Y chromosomes that are no longer present in the in situ population (Yue et al., 2015).

Assessing and ensuring genetic diversity

There are several approaches that gene bank managers can use to assess the genetic diversity of the collection and to identify the animals in the in vivo population that they wish to sample to broaden the diversity of the collection. These approaches may use pedigrees, molecular markers and/or geographic location as indicators of diversity. In addition to genetic variability, there is a need to consider variability in phenotypic or genetic measurements (e.g. breeding values) for economically important characteristics.

A broad array of analyses can be applied to pedigree information to estimate genetic parameters and compare the diversity of animals in the collection and in the in situ population. For example, Danchin-Burge et al. (2011) used the parameter “effective number of founders” to demonstrate that both the French and the Dutch gene banks have fully captured the level of genetic diversity present in the in situ Holstein population. They also showed that the effective number of Holstein-Friesian founders stored in the United States of America’s gene bank substantially exceeds that of the current in situ population. With pedigree information available, the genetic coefficient of relationship between animals in the collection and the in situ population can be computed. This information can be extended, through various clustering routines, to determine the status of germplasm already in the collection (in terms of influential founders and their descendants) and identify groups of animals that might be targeted for procurement to increase the genetic variability in the collection (Blackburn, 2009; FAO, 2012; Blackburn, 2012).

The development of collection strategies can also be supported by the use of DNA markers (either microsatellites or SNPs) to assess differences among and within populations. For example, a comprehensive assessment of microsatellite genotypes among sheep breeds in the United States of America determined that the Warhill population should be classified as a strain of Rambouillet and not as a separate breed (Blackburn et al., 2011). As a result, collection strategies were adjusted. Numerous characterization studies have evaluated breed similarities and differences at the molecular level, both within and across countries (for a review, see Groeneveld et al., 2010). Countries should consider such results and consult with each other when developing gene banking strategies, particularly for transboundary breeds. As the functional role of genes marked by particular SNPs is determined, it will become possible to incorporate such information into strategies for the assessment and acquisition of gene bank collections.

Geographic approaches to planning and evaluating collections have been used for wild animal species and plant genetic resources (e.g. Hijmans et al., 2000). However, in the case of AnGR, the utility of developing or evaluating collections solely on the basis of geographic location seems to vary from situation to situation. At the breed level, pedigree or molecular data suggest that in some instances there are only slight to modest differences between geographically distant populations. For example, Maswashie and Blackburn (2004) found no evidence of substantial sub-populations of Navajo Churro sheep across the United States of America. Based on SNP data on African goat breeds, Huson et al. (2014) suggest that there is little genetic differentiation among goat breeds found in the various countries of East Africa.

Comparing average phenotypes or estimated breeding values (EBV) of animals with material stored in gene bank collections to those of in situ populations serves to gauge the completeness of the collection in terms of diversity and its utility for various functions. Whenever possible, highest and lowest values for animals in the bank should, respectively, be superior and inferior to the mean by at least one standard deviation. “Bounding” the breed’s mean in this way helps ensure that two important goals are met: first, the choice of animals with both high and low values ensures that genetic variability is captured; second, the choice of animals with high (i.e. favourable) EBVs means that samples in the collection are likely to have industry relevance for two to five decades. If this approach is followed, taking a large number of traits into account and with periodic resampling, there is no reason for gene bank collections to become obsolete.

6.3Cryobiology and reproductive physiology

At one time, the advice was that gametes for cryoconservation should be collected only at artificial insemination centres (FAO, 1998). However, the experiences of the last decade show that this is not necessary, particularly for material to be utilized at country level (i.e. that is not going to be exported). Assuming the sanitary restrictions of the respective country allow (and if proper collection, cryopreservation and health procedures are followed), germplasm and tissue from nearly all livestock species can be acquired in the field with little to no negative consequences in terms of viability or veterinary hygiene. This provides additional opportunities to capture genetic diversity and reduce collection costs. Once germplasm has been collected, it can generally be stored for 24 to 36 hours while being transferred to a cryop-reservation laboratory. Fresh semen from various species has been routinely moved from place to place prior to being used successfully for insemination, suggesting that semen transported in this way can also be cryopreserved and banked. For example, Purdy et al. (2010) found that ram semen could be held for 24 hours before cryop-reservation and still achieve acceptable fertility and prolificacy levels when subsequently used for artificial insemination.

If traditional semen collection and processing are not feasible because of a lack of facilities or expertise near the area where the targeted animals are raised, or if genetically valuable animals die before collection is possible, collecting epididymal sperm from deceased or castrated animals may be a useful means of enhancing gene bank collections (Silvia et al., 2014). Testes collected from such animals are quite robust, and sperm remain viable after several hours of storage at body temperature or even longer if properly cooled. This allows collection on the farm or at the slaughterhouse and transport to a laboratory. Recent studies on the cryobiology of epididymal sperm from ibex (Pradiee et al., 2014) and goats (Turri et al., 2014) suggest that storing such material in gene banks is feasible.

Direct freezing of samples in the field may be an option, depending on the type of biological material involved. For example, Groeneveld et al. (2008) detailed a method used for collecting pig tissue from the field in Viet Nam. The equipment needed for field collections is relatively inexpensive. For example, samples can be cryopreserved in a simple Styrofoam box and then placed in a portable liquid nitrogen tank.

Cryopreservation involves freezing cells and tissues to -140 °C (the vapour phase of liquid nitrogen) or -196 °C (the liquid phase of liquid nitrogen). The process places cells into a suspended state of animation where most biological processes cease to function. Cells that have been successfully cryo-preserved remain suspended until revived by thawing. The type of cell (e.g. whether sperm, embryo or blood), particularly cell size and cell membrane composition, affects the way cells need to be prepared for freezing and the freezing rates that need to be applied. For example, the cooling rate for bovine sperm (-19 °C to -25 °C/minute) is very different from that for embryos (-0.5 °C/minute) (FAO, 2012) and freezing protocols for semen differ among species.

Cells to be cryopreserved are suspended in a medium containing various sugars, lipids and – most importantly – cryoprotectant compounds such as glycerol. Glycerol was the first cryoprotectant agent identified (Polge et al., 1949) and is still the primary cryoprotectant used across species. The cryoprotectant compound reduces the formation of ice crystals, which can damage cells of all types. In recent years (i.e. since 2005/2006 when the first SoW-AnGR was prepared), cryo-preservation research has continued to advance (e.g. Okazaki and Shimada, 2012; Woelders et al., 2012), particularly with regard to the preservation of oocytes and other non-traditional types of germplasm (Pereira and Marques, 2008; Mullen and Fahy, 2012) and the analysis of changes in the cell membrane before and after cryopreservation. As a result of this and other work, new media for cryopreservation are continually being evaluated and improved upon.

Genetic material from all livestock species can be cryopreserved and stored in a gene bank. However, the efficacy of the cryopreservation process and the ease with which germplasm or tissue can be used to generate animals varies substantially across species. Protocols for cryopreservation and regeneration using either semen or embryos are well established for cattle. Cryopreservation of pig germplasm is also relatively straightforward. However, for sheep and goats, both cryopreservation protocols and regeneration procedures need to be improved. For both these species, infrastructure limitations impede the widespread use of cryo-preserved material. Moreover, these species have smaller commercial industries, which means there is less investment in research.

The use of cryopreserved chicken semen has been particularly problematic: not because the sperm do not freeze well, but because the cryoprotectant glycerol is a contraceptive in the hen. Several means of addressing this problem – alternative cryoprotectants such as dimethyl sulfoxide (commonly known by the abbreviation DMSO) or intramagnal inseminations – have been developed and have sometimes been used (e.g. Long et al., 2014). However, results have not always been totally satisfactory for a number of reasons. The ground-breaking approach developed by Song and Silversides (2006; 2007a; 2007b) – involving the harvesting of gonads from day-old chicks, cryopreserving them and then transplanting the thawed tissue into chicks of three to seven days of age − represents a quantum step forward in the cryoconservation of avian genetic resources. Using this approach, entire breeds or lines can be reconstituted and ready for mating in approximately one year (see Box 4D6).

Lack of a stable, long-term and financially affordable source of liquid nitrogen can be a severe constraint to gene banking. Freeze-drying sperm does not require liquid nitrogen and allows sperm to be stored at 4 °C and transported at room temperature. Offspring have been obtained from oocytes fertilized with freeze-dried rat epididymal sperm stored at 4 °C for five years (Kaneko and Serikawa, 2012). However, further development is needed in order to make this approach viable in livestock species. Other innovative approaches to biobanking are being developed (see Box 4D7). For example, studies are being undertaken on the maintenance of nuclear and cellular viability in somatic cells and female gametes following freeze-drying. The development of dry biobanks of cells and gametes, which rely on protocols that are less costly and more environmentally friendly than current methods, could become a reality in the future (for a review see Loi et al., 2013).

6.4Information systems and documentation

Another important aspect of gene banking is the development and management of a database and the provision of information on the collection to stakeholders. A gene bank information system needs to handle two major categories of data:


	information on the quantities and types of germplasm and tissue maintained in the collection; and

	information on the animals whose genetic material is stored – phenotypic and genetic measures and information on the production systems and environmental conditions in which the animals were raised (FAO, 2012).



If information on a gene bank’s holdings is made publicly available on the internet stakeholders will be able to view the collection and make a request for samples or determine what germplasm they might like to contribute to the gene bank. Establishing a comprehensive database takes substantial effort and time. Pooling efforts internationally may be helpful. For example, Brazil and the United States of America have collaborated in the development of the Animal-Genetic Resources Information Network (Animal-GRIN),4 a database used to manage their respective AnGR programmes.

Web software for the documentation of cryoconserved material in animal gene banks is widely used in Europe. The CryoWEB software (Duchev et al., 2010) can record basic information on donor animals, storage facilities, and stored samples and their sites of storage within a gene bank. In order to integrate information from national gene bank collections, the European Regional Focal Point for the Management of Animal Genetic Resources (ERFP) decided to develop the European Register of Cryomaterial as part of EFABISnet, a regional network of national AnGR information systems linked to FAO’s worldwide system, DAD-IS (Hiemstra et al., 2014) (see also Part 4 Section A). Information about national gene bank collections can be automatically uploaded from national databases (CryoWEB) to the European Farm Animal Diversity Information System (EFABIS). ERFP members have also recently established the European Gene Bank Network for Animal Genetic Resources (EUGENA – Hiemstra et al., 2014), which allows for sharing of cryoconservation information at all levels (i.e. not only the content of national gene banks), thus allowing the optimization of conservation efforts at regional level (see Box 3D8).
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Information systems for gene banks can be made even more powerful if they are integrated with systems used in in vivo conservation. The benefits of integrated databases increase in systems where stored materials are regularly used in the management of the in vivo populations.
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6.5Legal aspects of gene banking

Gene banks need to establish policies that ensure they comply with national laws. The two primary areas that need to be considered are interactions with the owners of the livestock from which samples are obtained and compliance with relevant national or international health standards. In the former case, the main issue is normally the question of private property rights over the material as it is collected, stored and distributed. National animal-health regulations may determine which animals can be used as sources of germplasm and how the collected germplasm can be used. Where international transfers are concerned, the country’s overall health status will determine the type of testing needed before, during and after collection in order to allow the movement of samples through the normal protocols of international animal germplasm transfer. If countries wish to develop bilateral backup collections of germplasm (e.g. Box 4D8), they will need to evaluate whether current World Organisation for Animal Health (OIE) regulations will allow the required exchanges to take place or whether waivers will be needed (Blackburn and Boettcher, 2010).

In 2010, member countries of the Convention on Biological Diversity adopted the Nagoya Protocol on Access to Genetic Resources and the Fair and Equitable Sharing of Benefits Arising from their Utilization (see Part  3 Section  F). The protocol, which entered into force in October 2014, may influence the way that livestock germplasm is exchanged internationally and could potentially impede the exchange of AnGR between the national gene banks of countries that are signatories to the agreement.

7Conclusions and research priorities



Conservation of livestock breeds can have many objectives, and various types of activity can be employed to address them. Comprehensive planning is required in order to identify the breeds with the greatest priority for conservation and to identify the most appropriate strategies for their management. Over recent years, substantial strides have been made in the development and improvement of conservation methods. Both in vivo and in vitro conservation have their advantages and shortcomings as standalone activities, so a strategy that employs both methods is usually optimal.

In the field of in vivo conservation, new methods allow more effective incorporation of economic and social factors into national conservation strategies. A desire to decrease direct public subsidies and make breeds more financially self-sustainable has led to a greater focus on the development of niche markets for breed-related products and spurred interest in methods of capturing other values of locally adapted breeds, such as their contributions to landscape maintenance and agricultural tourism. These approaches based on promoting financial self-sustainability both allow and obligate individual livestock keepers to play the major role in breed management. However, while developments of this kind are providing new opportunities, it should be borne in mind that they do not necessarily provide a strong guarantee that the targeted breeds will survive. For example, niche markets can often be unstable.

An unprecedented number of national gene banks have now been established and more are planned. Effectively building gene bank collections requires countries to improve their capabilities in cryopreservation, reproductive physiology, quantitative and molecular genetics and – above all – effective and openly accessible information systems. With the explosion in the availability of genomic information, there will be a greater need for gene banks to expand their collections to assist in conservation efforts and to serve as a reference of genomic information for various populations. Increasing the efficacy of cryopreservation protocols will facilitate cryoconservation and genetic utilization of stored material in in situ populations.

Effective decision-making in conservation strategies requires access to a range of data on breeds and their production environments, as well as appropriate methods for integrating these data into decision-making processes. For example, detailed DNA analysis may reveal the genetic uniqueness of a breed through the presence of rare alleles and rare haplotypes. This will improve estimates of breeds’ conservation values and may indicate opportunities for sustainable use in pure-or cross-breeding programmes. New molecular approaches can facilitate the operation of such breeding programmes. Collecting data of this type is the task of characterization studies and inventory and monitoring programmes. Research priorities in these fields are discussed in Part 4 Sections A and B and needs for capacity development in Part 3 Section B.

With regard to decision-support tools in the field of conservation, research priorities include:


	improving methods for estimating breeds’ extinction probabilities;

	developing user-friendly methods for prioritizing AnGR for inclusion in conservation programmes, and decision tools to guide resource allocation in conservation programmes, including methods that can effectively combine information of varying degrees of uncertainty; and

	further developing methods for incorporating genomic information into conservation planning.



Research is also required into the socioeconomic, infrastructural, technical and policy factors that influence success in establishing and sustaining conservation programmes.

With regard to in situ conservation, research priorities include:


	developing strategies through which conservation activities can be implemented in ways that maximize livestock keepers’ livelihoods, including through value-addition methods such as niche marketing and agritourism;

	developing strategies through which genomics and other advanced tools and methods can be efficiently used to improve the genetic merit of conserved breeds while maintaining sufficient genetic variability;

	developing strategies through which breed conservation can be combined with efforts to promote the provision of services such as the maintenance of landscapes and wild-life habitats, as well as developing methods to estimate the value of these services and identify the beneficiaries; and

	determining how organizational structures can be improved so as to allow better integration and coordination among actors involved in conservation.



In the field of ex situ in vivo conservation, priorities include:


	identifying approaches that can enable programmes, particularly those in developing countries, to become more self-sustaining and hence less vulnerable to collapse if state support is withdrawn.



In the field of in vitro conservation, research priorities include:


	further developing strategies to increase and improve the utilization of stored material in in situ populations;

	developing information management systems that allow better monitoring and assessment of gene bank collections;

	designing comprehensive database structures and portals that are dynamic and thereby allow a broad range of users to access gene bank holdings and make requests for material;

	refining cryopreservation and freeze-drying protocols to increase the efficacy of collecting and storing germplasm;

	enhancing reproductive biotechnologies to improve the efficiency and reduce the costs of regenerating live animals from stored germ-plasm and cell lines;

	developing approaches for quantifying genetic differences among animals within the collection and comparing the status of the collection to in situ populations;

	improving methods for optimizing ongoing sampling and storage of genetic material in systems where the primary objective is to provide a backup to ongoing genetic improvement programmes;

	increasing the efficiency of reproductive technologies (in terms of the number of live animals produced per unit of material stored) in order to improve the cost-effectiveness of in vitro conservation programmes; and

	identifying policy, legislative and zoosanitary frameworks (and strategies for their implementation) that will facilitate the storage of germplasm in gene banks and access to such material.
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Section E

Economics of animal genetic resources use and conservation

1Introduction



Economic analysis can play an important role in the sustainable management of animal genetic resources (AnGR). The first report on The State of the World’s Animal Genetic Resources for Food and Agriculture (first SoW-AnGR) (FAO, 2007a) included a section on methods for economic evaluation1 that provided an overview of the various types of value that can be distinguished (direct and indirect use values, option values, bequest values and existence values) and described potential methods and tools for assessing them. It also presented some examples of the use of these methods and tools and the findings obtained. This updated section provides an overview of recent developments in the economics of AnGR use and conservation. The revised title reflects the way in which this field of work has moved beyond just the development and testing of methods.2

Significant research on AnGR-focused economic valuation methods largely began following an FAO/International Livestock Research Institute (ILRI) workshop (Rege, 1999) that identified relevant methodologies (see also Drucker et al., 2001). Work on the testing of these methods was subsequently undertaken by ILRI (Economics of AnGR Conservation and Sustainable Use Programme) and its partners. The discussion presented in the first SoW-AnGR drew on the findings generated by the ILRI programme, many of which were reported in a special issue of the journal Ecological Economics (Drucker and Scarpa, 2003) and in a CGIAR System-wide Genetic Resources Programme (SGRP) report that reviewed the applied economics literature related to the valuation and sustainable management of crop and livestock biodiversity (Drucker et al., 2005, subsequently published as Smale and Drucker, 2007).

The first SoW-AnGR concluded that research in this area had led to the development of a range of methods that could be used to value livestock-keepers’ breed or trait preferences and support the design of policies to counter trends towards the marginalization of locally adapted breeds. It noted that, despite the easing of some methodological/analytical constraints as a result of this body of work, data constraints remained critical. Challenges identified included the need to raise awareness regarding the important role of economic analysis in improving the sustainable use and conservation of AnGR, the need to strengthen national capacities so that relevant methods and decision-support tools could be applied and the need to integrate such tools and methods into wider national livestock development processes, including through the design of appropriate incentive mechanisms. The report also noted that there had been little practical application of such tools and methods in contexts that could influence policy-making and livestock keepers’ livelihoods.

A subsequent analysis (Drucker, 2010) of the country reports prepared for the first SoW-AnGR supported the view that the field of AnGR economics had had relatively little influence on “real-life” design and implementation of conservation policy. It indicated that, at best, there was a patchy recognition of the importance of valuation and the potential role of economics in the design of cost-effective conservation programmes. In addition to challenges related to a lack of awareness regarding the existence of appropriate methods and tools, a lack of capacity to collect the necessary economic characterization and valuation data through participatory mechanisms and to carry out subsequent analysis was also identified as a constraint. A further conclusion was that economic characterization and valuation was also constrained by deficiencies in the broader characterization of AnGR (for example related to genetic analysis, performance recording and the monitoring of breed status and trends). Thus, while the importance of economics is recognized in the Global Plan of Action for Animal Genetic Resources (FAO, 2007b) (e.g. with regard to the development of standards and protocols,3 strengthening of policies,4 provision of support to indigenous and local production systems5 and establishment of national conservation policies)6 translating economic valuation into a mainstream activity in AnGR management would require significant awareness-raising and capacity-building. In this context, it should also be noted that calls for biodiversity valuation work and for the design of positive incentive mechanisms have been made by the Conference of the Parties to the Convention on Biological Diversity (CBD) (Decision VIII/25) and that the CBD’s Strategic Plan for 2011–2020 (CBD, 2011) calls for the removal of subsidies harmful to biodiversity. As a basis for the preparation of this section, a review of AnGR economics literature published after the first SoW-AnGR was drafted (covering the period 20067 to mid-2014) was undertaken by consulting bibliographic databases8 and key AnGR experts, including through the Domestic Animal Diversity Network (DAD-Net)9 a discussion group with 2 ٦00 members (as of December 2014), the latter with a view to identifying literature not included in bibliographic databases, including grey literature and academic theses.

In order to ensure a focus on the economics of AnGR per se, rather than the broader field of livestock economics, the scope of the literature review was limited to studies involving economic assessments focused either on the valuation (direct or indirect) of locally adapted breeds by livestock keepers or on production inputs and outputs for different breeds. Broader livestock economics studies, including a substantial body of literature based on productivity assessments (e.g. feed conversion efficiency), as well as those comparing breed performances in research-station settings, were considered beyond the scope of the review.

The literature review revealed that a significant body of work has been generated in recent years. Thirty-nine publications (including five theses) broadly related to the economic valuation of breeds were identified, covering a number of species and geographical areas and making use of a range of valuation methods; a further 35 publications related more broadly to AnGR economics and conservation policy were also identified. A large literature (65 publications identified) addressing the broader field of the economics of agrobiodiversity (i.e. covering, inter alia, concepts, ecosystem service frameworks and models related to agrobiodiversity and biodiversity in general) can also be considered relevant.

The literature identified can be grouped into the following categories:


	the economic conceptual framework for AnGR and the link between the range of AnGR economic values and specific ecosystem services;

	analytical tools used for economic valuation of breeds;

	valuation of traits to inform breeding decisions;

	public willingness to pay for conservation services; and

	incentive mechanisms for conservation services.



The following subsection provides an overview of this literature based on these categories.

2Developments in animal genetic resources economics



Since 2006, a body of literature has emerged that provides a more formal economic conceptual framework within which to understand the erosion of AnGR as part of a replacement or conversion process that is amplified by a divergence between the private- and public-good values associated with the maintenance of biodiversity. These effects had previously been described in the context of biodiversity in general by Swanson (1997) (conversion process) and Pearce and Moran (1994) (value divergence), among others. The latter authors also note that recognition of the broader total economic values (TEV) associated with biodiversity can be instrumental in altering decisions about resource use.10 While evidence-based policy-making has its limitations (Sumburg et al., 2013) and bio-diversity valuation is not a panacea, it may help to “recalibrate faulty economic compasses that have led to poorly informed decision-making” (TEEB, 2010).

The economic conceptual framework has provided the basis for improved understanding of the incentive mechanisms required to help reduce AnGR erosion by better aligning private-and public-good values, including through the application of payments for ecosystem services concepts to AnGR (Narloch et al., 2011a; Silvestri et al., 2012; Bojkovski, forthcoming). Such frameworks have also been used to support analysis of the economics of agrobiodiversity conservation (both animal and plant genetic resources) for food security under climate change (Pascual et al., 2011). Most of this body of literature refers to in situ/on-farm use and conservation, with only limited references (e.g. McClintock et al., 2007) to ex situ conservation.

Finally, in recent literature, the links between nature (encompassing AnGR) and the economy have increasingly tended to be described using the concept of ecosystem services or flows of value to human societies as a result of the state and quantity of natural capital (Jackson et al., 2007; TEEB, 2010). As a result, there are increasing opportunities to consider the ecosystem services concept in the context of AnGR management and the role that economic valuation of AnGR can play within such a framework. Zander et al. (2013) and Martin-Collado et al. (2014) have demonstrated how the quantification of the different components of TEV and the underlying ecosystem services with which they may be associated can provide a useful guide to the design of policies for the sustainable use and conservation of AnGR.

2.1Economic conceptual framework and ecosystem services

Narloch et al. (2011a) – drawing on Drucker and Rodriguez (2009), Steinfeld (2000) and Swanson (1997) – note that the erosion of agrobiodiversity can be understood in terms of the replacement of the diverse existing pool of locally adapted animal and plant genetic resources with a smaller range of specialized improved ones. Given that the latter are likely to have a higher responsiveness to external inputs, agricultural intensification (where this is possible) may make breed substitution and cross-breeding increasingly profitable (see Figure 4E1) and hence lead to a reduction in locally adapted breed numbers (Drucker and Rodriguez, 2009; Marshall, 2014).

There are a number of reasons to suppose that the replacement process is resulting in less than socially desirable levels of AnGR being maintained. In particular, it is likely that significant non-market and/or public-good values associated with the various ecosystem services provided by genetic resources (see Box 4E1) are not reflected in market prices and that this creates a bias against their maintenance. Another set of values that are often not reflected in market prices and conventional economic analyses are private-good values not directly related to production outputs, but instead associated with the role of agrobiodiversity in minimizing farm-level risks related to external shocks such as extreme climatic events and disease outbreaks (e.g. Rege and Gibson, 2003).11

[image: Images]

The framework illustrated in Figure 4E1 suggests that in certain contexts livestock-keepers will need to be compensated for the financial opportunity costs of continuing to maintain socially desirable levels of locally adapted AnGR. Incentive mechanisms that permit fuller “capture” of the economic values arising from the maintenance of genetic resources would have the effect of shifting the curve for the locally adapted AnGR upwards to the left (as shown by the solid line). Such mechanisms could involve direct support payments, such as those provided under the European Rural Development Programmes, as well as payments for ecosystem services. In addition, private values could be enhanced through niche marketing and value-chain development for products and services (including agritourism initiatives) associated with AnGR (see further discussion below and in Part 4 Section D).

It is within this conceptual context that it becomes apparent that an understanding of non-market and public-good values is important from a conservation policy perspective (Zander et al., 2013). Accounting for TEVs can be used to determine, inter alia, whether the benefits of intervention outweigh the costs, as well as to determine appropriate intervention strategies, including for situations in which specific AnGR have little or no current market-development potential. Where conservation funds are limited, understanding the “true” (i.e. total) economic value of different breeds and their contribution to the public good can be an important tool in prioritization and fund allocation (Fadlaoui et al., 2006).

An understanding of the relative values of the different components of TEV can also be used to provide insight into the viability of different use and conservation strategies. It is possible to identify the relevance of different types of economic value and associated ecosystems services to different types of stakeholder and their willingness to pay for the services provided by the maintenance of breeds (Zander et al., 2013). For example, indirect use values, such as cultural and landscape maintenance values, are likely to be of more relevance to local residents and visitors to a local area, while option values are likely to be of relevance to a much broader range of stakeholders. Given the importance of the public-good values associated with breed maintenance, Martin-Collado et al. (2014) argue that, in order to maximize societal welfare, in situ/on-farm conservation interventions and strategies need to be designed with a view to maintaining the ongoing provision of the public-good breed-related functions that people value most.
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2.3Breed valuation studies

Given the existence of a range of economic values, many of which are non-market values, it is perhaps unsurprising that most of the 39 publications related to breed valuation identified in the literature review (see Subsection 1 for details) use survey-based preference-eliciting approaches. In other words, these studies determine the economic values of AnGR by assessing people’s preferences (often the preferences of livestock keepers). The use of stated preference methods is the dominant approach, with 20 studies using choice experiments or contingent valuation (see Box 4E2 for explanations of these terms). Hedonic pricing, a revealed preference method, is used in two studies. Eleven studies present results from preference-ranking techniques without explicit monetary valuation and six studies use methods based on the use of production functions of different breeds to approximate values.
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Twenty-five (64 percent) of the 39 studies assess cattle, five poultry, five small ruminants and four pigs. Most of the studies from 2006 onwards relate to the economic valuation of traditional breeds in developing countries, where the livelihood functions of such breeds are particularly important. In fact, only eight of the 39 studies (21 percent: six in Asia and two in Europe) were not conducted in Africa.

The studies in Africa cover a range of breeds, including Ankole, Borana, Nguni and Zebu cattle (Table 4E1). While many studies focus on a single breed, Duguma et al. (2011) assessed the importance of traits in four sheep breeds (Afar, Bonga, Horro and Menz) in Ethiopia. In Europe, Zander et al. (2013) assessed the TEV of two Italian cattle breeds (Modicana and Maremmana), while Martin-Collado et al. (2014) assessed the TEV of the Spanish Alistana–Sanabresa cattle breed. The majority of studies, however, do not refer to any particular breed, but instead seek to assess the value of specific traits (such as disease resistance) that can then be linked to locally adapted breeds. Interestingly, no Latin American studies were identifiable, although Marshall (2014) (see below) cites two breeding-related studies from the region.
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2.3Valuation of traits to inform breeding decisions

In the context of the economic valuation of AnGR, the term “breeding” refers to directing deliberate and lasting changes in the genetic constitutions of livestock populations so as to improve their utilization. In the conventional practices of breeding programmes in developed countries, economic weights of key traits are combined with estimated breeding values to derive selection indices in order to evaluate the effect of the directional genetic changes on overall profit. These tools enable livestock keepers to select, maintain and reproduce animals with the aim of maximizing overall profitability. Conceptually similar, but more loosely articulated breeding objectives, are applied in traditional production systems in developing countries, although these typically consider more diverse and often complex traits, including adaptation or resilience to biotic and abiotic stresses, multiple indirect service functions and the socio-cultural values of the animals.

In this context, it is worth noting Marshall’s (2014) overview of studies that have compared performance from the socio-economic or economic viewpoint of the livestock keeper (and of other actors in the value chain). The authors identified 11 studies from Asia and Africa (the focus of their study) that fall within the scope of the current review. These studies took what may be broadly categorized as a production function approach in order to compare the gross margins of different breeds (including cross-breeds) from the point of view of the livestock keeper. They used field, rather than research-station, data related to input costs and yield effects. Six of the studies (undertaken in Ethiopia, India and Bangladesh) focused on dairy cattle (Sayeed et al., 1994; Ali et al., 2000; Islam et al., 2008; 2010; Mondal et al., 2010; Dayanandan 2011), one on dual-purpose cattle in Kenya (Maichomo et al., 2009), one on chickens in Bangladesh (Rahman et al., 1997), one on goats in Ethiopia (Ayalew et al., 2003), and two on pigs in Viet Nam and Zimbabwe (van Eckert, 1993; Lemke et al., 2006). Two additional studies from Latin-America were also mentioned, although neither of these fall within the scope of this review, as they fail to meet the economic analysis (Madalena et al., 2012) or date (Blake, 2004) criteria.

Despite the slow progress in the uptake of the results of policy decision-support tools based on the economics of AnGR (Drucker, 2010), some analytical techniques for systematically estimating relative economic values of complex traits and attributes of AnGR have recently been adopted in mainstream animal breeding. In situations where only limited production and market data are available, the relative economic importance of key traits and attributes can be estimated using stated preference techniques (Tano et al., 2003). For example, Nielson and Amer (2007) used choice experiments to define economic weights for use in animal breeding selection indices where traditional bio-economic models for estimating profits are not practical. Other types of stated preference techniques, such as conjoint analysis and preference ranking, have also been used to identify and prioritize traits, and indeed breeds, for particular production scenarios (Desta et al., 2011; 2012; Duguma et al., 2011). These techniques can be used to capture the preferences and choices of livestock keepers for traits/attributes that are not marketed (non-market use values) and are often ignored or only given secondary consideration in the process of deriving breeding objectives and economic weights for different traits. However, further work needs to be done in order to demonstrate how the results of such stated preference methods can be applied in the development of (long-term) breeding programmes for at-risk breeds, not only in developed countries, but also in developing countries – especially for breeds found in marginal production environments (e.g. Hodges et al., 2014).

Apart from allowing the valuation of indirect use values of AnGR, economic valuation methods complement and provide relevant socio-economic context to the results of global and breed-specific molecular genetic studies. For instance, a global study into the genetic structure of cattle breeds (Bovine HapMap Consortium, 2009) has revealed significant hybridization of the rare taurine and trypanotolerant Sheko breed with indicine breeds, which is consistent with earlier molecular genetic evidence of an alarming male-mediated introgression of zebu genes (Hanotte et al., 2000). Related trait and breed preference studies in the Sheko’s native production environments in Ethiopia showed that despite its recognized adaptedness to endemic trypanosomosis and tsetse fly challenge, as well as its superior dairy attributes (compared to other local cattle breeds) in these stressful production environments (Lemecha et al., 2006), the breed remains under sustained pressure from deliberate cross-breeding as livestock keepers choose smaller and more docile zebu bulls from adjacent highlands (Stein et al., 2009; Desta et al., 2011; 2012). This is in line with the earlier findings of Jabbar and Diedhiou (2003) from southwest Nigeria, which revealed a gradual shift of breed preferences away from trypanotolerant breeds towards cross-bred and zebu cattle. In addition to shedding light on breed preferences, such studies can also provide the evidence-base for defining breeding objectives for breeding programmes that are capable of meeting the current needs of livestock keepers.

2.4Public willingness to pay for conservation services

As discussed above, a range of studies have investigated the values of the traits of traditional livestock breeds from livestock-keeper and breeder perspectives. In contrast, Zander et al. (2013) and Martin-Collado et al. (2014) focused on the full range of TEVs arising from the maintenance of locally adapted breeds, with a view to identifying the broader public’s willingness to pay for the breed-related ecosystem services that arise from their maintenance.

Zander et al. (2013) show that in the case of two threatened Italian cattle breeds (Modicana and Maremmana), most (85 percent) survey respondents (members of the general public interviewed either in areas where the breeds are kept or in the nearest provincial capital city) supported breed conservation, with their stated willingness-to-pay easily justifying existing European Union support. The high landscape-maintenance, existence12 and future-option values of both breeds (around 80 percent of their TEVs) suggest that incentive mechanisms are indeed needed in order to allow livestock keepers to capture some of these public-good values and hence motivate them to undertake conservation-related activities. The positive direct use values of both breeds (around 20 percent of their TEVs) imply that niche product markets aimed at enhancing the private-good values associated with the breeds could form an (albeit secondary) element of a use and conservation strategy.

The Spanish Alistana-Sanabresa breed was also shown to be associated with significant non-market values. The value that respondents placed on each specific public-good function was shown to vary significantly. For example, functions related to indirect use cultural values and existence values were much more highly valued than landscape maintenance values. These high cultural and existence values (again totalling approximately 80 percent of TEV) suggest that an in situ conservation strategy, as opposed to a purely ex situ cryoconservation strategy, would be required and that such a strategy would need to involve livestock-keeper incentive mechanisms (MartinCollado et al., 2014).

2.5Incentive mechanisms for conservation services

Given the presence of such significant non-market and public-good values associated with AnGR, it is clear that the development of positive incentives (and indeed the removal of damaging subsidies), as called for under the CBD’s 2011– 2020 Strategic Framework (CBD, 2011) in the context of biodiversity in general, will often be required in order to ensure that socially desirable levels of livestock diversity are maintained.

One type of positive incentive mechanism that can potentially be used is payment for ecosystem services. Silvestri et al. (2012) note that increased demand for, and scarcity of, some of the ecosystem services generated by livestock production systems (see Box 4E1) has created opportunities for implementing approaches of this kind. Examples of emerging and operational payments for ecosystem services in livestock production systems include those related to climate regulation, watershed management and hydrological services and conservation of non-domesticated biodiversity (ADB, 2014).

Of particular relevance to domesticated plant and animal biodiversity is the emerging concept of payments for agrobiodiversity conservation services (PACS),13 an approach that draws on existing concepts of payments for ecosystem services and can be defined as follows:


“an economic instrument to tackle market, intervention, and global appropriation failures associated with the public good characteristics of agrobiodiversity conservation services through the use of (monetary or in-kind) reward mechanisms in order to increase the private benefits from local plant and animal genetic resources, so as to sustain their on-farm utilization”

(Narloch et al., 2011a).



PACS can be combined with prioritization protocols (such as the Weitzman approach – see earlier studies by Simianer et al., 2003; Reist-Marti et al., 2003; and Zander et al., 2009b), the application of safe minimum standards approaches (Drucker, 2006; Zander et al., 2013) and the use of competitive tenders that permit the identification of least-cost conservation service providers and transparent accounting for any efficiency–equity trade-offs that may exist in the selection of service providers (Narloch et al., 2011b; see also Bojkovski [forthcoming] for an emerging livestock application in Slovenia).

In the European context, the use of PACS approaches in the field of AnGR management is in part driven by the need for improved understanding of the type of support that needs to be provided to livestock keepers in order to permit at-risk breeds to reach population targets set under European Union legislation. Incentive payment schemes for livestock-keepers rearing traditional breeds at risk are in place in the European Union (see Part 3 Section F). However, such payment schemes have often proved to be insufficient to cover the true financial opportunity costs faced by the keepers of such breeds (Signorello and Pappalardo, 2003).

The challenges associated with ensuring the sustainable management of AnGR are compounded by the fact that agricultural production does not take place on a level playing field; large amounts of subsidy are directed (mostly) towards specialized agricultural production systems. For example, in 2012 agricultural subsidies totalled an estimated US$486 billion in the top 21 food-producing countries in the world (Worldwatch Institute, 2014). Developing-country studies of subsidies for “improved” breeds include Drucker et al. (2006), which estimated the total subsidy for imported pig breeds and their crosses in Viet Nam to be in the region of 19 to 70 percent of the gross margin typically associated with sow production. These were found to be similar to OECD-country subsidy levels (reaching 60 percent of farm receipts in some cases). Although designed with specific social goals in mind, such subsidies are “harmful” in the sense that they affect the competitiveness of locally adapted versus improved breed production systems and thereby affect the extent to which AnGR diversity is used and conserved.

In addition to the direct livestock-keeper payments that could be provided by PACS, attention is also increasingly being given to the potential of existing agricultural market channels to promote the use of at-risk genetic resources (among others, see the “Adding Value” special issue of the journal Animal Genetic Resources [FAO, 2013a]; Tienhaara et al., 2013; Lauvie et al., 2011; LPP et al., 2010; Mathias et al., 2010). Niche-marketing mechanisms, such as eco-labelling, certification and denomination of origin schemes (see Part 3 Sections D and F and Part 4 Section D), may allow products from locally adapted breeds to attract higher market prices and thus help to keep the breeds in use. The Schwäbisch-Hällische pig in Germany, for example, is a locally adapted breed that was revived from close to extinction to become the foundation for a regional speciality niche-market (LPP et al., 2010). The population of the Bresse chicken in France has remained stable for decades as a result of similar niche market-based management (Verrier et al., 2005). Niche-market development is, however, often challenging, and not all breeds have the potential to supply products that closely match consumers’ current tastes and preferences. Such mechanisms alone are therefore unlikely to be able to correct fully for market failures related to the public-goods characteristics of many of the services associated with the maintenance of agrobiodiversity. Niche-market development and PACS can thus be viewed as complementary approaches (Narloch et al., 2011a). A conceptual basis for PACS financing strategies, through private- and public-sector service beneficiary and purchaser identification/mapping and dialogue, has recently been developed (Drucker et al., 2013).

3Challenges and opportunities



Recent years have seen a number of significant developments in the field of AnGR-focused economics. An economic conceptual framework within which the erosion of genetic diversity can be analysed has been elaborated and the links between the different types of value associated with AnGR and potential contributions to different kinds of ecosystem services have been better articulated. A wide range of breed-valuation studies have been undertaken, the majority relating to developing-country breeds and livestock-keeper preferences. In line with the importance of AnGR values that are not reflected in the marketplace, these studies have focused particularly on stated preference and ranking methods. A range of AnGR economic studies have also been realized with a specific view to supporting the development of breeding programmes.

While many of the recent valuation studies have drawn on livestock-keeper and breeder preferences, methods for assessing public willingness to pay for breed conservation have also been developed, drawing on both total economic value and ecosystem service frameworks. European case studies based on these approaches have confirmed the existence of very significant non-market values, a number of which can only be secured through the implementation of in situ conservation strategies. Such strategies may also be dependent on the development of incentive mechanisms that ensure livestock keepers can capture a sufficient proportion of the non-market public good values to cover the costs they incur in providing public-good conservation services. In this context, the emergence of agrobiodiversity-focused payments for ecosystem services, so-called PACS, is of particular interest, especially as a complementary incentive mechanism alongside niche-product and market/value-chain development.

Despite the positive developments, a range of challenges and opportunities for future work in this subfield of economics remain.

Awareness raising: There is a need to promote awareness and facilitate interaction among both animal and plant genetic resources researchers and development practitioners regarding developments in the economics of genetic resources use and conservation. The development of the economic conceptual framework described above, which originated from the AnGR-focused work of Drucker and Rodriguez (2009) and Steinfeld (2000), has been used to inform analysis related to agrobiodiversity more broadly (e.g. Narloch et al., 2011a; Pascual et al. 2011; Krishna et al. 2013). Such work has also drawn on the conceptual framework to inform approaches based on agrobiodiversity-focused payments for ecosystem services, which while having been originally applied in a plant genetic resources context are now also beginning to be applied in AnGR contexts (e.g. Bojkovski, forthcoming). The somewhat different conceptual model developed by Krishna et al. (2013) for the application of PACS in a plant genetic resources context could also be adapted to an AnGR context.

Another example of a method developed for use on one component of agrobiodiversity and later used to inform the management of another component is the Weitzman prioritization approach. Originally applied by Weitzman (1993) to non-domesticated animals (wild species of crane), this method was later adapted for application to AnGR by Simianer et al. (2003), Reist-Marti et al. (2003) and Zander et al. (2009). It has recently been usefully applied to a plant genetic resource (cacao) case study (Samuel et al., 2013). While there continues to be relatively limited interaction between animal and plant genetic resources researchers/development practitioners, it is clear that at least in the field of the economics of genetic resources use and conservation, there is high potential for mutual learning and collaboration – and that should be further encouraged.

Assigning breed types: In situations where genotypic information may be absent, as in most developing counties, identifying and verifying the breed type of a given AnGR can prove difficult. Livestock keepers tend to keep multiple genotypes to derive multiple benefits, and breeds tend to be defined in more subjective and less quantitative ways (Marshall, 2014). Under such circumstances, breed and trait valuation tools may be used to facilitate breed characterization through improved understanding of breeds and their values. In such contexts, greater collaboration between geneticists and economists may prove to be particularly valuable.

Research focus: The valuation studies discussed above mainly focused on developing countries and on-farm/in situ use and conservation strategies. While further work in these areas is still very much needed (including in Latin America, where relatively little work of this type has been undertaken so far), an increasing number of developed-country studies and studies considering the costs and benefits of ex situ conservation would also be welcome.

Costing conservation efforts: A number of studies, including Drucker (2006) for livestock and Narloch et al. (2011a) for plants, have suggested that given modest conservation goals (the recently updated FAO [2013b] “not at risk” status category requires 2 000 breeding females in species with high reproductive capacity and 6 000 in species with low reproductive capacity), the costs of conserving a priority portfolio of at-risk breeds may also be quite modest. The assessment of public willingness to pay for conservation by Zander et al. (2013) and estimates of the support payments that would be required to achieve stated conservation goals suggest that such conservation costs may well be both economically justifiable (benefits outweighing costs) and relatively low cost. In this context, it is also interesting to note the findings of a plant genetic resources case study conducted by Krishna et al. (2013), which suggest that farmer willingness to participate in genetic resources conservation activities for the public good may be more closely related to the consumption values of the genetic resources in question than to their production opportunity costs (which generally do not take into account the existence of farmers’ many non-market preferences and values). Hence, conservation costs may be overestimated if based only on conventional economic opportunity cost estimates.

Such considerations are important, as national and global level efforts to cost the resources required in order to secure priority portfolios of AnGR could help to inform policy development. Such costing exercises could address both in situ conservation strategies and complementary ex situ interventions. It should, however, be noted that the different in situ risk-status thresholds adopted by different countries imply different implicit conservation costs.14

Linking conservation goals and values to the provision of ecosystem services: The articulation of the link between conservation goals, values and ecosystem services is another area where plant genetic resources and AnGR work could be mutually supportive. CGIAR research15 on the development of agrobiodiversity-focused ecosystem service indicators/metrics and on PACS includes work that is currently oriented towards plant genetic resources but also has potential AnGR applications. This work also includes consideration of the degree to which private- and public-good values and associated ecosystem services may, in certain contexts, need to be traded-off and the degree to which this can be done transparently and in a socially equitable manner.

A related area of interest for future research addresses conservation goal setting and levels of ecosystem-service provision. There is a need to overcome the current relative lack of knowledge of how different conservation goals and risk-status thresholds actually relate to the provision of specific ecosystem services. For example, one livestock-keeper with 2 000 breeding females of a particular breed maintained in a single herd/location would have quite different implications for ecosystem services related to the maintenance of landscape-level resilience, evolutionary processes/future option values and traditional knowledge and cultural practices than would 200 livestock keepers spread across the countryside, each with a herd of 10 breeding females. Once again, the existing plant genetic resources-focused CGIAR Research Programme work on ecosystem services and indicators could potentially also contribute to work in the AnGR field.

Impact assessment: Finally, in the context of impact assessment, Marshall (2014) identifies the need to provide decision-support information, both to livestock keepers and to policy-makers, through increased evaluation of the impact of different livestock breed types in developing-country livestock production systems. Such assessments (which could draw on the indicator/metric development mentioned above) might address, inter alia, food and nutrition security and environmental sustainability. It is important that gender and intrahousehold dimensions are also considered, given that the benefits derived from interventions that affect breed and geno-type choices can vary both between and within households, especially in low-input production environments, where both direct and indirect use values of livestock are likely to be important.
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Part 5

NEEDS AND CHALLENGES



Introduction

The major global challenge for the twenty-first century is to sustainably feed a growing population that is expected to reach 9 billion by 2050: the so-called “2050 challenge to our global food system”.1 Further increase in production is needed. At the same time, the ecological footprint of food production needs to be reduced and the quantity and quality of natural resources, including biodiversity, need to be sustained. There is a need to reduce waste, increase efficiency in the use of water, feed and energy and reduce greenhouse gas emissions and the pollution of land, air and water. Ecological and economic challenges are increasingly interconnected and global. Collaboration and cooperation across national boundaries have never been more important.

Since 2007, when the first report on The State of the World’s Animal Genetic Resources for Food and Agriculture (FAO, 2007a)2 was published and the international community adopted the Global Plan of Action for Animal Genetic Resources (FAO, 2007b),3 the importance of genetic resources for food and agriculture, including animal genetic resources (AnGR), has been highlighted in several major international initiatives and agreements. In 2010, the Conference of the Parties to the Convention on Biological Diversity (CBD) agreed on the Strategic Plan for Biodiversity 2011–2020, including the Aichi Biodiversity Targets.4 The following two targets are particularly relevant to AnGR management:


“Target 7: By 2020 areas under agriculture, aquaculture and forestry are managed sustainably, ensuring conservation of biodiversity.”

“Target 13: By 2020, the genetic diversity of cultivated plants and farmed and domesticated animals and of wild relatives, including other socio-economically as well as culturally valuable species, is maintained, and strategies have been developed and implemented for minimizing genetic erosion and safeguarding their genetic diversity.”



In 2012, the Rio+20 International Environmental Summit of Nations agreed to set new multiyear global objectives to succeed the Millennium Development Goals (2000–2015). Biodiversity featured prominently in the outcome document, The future we want:


“111. We reaffirm the necessity to promote, enhance and support more sustainable agriculture, including crops, livestock, forestry, fisheries and aquaculture, that improves food security, eradicates hunger, and is economically viable, while conserving land, water, plant and animal genetic resources, biodiversity and ecosystems, and enhancing resilience to climate change and natural disasters ... 112. We stress the need to enhance sustainable livestock production systems, including through improving pasture land and irrigation schemes in line with national policies, legislation, rules and regulations, enhanced sustainable water management systems, and efforts to eradicate and prevent the spread of animal diseases, recognizing that the livelihoods of farmers including pastoralists and the health of livestock are intertwined.”5



and subsequently in the post-2015 Sustainable Development Goals:


“Goal 2. End hunger, achieve food security and improved nutrition and promote sustainable agriculture”

“2.5 By 2020 maintain the genetic diversity of seeds, cultivated plants and farmed and domesticated animals and their related wild species, including through soundly managed and diversified seed and plant banks at national, regional and international levels, and ensure access to and fair and equitable sharing of benefits arising from the utilization of genetic resources and associated traditional knowledge as internationally agreed”

“2.a Increase investment, including through enhanced international cooperation, in rural infrastructure, agricultural research and extension services, technology development and plant and livestock gene banks in order to enhance agricultural productive capacity in developing countries, in particular in least developed countries”

“Goal 15. Protect, restore and promote sustainable use of terrestrial ecosystems, sustainably manage forests, combat desertification, and halt and reverse land degradation and halt biodiversity loss”

“15.6 Ensure fair and equitable sharing of the benefits arising from the utilization of genetic resources, and promote appropriate access to such resources”

“15.9 By 2020, integrate ecosystems and biodiversity values into national and local planning, development processes and poverty reduction strategies, and accounts”

“15.a Mobilize and significantly increase financial resources from all sources to conserve and sustainably use biodiversity and ecosystems”6



The Nagoya Protocol on Access to Genetic Resources and the Fair and Equitable Sharing of Benefits Arising from their Utilization7 entered into force in October 2014. It provides a legal framework for the implementation of one of the three objectives of the CBD: the fair and equitable sharing of benefits arising out of the utilization of genetic resources.

In order to monitor progress in the implementation of the Global Plan of Action for Animal Genetic Resources, the Commission on Genetic Resources for Food and Agriculture has adopted indicators for measuring both the state of implementation of the various elements of the plan itself (so-called process indicators) and outcomes in terms of AnGR diversity (so-called resource indicators).8 The process indicators were calculated in 20129 and 2014,10 based on country reporting, and the resource indicators are calculated biennially,11 based on data entered by countries into the Domestic Animal Diversity Information System (DAD-IS)12.
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2FAO. 2007a. The State of the World’s Animal Genetic Resources for Food and Agriculture, edited by B. Rischkowsky & D. Pilling. Rome (available at www.fao.org/3/a-a1250e.pdf).

3FAO. 2007b. The Global Plan of Action for Animal Genetic Resources and the Interlaken Declaration. Rome (available at http://www.fao.org/docrep/010/a1404e/a1404e00.htm).
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8http://www.fao.org/Ag/AGAInfo/programmes/en/genetics/Targets_and_indicators.html

9http://www.fao.org/docrep/meeting/027/mg044e.pdf

10http://www.fao.org/3/a-at136e.pdf

11http://www.fao.org/3/a-at135e.pdf

12http://fao.org/dad-is




Section A

Challenges posed by livestock sector trends

Economic, social and environmental trends in the livestock sector continue to pose many challenges to the sustainable management of AnGR. Rapid growth in demand for animal products has been a major driver of change in the livestock sector in recent decades, particularly in some developing regions, and the associated changes in livestock production systems have had a major effect on AnGR management and often posed a threat to diversity. Traditional production systems that harbour diverse genetic resources have been marginalized and a narrow range of international transboundary breeds have become more widely used. In some circumstances, these breeds have been indiscriminately crossed with locally adapted breeds, a development that is regarded as a major threat to AnGR diversity in many countries. Growth in global demand for animal-source foods is expected to continue over the coming decades, although at a slower pace overall. Africa and South Asia are predicted to be major centres of growth in demand. Both are resource-constrained regions where smallholder and pastoral production is still widely practised and where smallholder milk production has historically been strong. Both are also home to a wealth of locally adapted AnGR.

Economic and market-related factors are frequently highlighted by stakeholders as threats to AnGR. Shifts in market demand or increasing competition may mean that particular breeds can no longer be raised profitably. Shifts of this kind are part of social and economic change, and there are always likely to be some breeds that are at risk of falling out of use and declining towards extinction. However, there may be measures that can be taken to reduce economic threats, either by “valorizing” individual at-risk breeds via marketing initiatives, genetic improvement or the identification of new roles, or by more general policy measures such as eliminating support measures that create favourable economic conditions for breed replacement.

Climate change is placing increasing pressure on the livestock sector, especially on production systems that depend heavily on the state of the local ecosystems. Livestock are recognized as contributors to climate change, but also as an entry point for climate change mitigation. Grazing systems in arid and semi-arid areas are likely to be particularly severely affected, but mixed farming systems will also need to adapt. Grazing and small-scale mixed farming systems harbour many locally adapted livestock breeds that possess characteristics that enable them to thrive in harsh conditions. These breeds, and other AnGR, increase the options available for adapting production systems to the effects of climate change. However, climate change also poses threats to AnGR diversity: for example, because of the increased risk of breed loss as a result of natural disasters. It remains difficult to predict how climate change will affect the future of livestock production and what the consequences will be for AnGR diversity. The uncertainty of climatic projections is a major constraint, but there is also frequently a lack of data on breeds’ characteristics, distributions and production environments. Information on the level of threat posed to AnGR by extreme climatic events and other disasters and emergencies remains limited.

Given the major roles of small-scale livestock keepers and pastoralists in maintaining AnGR diversity, factors that undermine the sustainability of smallholder and pastoralist production systems constitute significant threats to AnGR. These threats may include both market-related factors (e.g. competition from large-scale producers or exclusion from markets because of difficulties in meeting the specific requirements of retailers and consumers) and problems related to the degradation of (or lack of access to) natural resources. The importance of livestock-keeping to the livelihoods of many of the world’s poorest people and the major significance of livestock-keeping areas (e.g. grasslands) in the provision of ecosystem services (carbon sequestration, water cycling, provision of wildlife habitats, etc.) imply that the sustainable use and development of livestock populations in pastoralist and smallholder production systems is a challenge that extends well beyond the immediate field of AnGR management. Balancing different objectives is unlikely to be easy. However, there may be scope for synergies in efforts to promote AnGR-management, livelihood and environmental objectives.

One trend affecting the livestock sector in many parts of the world is a movement of people out of livestock keeping and into alternative employment. In most countries, small-scale livestock keeping is unlikely to disappear in the short or medium term. However, where trends of this type are strong, AnGR associated with particular traditional types of livestock keeping or particular communities may be threatened.

International gene flows have continued to expand over recent years. Exchanges are still dominated by North–North and North–South exchanges, with importers taking advantage of the genetic improvements achieved in the world’s most advanced breeding programmes. The share of global imports accounted for by imports into developing countries has increased in some sub-sectors. This represents a large increase in gene flows of high-output international transboundary breeds from the North to the South. For many developing countries, South–South gene flows are also significant.

Gene flows clearly have the potential to increase the options available to livestock keepers and breeders as they seek to improve the productivity of their animals and adapt to change. However, countries are increasingly concerned about the effects of international gene flows on the diversity of their livestock populations and recognize that the establishment of exotic breeds and the production systems needed to maintain them can be challenging in terms of the additional resources and management skills required and the vulnerability of the animals to diseases, feed shortages and climatic hazards. Effective management of gene flow and effective use of imported genetics involve all the main elements of AnGR management: characterization of breeds and production environments to ensure that they are well matched; well-planned breeding strategies; monitoring of outcomes in terms of productivity and genetic diversity; measures to promote the sustainable use and conservation of breeds that may be put at risk of extinction; and appropriate policies and legal frameworks.


Section B

Characterization and monitoring

Characterization and monitoring are the foundations of sustainable AnGR management. However, in most regions of the world, there are still major gaps in the coverage of characterization activities and hence major gaps in knowledge about the characteristics of AnGR. There are also major gaps in programmes for monitoring trends in breed populations and hence the current risk status of many breeds is unknown. These gaps in knowledge inevitably hamper the sustainable use, development and conservation of AnGR.

In many countries, the basic task of establishing a complete inventory of national breeds across the full range of mammalian and avian livestock species has not been completed. For many recognized breeds, phenotypic characteristics – morphology, performance in specific production environments, degree of adaptation to specific diseases or climatic challenges, and so on – have been inadequately studied. Gaps are particularly prominent in developing countries, which means that the characteristics of the locally adapted breeds of these countries have been poorly described and that the comparative performance of different breeds in the production conditions prevailing in these countries has been inadequately assessed. Detailed description of typical production environments has been undertaken only for a limited number of breeds, precluding even the application of basic intuitive or heuristic approaches to breed comparison. At within-breed level, advanced technologies such as those related to the prediction of breeding values for individual animals and genomic selection have huge potential, but require phenotypic data. If developing countries lack characterization and performance data, they will be unable to take advantage of new technologies of this kind.

Reporting on AnGR has improved over recent years. The number of national breed populations recorded in the Domestic Animal Diversity Information System (DAD-IS) has increased. However, breed-related information remains far from complete. For almost two-thirds of all reported breeds, risk status is unknown because of a lack of recent population data. Trends in the global state of AnGR diversity cannot therefore be monitored precisely. However, the available data indicate that genetic erosion is ongoing. Missing population data remains the biggest weakness of the current system for monitoring the global state of AnGR diversity. Another concern is the non-coverage of cross-bred and non-descript populations, which make up a large part of livestock populations worldwide. To obtain a more comprehensive picture, all livestock populations, regardless of their level of cross-breeding, need to be included in the monitoring system.

Breed effect is one of the many factors that influence the composition and quality of animal-source foods. Interest in the relationship between breed diversity and human nutrition has increased to some extent in recent years. Some comparative studies that assess the effect of breed per se and identify nutritional differences by controlling for other factors have been undertaken. However, high-quality studies that disentangle genetic and environmental factors are lacking, particularly for locally adapted breeds.


Section C

Sustainable use and development

While the majority of countries report that they have at least some livestock breeding programmes in place, the information provided in the country reports suggest that these programmes are often in a rudimentary state – or in some cases non-existent in the sense of organized programmes involving the establishment of breeding goals, recording of performance and subsequent selection of superior animals for mating. Efficient mechanisms for appropriately distributing improved genetic material are also often lacking.

Recent advances in the field of genomic selection have created opportunities to increase the rate of genetic progress for some traits (particularly those that are difficult to measure in all animals at a young age). However, use of genomic selection has, for the most part, been restricted to particular circumstances that favour its application (extremely large reference populations with extensive phenotypic data, high values of individual animals and established systems for distributing improved germplasm). This has further increased the gap between the most technically advanced breeding programmes and the rest of the sector – for example, Holstein breeding programmes relative to programmes for other breeds of dairy cattle.

Policies aimed at improving the state of livestock breeding are widespread, but in many countries these policies focus mainly on the introduction of exotic breeds for use in cross-breeding, sometimes paying little attention to the establishment of breeding programmes at national level. Introducing exotic AnGR can help countries boost their output of livestock products. However, great care is needed to ensure that these resources are managed appropriately. Exotic breeds are sometimes introduced into production environments where they fail to flourish or prove to be risky investments. Moreover, indiscriminate cross-breeding – often with exotic genetic material – is one of the most widely reported threats to the survival of locally adapted genetic resources. Developing a national breeding strategy can be very challenging, particularly given that the information needed to assess the relative costs and benefits of different approaches is often unavailable. The existence of these knowledge gaps underlines the importance of strengthening efforts to characterize breeds and their production environments and the need to keep track of trends and drivers of change in the livestock sector.

While interest in expanding the use of exotic breeds is practically universal in developing countries, a number have also recognized the need to take greater advantage of the characteristics of their locally adapted breeds, particularly given the challenges associated with climate change and the ongoing need for livestock that are suitable for use by small-scale producers and in low-input production systems. In this context, breeding programmes for locally adapted breeds offer a potential means both of supporting rural livelihoods and of helping to keep a diverse range of breeds in use and hence available as resources for the future. In many countries, however, the underlying preconditions for the establishment of breeding programmes remain weak, particularly the organizational structures needed to facilitate the involvement of livestock keepers and breeders and the relatively high levels of knowledge and technical skills needed to plan and implement programmes successfully. Experience indicates that while breeding programmes can be initiated by governments and research organizations, the involvement of breeders’ associations and/or commercial companies increases the likelihood that they will be sustainable in the longer term.

One significant development in recent years has been a growing interest among developing countries in establishing animal identification schemes. These programmes are introduced primarily with the aim of improving animal health and product traceability, often driven by the incentive of gaining access to export markets that have high animal-health and product-safety standards. However, they may serve as the basis for more comprehensive programmes that include performance and pedigree recording.

Much of the potential of AnGR diversity remains untapped. For example, the inclusion of genetic elements in disease-control strategies has achieved some successes, but knowledge of the genetics of resistance and tolerance remains inadequate. The urgency of adopting more holistic alternative strategies is increasing as greater numbers of microbicides are losing their efficacy. A sign of the commercial recognition of health and other functional traits is that measures of health, robustness and other traits not directly related to performance have acquired an increasing share in selection indices used in breeding programmes in developed countries.

A range of different activities can both help to increase the ongoing benefits derived from AnGR and to maintain genetic diversity for future use. Many breeds that are not at present valued in mainstream livestock production have characteristics that make them potentially valuable in the supply of products valued by a subsection of the market (niche products) or in the provision of public goods, including cultural services. Niche marketing of products from locally adapted breeds is quite widespread in developed regions such as Europe and contributes both to sustaining diversity and to rural livelihoods. Well-managed livestock can contribute to the provision of a number of ecosystem services, including those related to landscape management and the maintenance of wildlife habitats. Because of their ability to thrive in the relevant ecosystems, locally adapted breeds are often effective providers of services of this kind. However, harnessing these roles to promote the use of locally adapted breeds is not straightforward, as the benefits provided are not valued by the market. In this context, the emergence of the concept of payments for ecosystem services is an interesting development. Approaches of this kind potentially have a role in the sustainable management of AnGR.


Section D

Conservation

Conservation activities have become more widespread over the last ten years. Few countries report that they have no conservation measures of any kind in place. However, major gaps remain, both in in situ and in ex situ conservation programmes. Many breeds remain untargeted or inadequately covered by conservation programmes.

Information on threats to AnGR diversity remains far from complete. The risk status of the majority of breeds is classified as “unknown”. Even where population trends are monitored, detailed assessments of threats to specific breeds are not common. This clearly constrains the development of effective conservation programmes and the prioritization of breeds for inclusion in such programmes. Given the complexity of the drivers of change affecting the livestock sector and the potential for rapid shifts in the management of AnGR, there is a need for national early-warning and response systems that can rapidly identify threatened breeds and allow quick and well-defined action to be taken.

In situ conservation programmes can involve a diverse range of activities, including those that aim to create demand for the products and services provided by at-risk breeds, those that support and incentivize livestock keepers and breeders who raise at-risk breeds, those related to breeding programmes, and those that involve promoting participation and empowerment at community level. Careful assessment of livestock-sector trends and the characteristics of particular breeds and production systems will help countries and other stakeholders to identify appropriate in situ strategies for particular circumstances.

An increasing number of countries have set up AnGR gene banks. However, inadequate funding, infrastructure and technical skills often remain significant obstacles to the establishment or further development of such facilities. Establishing gene banks at subregional or regional level is a potential option. However, this would require agreements on rules for the transfer of genetic material and the identification of locations considered “safe” by all parties.


Section E

Policies, institutions and capacity-building

Without effective institutions, it is difficult to strengthen AnGR management programmes. Many countries report major gaps and weakness in their institutional frameworks for AnGR management. There have, nonetheless, been several positive developments in recent years, including the more widespread establishment of specifically AnGR-focused institutional structures and policy instruments – in particular the appointment of more National Coordinators for the Management of AnGR and the development of national strategies and action plans for AnGR. The establishment of several additional regional and sub-regional focal points for AnGR over recent years has strengthened cooperation and capacity to undertake AnGR management actions at supranational level.

Legal and policy frameworks relevant to AnGR management have been supplemented by a substantial number of new instruments over recent years. However, effective implementation remains a problem for many countries. In many cases, the basic prerequisites for effective implementation remain weak or absent. Physical and organizational infrastructure, stakeholder participation, and knowledge and awareness of AnGR-related issues are often inadequate. Financial shortfalls and a lack of well-trained personnel are widely reported to be serious constraints in all areas of AnGR management. Communication and coordination among stakeholders involved in AnGR management and with those in the wider agricultural, rural-development and environmental sectors often need to be improved. Smallholders and pastoralists are often neglected by the private sector, but are also poorly served by public policies and programmes and have little voice in policy development.

There is a big gap between the state of the art in the use, development and conservation of AnGR and the current level of management capacity in many countries. Better education and training of development professionals, livestock keepers and other stakeholders, in animal breeding and all aspects of AnGR management, is needed. Integrating education and research across disciplines and across national boundaries and establishing partnerships spanning academic institutions, ministries and private industry – particularly between developed and developing countries – will help to decrease the gap in capacity.

In 2007, by adopting the Global Plan of Action and the Interlaken Declaration, governments


“confirmed their common and individual responsibilities for the conservation, sustainable use and development of animal genetic resources for food and agriculture; for world food security; for improving human nutritional status; and for rural development.”1



Governments recognized the need both for “substantial and additional financial resources” and for predictable allocation of these resources. While awareness has increased and some countries have allocated additional resources, the evidence provided in the country reports indicates that sufficient funding has not yet been mobilized, particularly at national level. Governments must demonstrate the sustained political will needed to ensure the successful implementation of the Global Plan of Action, including through the provision of adequate financial resources. If this does not happen, genetic erosion is likely to continue and world’s livestock biodiversity will remain underutilized and underdeveloped. Much of its potential to contribute to sustainably increasing food production will remain unrealized.


1FAO. 2007. The Global Plan of Action for Animal Genetic Resources and the Interlaken Declaration. Rome (available at http://www.fao.org/docrep/010/a1404e/a1404e00.htm).
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The expanding word human populaton wilrequire
greaterfood production within the constraints of
increasing sodeal pressure to minimize Impacton
the envionment. Animal breeding hasin the past
achieved substartial eductions in environmental
load per unit of product, despte no explct inlusion
of environmental loadin breecing goals. Higher
gains can be expected I breeding goals focus
more specicaly on environmental objectives. One
important objectve s to reduce the amount of
enteri methane - greenhouse s with a warming
potential 25 times that o crbon diodde - roduced
by ruminants. However,asuccesul breeding strategy
recquires measurements on a large population of
animas.To faclitat geneticslectcn for reduced
methane producton, ftwould therefore be highly
desiable o combine ndiidual natonal dataststo
produce a multicountry database. However,data are
ollected using difernt protocols, and combining
them requires ntenshe conuitaton among
contrbuting sentists acossarange of discplines.
More importantly however, scentsts planning to
undertake future studies on methane production have
ot et agreed protocols fo how to proceed it the
colection o data.

The netvorks of METHAGENE (wmethagere.
eu)and ASGGN (wvasggn.org) havefoned

forces with the Intemational Comittee for Animal
Recording (v carorg) todevelop consersus on
protocols for the collcton of methane production
data, with he aim of facitating the harmonization
and combination o existing and future data obtained
from different countres and with different colection
methods. The projectwill ao faditate disussions
among expers aiming o dentify possible predicor
traitsfor methane production (g bomarkers n milk)
that could be easlly exploted. Methane production s
curtently not directlyincluded i any natioal cattle
breeding objectve anywhere n the world. This s not
only because of a lack o uffcent data with which

to make slecton deckions,but alo because of a lack
of consrsus on how o optimally nclude methane
production n a breeding objectv. The project will
develop standards for exprssing methane production,
taking nto account the advantages and disadvantages
of expressing methane per unit (digestile) feed and
per unitof consumable product . mik andior meat)
and alsothe need to consider the time horizon of
emisionsvia e yce asessment an to ensure
that slecton fo low emisons does not compromise
production eficeny.
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Box 47

Community-driven breeding programmes for locally adapted pig breeds in Viet Nam

Demand fo pork In Viet Nam has increased
substantiallysince the 1990s,diven by economic
development and urbanizaton. Although large scale
private enterprises have benefited from subsdies
introduced with the aim of expanding exports,
smallolder farmers il epresent the backbone
of the Vietnamese plg sector, especially n the
northern prt ofthe country. To ope with Increasing
competition and qualty requirements, market-
orfented smallholdersInaeasingy aise modern
piglines and hybrid, often Inunsystemati ross-
breeding schemes. Thi has reduced the population
sizes of autochthonous breeds and pushed them ino
remote areas.

Under apllot project mplemente by Gerran
and Vietnamese research intitutons In ollboration
with the provincialvterinary department and
prvate partners (funded by the German Research
Foundation, DFG), a community-drien pig-breecing
and marketing programme was stablished n the
mountainous Son La provinc I northwiestern Viet
Nam The farmers pig-breeding cooperative involves
tenvillages representing communities vith different
esource endowments, producton objectivs and
consequentlydiferent requirementsfrom thelrpig
geneticresorces.

Initially, pure-bred indigenous Mong Caland Ban

gits were disrbuted among 179 cooperative members

and  revolving fund was establishec with the aim of

enabling the smallnoldersto be independent i terms
of supplying replacement animals and improving
genetic stocs. Prolfic Mong Cal gits were distrbuted
mainy o em-intensive producers and robust Ban
sowsto ss market-orented smallolders

Although some of the colctve actions lanned
under the project weresuccesfullyimplemented - for
instance, Improving the access of rural smalscale
pig produces toveterinarysevices and stablshing
multpronged market outets - th attempt to
establh a communitybased stratified rossbreeding
scheme proved to be dfficl. The organizational
structure ofacros breeding sheme must be
accompanied by a wellbeanced business plan that
accounts for the greate burden placed upon nudeus
breeders Inths example, although farmerspreferred
o use pure-bred dam ins, and Mong Cai beeders
could therefore obtain a good pric forsows,tiswas
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ot suffcent to compensatethem for the o prices
obtained for pure-bred Mong Calfnshers. The market
for the latte completey collpsed because of rapid
hifs I customer preferences tovards leaner pork
Inthe futue, farmers will probably turn to breeding
centrs o commercial farms to obtain pure-bred Mong
Galsowteplacements. In contrast, marketing of ure-
bred Ban products via a short supply chain, avolding
alarge number of ntermedarie,proved to be
succesulinlinking remote resource poor Ban keepers
tohighlyremunerativ specahy markets nthe Red
River Delta. Because ofthe rice that canbe realzed

in thesz niche markets, famers il robably continue
pure-breeding the Ban breed and this wil create a
ool ofsow replacements for farmersthat exchusiely
practice ossbreeding.

1n conclusion, this case lustrates howa self-
sustained communitydriven pig breeding and
marketing programme can only sustanably contrbute
torural development and breed conservaton it an
be fleibly adapted to market conditons
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Level of breed coverage in conservation programmes for “minor” species
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Box 1C1
Trends in gene flows Into and out of Kenya

Inthe et ten years (2003 10.2013) thre s been a
signfcant ncease i the mportation f germplasm o
Kenya. Use of importd daiy germplasm has inresed
frombelow 2 percet to around 30 percent mportation
of st semen has incrssed fom zeroto asubstantal
amount There hasbeen an incease n mportsof attle
genetis (A, Holten riestan Jrsey, Guemsey,
Bronn Swiss,Fledkvieh, Gir,Charolals, Angus,etc) i
theform ofsemen and embyos fom Europe Ausralia,
North America and South America, Goat geetics
aremported ntheform ofsemen (Toggenburg and
Alpie fom Eurcpe)and e anfals Szanen from
South Afica). mporttion ofsheep (Dorper) and abbit
genetis rom South Afca hasabo Inreased. Kenya dso
imparts Ankole cattlefrom Uganda.

Exportsof Kenya Boran and Sahival catle o
other Afrcan countrie (south Afica, Uganda and the
United Republic of Tanzania) i form of e animals,
semen and embryos have greatly ingeased. There
hasalso been aise n exports o Gall, Aline and
Toggenburg goats to Uganda and Rwanda.
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Propartion of countries reporting the use of elements of in situ conservation - species breakdown
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Box4D2

Analysis of strengths, weaknesses, oppartunities and threats (SWOT analysis)
of Groningen White Headed cattle in the Netherlands

The Groningen White Headed i anative Dutch
attle breed. The frst desaiption of the breed dates
fromthe fourteenth century. Pictures o red and

of black White Headed cows were panted during
the Middle Ages. A herdbook was founded atthe
end ofthe nineteenth century. Around that tire,

90 percent ofalcatle i the Province of Groningen
(Inthe northern partof the Netherlands) were White
Headed catle They were dualpurpose animas used
for milk and beef production. Animals belonging to
the breed were also found near th citis of Utrecht
and Leiden (inthe southwest), where ther milk
was used forchesse production. Around 1970, the
breed had 20 000 milk-recorded females, but due to
ross-breeding with Holsteln-Frieians, the number
of milk-tecorded pure-bred females had fallen to
approximately 600 n 2014,

‘A number of nationaland regional groupsof farmers
and breeders are interestd i the breed. One ofthem,
the “Blaarkop Sticting”, s very actve i promoting .

A'SWOT analysis undertaken for ths breed
produced the following resuls
strengths: good performance i terms of functonal
tratsand ik quality,distincive appearance.
Weaknesses:elaively low milk yied; isk o genetic
diftand los of geneticvariaton
Opportunities:renewed intrestn functional trais
Isncreasing the use of purebred Groningen White

Headed sres for crossbreeding with Holstein-resans;
Increasing use of the breed for beef production and as
sucker cows.
Threats:th aboltion of ik quotasInthe European
Union wilinrease the emphasis gven tothe ffcency
of ik production
ased ontheresuts f the SWOT arlyss, the breed
Intrestgroups dedded to ntiatethee trategic actions:
1. stinulting famersto keep the breed or to use
pure-bred e fo crosstreeding with Holstein
Frieian (some 20 res are marketed by artfical
insemination studs), ths taking advantage of
the breed'srength of having good functional
trais
2. making Groningen White Headed semen from
the National Gene bank (CGH) avllble to
breeders when s use willncrease the genetic
varabily i he population of pure-bred females
(CGN s colected semen from 70siessince
1973, thus adresing the weakness related to
geneticvaration; and
3. produdng cheese and beef for niche makets and
using the breed inthe provison of eclogical
servics thus addressing the threat posed by the
aboltion of milk quotas by proviing ahterntive
sourcesofincorme.
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Invivo conservation s conservtion through
the maintenanceoflive animal populations. It
encompassesboth n it conservation and ex st in
Vo conseration.

Insitu conservation s conservation through continue
useof v animal populatons b Ivestock keepers

in the producton system In which th respective
populations evoved or are now normally found
andbred

Exsitu I vivo onservation s conervation through
the maintenanceof ve animal populations not

Kept under normal management conditions e

in a 200logica prk or  governmental farm) and/

or outside the area where they evohved or are now,
normall found and bred.

st Invitro consenvation s consenvation through
the maintenance, under ayogenic conditon, of

el rtses that have the potential o be sed to
reconstitte e animals and populatons atalater dte.
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In 1995, Chinas Ministy of Agicuture launched a
regular budgetary alloation for breed conservation.
The annual budget sarted at 4millon Yuan and
Increased year by year toreach s4millon Yuan in
2012.1n 2013, when the totalsum dropped slighly
to50millon Yuan, 156 consenvaion projects were
granted. naddition o traning and adminitratve
actite,thes projects supported the conservation of
Mo than 100 indigenous breeds. Any pivate o tate-
owned farm or compny engaged In breed protection
an apply to the Ministryof Agricultue for permisson
toparticpate n the programme, provded that t:

« isimiolved inthe husbandry of indigenous
reedson the national priorty st (under par-
ticlar cramstance, “newly dentified” breeds
andlor breesfrom underdeveloped provinces
may be incuded, even i these breeds are not
on the st
islocated nthe aea of orign ofthe respectve
breed;
puts forward appropriate conservation propos-
ak;and
s equipped with bascinstallation and techni-
dans.

Every Septembe, the National Commision for

Al Genetc Resources organizes a group of expets
toevaluate pplications. About 100 projct proposab

are selete each year. TheNaticnal Cormmision and

the group of expets monitor the mplementaton of the
profcsand provde training and technca quidance.
Conservaton farmsthat ae provided withsubsces have
tosubmitreports o the Natcnal Commision shrty
efore the end datesof thlr profect L. very December.
Thesereports, along with th resuts f the monitarng
actiite,areImpertant faors i determining whether
supportwilccntive nth folowing year.

Because funding s imited,pririies have to
be et Prortization ciera nclude importance to
animal production and food securt,spedal genetic
characteistics and sk categery.

1n 2000, the Minity o Agricuture issued the
first National Anima Genetc Resourcs Priory Lt
consisting of 78 ndigenous breeds. Thelst wasrevised
in 2006 and 2014, with the number of breedsising
o138 nd then to 159, Asthe cenral government.
asa limited budget, It encourages prvincia
governments toformulate provincial priorty s, with
theaim of motivatng themto contrbute.The centrl
government subsidzesbreeds on the national It
and provincia governments subsdize reeds on the
provindal lsts.

Conserving breeds s a ong-term task and in
practicethe st o farms and companies applying for
conservation ojecs remais elatively fved flom
yeartoyea.For hi eason the Minstry of Agriclture:
as adopted  trategy o designating State Certed
Consenvaton Farms (on or twoper breed on the
ational prorty ) The “state cetfed designation
does not indcate that the famnsar state owned. I fact
mostof them are pevate The Minity and the farm
enterntoa contract under whichthe Ministry comits
o providing subsidies and technicalsupport, whilethe
farm agreesto undertake consenvtion measures. To
date e Minty has certfied 160 suc famns (covering
130 0ut of the 159 breeds o the nationalprioty I,
as el gene bariks. In addition to theseactons by
the entral govemment, some provinces have certifed
provincil consevatio farms forthe conservation of
s that a cn the respectveprovindial pricity lists
bt noton the natonal st
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Proportion of countries reporting the use of elements of in situ conservation - regional breakdown
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Regional distribution of livestock species in 2012
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VASLEL LY
Relative importance of population management objectives according to risk status

el I e e
Endangeret - . -
Ve . . e .
Notatk 5 e

ote:The largr th nmber f plus () signs, the more important the cblective. Minu () signsindicte that the objctiveshould nct
be pursied. Absance of a sian means hat the obective ca or hould be pursued,but the dacision s 1 whether o do o should tke.
othr actors (o.0_the cost) o sccount.

Sioveie FAG, 2518,





OPS/Images/backcover.jpg
Animal genetic resource diversity underpins the supply livestock products and
services across a wide range of production environments. It promotes resilience
and serves as a basis for adapting livestock management to changing condi-
tions. It is vital to livelihoods of many of the world's poor people. It can
contribute to the delivery of ecosystem services such as landscape management
and the maintenance of wildlife habitats. However, it is often undervalued,
underused and under threat.

This report updates the global assessment provided in the first report on The
State of the World's Animal Genetic Resources for Food and Agriculture,
published in 2007. It focuses particularly on changes that have occurred during
the period since the first report was published. It serves as a basis for a review,
and potential update, of the Global Plan of Action for Animal Genetic
Resources, which since 2007 has provided an agreed international framework
for the management of livestock biodiversity. Drawing on 129 country reports,
it presents an analysis of the state of livestock diversity, the influence of
livestock-sector trends on the management of animal genetic resources, the
state of capacity to manage animal genetic resources, including legal and policy
frameworks, and the state of the art in tools and methods for characterization,
valuation, use, development and conservation.
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Box 34

Iberian pigs in Spain - sustained through product labelling

A desabed n a text bax nthefirt report on The
State of the Workd's Animal GeneticResources for Food
and Agriclture, the population size ofthe lberian pig
declined from the 19605 o th 19805, afer which tie
it recovere thanks to succesful marketing efforts
foausing on the quality o ts meat. Unfortunatel, the
rising population eventuallyled to overproduction of
Tberian breed products and triggered a secto ris
thatled toasharp decrease Inthe bree's population,
whichvient from 4.1 millon pigs marketed n 20080
20millon in 2013

To address these s, Spain's Minsty of
Agriulture introduced legislation* specically
requlating the labellng of all products from lberian
pigs. The am s to provide consumers with dlear
information on the characteistics of the products,
avold product fraud and support farmers that
produce ighquality Iberian pigs. The labels are

it ot Pt kua o, ACEUER e i
s

defined 5o a to distinguish the qualty of the
products according tothe genetic puriy of the
animals and the characteistisof the farming
system. The abes are diferentiated by colour, as
follow:

« lack label: products from animals that are pure-
bred lerian an feed only on acorns i exten-
sive farming systems n dehesa orests

« Red label: products from lbrian-Duroc coss-
red animas alvays at et 50 percent oeran)
thatfeed only on acoms inextensive yses in
dehesa forests.

« Green label: productsfrom purebred or cross-
bred Ierianpigs (ahwaysatlast 50 percent
Hoerian) that are fed on concentrates i exten-
siveor outdoor intensive sytems;

« Wit abel: productsfrom purebred or cross
red animas fed on concentrates n intensive
indoor syters,

Red, green and white abels have o cearly indicate

the breed composton of the animals, speciing the
percentage of beran breed genetc,

740,207 S 20t it e i -
asucms oy (e 4]

 Dta e Aecn aprcfsnl sl crd b il
Spanihat ot

B Dt 47014 e 10de s, e ol s o o
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FRPLBAE Wos
A decentralized ex situ conservation programme involving institutional herds and private breeders
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artificial insemination

animal genetic resources for food and agriculture

best linear unbiased prediction

Convention on Biological Diversity (https:/www.cbd.int)

Consultative Group on International Agricultural Research (http://vww.cgiar.org)
Commission on Genetic Resources for Food and Agriculture
(http:/Awww.fao.org/nricgrfa)

Domestic Animal Diversity Information System (http:/www.fao.org/dad-is)
deoxyribonucleic acid

estimated breeding value

European Union (http:/europa.eu)

genomic estimated breeding value

International Committee for Animal Recording (http:/Awww.icar.org)
marker-assisted selection

multiple ovulation and embryo transfer

World Organisation for Animal Health (Office International des Epizooties)
(http/Amwww.oie.int)

quantitative trait locus

single nucleotide polymorphism

total economic value

World Intellectual Property Organization (http:/Awww.wipo.int)

World Trade Organization (http:/Awww.wto.org)

First SOW-AnGR (first report on) The State of the World's Animal Genetic Resources

for Food and Agriculture

Second SOW-AnGR  The Second Report on the State of the World'’s Animal Genetic

Resources for Food and Agriculture
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Box1C2
Gene flows into and out of Thailand

Beef attle
Thalland importsbreeding animals and frozen semen
and embryos from North America, Australa and
Europe. Brahman cattle are imported as replacement
sires and dams. The buls ae used to improve herd
genetcs via both natural mating and arfical
nsemination. Bullsofother breeds, such a Charolas
and Angus, are imported to produce semen for use In
atifical Insemination. Frozen Brahiman embryos are
Imported o produce breeding animals

reeding animals (Thal Brshman and Kampaengsan
attle) are exporte o Vit Nam, the Lo People’s
Democratic Republic and Cambodia. Frozen Thal
Brahman semen Is exported o the Lao People’s
Democratic epublic, Cambodia and Myanmar

Dalry catte

Thalland importsfrozen daly catte emen (mostly
Holstein-fiesan) from Australs, New Zealand Canads,
Europe and the United Sate of Amerc. Breeding
animals are exporte t Vit Nam, and fozen semen to
the Lao People’s Democatic Republicand Myanmr.

Pigs
Thalland importspigsfrom North America and Europe
for use as reat grandgarents I aossbreeding
schemes. The main breeds involvedare Large Whte,
Landrace and Duroc. There are also minorimports of
Petran and Hampshire. Large White and Landrace
pigs are exported as grandparents to Viet am, the
Lao People’s Democratic Republic and Cambodia

Buffaloes
Thalland exports swamp buffalos for breeding to
Cambodia, Vit Nam and China,

Goats
Thalland imports dalry goatand meat goat genetics in
the form of breeding anmals and frozen semen.

Soure: e o Tl coumy gt
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Box3D2

Dyeing sheep wool naturally in 35 colours: indigenous production systems and assodiated

traditional knowledge - a case from Argentina

The wiomen of the Qom ethnic group o the

province of Formosa, Argenting, practise rtisanal
handicafts using woolfrom the loca sheep, which s
raditonally been aied n a “backyard producton
system. Because of the coarseness of the wool, the
items produced incude carpets and tapestries. The
women and chdren take resporsibilty for managing
thesmall animal,while the men attend to the catle
The flocksaresmal. Tce a year,the animalsare
sheared by the wormen, who collectthe viool and
proces taccrding tothei needs.

For generations, Qom wiomen have preservd local
knowedge of how to se naturaldyes extracted rom
bark, roots leves, rufs and nsects, Efforts ave been
madeto dentify the natural mateias used by the
women throughout the handicaft production chain
withthe am of improving the quality and wtzation
of these materals and thereby to mprove the entire
production hain and empover the wormen. Thiy-fve
colours btained from natural sources and usedtodye
fibes have been dentified. Phenotypic, production
and genetccharacterzation studie,along with studies

of populaton dynamic, are being undertaken i the
localshesp population, whosz leeces possess unique
characterstisthat make then sutablefo the type of
fabicproduction practsd localyfor generations.
Wormen's asociation, in the form of atisan
centres, have played a partidpatory and permanent
ole nthe innovation process, valuating the
impact tha the Interventionsare having on their
producton acttie. They have improved the qualty
ofthe aat products, and thereby achieved greater
market penetration The process has contrbuted
toimproving the womens isbilty assocal actrs
andto strengthening their poltialinvokement and
particpation. Today, the artisn centres ead the
innovation of the producticn proces,tansforming
an artianal practice assocated with the st and the
older generations nto an innovative and dynarmic
Ielihood actvity that invlves young people and
pens new employment perspectves or the regins
Indigenous communities.
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HRILEG 1
Interactions among the potential stakeholders of a community-based conservation programme
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Box 303

‘The conservation network for the Finnish Landrace chicken

The Finnsh Landrace chicken breed s descended from
severallandrace chicken populatons hat existed

in Finland before Industrilized egg production
began. By the late 19905 the breed was t sk
because of rossbreeding with exotc breeds. Twelve
difernt ins orfamilles survied i remote ilages.
These populations now represent the coreofthe
conservation programme, established in 1998 with the
aim of maintaining the breed's purty and ftsgenetic
and phenotypicdiversity.The programme Isbased on
a network of more than 300 hobby breeders and s
coordinated by MTT Agrfood Research Finland. New
reeders e welcome o ointhe network. When
they do o, they sign a contract with MTT Agrifood
Research inland, agreeing to fllow therues o the

programme.
Network memberssubmit annual reports to MTT,
providing nformation on, Inter a2, the number

of breeding emales and males that hey have at

the end of a year, brooding succss, he phenotypic
traisof ther birds and eggs, and thek sales of chicks
and adult birds to other Landrace chicken breeders.
MIT s fesponsible for maintaining the database,
communiation and nfommation gathering. MIT
organizes annual meetings and coures and provides
adviscry sevices, A fourmember advsory group
supports he coordination of the programme and
provides expert ractcal advicetothe network.
Poulty farming organizatons, such as the Fnnish
Poulty Association, a el as the Finnsh Food
afety Authority EVIRA, contrbute knowledge to the
programme,

Currently,the hobby breeders nthe network have
more than 5 000 Finish Lancrace hens and breeding
roosers. The modern tren of raisng “ity chickens”
in urban aras has inceased the popularty of the
Landrace chicken. The variou ines and families are
Kept apart to prevent osing. The genetic divrsty
of the nes and the relationships among ther are
curtently being invstigated using whole-genome SNP
(single nucleotide polymorphism) marker analyss
The studie should provide new Information thatwill
help i the implementation of the conservaton work,
possbly Including the exchange of genetic material
between some closelyrelated lnes.

Py Mo ok, e Cocioator o
Meragemen of Al Gertc s, Fsn





OPS/Images/pg506.jpg
Blocutural communty protacols (8CPs) ae a ool
developed in response to the Nagoya Protocol

on Accessand Benefit-sharng, The rotocol

mandates goverments o support indigenous and
localcommuntie,including vomen within these
communites, o develop *ommunity protocols in
relaton to acces o traditonal knowledge assodated
with geneticresources and the far and equitable
sharing of benefts arising outofthe tizaton of
such knowledge.”

BCPs ae establihed through a fadltated process
Inwihichacommunityor group of Iestock keepers
reflect about the meaning and importance of their
breeds and their production system,their own role
in malntaining these resources and theirvision and
concerns for and about the future. The fadiltators help
the community to put these reflections down on paper,
and provide Information and advice about existing
national rles and intemationallegal framewors that
support the role of communites n n sty conservation
and provision of ecologial sevices.

BCPs make visble the lnkages betveen breeds
and the communitesthathave developed them. They
establih breeds s the *prior at” of communities and
therefor represent community clims over animal
genetic resource. With regard to the mplementation
of the Nagoya Protocol, BCPs are potential tooks In
the process of etablhing prior nformed consentand
mutually agreed terms when animal genetic resources
sourced from indigenous and local communties are
ether utlized forresearch within the cuntry or
moved actoss interaticnal brders for that purpose.

BCPs aso document community assets,including
genetic resourcs,customaryrghts and traditional
knowledge, and aie awareness about the value and

potential of local productionsystes. They may also
be important when publi-private partnerships that
involve lvestock keepers are et up, and could be
irst step towards payment for environmental servics.

The process Hselis extremely empoweing for
communities, as a means of sef-refection and
understanding thelr existing ights. In addtion,
Having athand a writen document that detals thir
rights puts communites i a much beter negotiating
position with outsde actors.

By October 2014, about elght Iestock keeping
communities i India, Kenya and Pakistan had
establhed BCPs. ntrest i and demand for this
approach are ko Inreasing n other countries,
especilly in Afica and Latn America. A rogramme
o develop more BCPs i India Is ongoing.

Communites that have beneftted from the BCP
proces nclude the Brla pastoralists of Pakistan,
whoare nomadic and keep chickens and camels. The
rca camel bree s hghly valued by the camel dairy
industryn olich countries because of s exceptional
dairypotentil After going through the 6CP process
and becoming aware of the value of ther genetic
resource, the Brela pastoraists were able o doubl,
trile:and even quintuple the pricesobtained fo thlr
female camels - increasesofsuch a magnitude that
sale of even one camel will povide sellers with enough
income for the estofthlrves (Abdul Razi Kakar
and Rao Qadeer,personal communication)

Pddby e el olicn s Mt
et forntion e P s N A 208 e
oty oo et sty Nt s (gl
s —






OPS/Images/pg112.jpg
Box 1F1
Production system changes as threats to
animal genetic resources ~a view from Africa

Changes in production systems are a major factor
leading to the elimination of ndigenous animal
genetic resources. The switch to cerain cash

ops eliminates crop residues that used to be an
important sourceof fodder. Iigation makes two
orthree ops a year possbe,eliminating the
possbily of grazing on stubble or browsing on
trees n the filds. Replacement of draught power
by tractos for agrcultural ok o transportation
Isa prime cause ofthe gradual extinction of many
draught ivestock breeds. The establishment of
wildife sanctuaries national parks and ather types
of protected areas almost always deprives Iestock
Keepersof pasturelands.

Making a ving from keeping Iestoc s hard
wiork thattes people down day in and day out and
many young people sucurtb to the attractions of
ty Ife. Animabhandiingskils re dsappearing
Very quickly,withn one generation. Village-based
breeding insttutons such a keeping  community
bul also deteioraterapidly once economc returns
are notsuffcent o sodal networks break down.
Once such insttutons have disappeared, they are very
diffclt o resrrect
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ML SOW
Breed coverage of the big five species in gene banks
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Box4D5

Indigenous people and scientists team up to conserve Pantaneiro cattlein Brazil

antaneiro cattle haveIved in Brazi's Pantanal
lome since thelrntroduction by the Portuguese
some 400 years ago. Thy are believed o be esistant
totrypancsomosis, myass, worms and tcs. They
areable tosunvive under the chalenging ecclogial
conditions ofthe Pantanal, which ndude both loods
and droughts,as wellas coare natve pastures and
Joguar predation.

‘Atthe beginning o the twentith certury there
were several thousand Pantanelro catle. Howeve, the
breed's population has since falle to  few hundred.
Intermixing with commercialbreeds i the main threat
toftssurival. Today, nly 500 pure-bred animas, it
betvieen twoherds,are lft. Thismall population
size and the accompanying lssof genetic varation
threaten o erode the breed's capacity to adapt and
survive,

Commercial beeds have lst some alles assodited
with fitness and survial n harsh environments,

One example s the G1 allele of the bovine growth
hormone gene, dubbed the “thrifty gener, which has
become essentially extnc in commercial breeds, but
an be found insome raditional catte (0ani et
2010, ncuding the Pantaneiro.

A5 pat of efforts to protect the Pantaneiro breed
and the ecosystem to which it s adapted, as el s

their own iveloods and culture, indigenous people
from the Pantanl region have teamed up with
scientissfrom several Brazilin research nsttutes to
develop the Pantanal Blome Cheese Project. As the
rue “Nicola cheese", a raditionallocalproductof
the Pantanal is repared with the milk of Pantaneiro
cows, it i threatened with extiction long with the
breed. However, it may also hold the key to the breed's
conservation. The production and commercalization
of Pantaneiro attle and Ncolacheese may povide
the Pantanelro people with reguiar income, while also
helping them conserve the ol ecosysten.

One of the activites undertaken by the scentits
working on the Pantanal Bome Chesse Project s to
screen the Pantaneiro cattlefor enetic polymorphisms
assoated ith mik proteln and fat compositon, as
well with the “thrfty” phenotype of these catte Ths
molecular characterzation will notonly help identify
valuable et resources for breeding, butwilaso
serve as thebesi for marker-assted certfication to
ensure accurate dentifiction o the genetic material
of Pantaneiro animals and the breed's products. The
sclentissbellve thata conservation programme
that incudes markerassited selecion, distrbution
of genetic materia such as semen and embryos,
and marker-asited crtfcaton o crign may help
savethe Pantaneio cattefrom extincton and alo
contrbute tothe conservtion ofthe Pantanal Bome
and the e and traditions of ts people.

The Pantanal Bome Chese Project captalizes on
the factthatthe Pantanal Bome s a Bcsphere Reserve:
included in UNESCO's Workd Heritage and the MAB-
Man and Bisphere prgramime ofthe United Natirs,
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Box 1F2

‘The potential impact of dimate change on breed distribution - an example from Kenya

“The crent geographic distibution of Kenyan Karmba
attle,asrecorded in DADAS, was used to model

the breed's potential distrbution, taking several
temperature and humidity characteistics of s
production environment nto account. This Iformation
servedto define potential curtent and future hbitats
forthis breed. Future habitats were modelled using the
“Hadley Global Environment Model 2- Earth ystem”
and four scenarios(representative concentration
pathways: PRC, 20133) were slected. Differences
betvieen potential et and future habitats were
mapped using a simple colour scal, where areas of

habitat oss appear i rd, areas o no expected change
In dark geen and areas of habitat gainn ight green.
Analsesof this kind can potentially contrbute to more
Informed decslon-making on breed managerent i a
changing cimate and hence strengthen the capacty of
national governments, lvestock kepers and farmers
o protect and enhance food securty and manage thlr
animal geneticresources sustanably.
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Breed coverage of “minor species in gene banks
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Astudy etimated and compared the costs over a
20year perod, of three different approaches o
dicken conservation

1. maintaining v populations;

2. semen ayopreservation folloied by
reccnstitution of the population via backcrcsing;
and

3. ovary and semen ayopreservation followed by
reccnstitution of the population via ovarian
transplanation and subsequent insemination

The costs of keeping ive popultions vary

greaty bu for the purposes of the study they

viere approximated on the basis of typical costs of
maintaning a population at an isttuton in North
Americ. It was assumed that no revenue was derived
from the e populations. Costs of cryopresrvation
and populatin reconsttution were base on bilogical
parameters derivd fom the terature. The costs for
allthree programmes weresubdivided nto the ost of
preservation the annual cost and the cost of recovering
the population

For populations maintained in ving form, thee are

110 costsforpreservation and reconstitution, However,
the annualcostsarehigh and cumulative:the longer
the lve population s maintained, the higher th total
costs The costs of ryopreseriation arelow, and the
annual costs of malntaining cryopreserved materal are

Estimated costs (USS) of diffeent conservation programmes

Consarvation mathod

Martaning bingbick

Stotngsemen fellowed by backaossng

ot sen and ot flloned b oy areplntton and
nsemiatcn

extremelylow. The lrgest costof a cryoconsenvtion
programme reatestorecovery of the populaton.

In'this example keeping v populations vis found
tobe the most cost-ffectve strategy for periods of
Up tothree years. However, i the population was not
going to b used within fveyears, rycconszrvation
wasthe most costeffectve strategy, The least
expensie cryoconsenvation strategy was found to be
the one based on storing both oaries and semen. Over
an extended perod of time, the estimated savings
relative tothe costsof maintaining Ive populations
were found to be more than 90 percent (sée table),
The lowcostof cyoconservation suggests tht avian
geneti materialshould be ryoconserved, with
individual populationsreconsttuted when needed.

Thisstudy focused on chickens and used parameters
partculr tothat secies and a prtiular nsttutional
situaion, sotheresuls and conclusons e not
universlly applicabl. However the princpal of
estiating and comparing the costs of varios
consenvation programmes by dividing the costs nto
costsof presenation, yearly maintenance costs and
cossofrecovery can be used fo any marmmalan or
avianspecis n any stuation.
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e el
Major centres of livestock domestication as inferred from archaeological and molecular genetic evidence
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Proportion of countries reporting the presence of in vitro gene banks, the storage of different types
of genetic material, and plans for international collaboration In gene banking
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Box 1C3
Gene flows into Senegal

signifcant gene flows nto Senegal include the
following (in order of mportancel:

1. Poultry - principally meatproducing and
eqalaying chickens, mported from European
countris, Morocco and Brazi n the form of
hatching eqgs and breeding birds,along with
small quanttes of duck, qualostich and goose:
genetic resoures;

2. Daiy animals - Jrsey, Montbeliarde, Holstein
and Normande catle, imported from Europe
aslive animals and frozen semen; Guzeratand
Girolando catl, mported from Brazi Szanen,
Guerra, Alpine and Majora goats, imported from
spain;

3. Cattle, sheep and dromedries from
neighbotring West Afican countries -
principaly imported from Niger (Baligali sheep,
Azaviak catl), Mauriania (Maure Zebu catte,
Ladou sheep, dromedaris) and Mali Bal Bal
sheepl;

4. Horses and ponles~Englsh Thoroughbred,
Avabian Thoroughbred, Anglo-Arabian
Thorcughtred, Trote,elle frangas Hffinger
Pory, Shetland Pony and Welh Py, imported
maily from Europe; Barb and Areb B mported
from Mororco,

Uses o imported genetic esource include the
following:

Exotic hickensare rased n ntensive farms in
pertutban areas to supply utban markets reeding
cocks falong with improvements to management
pracice) have been Introduced ntovillges by non-
qovemmentalorganizations and a the iniiaive of
local popultions

Imported Ladoum and Bl Bali shep ae used
o mprove the meat production performance of
Senegalesebreeds. This constitutesa prestge form of
Iestock keeping - the animas do not contrbute to
the national food suppy o the same extent as those
belongingto the Maure and Peul-Peul breecs

Exotic dary cattle and goats (s wellas Nelore beef
attle)are rase a pure beeds i cosed production
systems. The productsof cross breeding between these
animals and locally adapted breeds are aised i seni-
intensive systems.

Exotichorse breeds re used inthe genetic
improement of hores for use nsports and other
competition n large tovins and seasde resorts. e
of mproved horses i an Important source ofrevenue
foruralproduces,

TS —
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Estimates of effective population size in transboundary breeds based on genealogical or molecular data
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‘About 30 percent of French loalbreeds ae considered
tobe endangered according o threshalds et by
nationallegisltion (fewer than 5 000 breeding
femals or cattle, 8 000 forsheep and gosts, 1000 for
pigs Mostofthese breeds declined unti the 19705, at
which time the ntroduction of natonal conservation
policies and programmes hlped tostabis or inaease
thei population szes

The VARAPE project (alcizaton of rae breeds
with shortsupply chains), which ran from 2012t0
2014 anitargeted 13 breeds, was coordinated by
France'snstitut de FElevage, working i association
with seven technical partners. Based on 13 breed
survys (nvoling nventories o production and
marketing, nd meetings withkocal comittees) and
16 ase sudles, the project amed toassssfactrs
Influendng the success of colective projects targeting
the development o sht supply chans for breed
products.

One output was adiagnostic toolthat can be used
o formaize breed valorzaton projects and choose
optimal organizational structures. Eght keys o sucess
were dentifed:

« bulding anetwork involving al relevant

stakeholders (farmers, processors retalrs, etc);
« ensuring long-term coordination of he network;

sharing a common vision and common
objectves
highiighting ks to history and culture;
developing products and markets na vy that
is conslstent withthe production capacty of the
Iestockkeepersinvolved;
establihing adequate quality indicators or
labels
identifying elevart economic and technical
indicators; and

« maintaining links vith partners.

The reults o the study showed that breed
assoatons generally wanted to improve marketing
structure, with he aim of ncreasing the number of
Iestockkeepers aisng the breed and mproving the
protecton ofthlr products from unfair competiton
(miseading labellng, etc). They aso showed that
qualty indicators(nvidualbrands or schemes such
asthe European Union's rotected Designation of
origin or Traditonal Spedaltis Guaranteed) need
o be chosen according to the speciic context o the
breed, consideing factors suchasthe iz of the breed
populaton and thetype of roduct involed.
Froedby e Matey s Couey.

et ornton o the VARAPE e Frnc
oo it






OPS/Images/pg118.jpg
Box 1F5

Lessons from history? Breed extinctions and near extinctions during the nineteenth century.

The following quotations taken from old books and
artics on the hstoy oflvestock dsaibe some of the
factors that drove breeds towards exincton:

Gattle
“The cross[Aberdeen Angus x shorthor] .. became
a craze throughout northeastem Scotiand sometime
afte 1810], with th reult that the Aberdeen-

‘Angus were nearly wiped out of existence. Howerer,
during this rtcal period, afew breeders and one n
partiulr kept faith i the Aberdeen-Angus breed.*
(Vaughan, 1931)

“During the las hlf of the ineteerth century the
Galloway country very lrgely gave up e production
infavour of aitying and th feeding of crossbred
sheep. Ayrshie catte displaced the Galloways to
a consderable extent, and the breed would have
become extict, except for the fforts of a few
perseverng breeders, and asftwas, he breed was
greatly reduced in numbers * (Vaughan, 1931)

“[extinction] wasto be fate of the Glamorgans;
when the pastures were broken up, the cattle chosen
for feeding were of thase modern breeds which
mature more quickl” (HE. n ‘The Fld, 1693).

“The Ish Maolls [irh Molled] - Homless tte of
the old ish ace are found here and there chieflyin
the west and the north: from the level of Roscommon
to Donegal and Antrim. Thelr numbers are now small
and there being no ystematic attempt o breed them
pure unles by a very few owners ofsallherds their
extinction seers only a matter of notvry many
years” (Wikon, 1908)

sheep
“The Ryeland, asyouare doubtless aware, s o of
the oldest o Brith treeds ofsheep, and some ffty
years ago was th leaing breed i this isrict. A desire
fornew breeds springing up t was lmost alowed to
become extinct, but by  few good ol judges refusing
o part with theistock for ther blood the beed has
been saved s exfstence” (Wrightson, 1913)

Horses
“When the railuays were stablished the [Hackney]
breed sffered asetbc, being to lght fo use
exclusielyas a farm hore,Later asuccesion of bad
seasons from 1675 to 1885 retited In the sale of much
good breedingstoc that should have been retained.

it said tha the breed might have become extinct
were tnot fortheloyahty of a few old admirers who
Tt reaped aich reward fo thlr perseverance.”
(Vaughan, 1931)

“Withthe coming of the ralroad and the rver
boat, the Conestoga horses and wagons were quickly
lislaced and no furthr eforts were made to breed
heavy horsesin America il about 1870, The blood
of the Conestoga was absorbed Into the common
stockofthe country and the type became extinct.”
(Vaughan, 1931)

Pgs

“In speaking ofthe breeds of igs belonging to this
courty, we must not ot the now extinct Rudgwick
swine, whic .. were some o th largest hogs
produced n England. They fattened but oy, and
were consequently deemed unprofitabl, but yelded
excellent meat and Inconsiderable quantites. Ty
ave, however, assed aviy before the ateratons
produced by the general am of the present system of
breeding.” (Youatt et al., 1865)

...two breeds of pigs which had dlasesprovided
forthemat the Royal and some cther Shows have
become extint These were the small White and
the small Black breeds - the soe cause of heir
disappearance being the unsuitabilty ofthe pigs of
the breeds to supply th present requiste ofthe
consumer.”(anders, 1919)

“Thisbreed [the OId English Hogl s nearly extinct
aving been rosed succssvely by Chinese and other
good breeds..* (Allen, 1865)

“The old Englsh breed of this name [the Cheshire]
Isvituallyextinct, having been arossed upon by
smaller and earler maturing breeds.”(shav, 1900)
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Box 1F3

Animal genetic resources and access to grazing land - an example from India

In ndia, as elsewhere, the survial of many locally
adapted breeds s linked to contnued accesto
the communally owned grazing land n which they
evolved and of which they area part. The Ralka
area community of herders i Rajasthan that have
bred a number of Iestock brees, incuding varous
strainsof camel, the Marwari and Bt sheep bresds,
and the Nari cattle Fo centuies they freely razed
ther animas nthe forestand o vilage commons,
harvestd fields and marginal lan, Because of their
economicimportance,they and other communities
were accorded grazing privieges by local rulers,
Howeer,after Indias Independence n 1047,
the forest came to be managed by a pecilized
department.The herders grazing rights were urbed,
thevillage commons were encroached upon and, due
torigation, fallow land becamme more scrce

The Kumbhalgarh Protected Avea n southern
Rafasthan s been at the centre of protracted efforts
by the Ralka o regan thlr customaryrights When
ther grazing permitswere denied in the mid 19305,
the Rlka, with support of  local NGO, took thelr case

o st e,

tothe Supreme Court of ndia, making reference to
Avtice ] of the UN Convention on Bilogicl Diversity
(cBD), towhich Indiaisa party,tosupport thlr
demand. The artick commits countres to

... subject o national legiation,respect preserve
and maintain knowledge innovations and practces of
Indigenous and localcommunties embodying
traditonalIfestyles elevant forthe conservation and.
sustainbe use of bologial diversty.”

Whikethe case vas e concluded, ndia passed
ancther lece of legilaton, the *Forest Rights Act of
2006, which provides ights not oly to forest dellers,
butalsoto seasonal orest usrs, i they ca prove that
they have used the orest for tree generatons. The
Ralka and several other communites have claimed
theseights, butthe claims have not been processed.

In odertostake thei claim under the CBD, the
Ralkas -and a handiul o other communities such
a5 the Maldhar in Kutch (Gujarat and a group of
Ungayats ling n the Bargu forestn Tamil Nadu
~hate developed a“Bioautural Potocol”, in hich
they establish themseles a a local community whose
Ifestyle protects bioogical diversty In th protocol,
they document how they do this: by preventing forest
firs, quarding wildife and by keeping local evolved
Iestock breeds.

The ltes twist tothe storyis aplan o conert the
Kumthalgaih Wildife Sanctuary rtoa Natonl Pak.
Unlessproions forthe inlusion ofthe Raks and other
communitisinthe comanagement ofthe park are
made, seeral localy adapted breeds may becce extinct

Pt b e K olfon
o et fmtion s 575, 01
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Characteristics and functions of national gene banks
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Box1C4
Gene flows Into and out of South Africa

The largest Ivestock gene flows nto South Aficaoccur
Inthe dairy secto, i the impert ofsemen fo use

In artficial insemination (AD. Holstin and Jrsey are
the main breeds invlved. The use of mported smen
predominates over the use of loclly produced semen
from the same breeds. Th costof mported semen i
elowthe processing cost o th local product and
there i some concern over th effects this Ishaving on
the local Al ndusty.Impor figure fo catte semen
are shown Inthe following table. The lst three rows
show data for catle breeds that have recently been
Introduced nto South Afric. The quantitesof emen

South Afrc’s cattle semen mports 2009 o 2013

Breed. 2009 200
Holsan Tomos ssasss
sy e e
ayshre 25u @m0
angs 0421 s
Smmenaer amm o
anice 0 1%
senepl o 25

wagn 8 55

Involved may appear smal, but they have contributed
tothe establshment of viable populatons of th three:
breeds.

The amount ofpig semen imported into South
Afica s relativelylow Inthe commercil sector -in
lin withinternationl trends ~ there has been a move:
towards the use of ybridsemen. Howerer,imports are
ireguiar and needsdrien. The only regular inflow of
pure-bred genes consits of Large Whitesemen used to
broaden the localgene pool of this breed, which st
In demand as a mother lne orterminalcrossing and for
the developmert of ybridsies for the local ndusty

2m 2 2m
Number of doses

e sga e 1519307
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Box 174
Indiscriminate ross-breeding as a threat to
animal genetic resources in Egypt

Although rany o the reeds present i Egypt an
be placed inthe “not at s categary, ithas been
argued that ol cattle and poulty may nonetheles
be undergoing alaming genetic erosion. Census
figuresshow that the percentage of the ctle
population acounted for by cross bred animals

has been Increasing, with the share o pure-bred
locally adapted breeds decreasing and that of
pure-bred exoti remaining more ofles constant
The Introgresson of exatic genes Intoloca atle
breeds s mosty indiscriminate. Surplus males from
exoticbreeds, s wiell as Fi and ater generations

of crosbred males and females from planned
ossbreeding projct, are sentto market and are
then used for breeding. Duing the lstten years,
local buffalo genotypes have been subjected to
progressve crossbreeding using lalan buffalo
semen. Given the production sstemsprevaling in
the poultry, and rabbit industres, the situation for
Tocally adapted breeds nthese pecies could also be
alarming, but there are o figures to substantiate
this.Incontrast, national effrt to onservelocally
adapted chicken breeds, such as the Fayoun,thrugh
utlzation lustrate what can be done to support
the maintenance of Iestock biodiversty. The use
of exoticsheep and goat breeds has not taken root
toa degree tht s kel to pse athreattolocally
adapted breeds.

[PrreT————
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Gene barks have an important ol n backing-up
research populations.Purdue Universty I the United
tates of America had developed a lne of pigs that
wereeither homozygous or heterozygous for both
the Napole and Halothane genes, both of which
negatively affectpork qualty n animals with the
homorygous recesive genotype. In 203, Purdue
decided todiscontnue this populaton and chose to
have samples of semen from three carir boars rozen
and banked by the National Animal Germpasm
Program. In August 2007, the Univrsty decided
toreestablsh a population n which the recssve
omozygous condition vas present, o that t could
be used o resarch meat quality, Samplesofthe
semen sored with the National Animal Gemnplasm
Program viere therefore ransferred bck to Purdue
and sowis viee Insminated. The resits were

100 prcent pregnancy rate and an average lter
sizeof 7.7 pigs. The resultng boars were genotyped,
and 14 of 25 were found tobe heterozygous for
both genes, With the 2 population, sveral boars
were homozygous for both mutant genes. This case
was the fist in which a vestock resarch ine was
ayopreserved, discontinued and then reestablhe
using the cyopreserved material

S Beprdcat o 40,2012
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Box4C1

Reduction of genetic variability and its consequences in cattle breeds

Intensive selection may reducethe geneticdiversty of

Iestock populations even f he number of anmals
emains high. A studyof Holsten, Jesey and Angus
attle (rery idely used international rasboundary
attle breeds) undertaken by de Roos et al. (2008)
used ingle nuceotide polymorphism (SNP) markers
o nvestigate Inkage disequilbrum (nonandom
assodtion between alleles). Information on linkige
disequibrum can be used o tracethe evolution of
efectve populationsize N, over past generatons.
Several histricalepisodesof reduction In N, were
identified, ncuding one 10 000 enerations ago~
comespondingto the tme of cattle domestiation

- during which i, el toa ew thousands. Another
reduction occured overrecent generatios, during
which time effective population izes fell o close to
100asa esultof th Itroducton of ew breeding
techniques.

Low N, does not et seem to have affected the
selecton potentialof widely sed transboundary
breeds. However, ther efects -relted tothe spread
of inherted dsordersor toa reducton n fitness
assoated with nbreeding deprssion - have been
observed. A recent study etimated that n Holtein
and Jersey cttle a1 percent ncrease i inbreeding,
as indlcated by pecligree o genomic nformation, was
assodated with a decrease of 04106 percent o the
phenotypic mean for mik, fatand protein yields and
an increase of 0.020.05 percent for cabng Intevas,
Inbreeding depresson can be managed efthr by
minimizing overal inbeeding withn the breeding
scheme or by targeing spedficregions of the genome
assoated with nbreeding depression

Bamdon deflostal. 208 ad st 01,
S art 15t Tt 1,
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Technologies relted to genetic modifiction (GM)
have advanced significantly i reent years. Classical
gene trandler techniques have been complemented
by new tookssuch as genome edting, a technique:
thatallows the dentfication and modifcation (small
Insetions or deletons) of a pecifc DNA sequence
instead o the Inserton of a foreign DNA sequence
intothe el (Carson etal, 2013

Many transgenic analshave been developed,
both for bomedical purposes production of
biomolecules, xenotransplantation, medical models,
etc)and for potentaluse inagriculure, Including
Inthe improvement of economially important traits
such s growth rate, woolgrovih,feed converson,
milk compasiton, meat qualy disese reitance
and surival. One example I th development of a
ransgenicchicken expressing ashort-lrpin RNA (an
A sequence whose structur can be used toslnce
the expresion of specific genes)that nteferes with
HSN' propagation and thereby confers estance to
avian influenza (yal et al, 2011).

In comparison o conventional breeding, ransgenic
strategle may allow fasterntreduction of new alles
and genes of ntrest. Howee,the production of
M animals s labour ntensive and costly. Moreaver,
unforeseen negative pllotropic side effects (when a

gene infiuences multpl unrelated phenotypes)are @
possbilty. It als has to be borne n mind that genetc
progres often involves a multplictyof genes and that
in such cases transgenesis s o It nteest

Ina large majority of cases, the development of GM
animas or potentialuse i food producton s only
at theresearchstage. Afew cases are dosetofinal
approval. As yet no GM animals have been approved
for commerdal use n food production.

There are tillmany unresolved ethica sues
relatedtothe use and development of GM animals,
including concerns related o the invasiveness of
procedures and thlr effctson welfare and health
and those elated o ntllectualproperty sues
Attitudes towards G animals vary from country to
country. In Europe, fo example, the development of
(M animals s subject to many estitons. Howiever,
some developing countries have adopted a more
permissve approach, For nsance, Argentina and
China have nvested masively in the development of
(M animalsfor food production. Such animals may
play a growing rol nthe coning years. The extent
to whichthis occurs skl to depend on consumer
attitudestothe use of GM technology.

Frmer ot e Fraboso e, 03 s, 2018
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Do gene flows into and out of your country correspond to the pattern of North-North and/or North-
South exchanges?
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Note: The exactwerdin of the question n the country-report quationnaie s as follows: Studies of gane flow n anmal genetc
resurcss have generally concluded that ot gens flow occurs ither betwsen developec countriesor from developed counris o
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JOmCea
Recessive haplotypes tracked In the genomic evaluation system in the United States of America

Cooper tal 2014,

. s v Gmmaaaw
oo - ot oo 7 vanea, o
W o - ot e st o
e
w0 wno o gugmense ey el
Uik E-Hamid e al, 1989,
W won owe)  pemsawaony e Smdaa
o —
P T 15 PR,
N s
W - McRG ddoteer 08 18 uswason
o monateses g 5 o
Ageintal, 2,
wo o wos o e o w Amema
W weon A sbrie I s e on
vttt 01
we s ortn ™ | e
P
we o ww we s 255 o S
W wws e sbrie o | e
wsen w5 oo ot 22 s oo
[R—
o woms e esen o a2
i o
W mm soss  Coqper = 3 aguometal,
oetmcyof e
wo  wom ues e o e ——
e o)
el 51,
T T
[ ——
we wom o rltns on P e
o e et o se o soegetal, wme
W e cicis A w0 s St
ey
W ome - ortn B 3 vemea

Note: Onlie Mendslan Inheritancein Animals (http:lomia angs org aul entfcation number for Bos tauns (NationalCenter for
SitechnologInformstion pecies cods 9913),
et ol ot T





OPS/Images/pg464.jpg
WPy
Selection ariteria In sheep
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Selection criteria in dairy cattle
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Selection riteria in beef cattle
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Box4ca

Improving the system of sheep breeding in
reland

In'reland, a new and modem support tructure has
been put i place tosupportsheep breeding. The
Iniialchalenge has been to engage with a breeding
sector that istorical relled on basc phenotypes and
physicaltyp trais s primary selecion crteri, and
toovercome the barrer of having many smallbreeder
flockswith ow levels of genetic connectedness
among them. A central progenytesting scheme has
been establshed, which orignally had the goal of
Inaeasig lvels of enetic connectedness. More
recently the fous hs switched to dentiying e
ofires that xcel fo a balance of matemal and
arcass ralts (Pablou et al, 201). I thesesres get
used through Al n a large number of locs that
market rams fo natural service,ftwill e possble to
multply the eite genetic materal acros asubstantial
proportion ofthe industry. Thistrategy s lss relant
on widespread uptake of ecording by all breeders,
formany of whom ram production and marketing s
asecondarysource of Income. In addlion, nerest
Is growing n reland i the potental of genomic
selecton, and also mported genetis, to acelrate
genetic rogress
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Boxac3
‘Adoption of genomic selection in French dairy
sheep breeds

Given the importance of ewe ik production in
France, there s growing nterest inImplementing
genomic selecton n daiysheep breeds, The
relabites of enomic reeding values for the
Lacaune and Blond-Faced Manech sheep breeds are
similr to thossof the Montbelard and Normande
daiy cattebreeds,as they all have reference
populaticns of 2 smila iz (Duchemin, 2012;Baloche
etal, 2014). Asimulation study o th Lacaune has
indicate thatgenomic slection could incease
annual genetc ain by 15 percent s a resut of an
increase inthe intensty ofslection of young rams
(Buisson et al, 2014). The simulation precicted that
the ncreased ncome obtaine would compensate
fortheextracots of genotyping. Based on this
information, Lacaune breeders decided, in 2015, to
hiftto  genomic reeding programme. It asumed
that genotyping cost il ontinue to decrease in
the future, thus inceasing the potenti conoric
beneit of genrmic selecion. Breedersof the Blond-
Faced Manech breed are planning to adopt routine
genomic seecton n the near future,
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Kazakhstan s mplementing the “Master Plan forthe
Development o the Beef Catte Industry tl 2020°
with the aim of ensuring the country’s supply of
proten fo human consumption. The main objectives
areto:

+ increasethe numbersof spedialized beef catle;

+ increase the preportion of pedigree catle i the

erd (from 8 percentto 20 prcent) and

+ increase daughter weights and dressing per-

centage.

Itisplanned to mport 72 000 anials from
ighlyproductve beef breeds. During the period
betvieen 2010 and early 2014, 45 000 pedigre beef
animas viere Importe from the United tates of
America (34 percnt), Australia (22 percen), Canada
(14percent), the countie ofthe European Union
(21 percent)and the Rusian Federation (8 ercent).
The prograrmme aimsto increase the population of
female beef cattle o 1.5 millon head by 2020, with
annual deliery of more than 900 000 animals for
laughter and annual beefproduction of more than
200000 tonnes

To accormplih these objectvs,the Government of
Kazakhitan s consiering ntera, ntrodudng

preferental credit and subsdies or the purchase
of mported pedigree catl;
investing n farm machinery and equipment;
providing inerestate subsdies orselctive
breeding;

« decreasing the costs of forage production; and

« subsidizing the construction of moden feedlots.

The imports have led o some negative
consequences, such s deathsof cattefrom exatc
disease, and reduced reproductive and productive
rates because o the need to acclimatize tothe new.
producton environment.

Itisplanned tobring th sare of mported atte
inthetotal beef bresding herd up to 401050 pecert.
Curtenty imported Iestock areused bt fo pure-
reeding and forcross-breecing. Postive resuls have
been obtained by rossing the Kazakh White-headed
reed withthe Hereford, the Aulyekolwith the
Charclas, and he zcnaltype “Zhetysu® with the
Limousin. Negatie impacts on locall adapted breeds are
possible fmassve uncontrolled rss bresding ocas.
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FRaUE 1G8
Trade in pig and bovine genetic resources between OECD and non-OECD countries (2005 to 2012)
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Box 182

Glossary: populations, breeds, breed classification systems and regions

Clssfiation of populations as domesticated, wild
orferal

Domesticated) animals animals whase breeding and
husbandry are controlled by human communttes to
obtain benefitsorservicesfromtherm. The process
of domestication may take many generations o the
speciesto be complted.

Wild populations: wild relatves of domestcated
Iivestock, vild populations thatare used for food and
agriultre, or population undergoing dormestcation.

Feral populations: populations whese ancestors
were domesticated, but which now e independently
of humars; for example, dromedaries n Austrla.

Breed dassificaton related to geographic distibution
Local breeds:brees that occu oy n one country.

Transboundary breeds breeds that occur in more
than one county,

Reglonal transboundary breeds transboundary
reeds thatoccuronly in one of the seven SoW-ANGR
regions

Intenational ransboundary breeds: transboundary
breeds thatoccurn more than one SOW-AGR region.

Breed dassfcaion reated to adaptedness
Locally adapted breeds beeds that have been in
the country forasufficent ime to be genetically
adapted toone or more ofth tradticnal producion
systems or environments nthe county. The phrase
“sufficent time* refers totime present n one or
Mo of the countrys traditionalproducticn ystems
or emironments Taking culural,scial an genetic
aspects nto account aperiod of 40years and six
generation o the respective species might be
considered a5 guiding value for“sufficent e,
subject tospecificnatonsl creumstances ndigenous
breeds, abotermed autodhthonous or native breeds
forma subset oflocally adapted breeds.

Exotic breeds: breeds thatare not localy adapted.
Exotc breeds compris both recetly inroduced
breedsand continually imported breeds.

SOW-ANGR reglons
Seven rgions were defined forthe SON-ANGR: Afrc,
Asi, Europe and the Caucasts, Latin America and the
Carlbean, the Near and Midle st North America and
theSouthwet Pacic-see Figure 1 (prelminary poges)
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structure of the poultry breeding industry
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ki
Cross-breeding scheme and relative numbers in a typical broiler breeding programme
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Box3C5
Sheep breedingin Jordan

Jordan's sheep-breeding programmes are conduced
onavery limited sal. reeding stations ditribute
some selecte rams o estock keepers, without
measuring the animals producty under field
conditionsand without monitoring. The majorty
of these rams e slected phenotypialy, without
geneticevaluation programmes

‘Anational animal dentification and registration
sstem i n place, but there i o performance and
pedigree recording at the Ivestodckeeper level,
To stablish a breecing programme at national
level,animal dentification needs o be nked o
perfermance and pedigree nformation. Establhing
such a programme viould equire wellqualifed aff
and good collaboration among stakeholders
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Characteristics of conventional and community-based livestock breeding programmes
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ORI I
implementation of breeding tools in cattle (2005 and 2014)

Percentage of cattle breads (nationsl breed popuations)
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Selected community-based breeding programmes
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Cattebreeding work undertaken n Pland after the
Second World War focused on duabpurpase catl, All
breeds were used for both ik and meat production.
The mafortyof catle belonged to the Black and White
and Red and White lowland breeds,with the Polsh Red
breed also making up a substantial roportion ofthe
population. Inthisperiod, only 20 prcent o the cate
population as kept on lrge scale farms,while farms
Keeping one or two cows accounted for 4 percent
(Trela and choroszy, 2010).

The it national programme for the evakation and
selection of buls for use i atfcial Inseminaton was
introduced n 1971 il the breeding valu ofthe
ulls was stimated using contemporary comparion.Best
near Unbiased Preclcton (BLUP) was introduced i 1985,
and BLUP-Animal Model n 1991 The Programme on
Genetic mprovement of Catle Perfomanc, ntroduced
in1972, with  tmeframe running til 1990, underlned
the importance of artfical inseminatin, includingthe
useof imported semen (which came mainly from the
United Statesof America Canadaand Western Europe).

Before 1985, vey tle geneticprogress was acheved
withinthe national breeding scheme and therefore
there vias an urgent need foran altemative apprcach.
The “Programme on Catte Breeding and Production
10.2000",adopted n 1985, for the first time acepted
backerossing with Holstein-Fresin bulls 2 a way of
developing a specalized dairy population. This was to
be complemented by ongoing mprovement o pure-
bred duabpurpose cttle. Backcrossing with Holten-
Frisian presanted an opportuniy o benefit rom the
high genetic potential of this specilzed daiy beed
and to repidly enhance the genetic value of th national
attle stock. Overte, asfarmers demmand for igh-
performing daiystock rew, the development o the
herd-book population became dependent on the mport
of Holten-fieian semen. However, the genera use of
Holtei-Friesin semen was not promoted, a5 a large:
partof the catte population was kept i smalherds (up
1o five cows) under modest huskancry conitions.

After the ntoduction of the market economy i 1980,
theapd development of th daiy rocesingsector

faclitated the development of specialzed daiy production
and asa reult backaosing with Holsteln Fresians became
widesread. Th greater avallabltyof imported semen
contrbuted othsdevelopment. As a resutofong-term
continuous backacssing the actve Black and White catte
population was completelyreplaced vith the Holstein-
Friesan genotype. Thisled tothe recognton of 2 new
breed, the Polsh Hobtein-fieian,forwhich herd books
wereestabshed n 2005 by the PolshFederaton of Catte:
reeders and Dairy Farmes.

To maintain the genetic resources o th tradtional
duabpurpcse typesof Polih catle, the Polsh Black and
Whiteand the Poih Red and Wi, were ncluded
In the geneticresourcesconservaion programme, as
Had been already been done for the Polsh Red and
Whitebacked breeds, This enabled the continued
production ofsemen for use on famns where conditions
are notuitabe fo the highly demanding Polsh
Holsteln-riesian covs.

The widespread us of Holtir Fresiansemen rsuted
inthe transformation of the duabpurpose popultion
intoaspedalzed day beed, and enabled an Inrease In
atcnal milk prodiuction e reducng the umber of
cows (55 millon n 1985 and 24 milcn In2013).In 2013,
theverage milk yild ofthe Polsh Holtein-friesian Blck
and White variety was 7588 kg and that o te Red and
White variety as 693 kg, whie thoseofthe Poh Black
and White and the Polsh Red and Whtebreeds were
4653 kgand 4610 kg respectively PFHEPN, 2013, It s
earthat rossbreeding with anexotc hghlysecilzed
aiybreed has postively affecte overalmik production.
However, high perfomance was accompanied b decreased
fertiy higher snaticcel curts poo eg conforation
and reduced herc-Ife (Pokorska etal, 2012), roblems
thatare common i the Holsten-resan population
workdwide. Toadesthes e, th breeding goals
withithe programme were substaniallywidened in 007,
Moreover i some commercal hrdslmited cross-breding
vith Montbelarde or SwedshNorwegian Red catle vias
Intiated to mprove halth and robustess.
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selection criteria in poultry
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s wellas having the argest commerdal catte

erd n the world, Bazi s curently the worlds
Targest exporter of beef, I recent decades,breeding
programmes have been at th forefront of eef-sector
development and have achieved a marked ncease in
the productivy o beef breeds,

10 2003, when Braz pepared s country report
for the fist report on The Sate of the Worlds Animal
Genetic Resoures for Food and Agriculture, there
were 16 breeding programmes operating nthe beef
sector and they al remain operational. Thiteen
programmes target valous Zebu breeds, with the
objectve of inreasing reproductve effcency and
grovth ate using clasical breeing techniques lled
with modern biotechnologie. Two further programmes
arethe Breecing Programme forZebu Cattle (PMGZ)
and GENEPLUS. PMGZ s run by the Brazlian Zebu
reeders Asodation, whichientife superior animals
by calaating expected progeny diffrences E°Ds)
for welght and weight ganat various age, as well as
for fetity tais and reproductive effcency, based
onanationaldatabase covering ll Zebu beeds
(GENEPLUS provides 2ebu breeders with EPDs for
various poduction and reproductive raits.The odest
orazilan herd book, created n 1906, the Colares Herd
ook, sesponsible for the regstraton of Britsh and
contients| atl beeds, and operates PROMEBO, a
genetic evaluaton prograrme for seven Bos aurus
reeds,which provides yearlysre summaries with EPDs
for welghts andreproductve tat.

One ofthe malnsucceseshas been aswitch fom
slecton for qualtativ tralts eg. ear ize n Zebu
cttle)to electionfor quantitative traits ith a more
directlnk o productiviy.Snce 2003 the number

of animals recorded n the database of the PMGZ
programme has ien from 1. millon animals to

35 millcn animals, with 230 000 new animalsentering
the database eachyear. GENEPLUS today covers five
Zebu breedsand four omposte breeds,as wellas

o European breeds It database, which covered
about 700 00 animals I 2003, now covers o than
‘25 millen animals. Despit the successe,breeding
programmes i Braz sl fae many constraints. I the
poorer regionsof the country the main constraintsare:

+ alack of famer avareness and commitment to

recording animalperformance;

« alow lvelof education among lestock

Keepers;and
« the cost of recording for smallhoklers,espedally
Inthe ase ofocally adapted breeds.

Future priorty objectves for beeding prograrmmes
include, n additon o continuing to increase meat
production,increasing dam longevty and meat
qualty. In Zebu catte, meat tenderness i fundamental
to malntaining export level especially exports to
countries with higher qualty requirements.
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Selection aiteria in rabbits
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WARLE 181
Status of information recorded in the Global Databank for Animal Genetic Resources
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Note A o June 2014, o breed data had been recorded in DAD- from Ancora, Brune! Darussalam, Lschtensten, Marshll Ifancs,
Wicronesi (Federated States o), Monaca, Naury, Qatar, San Mario,Singapore,South Sudan, Tmer dese, United Arab Emiatesor
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Reglonal shares of germplasm exports and imports in the twenty-first century
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Proportion of national breed populations for which population figures have been reported
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Proportion of countries reporting conservation activities
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GENECOC - the breeding programme for meat goats and sheep in Brazil

1n 2003, the razilan Agrcutural Research
Corporation (EMBRAPA launched the Breeding
Program for Meat Gaatsand Sheep - GENECOC. Up
tothat time, there had been nostructured breeding
programmes fo goats and sheep in razil and there
wias alack of recorded nformation on the performance
ofthesespecies.

GENECOC s  genetic advisory service that aims to
encourage and asist programme participants with
recard keeping In thei locks an the generation
ofellable nformation that can be used nselection
deckfons. GENECOC targets all inds of animals and
breeders, foasing partcuary on locally adapted
breeds and low-nput systems. Breeding strategies are
matched to localproduction ystems. However,the
main feature o th scheme s the use of webbased
software to rcord, organize, ore and manage the
Information generated. The system includes toolsfor
selecting animals fo total genetic meritthrough the
use of breed specseecton indexes and dentiying
the st of matings that maximizes the genetic gain of
the flock, whike contrlling nbreeding.

e Important action undertaken under the
programme targetsthe Morada Nova sheep, a
local adapted breed that wasonce a sk o
extinction. Particpatory methodologlesare sed

Morada Nova sheep In Northeast reglon of Brazll
TSR Iy

P e o,

inthe implementation ofa cormmunity-based
programme, including n the defiiton of breeding
objectivs,performance testing nyoung rams and the
organization of monthly planning meetings.

Today in addition to s actiiesin Brazl, GENECOC
als partcpates i projcts n other countris,
inchuding Ethopia and the Unied States of America

The princpal impacts of the programme have
been nadding value o locally adapted sheep and
gt breeds and optimizng thlr use whik especting
environmental concerns. Experince as shown that 1t
s Importantto dentify and nvolve key stakeholders,
touse a wellorganized and welltrusted data-
collection system backed-up by government funding
and,when designing breeding objectve and seecton
ritera to considr not only traks related to market
trends, but 2o tralts hat vestock keepers udge:
tobe important. Future las Indude expanding
acthites toInlude additonal sheep and goat breeds
and expanding th system for multilying improved
animas tocover additional loca production systems.
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Coverage of in situ conservation programmes for the big five livestock spedies
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Toggenburg goats were ntroduced nto Babat, United
Republic o Tanzani, asthe resut o a Farm Afrca
projec in 1990 Th projectorginally brougt in four
pure-bred Toggenburg does and one Toggenburg
buck and establhed a women's group that operated
a goat-ntrustscheme. Because of the poor
performance of the women's group,  siter poject
vias Intiated, under which commerdal groups groups
of ot keepers aising animals for commercial as vell
a5 subsstence purposes) were establhed through a
goat-n-ust scheme.

In 1997, the commercial ot raiers formed
the Toggenburg Breed Association (TOBRA) 353
commerdal daiy goat production assoiaton. I 1998,
TOBRAwas regiteed by the Ministry of Home Affais.
Atthe time thad only 12 members.In 2001, TOBRA
establshed eight diry goat producton grougs. By the
end of 2007, the number of groupshad expanded
1052, nvoling 188 famners, with an average of eight
qoats each. People iere ntially very reluctant tojon
the groups, but following senitizaton efforts they
began to join voluntarl. Assocation members aise
pure Toggenburgs, 75 percent Toggenburg crsses and
50 percent Toggenburg crosses, Th cross-bred animal
are carfully valuated by analysing their pedigrees
and productive and reproductive perfomances

TOBRA stared vith 249 000 shiings ™ nthe
form of egistration fees and cther cortributons. As
of 2007, ithad more than 12 000 00 shilngs. thas
employed atreasrer and manages thecossof s
meetings and agrculural shows atdistri,region,
zonial and nationa evels
The main objective n fomming the assocition iere:
+ toincrease milk productivty from goats through
rossbreeding Toggenburg and indigenots
qoats, taking advantage of the high milk pro-
duction of the former and the diseas resitance
ofthe ltter;
toproduce pure Toggenburgs s thit genetics
could be exchanged with farmersfrom Kenya
and Uganda; and
tolmprove the income of the members though
selling mik and e aimls (purebreeds and
crosses)

E e i e osnof agost s id bk e ormot
e sttt b pasd n nter paridan.
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Rumen microbes play a central roe In the nutrition,
health and greenhouse gas emissons of uminant
animals. However, e do not know whether the
rumen microbial communty i the same i a
ruminants, and how much host species, diet and
geography influence the microbial commurity.
The Global Rumen Census Project (.
globalrumencensus org.n2) was established to
addres his knowledge gap and aims to characterize
the composition and diersty of rumen microbil
communitie. I total, 742 samples from a range
of ruminants, and other mammals with sl
digestive systems, were provided by colaborators
from 58 research nsttutions in 33 ountries (v
globalrumencensus org.nzsamples). The samples
encompassed a wide varlety of species and breeds,
including taurne catte (Charolas, ika, ereford,
Highland, Holsein, celanic, Korean Native, White
Park, tc), 2ebu cattle (Muturu, N'Dama, Nelore,
White Fulan,etc), goats (Creol, Red Sokoto,
Saanen, etc), deer,water buffalo (Murrah, Nill-Rav,
etc),to name but a few. Samplesfrom non-famed
ruminants were also nduded. The sample animals
were from a range of differen production systems
smalland large-scale commercal operations,
reszarch farms and the wid) and locations
(temperate, tropica,high-ahtitude locations, etc) and
consumed a wide variey of diets, comprising many
different forages and concentrate combinations of
greatly differing qualty.

A5 pat o the Glokl Rumen Census Projct,
ONA s extracted fom the samples,and bacteia,
archaeal, protozoaland fungal mrker genes
were sequenced using a standardized pipeline.
The dataset comprises § million bcterial, 1 milion
archaeal, 1 millon protozoal and 15,000 fungal
sequencing reads. Analyssofthese datawil alow
the dentification of factorsthat influence which taxa
are present nthe rumen and llow the following
questonsto b addresed:

« How much variaton i thre I rumen microbial
communities?

« What s the extent o dversty In each microbial

group?

« What novel groups are present?

« Isthere a ore microbial community?

Interrogation of sample (meta-Jiata will allow the
identification of factors that influence which taxa are
presentin the umen.

Mary of the umen mirobes have ot been
adequtely characterzed,often due toa lack of
avallable representatve cultures. A second project
with collboratos from 14 countre,the Hungate1000
(v hungate1000.0rg.na),aims to generate
reference set of rumen micoblal genome sequences
from cultvated rumen bactera and achaes, together
with representatives of umen anaerobic fung
and dliate protozoa. Data from the Global Rumen
Gensus ae being use o nform the selecton of
candidates for solation and genome sequending
The Hungate1000 project urrntly as genome
sequencing n progress for more than 280 micobial
culures (htp: s hungate1000org nzigenomes
). Rsults il b used to Initiate genome based
research imed at understanding rumen function, feed
conversion effcency, methanogenesisand pant cell
wiall degradation n rder tofind a balance betveen
food production and greenhouse gas emissions. Reuts
from both projects wilid the analys of uture
rumen microbiome tudles

Both projcts ae funded by the New Zealand
Government n supportof the Lvestock Research
Group ofthe GlobalResearch Allance on Agricutural
Greenhouse Gases (v globalresearchallance.
org)to supportinternational effort o develop
methane mitigation and rumen adaptation
technologies

Prddi G Hderin Pt H s, Ak ok,
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Genetic marker: a DNA sequenc varation that i
Informatie with respect toa specific location (o)
ona partiaar dhromasorme.

Microsateltes: segments of DNA charactrized

by avariable number of copes (ypically 510 50)

of sequence motifs of around twoto fiv bases
(refered to:2s a repeat unit. At any one locus site
Inthe genome),there are usually severa diffrent
“aleles” ina population, each lle dentifiale by
the number o repeat nits detected via polymerase:
chainreacton (PCR). Many microsatlltes have @
Targe degree of poymorphis. n manyspecies

they were the firtstandard marker technology

used tocharactrize diversty. However,due to their
comparatvely nfrequent presence acrss the genorme,
Inconsitent reproducbiity across laboratoris and
genotyping platforms, and hgher genotyping cost
per loaus, micosateltes are being eplaced by other
technologies.

single-nudeotide polymorphism (SNP): 3 DNA
sequence variaton that rsuls from a change In the
nudeotid at a singe ocation i the genome. SNPs
usually have only two alele. They may represent
ether neutrl or functonal geneticdiersty and
generaly occur throughout the genore. n most
species, SNPs occur, on average, once In very 10010
300 postions n the DNA sequence. For most major
Ivestock speces commercial araysare avallable
thatallow substantial numbers of SPs from a few,
hundreds to over a milion) o be genatyped i asingle
reaction at  low costper marker, NP araysare now.

routinely sed as more nformativ alternaties to
midosatlite panels n geneti dversty studies.
Markers ofsex-specicnherltanc: cerain partsof the
genome have sexspedic inhertance. Mitochondrial
DNA I passed from the mother to the offspring. The
Yehromosome in mammals s inhertte from father
toson, while the We<hromosomme in birds s nherited
from mother to daughter This clss of markers can
include both SNPs and other sequence variatons and
Hasbeen nstrumental i dentifying wid ancestors,
localzing domestcation centres and recontructing
colonizaton and rading routes.

‘Sequence varation:with the mergence of whole-
genomesequencing the entirvaraton present nthe
DA sequence snowavalible as a potentialsource of
matkernformation, his varation comprises SKPs and
insetions and deletons (mDek)lssor gain of one

o more nucleotdes relative o the speies reference
sequence,duplicatons opy number varatons (CNVS)
rataton in the number of copesofsections of the
DA or nversionsof DNA fragments. Sequencing
anbe performed on a whole genome kais o oy
forspeciic pars of the genome (e the excme or
genome fractions sed fr genotyping by sequencing).
Whole-genome sequences vl be the utimatesource of
geneticdiersty nformaton, asthey harbou the motfs
responsibe for genetc iferences between breeds.
However,efcent maragement,use and storage of
hisnformaton wil requir,n addition tosequencing
apacties, substantialdevelopment ofrescurces n
bionformaties (methods, tools and hardare).
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Box 483

How genetic tools helped to solve the mystery of the origin of the Booraola gene

xceptionally high ter size in an Australian Merino
flock kept at the Booroola Estate in oo, New
South Wales,attracted the attention of scentits
from the Australlan Commonwealth Scentific and
Industral Research Organization (CIRO). Iitial
analyssof v pedigrees and performance ecords
led to a hypathesisregarding the segregation of a
major gene affectng this rat and inareasing lter
size in carirs. Ths hypothests wa frt substantiated
by analysis o Itter-size segregation i familes (Pper
and Bindon, 1982).The orgin of the high-fecundity
gene n the low-proifc Merino population, howerer,
remained a mystery until Professor Helen Newton
Turner found evdence that ancestorsof the Booroola
flock could have had some admixture of Indian
Bengal sheep brought to Ausralia from Calcutta in
the 17905 Turner, 1983). The hypothetical major gene
increasing lter size was named Fecundity Booroola
(Fecs).

The first genetic markers ke to the Fecg locus
were discovered by a New Zealand team led by
Professor Grant Montgomery (Montgomery, 1993).
Further research e o the concuson thatthe
Booroola gene I located on the ixth chromosome.
The fist molecular tet, devised to enable the
Introgresion of the Fec8 mutation ntothe Romney
breed, was based on the polymorphsm of three
microsatelte sequences (ord et L, 1998).

The real beakthrough it respect o the
physiclogialbass for Incresed fecundiy happened
in 2001, when teams rom AgResearch (New Zealand),
INRA (Fance) and Edinburgh Universty (United
Kingdom) ndependently discovered that carers
ofthe Booroola gne have a mutation nthe bone
morphagenetic protein receptor 18 gene (BMPRI).
The Booroola gene (Fec) s adominant autcsormal
gene with anadditive effecton ovulation rate.

Garole sheep of Bengal

Ly

The discovery of the mutation and the development
of the moleculr test enabled the dentficaion of the
mutation inthe Garole sheep of Bengal, abreed that
iswell known for s argelter sizes - thussupporting
Profesor Turner's theory. At present, the BMPR-18
mutation hasbeen found I a number of breeds that
Have high fecundiy. Th it includes Javanese Thin Tail
sheep (Davis, 2009 an some Chinesebreeds such as
the Huyang, SmallTilHan (STH), Cele, Duclang and
Chinese Merino (Hua and Yang, 2009. It seems that
the original mutaton took place In Mongolian Fat Tl
sheep and was ntrogressed nto Chinese breeds and
Tate Into the Indan Garole and Javanese breeds asa
result of the movement ofpeople and animas along
thesik Road

Sothe mystery was solved thanks to the persitence
ofscetiss and development o technology. Over
time,the Fec mutation has been ntrogressed into
about 40 breeds,al around the world (Walkden-
Brown etal, 2008),

[ETeE—
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Change in cost per genome sequenced in humans
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The gencm of Iestock speces s organized inpais of
chromcsomes,each nhertte from one o the parents
and chemicallymade up oflarge molecules of DNA
(deoxyrbonudelcadd). Each gene nan indvidual,
therefore,has two copes known asalles,one on
each chromosome ofapai (withthe exception ofnon-
paired ex chromosomes). Chromosomes comprise genes
and intergenic reglons. The former encode proteins and
other producs.Th lattr, which represent the majority
ofthe genome, ae belleved o play varius regulatory
oles(The ENCODE Prject Consrtium, 2012),Genes
typiclly consitof codingsequences (exons)separated
by introns and accompanid by regulatory elements.
Uke itergenicreglos, ntrons camyno proten-coding
informaton, but sometimes playa roe ntheregulation
of gene exprsson.

Noudec adds ae tands o smaller molecules called
nudeotides DNA as four typesof udeotid (adenine,
osine, guarine and thymine) The Instruction encoded
ina gene dependson the sequence n whichthese
nudectide ae oderd, This sequence information s
put o action i two tes. The firstisthe transcriptin
copy)of enetic nformation into ancther type of
nudelcacd, RNA (rbonudec acid). Both exons and
intros are trancribed ino a primary messenger RNA
molecule. Inthe second step these molecules ranscript)
are elted and evrtually ransited nto protens
(partiadarthree nudeotidesequences correspond to
partaar aminoacds the molecues that costtute
a proten. Gene exprssion s ighy tisue-speciic
and time dependent.Notal genes aretransited nto
proten; some expessthel unctionas non-coding RNA
moleculesthat pay mportant rols i proteinynthesis

(ransfe RNAand rbosomal RNA) and various regulatery
proceses (micoRNA and long non-coding RNA, two
‘typesofegulatery RNA that dife i termsof the
number of uclectides thy cosistof - appraxinately 20
and more than 200 nuclotides, respectel)

Phenotypc diferences between indviduab,
populations and speces are a consequence both o
environmentl effects (ncluding epigeneticmechanisms
-see B 485 an of variations I DNA sequences.
These vaiatons may be causd by point mutations
leading o the substtution ofsngle nudectides (sngle
nucotde polymorphisms - SN, insetions,deetios,
duplcations, copy number vaiatons o inversions of
ONA fragments. IfHPs are i exons, iferet allles
may lead either to the same amino acid (ynorymaus
SHB)or toa different amino acd (norvsynonymous
SHB)being Induded n the resuting protein. DNA
varatons an be clasifieda “functonal” or “neutal”
Inthe e o functionalvriation, changes i the
sequence o nucleotides n the DNA molecle induce
changes i the phenctypic function of the crganism.
Inthe case of neutalvariation, achange inthe DNA
sequence dossot gve s toany change I function.

Because genes o SNPs that le near each other on
achromosome (.. are physiclly “lnked" to each
other)tend be Inhrttd together, a neutral variant
can be asodiated withafunctonal one. I additcn,
hisinterdependence between nked genes means
that the various combinations of their alles are ot
disibute randomly (2 phenomenon temed linkage
diseqillrm”). Linkage and nkge dsequilbrium
allowthe us of one ste o polymorphismasa “genetic
marker* for polymorphism ina nearby region.
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The term “epigenetic” refrs to mechanisms that
ause variation of gene actvty and are bsed not on
variation I the nuceotidesequence buton chemical
modifiationsof DNA and chromatin for nstance,
affecting the degree of chromatin compection o the
accesbilty ofregulatory sequences to ransaiption
factor,

Epigenetc proceses oxcur duing el tisue
and cxganismal difeentiation proceses such
a5 gametogenesis mbiyo genome actation,
Xchromosome nactivation and genomicmprinting the
ifferental expression of cetai genes depending on
‘whichparent they come from). Epgenetic modificatons
diven by environmenta actors,suc as e, tress
and diease, form a molecular mermory(ransiert or
permanent)that adapts the rganism and programimes
signalling and metabolcpathways appropriate for
partaar condtons. pigeneticmarks are melotclly
and mitoticlly iherted and the epigenome represents
an additonallveln genotype-phenctype mapping.

Aseplgenetic varaton expains partof th so-caled
mising hriabilty (. th part o genetc vriation
ot explained by ndividualgene) there may be
interest inusing epigenetcs i Ivestock breeding, for
Instance through genomic mfeintng and metabolic
programming stmulation of eatly development to
influence lter physiological cutcome. Paticulary
In rossbreeding schemes, imrinting offers new
opportunites o establsh dam and s nes with
enhanced production erformaces and maternal
abiltis and to roduce aoss breeds according to
marketrequirements.The iteracion etwen genetc
(breed) and environmertal factors suchasdets and
management pactics s keytothe use of pigenetis
inanima breeding, Extenshe knowledge of epgenetic
mechanisms and gene regulation wil, infuture, ofer
new opportunte nvestock breeding Inrelaton to
environment-genome-epigenome nteractions
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Trends in the value of global exports of ive animals and bovine semen
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Examples of non-disease phenotypes specific to one or more livestock breeds
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Overthe st tuentyyears the use of molecular tools

s acqured aramount importance i ania reeding

thrugh the development of genet: tests,as el as

the implementation of enomic eection ina groving

numbes ofspecies. The ol of molculr toos s expected

tocentinue expanding. Potetial developmerts inclce:

+ increased use of whoe-genome sequencig for
genomicselecton, dentifcaion o new func-
tonal variants (slowing selecton on new traits)
and analysis of genetic diersty;
the use of epigenetics see Box 4B5) inthe study
of environment x genome inteactionstopro-
vide insightnto complex rats,especalythose
related to development;
the use of meta-genomic studies that consider
the gut microbiome to enable the optimization
ofthe umen microbial ecoysten for etter
feed-conversion effdency; and
combining gencrics vith other advanced
iotechnologles,such asn o embryo transfer
(slecting breeding cndidates a the embiyo
tage) and genetic engineering ntroducng genes
ofinterest no the gencme oreven drectyedit-
ing the genome through noveltechnologiessuch
the CRISPRICas sstem) wihich may bring about
major changes i the way animas are ried and
selcted,
Somme of thesz developments would,dearly, ise
social and ethical concerns that would nesdto be:
addressed before puting then nto practice.
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Box 181

Developments since the publication of the first report on The State of the Worlds Animal Genetic

Resources for Food and Agriculture

Fallowing the publication of The Sate ofthe World's
Animal Geneftc Resources for Food and Agrculture
(first SOW-AnGR) and the adoption of the Global
Plan of Acton for Animal Genetic Resources n 2007,
the Commisson on Genetic Resourcesfor Food and
Agriulture, in 2009, agreed a schedule and a format
forreporting on thesttus and trendsof animal
genetc resources (AnGR). 1t was agreed that a report
would b prepared every two years, based ona
template derivd from the structureof relevnt secton
(Part 1 Secton B) of the first SOW-ANGR. 1 was agreed
that the status and tends reports should ncude the
Convention on Biological iversty' headiine Idicator
for “trends in enetic diersty of domesticated animal
species of major soco-economic mportance”, once this
indicator had been developed (s task whichfellto FAO
under the auspices of the Commisir)

1n 2013, the Commisson agreed 1o the use of the
followingsétof indcators:

« the number ofloally adapted breeds;

« the proportion ofthetotal population
accounted or b locally adapted and exctic
breeds;and

«the number of breeds classfed a at sk, notat
tiskand unknown.

Toallow the ndiatorsto be ailculated, the
Commission agreed tothe use of a new breed
dasficationystem,distinguishing “ocaly adapted
breeds rom “exatic” breeds see Box 182).DAD5
was then adapted s0sto allow countries o allocate
thei breed records to the appropriate classes (exotic
orkcally adapted). In June 2014, when the analyss

ofstatus and rends wasperformed, this allocation
procedure had not been completed. A provisional
indicator et based on a rovisional categorization of
breeds,Is pesented inthe status and trendsreport for
201420, 2014b).

Ao 2013, the Cormmision agreed to acitional
changes o th reporting framework with the aim
of providing a morerealitic iture of th tate of
reporting and eliminating some confounding factors that
made tiflcutto nterpret rends i sk tatus. it
In rder to address th potentialy miseading effect of
induding breed or which o ecent population data are
recorded in DADHS i the analyss ofskstatus rends &
deckon wastaken to ntroduce a teryear atoffpoint
after whicha breed s reasigned to the “unknown” isk-
tatus categery (e Box 183 fts population ata are
notupdated.Second, t s agreed that rends i bred
sk tatus shoul be calulted based on the most up-
todte crtent and hstorca dta avallable n DAD-t5at
thetime of calaulation,rather than by comparing curent
data to those presented n lder reports.Historial
population datarecoded in DAD-S can be updated
atanytime,as can countriebreed inventoris (eed
records can be added o deleted).The new akution
method allows anyrecentupdtes of thisind to be
taken ntoaccount.The reisd clalatcn methods were
used i thepreparaton of the 2014 tatus and trends
report and i the preparation of the second SOW-ANGR.
One conseqence s tha, compared to the firt ot
ANGR (and prevous satus and rends reports), ahigher
proporton ofbreds ae currently dasified as being of
unknown ik tatus
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tIClINE 20
State of research In the field of animal breeding
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CRTLPN: O
state of training In the field of animal breeding
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ERIUE LY
state of implementation of training and technical support programmes for the breeding activites of
livestock keeping communities
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ABLE 30

Level of implementation of breeding-programme elements and techniques ~ spedes breakdown
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Proportion of breeds reported to be subject to breeding programmes applying
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Level of organization of livestock keepers with respect to animal breeding activities
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Level of Implementation of breeding-programme elements and techniques - regional breakdown
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Proportion of countries reporting breeding programmes and polides supporting breeding programmes
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Box3C1
sheep breeding in Tunisia

In Tunsa the genetic mprovement o sheep s
montored by the Faming and Pasure Offcs (OEP)
Growth records ae curtently collcted n oy
109flocks, via asimplifie process nvoling four
weighings Regiered breeds are the Baraine tete
Nolre( locks), Barbarne tte Rousse (5 flocks), Hore
e Thiber (32 lods), Queue Fine de FOuest 5 flocks)
and Diman (5 flock). The number ofregiter locks
declned subsantially after 2011:fsty because of vl
disturbances whichld tosevral fams bing disclhed,
and secondly because of an attempt o educe costs
The number of welghings was ao reduced asa
cost-aving meastre. Registered flocks accountfor
oughly 25 000 ewes, a smal racion of he national
stock which was etimated at 3800000 ewes i 2011
(Direcion Générale de a Productcn Animale, 2011,
Fturebreeding stocksare slectd on the basis of
conformation, heath and daly-grovith traits,Candidate
vams and replacement evies ae then oldto bresders
and instttional famms nationvide o spread genetic
gain. Occasionaly, th best rams are used for arifical
insemination. On average, geneticgains forgrowth

rats have been roughly 10 percent of the mean
overthe st decade. Th Siclo-Sarde dary breed vias
recently added o the recoding systen five locs
accounting or 100 ewes each).Tis breeds populaton
sizehad declined drastically o afew thousand ewes,
buthas increased to around 29000 ewes Inthe st five
years following an incease i th price of milk and the
establishmert of a breed assodation ntheregion of
862 n the north of Tunisia. The establihment of breed
assoditionsfor other breeds s being encouraged,

with the am of supporting bresders, improving breed
censervaticn and allviting the financialburden on
thestate which entirely fnances exiting Improvement
programmes. A further objective s o betterinvolve
researcher n the characteization and genetic
evaluation ofbreeds and thereby provde a basis for the
implementtion of robustand durable mprovement
programies approprite for the preduction systermsin
the various reglonsof the county,
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VPRLE S
Organizations supporting animal genetic resources management at reglonal and International levels

 Organization name and web link  Type Description of mission
Aftkan U neafian euea for 160 T prouee it I the delopment of anmsl escures o Afca thouch
il Resoures (AUBAR) ugpering and amponering A Union ember Statsand Regora Ecnomic
g aearorg/ Communites.
A Cont fo th Sulesof rd ones 160 T deelop plant varetle and aninal s esstant 0 drought and et
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{he falr and equtable shaingofbengtsarsng fm th s ofgenec esurcs,
Danubian Counes Alarceof Gonesin NGO To s genetcs i theDanube e b
il Specs (DAGENE)
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Management of breed populations - flow chart of decisions

Breed population within a country.
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“Uvestock Keepers Rights* s aconcept deeloped by
llsodety (ncluding non-governmentalcrganizatons
and herdersassoiations) during th “nteraken
Proces” It based on the rationale that many breeds
in developing countrie disntgrate because o the loss
ofthe customaryrights ofIvestockkeepers tosustain
thelrlvestock on common property resources as viell
a5 poldes thatare adverse to smalhscale Iestodk
Keepers. Lvestock Keepers Rights areaset o prindples
that would support and encourage estock keepersto
continue making  ing from therbreeds an thereby
achieve the combined efect of conserving diversityand
improving ruralIvelhood opportuniie.

The ter Livestock Keepers Rightswas frst coned
uring the 2002 Workd Food Summi, in allsion to
the Farmers'Rights enshrined n the Inernational
Treaty on Plant Genetc Resources for Food and
Agrcuture. n seresof conuitations and workshops
eld vith hundreds of Iestock keepers from more:
than 20 countres n Karen (Kenye) n 2003, Belagio
(ab) in 2005, Yabello (thiopia) n 2006, Sacki
(Inci) and Adis Abiba (thiopi) n 2007, Livstock
Keepers Rights were elaborated nto: much more
comprehensive concept than Farmers Rights. Rather
than reprsenting lega ights they corrspandto
developement principles that would help Ivestock
Keepers continue to conserve biodiersty.

Principles and rights
During a workshop vith legal expertsheld n Kalk
Bay, South Afrcs, In December 2008 the ights were
further refined and subdivided into principles and
rights:

“Principle 1: Livestock Keepers are creators of
reeds and custodians of animal genetcresourcs for
food and agricutre .

Prindple 2 Lvestock Keepers and the sustainable
use of traitiona breeds are dependent on the
conservation of their respectve ecosstens.

The bt proces” v e that alnaed
it ofth Gl At fr Al GeneticRescrces
ek, Sicand 0207

Principle 3:Traditonsl breeds represent colective
propery, products of indigenous knowledge and
cultural expression of Livestoc Keepers .

Based on these prindples articulted and mplct
in existing lega ntrumerts and international
agreements,Lvestock Keepersfrom traditional
Iestock keeping communitiesandior adhering to
ecological princpes of animal production, shall be
given the following Livestock Keepers'Righs:

1. Uvestock Keepers havethe ight o make bresding

dections and breed th breedsthey maintan.

2. Uestock Keepers shall have the ight

o partipate n poly formulation and
implementation rocesses o animal genetic
resourcs for food and agriculure.

Uestock Keepershall have the rght to
approprite training and capacity bulding and
equal access torelevant services enabling and
supporting them toals Ivestock and o better
process and market thelrproduct

Uiestock Keepershall have the rght to
particpate nthe dentification of esearch
needs and research design with respectto
thei genetic resources,as s mandated by the
prindipe of rior Informed Consent.

. Lvestock Keepers hall havethe ight to
effctively acces information on sues elted
tother loca reeds and Ivestock dversity”

The Dedaration on Livestock Keepers Rightsthat
emerged from the Kalk Bay Workshop references
these principles and righs to existing Iternational
agreements and legal frameviorks such s the
Convention on BologicalDiversty, the United
Nations Convention to Combat Desertifction the
Global Plan of Acton for Animal Genetic Resources
and the Inerlaken Decaration on Anal Genetic

Resources, the Universl Dedaration o Human Rghs,
the Intemational Covenant on Economic Socialand
Cutural Righs,the United Nations Declaration on
the Righs of Indigenous Peoples, the Convention

on the Protecton and Promotion of the Diversity of
Cutural Expressons,the Convention
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Ithasbeen recommended (FAO, 2008) that a country-
based early warring system for anima genetic
resources should ncude the following elements
1. afadlitating pliy an legal framewiork
(specic requirements wildepend on needs and
ircumstances of the respective country;
insitutional arangementsfallocation of
responsibiltyfor coordinating the system,
establhment o relevant advory groups,
stakeholder networks, tc)
a monioing sstem (arrangements for keeping
track of breeds'risk statuses s they change
over time);
arikstatus classfcation ystem (rteriathat
can be used o allocate breeds to riskstatus
categoris);
data and information management systems
(including a national animal genetic esources
databse);
a priortysetting mechanism (3 sstem for
determining which breeds should b prirtized
for conservation f rsources are imited);
freed recovery teams and breed recovey plans
(arrangemens fo the implementation of
consenvation measures, induding plans topro-
tect breedsfrom acute threatssuch a disease
epldemics;
Reglonal and global colzboration (cooperation,
forexample, i the rganization ofconservtion
programmes for ransboundary breeds o inthe
establshment of regional gene banks);and
Nationa,regionsl an glotel eporting and
communiation.

NPt pfomationon et snd cresratn s
s fcund e el FO i 70,2011 2012 2013,
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Box 381
Characterization - definitions of terms

Baselin survey of populaton sze: A survey that
obtainssufident population data o determine a
breeds iskstatus at natonallvel. It provides a
reference point for monioring population rends.
Monltoring of populaton sze: A sysematicset

of actitesundertaken to document changes In
population ize andstructure over tme.

Phenatypl characterzation: Th process of
identifying distnct populations and describing thlr
morphalogical and producton charactristcs within
given production environments; it ncudes the
description of breeds production envronments and
recording of their geographica disrbutions.

Genetic diversity studies based on pedigre: Studies
thatinvolveestmating genetic eltionships among
animas bsed onthe probablites o telr sharing
allles from common ancestrs. At breed evl, average
coeffiderts of nbreeding andior Kinships and thir
trends overtime are the most commonly sed measures.
Moleclar genetic diversiy studles within breed:
Studie that involvethe genotyping of inddual
animals within a breed for a et of molecular markers,
forthe purpose o evaluating diversty withinthe
breed. At breed lvel, heterozygosty s the most
simple and meaningful parameter used. Higher
heterozygosty inicateshigher diversty. Beed genetic

structure an be tudied by comparing observed and
expected heterozygosty predicted according to
samplesize and alelic frequencies) and by measuring
relationshipsbetwieen animals (proportion of hared
alleles acros the markers). This providesinformation
on possibe population fragmentation or recent ross-
breeding events important for the future o the breed.
Molecuar genetic iversity studles between breeds:
Studies thatnvolve the genotyping of representative
groups ofanimalsfrom a group of breeds forthe
purpose of evluating geneticsimilatty between the
breeds. Genetic distance, ameasureof the silarty of
the allee frequendies between breeds, i 2 parameter
commonly used to measure rlationships between
breeds. Introgression between populations an be:
detected by such tudie,

Geneticvaiance components estimation: Use of
pedigree and performance data o estimate which part
of the phenotypicvariance n & populaton s under
genetic control,

Moleclar genetic evaluation: The ncuson of
moleclar genetcnformation i theprocedure for
genetic evalation.This may be limited to genotypes
forafew specic genes or extended tothe predicton of
“genomic breeding vaues* by sing infommation from
Targe panel of sigle nuceotide polymorphisms (SNPs).
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Key informants:Key informants re indviduals who
ae targeted because of heir prticulr knowledge
aboutsome aspect of the locaton or producton system
targeted by the vy or becausethey have broad
knowledge tht can be drawn upon a an alteratve

or cmplement to conducting asurvey of ncividual
Iestock eeper. Adantages o usingkey informans
include the ptentiafo obtaning a ot of Information
fromalmited number of nterviews and the potential
forcbtaining dtalld information within the key
informants'areas of expetise. Disadvantages of usng
Key informants ncude the posbltytha the key
informans ae nsufidently well informed abot the
situation o the ground and the ik that the knowiedge
and opinions of th Iestoc keepersthemsehes,
partalarly marginalized groups, may e overlooked
Obtaining Information from breed soctis: Breed
soceies, where they exist, can be considered a secifc
ategory of key nformant. They are particulrly
usefulfor monitoring population size and structure
and hence for dentifying when breeds come tobe

at risk of extincton. reed socetes can be asked
toreportat regular intervals onthe numbers of
breeding malesand females tht ae registered in
thei hrd!fock books or (where posse) to rovide
detallsof anima pedigrees. Obtalning data from
breed soletie i  rapid and relatvey easy meansto
Keep tack of population tends, Breed socetes wil
also be knowledgeable about breeds’ geographical
disrbutions morphology, perfomance, uses,
production environments, marketingand s0.0n
Censuses: n a tchnical sene,  census s ahousehold
survy of wide scope and n which allqualifying
ouseholdsare ntrviewed. Mostcountres implement
national agrcultural censuses once every ten years;
they may also mplement more spedficvetock
censuses Insome countries,nationl censuses

are based on sampling ather than on complete
enumeration ofthe target populatins.

ot Deatd dcpnsofhe et and hl adrtge
darage ante oun i FAO @113,
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Vo 2l
Coverage of baseline surveys and monitoring programmes for the big five species
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MR
Usefulness of different surveying and monitoring tools to address different survey questions
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(No. 169) concerning Incigenous and Tribal Pecples in
Independent Countris, the Declaration on the Rightsof
Persons belonging to National o Ethic, Relgous and
nguistic Mincrties and other pertinert instumens,

The Decaration was signed by  large number
of individuals and organizatiors. Subsequertly e
particpants o th Inernational Technical Expert
Workshop on Access and Benefitharing in Anial
GeneticResources for ood and Agriciture, held in
Wageningen, the Netherlands, in December 2010,
recommended that *Lvestock Keepers Rights should
be addressed.”

Livestock Keepers Rghts are frequentlyrefered
0253 potentialtoolforprotecting the rghtsof
Iestock keepers I context where scetists and
industres are making ncreasing use of the ntelectual
property rights system to protect their advances In
breeding and asociated technologies. However, their
scope s not restricted tothe righ to breed, save and
exchange genetic materil It ncompases abroader
approach that would srengthen smallscale Ivestock

Keepers and support them n making a iving In their
tradtional agro-costems

The dicusion about iestock Kepes' Rightsmay.
bereived once The Hagoya rtocol on Access and
Beneftsharing s ratfie, a te Protocol requres s
Cortracting Prte o share monetary and non-monetary
enefits arsing from the utilzation of radtional
Knosledge asocated with gneti resources,and from
theutlzation of enetic rsources hld by ncigenous
and ocalcommunites withthese commurite. As
descrbed abote, normonetay b, such s the
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Mapping expeditions: The term *mapping expediton”
isused to descrbe st of ourmeys undertaken

(vith Imited cortactwith loal vetock keeping
communite)for he purpase of obtaining udimentary
information on the animal genetcresources (AnGh)
vithina gven geographicalarea. A mapping
expedition can beused to map the approxinate
ditribution o paticulr breeds and speces and may
servetoframe subsequent surveys that vl usz ther
methods, However,the ackof ontactwith Iestock
Kespers ill sult n vry lte acquiiton f knovledge:
on producion systems, Iestock-keeping communties
orthe uses of AnGR. Geographic nformation sysem
(i) tools and knowedge o th ks betveen
Tandscape types an lestock production systems may
elptofocus the mapping expedition.

Breed search tours: A “breed sarch tour® i o fil
qaps in breed inventoriesand ideniiy breeds o be
targeted by more detalled characteizaton studles It
involies an expeditionto. partof the country where
the Ivetock population has not been thoroughly
studied and where s suspected that undocumentec
breeds may be present. Planing aurvey of thistype:
may nvolve studying sourcs of histrical information
aboutthe ivestock populations n the targeted area. A
breed search tour an be alow-ost actlty that takes
up relatvelyltetime. Howeser, t s possble that o
undocumented breeds wil be found.
Transects:nsome locations It may be possbe to

et the numbers and typesof animals present by
using ransect methodssimilr tothose that v been
developedtforsurveying wilie. The approach involves
dravingtransects,  prio, acros the ara targeted by
the survey an then trvellng along them, The animals
observed along the transect are counted and complex
tatistcal methods arethen used o etinate the
numbers of nimals i the area s  whole.
Aetalsurveys: Aeral surveys can be thought o as
aitbome mapping expeditonsor transects. They are
approprate oy or use n sparsely populated and
open andscapes and can be elatvly expensive
because of the need forcosly equipment and

ighlysild personnel. Despite these mitatons,
poor accessibilty, the unpredictable movements

of astoralts herds and securty uncertanties

may justify the use of aeial urveysas a means

of estimating the size and sructure of Iestock
population and their spataland seasonal
itributions. In some areas,such surveys may be the
onlyralitic option for achieving systematic overage
and obtaining the data needed for comprehersive
tatstial analysi.The man weakness of arialsurveys
isa lack of ontactwith local Ivestock keepers and
with the animals themselves. However, they may
providea tarting point fo further surveying actities
that provide more nformation on vestock keeping
communities an the causes ehind the outcomes
observed from the ar.

Household surveys: A household survy involves
collecting data from a random sample of households
chosen from among al households meeting a speciic
setof crteia referred o a the “sampling frame”.
The larger the sample asa fracion of the whol,

the more accurate the survy wil be as an stimator
of the target group. Information s cbtained via
interviews,normally hld fae o face with household
mermbers.The ntervewsare commonlybased on a
questionnaire.

Rapid appralsal: The term *rapid apprasal” ca be
used todescrbe data collcton activtiesthat involve
Interaction with vstock keepers andor other
Knowledgeablestakeholders,but are not based on
formal sample-based surveys Rapid appralsls are
multicisiplinery i nature and nomally require vists
tothe communites targeted. Tangulation - the

use of several sources n order o validate the data
obtained - i  key characteistic. A range of rapid-
appralsl tool ae avalable and they can be selected
and combined to meet the objectives of prticular
surveys of surveying trateges. Group interviews

and xerdsescanserv as an ahemnative, or a5
complement, o Interviws ith individual Iestock-
Keeping houssholders o other nformants.
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Coverage of baseline surveys and monitoring programmes for sheep, goats, pigs and chickens
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Box 445

Biogeoinformatics for the management of animal genetic resources

The managemert of animal geneticresourcesrequires
data on population and evolutionary genetic and
on animal husbandry practics, but alsoon the
soco-economic and environmental conditons in the
locations where anilsare bred. The Integration
ofthese different types of nformation by means of
geographical coordinates and geographicinformation
systems (615wl faciltte the development of
monitoring sysems abl to identifyat1is breeds and
thereby support conservation piortizaton.Supported
by expert-based dedsion-making approaches, web-
based platforms developed onthe bassof expertse:
inblology, G1 and computer scence are abl to
simultaneousy assss animal demographics and the
sustainablity of reecing activtes n areas of nteret.
In paralll, and inconjunction with molecular
genetc data, the us of geographicalcoordintes
enables the useof vestock landscape genomics to
sk reglons of the genome nfluencng the ablty of
animas o cope with environmental variatins. The
approach can be used to dentfy ey rats involved
In prasite resstance, to supporteffrts to conserve
the adaptive potential o localy adapted breeds and

even to ncrease adaptabilty n ndustria breeds.
specifcsoftware developed atthe Inteface of
geographic,biologcaland computer sciences can be
used o dentify reglon of the genome that may be
under natural selection and invalved in evolutonary
processes such as localadapation.

logeoinformatic has a ruclroe to playn the
characterizaton of animal geneticresurces. Itwil
ot be posible to extract new knowedge from the
data tsunami brought about by the advent of high-
throughput molecular tools,new sourcs of high-
resolution environmenta data and new sources of
socko-economic information unles ffcent and easy-
to-use computing toolsare developed. I the discpine
isto ulfl s potential nthe coming decades, the
Iiestock community vl need o ensure that recording
of geographical coordinates for any sampled animals
Istreate a a standard practic and thusthat ks an
be made to nformation avallable in georeferenced
databases
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Characterization activities for the big five species - frequency of responses
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Box 4A4

Adigital enumeration method for collecting phenotypic data for genome association

Genormic scence aimed at finding mportant adaptive
geneticvariationsrequies consitent data across animal
populatons The ADAPTMap* Digtl Phenctype
Collcton Method i a new method fo cbtaiing
consitent phenotypi data by dightal enumeration of
ategorical and coninucus values. t s an easy touse,
low-cost procedure thatinvolves th colection of data
on health tatus ndictors(anaeia satus, age and
weight) body measuremerts, shapes and coatcolour
and pattern via digial mages,using moble technology.

The method cllsfor sixphotos: four for body
measurements and two for health indicators. The
animal wals directly nto the photo set and has
tomake cnly twoight onequarter tums toallow
thefirst four photos (Shots 1 o) tobe taken. The
camera s postioned at theeye level of the animal at
adistance f 3m. The two health indiator photos
areclose-ups of the teeth (tooth age) (shot 5) and eye
(FAMACHA score*)(hot 6

Novelcllbration signs desgned to afimnsize and
colourare made ofsturdy,ight-welght metal and y-
erase pens are sed to record sample data captured

ShotS: Teeth

by the images. A field photo sampling kit (see photo)
includeseverything needed except the camera.

Tiwelv sampling teams have employed the method
in 12 countrie, sampling roughiy 200 gosts and
collecting over 12000 mages. An ADAPTMap Quick
Strt Guide was developed and proved valuable in
enabling the sampling teams tosetup th equipment
and take the photos properly.Samples generally had
Tt diffclty applying the method; howeve, the
FAMACHA and tooth shats were challenging.

Shot 6 FAMACHA
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Coverage of baseline surveys and monitoring programmes for cattle
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The method i designed to provide consstent
phenctypic measurements thatcan be used
in conjunction with DNA sampling to inform
genomic research, guide anima selecton for
breeding programmes and facltate animal genetic
conservation decisions. It will enable countiesto take
advantage of state-of-the-art scence and support
themin identifying priority breeds for conservation.
The data may be used nresearch,surveilance
efforts to detect emerging animal healthsues or as
atool for ofarm herd record keeping management
and animal health care.

simplfcation ofthe collecton protocol s being
explored. The associated digital phenotyping softviare
under development coud be ntegrated nto other
Iivestock software appliations
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ching's frt nationalsurvy of animal genetic
resources began n 1976, The fst phase was
completed n 1984 and th resuts were published
etvieen 1985 and 1990, Another phase was
implemented in 1995 and 1995, focusing on the
southwestern mountainous area and Tibet, which had
ot been induded In the first phase.

During the 19865, China began to mplement a
reform and opening-up poliy. The importation of
exatic breeds and rapid development of inensie
and large-scale production systems contributed to an
unprecedented improvement in ivestock production
performances. However, these achievements iere
accompanied by a reat threat to the diversity of
ching's animal genetic esources. A a fest the
Winistry of Agricuhture decided to carry outa second
national survey. In 2003, the National Commission
of Animal Genetic Resources organized experts
todraft atechnical manual in preparation for the
second survey. Th followingyear, four provinces
wiee selected for a pilotsurvey. Afer twoyears
of the pllot survey, the mplementation Plan for
the NationalSurvey on Animal Genetic Resources
vias finalized. In 2006, the plan was sued to
provinces and egions nationwide by the Ministry of
Agricuhure, thereby formalylaunching the second
survey,

Itis estimated that more than 900 people from
30 provinces and autonomous regions nationwide
vie Involvd inthe survy, with more than
45 million Yuan (spproximately Us$7.3 million) of
centraland local funds imvested inthe survey and the
complation of the findings More than 1 200 animal
breeds were survyed and 21 300 photos of breeds
vire taken

In 20102012, The record of China's animal genetic
resources was finalzed and published, based on
the survey resuts. The publication consits ofseven
volumes and inludes more than 2 100 pictres

‘Avolume on bees and a volume on rabbits deer and
fur animals wiere publihed for th firt tme.
Asaresult o the survey,  number of previously
unrecorded breeds were discovered and identifed.
These included breeds with dstinctive characteristic,
such as the Gaoligongshan pig and Piao cicken of
the remote southvestern mountainous area. More
than 540 ndigenous breeds were described, more
than twice the number recorded In the frtsurey.
The second survey revealed the precarious
status o Ching's animal geneti rsources. Nearly
300 indligenous breeds had declined in umbers,
accounting for more than halfofal breeds. ifteen
breeds had become extinct. 55 were endangered
and 22 e on the brik of extinction vith the
latte two categories accounting for 14 percent of
the total
Impacts of the second survy on policishave
included the folloving
+ since 2012, the annual regular budgetary alloca
tion for the conservaton of breeds has increased
from 32 millon Yan to 0 millon Yuan (more
than UssB il
To date, one In three provinces haslaunched
reqular budgetary alocation for the conserva-
tion of breeds on provinil priortylsts. The
annual budget vrles from 4 millon Yuan to
7 millon Yuan (US$0.6- USH1.1 milon).
n 2012, the Minitry of Agrculture ssued the
Twelth ive Year Plan on the Conservation
and sustanable Utlizaton of Anial Genetic
Resources,which includes plans to establh a
nationaldynamic moritoring and early warming
sstem.
+ In February 2014, he Minitry of Agricuture
refsuedthe priorty st for conservation. The
number of breeds on the It hasrisento 155
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Box 383

Bushalive - a collaborative project to characterize the Busha cattle of the Balkans

The Bushalive project, funded under the Funding
trategy for the Implementation of the Global Plan
of Action for Animal Genetic Resources, targets
the autochthonous Busha catle breed of the
Balkans, which survives In small, hghly endangered,
populations. The breed i hardy and wellsuited to
extensive farming, but has elatively low production
yields. It s an important part of the loca dentiy,
but will be lostf conservation measures are not
putn place to protect t. Stakehalders across the
various nationalties and religions present n the
alkans share a common willngness o collaborate:
in conserving the breed.

Blood samples have been taken from
254 animals. The i i to obtain unbiased estimates
of diversty parameters, population history and
the degree of admixture n the Busha population,
using genome-wide marker data. Eight reference
populations have been Included. These represent
passible sources of admixture and have also been
sublect o different evels of artfical selecton
Four Busha strans sampled in former studies have
also been incuded. These samples complerent
the newly collected materia.Final conclusions
willonly be possible after completion of al the
analyses, However, the results obtained so far
show that localy welladapted strains that have
never been intensively managed and diffrentiated
into standardized breeds show arge haplotype
diversity. This suggeststhe need fo a conservation
and recovery strategy that does not rely exclusively
onsearching for the orginal native genetic
background, but rather on the identification and
removal of common ntrogressed haplotypes

Further information on each of the sampled
animals has been collected via a comprehensive
survey targeting thelr phenotypic characterisics
and husbandry systers, as wella the products
and service that they provide. This information,
together with the genetic data, willbe used to
provide a basis fo the development of  regional

strategy for the management of the breed,
spanning all takeholder levelsfrom farmers

to governments. The project will ko explore

the potentil for more effective marketing of

the breeds’ products, The next teps willbe

the establshment of basicrecording systems

and support for the development of breeding
organizations and common breeding goals. The
project will close with a stakeholder workshop for
people working at alllevels on the conservation of
the breed. The event willprovide an opportunity to
pass o the Information gathered and the strategies
developed during the project to those who willuse
them in the future.
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Extent of involvement of different stakeholder groups as operators of breeding programmes
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stakeholder involvement in breeding-related activities in ruminants and monogastrics - global averages
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Risk status of the world's avian breeds In June 2014 - spedes breakdown
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Assignment of countries to regions and subregions in this report
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Strategic Piorly Area & Policies, Institutions and.
Capacy buling

Implementation at natonal level
5P 12 Bablih orstrengthen national nsitutions,
induding national focalpoints, for planing and
implementing animal geneticresourcs measures, for
Iivestocksectr development

5P 13 Bablih orstrengthen nationaleductional and
research faclltes

5P 14trengthen nationsl human capacty for
charactrizaton, Inventory, and monitoring of

rends and assodate ks for sustaiable we and
development, and for conservation

5P 18 Rals national avareness of the foes and values
of animal genetc resources

5P 20 Review and develop national polices and legal
framevorks or animal genetic esources

Implementation at reglonallevel
5P 17 Btablih Regional Focal oints and strengthen
Intemationalnetvorks

Implementation at nternational fevel
59 15 Etabih or strengthen nternationa information
sharing,research and education

5P 16 trengthen International cooperation o buld
capacites in developing counties and countrieswith
economies i transiton

5P 19 Raise regional and International awareness of
theroles and values of animal eneticresources

5P 21 Review and devlop interational polices and
requlatery frameworks relevant o animal genetic
resources

522 Coordinate the Commission’ effortson animal
genetic resources polcy with other intemational
forums

523 trengthen effors to moblize resources,
including financa resources forthe comservticn,
sustainable use and development of animal genetic
resources
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Box3F8
‘The legal and policy framework for breeding
programmes in Bhutan

The legaland poliy framework for animal breeding
inBhutan ibased on the Uvestock Act of hutan
2001 and the Livestock reeding ol of 2007.

Accordingto Chapter Il of the Livestock A
wihich addresses *designated farms,the Minitry of
Agrcuture may establishts own farms for genetc
improvement and conservaton and may alo *help
pivate famnsn bresding.” The Act also Indudes s
relted to the supply o breeding anmals to farms and
the use of artifica nserminaton and embryo trarsfer,

The reing Poly sets out rategle or the
development o breeding programmes and practcs for
Targeruminants and - n s detalfor the countrys
other man Iestock pecs.Inthe case o atte seperate
trategesae nplacefo prkurben areas (ased on
ossbresding)and orremot rural ares (ased on
promation of th ocally adapted S catte and Mithun
@oses, and -In thelonger term - establshment of
communitybased breecing programmes). Althe spedes-
orbreed-evel strateges are based on a stuational
analss of the urent tate of reeding ractesand
knosledge. Despitethesstematic approach, the
Bhutan'resporse tothe 2013 legal ey reparts that
breecing polcsforspees therthan catteremain
undear and hat ths s contrbuted toan ngease in
the useof exotceeds and s brecs and a dedine
Inthe populations of cally adapted breeds nthe case
ofcattl,Bhutan'scountryreport tates that the exsting
poly willavour efective anagerment oflocaly
adapted multpurpose ate bt thatitlehas et been
done intems of the mplementatin of measures to
improve thei performance.
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Box3A2
Elements of the racommended national
nstitutional framework for the management
of animal genetic resources

National Coordinator for the Management of Anial
Genetic Resources:the governmentnominated person
‘whocoordinates the natcnal implementation o the
Global Plan o Action for Ania Genetic Resources and
leads he development and operation of a ational
network ofstakeholders. He o he s the ontact
person for communication with FA on matters
relatingto the mplementation ofthe Giokal Plan of
Acion for Animal Genetic Resources and with lobal
and regional animal genetcresources netvirks
National Focl Polnt for the Management of Animal
GeneticResources: the National Coordinator for the
Management of Anmal Genetic Resources and isor
er supportstaff within the ntitution responsile for
coordinating activties concerning the management of
animal geneticresources.

National Advisory Committee: a multstakeholder
body, incorporating both scentific and polcy
expertise, that provides guidance o the development
ofthe nationl animal genetic resouces programme.

S 30, 1
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Box3F
‘The legal framework for the use of
reproductive biotechnologies in Brazil

Compane that produce, collct,proces or market
thesemen and embryosof catl,buffales, goats,
sheep, horses pigsor poultry i Brazi must be
regitered vith the Ministry of Agrculure Such
companies are responsibe fo sending nformation
on the animalsfrom which mateial s collected, as
el a5 on the number of semen samples or embryos
collected,tothe nspection Division of Animal Genetic
Materil The regulatory basis for the us of animal
genetcmaterial i Brazl s Law No 64461977,
which providesfor the mandtory inspecton and
survellance of semen used for articl insemination.
Thislaw i requlate by Decree No. 18711991, which
efines the rol of the Ministry of Agrculure inthe
regitration ofsres,as well s inthe registration
of industrial and commercial companies and inthe
survellance of genetic materialmported or exported
Vi altports,ports and border stations

‘Any ovner sending an animal as a donor to
an artifcalinsemination centre must present
performance certfication indicating that the genetic
materialfrom the animl wilbe able to mprove the
producton records of the respective breed.
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Box 263

Animal genetic resources management in Iceland: will exotic breeds substitute

locally adapted breeds?

Iceland has only on breed for mostspecies of
Ivestock. Therootsofthese breeds can betraced back
tothe settlement of keland. They are bellved to have
been subjctto extremely imited cros-breeding with
exoticbreeds Icelandic breeds are unique I tht thlr
diersty,n termsof traissuch s colour s greater
than that of other vestock breeds.

Leadersheep,
a unique stran oftheIceland breed of sheep

[ ——

The utlzation and breeding ofthse breeds oday
appears to be stabl and sustainable, and thi s been
the ase foralong time. There Is orgnized, ongoing
reeding work n catte, sheep and horses,under the

overallcontrolof the Farmers Assodation of keland.
Unestock beeding programmes are subjcttospecial
legiation that definesthe rules of the programmes
and providesforgovernmentalfunding tosupport
breeding centresand pedigree and performance
recording. There are nosgns that the genetic dvrsty
of these stoks s anything but well maintaned.
However, the heathy and stablestte ofocally adapted
Icelandicbreeds s theatene b recent changes In
ational demand for Iestock product. elandic
consumers demand forcheaper domesti products has
been prominent inrecent years, and th pressure cn be
expectad to continue inthe near future.

The county's wellorganized vestock breeding
industry has acheved considerable succes nterms of
increasing th effcency o production n recent years
and thi hs led to lower food price. Howiever, tis
possbl that demand for more effcent production
could lead o lelanic beeds being unable to
maintaln thelr positions n the face of compettion
from mported higher-performing breeds.The
importation of exotc cate breeds,asubjectof
discussion i ecent years, would completely change
the positon of the clandic atle population.

pr——r——————
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Inrazi, offcilrecogniion of estock breeds
is regulated by Law o, 471611965 Deee
No.56.984/1965: and Technical Guidance SNAP
471987 The procedure requies the respecive
reeders assodation at his pont intheprocess
regarded asa “promotiona assodaton”) tosubmit
an application o he Minstry of Agricuture, The
applicaton i then asessed by Minstry techricins
and expert recrited on an ad hoc i, taking

into consderation, inte e, he uniqueness o the
animas the proposed descriptors and whether or
ot the breed has aready been regisered under
another name. f the conduson s hat the candidate
population qualfie s aseparatebreed, the Ministry
of Agrcuhture wil recognize  and il allow the
asocition to tartsuing egistration documerts for
theanimals - ncluding pedigrees, andsoon. Copies
ofthese documents have to b sent tothe Ministy of
Agrcukure so that thy can b checked.

Everytime & new breed Is ecognized, there s an
incease inthe number of herds and breeders, and
consequentlyin the nurmber of animals. Recently, o
locally adapted catte breeds have been recognized
by the Minity of Agricuture: the Currleir Pe-Duro
and the Criollo Lageano, Inthe case of the Criolo
Lageano, there i only two herds remaining
efore the recagnition of the breed in 2008, Since
then, the number of herdshas nceased to 27. There
are till many locally adapted breeds that have not
been recognized by the Mintry of Agriulture. One
of them, the Pantaneiro catte breed, s us (ate
2013) tarted the processvith th creation of a
promotionalbreeders association
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Box2C4

‘The potential influsnce of genomics on the utilization of atrisk breeds

Introducing genomicslecton nto a breeding
programme reducesthe generation nteval and allows
an increasein genetic progress. However, 1t requires a
Targe nvestmentand s only applied n breeds with a
Targe critcal mass i terms of population size. Thi may
actually increas the gap n production performance
betvieen atrik breeds an the main breeds targeted
by commerdl beeding programmes and hence
potentialy ncrese the sk of breed extinctons
However, genomic may help motivate effrts to
conserve sk breds by acitating the discovery and

utlization of the valuabl charactritcs hese beeds
may harbour, Genetic analyss may reveal unique
allelesor uique combinatios of aleles (haplotypes)
that are not present in mainstream commercial breeds.
Moreover, the ntrogrssion of prts of hromosomes
responsible forvaluabl traits dentified inatrsk
breeds nto commerdal breeds s potentially greatly
faitated by genomic election (Odegard etal, 2008
‘Amador etal, 2010,
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Indonesia ishome to many diverse plant, animal and
microbial genetic resources. Not al have been managed
properlyor characterzed o dentiy thelr valuable
trat. There s great potertilto enfince the se of the
countrys animal genetc resources i theproduction of
meat, milk and eqgs a sourcesof protln for human
consumption. To protect these valuable resorces,
the Government of ndonesiz though the Miniter
of Agricuhure,rleased Decree No. 19Permentan/
14022008 on th regiraton ofvestock breecs.
‘Tocperationaizethe decee, acommission has been
setup o evaluate proposas for beed registration
submited by the local governments nthe breeds
ome aras. The commision consitsof around
20 people Incuding scintists from national research
Insttute and unierste,as well asofficals from the
(GeneralLivetock Service, Each propasal conssts of:

. a ustfication for the proposed registation;

. a desaription ofthe breed's spedic it

. a desaription of the breed's geographicaldist

bution;and
. information onthe superorty of the breed's
trals.

“The operationalzation ofthe commision was
Intiated i 2010 through several meetings. As of
March 2013, the commision had registered the
following 27 breeds: Aceh cattle (Aceh); Alabio duck
(south Kalimantan); al catle (al;Batur sheep

(Central Jav); Gaga chicken (south Slaves); Ganut
sheep (West Java: Gembrong goat (Bl Kaligesing
gt (Central ava: Kisarsheep (Maluku); Kokok-
alenggek chicken (West Sumateral;Lakor buffalo
(Maluku); Madura catle (East Java; Magelng duck
(Central Java; Moa bufalo (Maluku);Pau sheep
(entral Sulawes); Parpangan bufalo (South
Sumatera; egagan duck South Sumateral; Pelung
chicken (West Java), Pesisi catte (WestSumatera);
Pitalah duck (West Sumatera); Rambon goat (Central
Java;Sentulchcken (West Java); Sumbawa buffalo
(West Nusa Tenggara) Sumbawa catte (West fusa
Tenggaral; Sumbawa horse (West Nusa Tenggara):
Tegal duck (CentralJaa); and Wonosobo sheep
(Central Jav).Each regitration s stablshed viaa
miisterialdecree.

Afterthe releas of a miniterial decree for the
regitration of a reed, the locl government relases
local regultions elate to the management o the
breed. The rulesspectythat the local government
should take car of the breed by:

1. allocating budget for maintaining the breed;

2. mainaining thebreed's dversty;

3. mproving income generation from the breed;

and

4. involing many famers i consevation actites.
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ERDUPE SFAR
Employment affiliations of National Coordinators for the Management of Animal Genetic Resources

Number of National Coordinators

@

35

2

2

m l

‘S l

1 ‘ I

s

o L_,_.

aiica aan Gwope  LainAmerca  Neaand | North  Soutwest

i st Nidefst  Amenca  Fadic
Cuuces Canptan

Wy e Wy [ oter

Source: DAD-IS (hittp J/f30.0raDAD-IS) (accessed September 2014).





OPS/Images/pg38.jpg
FISLINE THe
Risk status of the world's mammalian breeds in June 2014 - regional breakdown
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status of National Advisory Committees for Animal Genetic Resources

W conired EMNcsubises [N dat

i Couliity sapais TL.





OPS/Images/pg381.jpg
Poland's Animal Breeding Law of 20 August 1997,
brought i aftr the introduction of the market
economy into the country, set out provisions
forfundamental changes inthe organization of
breeding and reproduction i farm animals The
Taw enabled the transte of responsibiltes over
anima breeding from the state (he Central Al
Breeding Office) to breeders organtzations, and
reated the legal and nsttutional conditins for this
change.

The 1997 law did not contain any provsions
specficalytargeting the conservtion of anial
genetic esources (ANGR);the only reference
appeared n Artde 1, which indicated that the scope
of the law encompassed the requlation of sues
related to animal breeding and the management of
AGR.

The designation of Poland’s National Focal Point
for Anima Genetic Resources, and particulaly the
process of preparing the country report fo the first
eport on The State of the Worlds Animal Genetic
Resources, contributed to awareness raisng and to
an informed discussion on the further development
of animal breeding legislation. The National Foca
Point played an actve rol n this development and
Tobbled for the inclusion of an acknowledgment
of the tate' obligation to conserve ANGA In the
legilation

‘Amendments introduced to the 1997 law in
2004 ncluded, for the ist time, an artice setting
out provisions for the conservation of breeds,
varities and lines of farm animals threatened with
extinction due tosmallor decreasing population
size (Articke 21a). This ias amajor development
that s fundamentalto the establishment of
alegal and nstitutonal ramework for AnGR
conservation. The artce aso ncluded provson for
an implementing act, through which the Minister
of Agricuture would identify an entity o be given
responsibilty forimplementing and coordinating

conservation programmes and fo the collecton and
storage of biologicalmateial for cryoconservation.
While fforts to conserve nativ breeds had been
underviay n Poland snce the 19805, the amended
Taw established alegal basis for comprehensive
conservation actites and resulted n the
coordnation of these actvities being entrusted to
the National Research Istitute of Animal Production
1n 2007, the further development and
transformation of animalbreeding and reproduction
inPoland, ncluding implementation of European
Union legiltion,ld to the adoption of &
new Anial Breeding Lav? Proisions fo the
conservation of endangered breeds wiere further
enhanced (Artce 28). T law setsout the
elements of conservation programmes and defines
the responsibiltie ofthe entity entrusted by
the Minste of Agriculture with coordination of
consrvation actites The law coheres with the
Rural Developrment Programme (urrently 2014-2020,
earler phases 2004-2006 and 2007-2013), which
provides support to farmers who keep endangered
localbreeds,

Isues for consideration n the further
development of the lega framework for
conservtion incude formal recogniton of the
National gank of Animal Genetic Resources Biological
Waterial and amendments to th It of pecies
eligibe for inclusion in conservation programmes.
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The recommended actvitesof National Coordinators
indude the following:
Polcy development
« Fadlitating and supporting the development and
revision of policy and legal frameworks i the
field of animal geneticresources management,
induding nationl trategy and acton plansfor
animal geneticresources,
Contributing o the developmentand reision of
otherreleiant pocy and lgalinstuments such as
national srategy and acton plans on consenvaton
andsustainable use of biologicaldveriy and
national vestock development stretegies
strengthening animal genetic esources management
+ Coordinating the mplementation of the
National tategy and Action Pln for Al
Genetic Resources,
Coordinating and supporting the planning,
implmentation, monitoring and evaluation
of consevation, surveying and monitoring and
breed development strategis.
Coordinating the dentficatcn of reszarch
prortes i anima genetic resources
management.
Coordinating the mobilzation of finandal and
other resourcesto support mplementation
of the National Strategy and Acion Plan for
Animl Genetic Resources
Communication and cooperation
+ Fadlitating communication on animal genetic
esources management betven the National
FocalPoint for the Management of Al
GeneticResources and relevant minstres and
other national bodies suchasthe National ocal
Point for the Convention on Biclogical Diversty.

« Developing and supporting natonal takeholder
netviorks n the animal geneicresources sector.
« Communicting with FAO and vith Regional
Foca Ponts and National Foca Poits in
other countres, and cooperating In actites
organized atregional and intemational lvels.
Education and publicawareness
« Rabing avarenessof animal genetc resources sues
Vi confernces, xhibitons,books brochures,
posters,the ntrnet, tlesion,radio etc
Global reporting
« Updating national data n the Dernestic Anmal
Diversty Infomation system (DAD-E) (orregional
databesz f applcabl) on areqular b
« Coordinating progress reportng on the
mplementation of the Global Plan o Action for
‘Anima Genetic Resources,
Intergovernmental processes
« partipating n country delegations to the
sessions ofthe Intergovernmental Technical
Working Group on Animal Genetic Resources
forFood and Agricuture, the Comission on
GeneticResources for ood and Agricuture and
other elevant ntergovernmental bodis.
Contributingto the development of country
negotiating postions.
Communicating vith other National
Coordinators o develop regional posiios.
Debriefing government offcalsfolowing
meetings and coordinating implementation of
actons recommended by ntergovernmentl
bodies.
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S
submission of country reports and nomination of National Coordinators for the Management of
Animal Genetic Resources
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Overview of the state of institutions in animal genetic resources management
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Box3F11
‘The regulatory framework for the use of
genetically modified organisms in Australia

Al dealings vith geneticlly medified (Gh)organians
in Australla areregulted by the Gene Technology
Regulatorunder the Gene Technology Act 200, The
Reguiator willnlygrantacencefo the commercil
release of a GM acp I it has been asessed as safefor
human health and the envicnment.very potential
Tcense must prove the Reguiatorwith an application,
whichis sbjec o public consulatcn and  ransparent
ik assssment roces, nvoling a comprehensie sk
st and sk management plan. The principels
underpining the sk assessment proces re based on
intemationa tandardscrginally developed by bdlies
suchas the World Health Organizaticn the Codex
Almertariu Cormision and the Organisation for
Economic Cooperation and Development.

iy, GM foods ar not approvecfor e unless
they have been asessd as safe for human consumption,
and thosefoods thatae approved mustbe labelied
toallow consumers to make an nformed chice. G
foods re onlyapprove for salecnce assssed as sfe
by Food Standeards Australia New Zealand (FSANZ)
To enable consumersto make nformed chokes GM
foods arerequied to be labelld n accordance with
the Ausralia New Zealand Food Standrds Code,
administered by FSANE. The exemptions to the GM
Tabellngrequirments elateto food productsthatdo
ot cortain GM mateilof any type and aretherefore
indisinguihable from conertionall producec foods,
induding animals fed on G feed

There are o GM animalsor animal products
curtently approved for commerdia release in
Australa

Souee Al repors e 2013 gl
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State of institutions in animal genstic resources management - Africa
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state of institutions in animal genstic resources management - Asia
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FIGUE. THD
Risk status of the world's avian breeds June 2014 - regional breakdown
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Inclusion of animal genetic resources issues In national biodiverstty strategies and action plans
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state of Institutions in animal genetic resources management - Latin America and the Caribbean
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The Kenya National Livestock Policy (2008) was
fommulated with an aim of adressing the challenges
facing the ivestock subsector in the ields of
breeding, nutriion and feeding, dsease contrl,
value addition and marketing, and reearch and
extension. Specfic objectives nclude etablishing
appropriate management systems for the sustainable
development of the ivestock Industy efectively
improving and conserving avallabe animal genetic
resources (AnGR), achiving effectve control of
animal diseases and pests, ensuring the afety of
foods of animal origin and fousing research efforts
Inthe Iivestock subsector on resoving arent and
emerging problems.

With regard to the management of ANGR,

the polcy addresss, or Intends to address,
characterization, nventory and documentation,
and sustainable use and conservation of ndigenous
ANGR. Specfic achievements atrbutable tothe
National Livestock Policy nclude:

1. the establishment, through alegal notice, of
the Kenya Anima Genetic Resources Centre,
which s tasked with establshment, under
the guidance of the National Animal Genetic
Resources Adviory Committe, of  gene bank.
thatuillake custody of tisues, DNA, semen
and embryos from all important vestock and
emerging Iestock species n Kenya - the
materlalwil be conserved for poseriy and
made avallable for esearch and breeding as
deemed appropriate;

. conversion o ivestock farms and sheep
and goat stations Ino conservation farms
for breeds that e considered vulnerable,
especiallythose threatened by rossbreeding
and naturaldisasters;

. collction of lvestock data as part of the
2009 human population census, which
provided lvestock populations by species ~an

agriculure census i planned for 2015, and if it
takes place, will provide information about the
AnGRIn Kenya;

. regulation ofall reeding-sevice providers
and the establishment of farmer groups,
cooperatives and other community-based
structures o provide arifical insemination
senvices;

. Increasing financalsupport from the
government for Iestock registration and
performance recording:

. allocation o addltional funds by the
government forthe commercialzation of
indigenouschickens and for upgrading the
Rabbit Multplcation Centre; and

7. establishment of  Ivestock nsurance scheme.

implementation has enhanced awareness among
the publicand among goverment offcas regarding
the need to manage AnGR sustainably.Pastoralsts
have become more involved In conservation efforts
for breeds such as the Red Maasai sheep. This
came about when some of the realzed that if
they crossbreed al ther flocks they lose the all
whenever there s the sevre drought, while the Red
Mazsal animals surive, The policy isalso ntended
to contribute to the development of breeding
programmes for ndigenous AnGR..

The polcy was developed with the partcpation
of key lvestock sector stakeholders. Their views were
gathered via workshops arranged In varlous parts
of the country and late viaa national foru. The
draft policy was presented o the Cabinet and finaly
passed by the Kenyan Parlament.

Proded by GeopasCkre, el Cordatr o the Marsgement
of A Genetic esource Ke
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e
Indicators for the implementation of Strategic Priority Area 4 of the Global Plan of Action for Animal
Genetic Resources

Icicator scores
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Box3A4

Facilitating the establishment of institutional frameworks for animal genetic resources

management - lessons from a project in Bulgaria

A5 part o the Svis Agency for Cooperation-funded
programme Linking Nature Potection and Sutainable
Rural Development,Safequard for Agrcuhtural
Varieties n Europe (SAVE] Foundation vis nvied to
elp addres the isttutonal framework foranimal
geneticresources management n Bulgara
1n 2014, SAVE undertook twomisons to Bulgari
the firstto meet takeholders and gain an overviews
of the st of conservation measures for indigenous
reeds a sk both at polcy level and on the ground;
and the second o falitate takeholder meetings.
Thess meetings addressed both technical matters
related o the genotyping of estock populations
and matters related o the development of effective
insttutions an polices. Among the lattr the
following topisreceved particular atention
+ the need to Improve communication among
takeholders
+ the need to unify scattered animal enetic
resources elated polcyand regulatory
proviions, sothat the overalltrategy s clriied
and any contradictions can be addressed;

« the need for thematic workshops that help
ensure tha lltakeholders havethe same level
of knowledge; and

« the nesdtorevis subsidy programmes on the
basts of ecommendations from the European
Reglonal Foca Pint for Animal Genetic
Resources and the reults of genctyping stuies,

takeholder from al levels govemment to famers,
atended the meetings and particpated activly in the
disussions. SAVES ole n this contextwas to make
reccrnmendations based on th disausiors, with
implemertation then taking place at natioal vel.

Experiences fom this projctand from SAVES preicus

workin sl capacites show tht the iohement of
allsakeholdersin discussions of ntttiona frameviorks
helps o reste a rarsparent approach thatalows
everycne o partdpat n the planning of future athities
and adds sustainabilty tothe poces;

Pidadby i o, SAVEFundatin,
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FAO'sfol n animal geneticresources (AnGR)
management foases on supporting countries n their
implementation o the Glokl Plan of Action for
‘Animal Genetic Resource, partculary by:
* rasing awareness and promoting AnGRelated
e,
collborating with iternational bodies
and organizatons addresing sectoral and
rosssectorallssues of relevance to ANGR
management;
developing and maintaining a global
nformation and communication structure
for AnGR - the Domestc Anal Diversty
Information System (DAD-) and the Domestic:
‘Animal Diversty Network (DAD-tet;
supporting th establshment of Natonal and
Regional Focal Poins;
coordinating nter-egonal activy;
monitoring the implementation o the Global
Planof Acton;
overseeing the preperation of poliy and
technical guidelines
asisting countries vith the development of
national capacity in AnGR management;
devloping project and programme proposals;
and
moblizing denor resouces.

e —
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The term “phentypiccharacterization of animal
genetic resourcs" generally refers to the process of
identifying distnctbreed populations and describing
thei external and producton characteritcs within
given production environments - along with
descripton ofthese production environments. The
process nvolves desk work interms of gathering
exiting data, as well s field work recording
Information (descrptions, photos and trait
measurements) fo a group o representative
animas.The term “production environment”, i this
context refers notonly tothe “natural” environment
(cimate,terai, etc),but alsoto management
practices and the uses o which the animals are put.
Broadly defined, it can aso be taken to indude sodal
and economic factorssuch as market rietation,
marketing opportunities and gender e, Recording
the geographicldistrbution f breed populations
Is considered to be an integral part of phenotypic
dharactrization.

Complementary procedures sed to unravel
the genetic bsis of phenotypes, their patternsof
Inheritance from one generatin tothe next within-
breed genetc structure and levelsof variablty,
and relationships between breeds ar referred to
a5 “molecular characteizaton* or altematively
a5 “molecular genetic characterization* orsmply
“genetic characterzation’). Inthis cas, nfeencesare
rawn from a representative sample of animals hat
have been subjctto: genatyping pocedure.

In essence, phenotypic and molecular
charactrizaton of animal genetic resource ae used
to measure and descib genetc divrsty i these
esources a abass for understanding them and
utlzing them sustainably.
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Progress in the development of legal and policy frameworks
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Reported extent of collaboration in the management of the various subsectors of genetic resources
for food and agriculture
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Box 346

The Domestic Animal Diversity Network (DAD-Net)

Established in 2005 by FAO' Al Production and
Health Diviion, DAD-Het isa moderated glokal
elctronic discussion forum where information and
experiences o e elevant o the management of
animal geneticresource can e discussed nformaly.
Wembershipis open to anybocy intersted n animal
genetc resources management and i particularly
relevant to Natonal Coordinatos fo the Management
of Animal Genetic Resources and thei stakeholder
netviork,decisiormakers, academics and non-

overnmental organizations. Topics discussed indlude
raining and educaton opportunities, research and
technologicaldevelopments and techmnology ransfer.
A5 of October 2014, the DAD-Net had 2500 members,
from 185 countie. Regional subgroups have besn
establhed for Asa and the Pacic Latin Amerca and
Carlbbean, ast Afica, North Afrca, Westand Central
Afic, and Easter urope and Central A,
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Growth in per capita demand for livestock products from 2000 to 2030
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Avtical nsemination: Athough the use of arifical
nsemination (AD i well stablised n razi, he
groving use of fhecktime Alhs given a new impulse
tothe use of this biotechnology Currently, Al research
foauses on the incorporationof fsed-time Al nto
diferen Ivestock-management sstems

Embryo transfer and MOET:The us of thi
technology i ctte production has radually
decreased, but rsearch it being undertaken

with the aim of better slecting reipients and better
maintaning pregnancies. There s ongoing esearch
on the identfcaton of molecular markers fo use in
selecting the best embryo donors. In other speces,
such assheep, esearch focuses on synchronization
protocels and ovariansuperstimulation.

Semen sexing: Sexed emen s routinely used n Bl
for Invitro fetization. Howeve there are sl
problems with s use in Al and embryo transtr,
nvitrofertization: Bzl s th biggest precucer of
nvitrofertized cattle emteyos i the world.Research
focuses on ooyte doncrs auturesystens, oocyte
Qualty embryo qualty and markersfor embryo and
occyteselection. The ayopreservation of i vtro
fertized embryos and ocyte remains a major concern
Research s tatingon i vitr fertizaticn protocols for
sheep, goats, pigsand horses

Cloning by nudear transfr:Research n i rea reates
mailyto cll reprcgrarmming (pigeneti stues)and
ransarptomme analyi of embryos, the cbjctivebeing
toinease the ffdency ofth tecque.

Genetic modificaton: Most research on genetic
modification s being done In catte. Nucler trandfer
using transgeniccels s used to producetransgenic
embryos. Due tothe ow effdency ofthetechnique,
research s being done ino the ranstr ofnew
DNAInto the embryo or 2ygote using entivialand
retroviralvectors. Genetic modificaton sudies in
qoats haveresued n th bith of the irs ransgenic
animal in Brazl
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Adaptations in cattle breeds as recorded in DAD-IS
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Demand growth for poultry meat in China and
india (2000 to 2030)
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Box 367
Use of biotechnologies in livestock production
in the United states of America

Dalry attle: Sexe semen (fmale) s avllable from all
Targebreecing companies and s widelyuse by dairy
producers.Embryo transfer and i vitro fertization
areroutinely used by breeders that provid buls for
atifical nsemination (). A genomic evaluation
system has been developed and nearly allbulls entering
Al programtes have been subjcttoa genoric
evaltion.

Beef cattle: Aaos the beef Industry,the Al rate s low.
Embiyo transfer s sed mainy by elte breeders to
shorten generaticn ntervals and Increase the number
of progeny from highly desirable bulls and cows;
sheep: The sheep Industry makes only lmited use

Of Al due to the limited sucess ofwanscervical A
using frozensemen, Embryotrarsfer s used mainly
for importing new genetic resources. Markerasisted
selecton fsundertaken, mostyrelated toselecton for
disaseresistance.

Goats: Al usingfrozen semen i widely sed n the
dair-gaat ndusty but lesso i the meatand fibre
industrie. There i scme ermbryo transfe, mostly
assodited ith the propagation of mported genetics.
Pigs: Al utilzng child extended semen s highly
integrated o pig production ystems. The use of
embryotransfers very lmite, because of the vy low
effciengy of emtxyo feezing npigs. Marker-assisted
selecton methodologies are sarting to be used, and
theiruse il expand as he acauracy of the marker
panels s enhanced. Moleular modifcation methods
arenot cuenty utilzed by the Idustry. Their
development wil depend on there being dear market
signals that the e of enetic modifed organims s
acceptabl to consumers

Chidkens: Atical nsemination with fresh extended
semen s sed by chicken breeders. The advent of
ovary transplantation represnts a signifcant step In
conserving poultry genetis Marker-asisted selection
is mplemented by large breeding companies.

S Adapte o the oy et of e St of i
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VWLE TE
Adaptations in sheep breeds as recorded in DAD-IS
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Box 14

‘The use of livestock in the provision of ecosystem services - examples from Poland

There are some cass n which the provision ofspecfc
environmenta srvices requirs the use of pecific
specisor even breeds. One example i the utization
of olsh Konk horses n vegetation contrl n the
Biebrza National Prk. s Impossbe to use other
specessuch s sheep to perform this senvice because:
ofthe presence of violes, Only horses adapted
tofree-range grazing manage to do vill n these
rcumstances Another example s the Swinarka
sheep, a breed that s used o graze erothermic
grasslands nthe south of Poland. These very fragie
grasslands can be only razed by animals hat have a
Tight body vielght and require very it cre

T ——

T ———
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The Nimbkr Agricuturl Research Isttute (NAR),
non-govemmental organizaton founded n 1968 in
south<entral Waharashtra State,India hs over the
past 20 years etablished acentre of excllence n buck
and ram semen freezing and artfidal nsemination (4).

The establshment of Alservics for goats vias
feasbl because in Westem Maharashtra, there were:
already many Altechmicians who went around the
villges o nseminate cows and buffaloes. The Al
qun usd in cows can abo be used i goats; only a
speculum i needed additonally,

Initialy, bucksmen vias frozen i pellets,
because no money vias avalable to purchase costly
equipment to il seal and pint stravis NARI saw @
funding oppartunity when the Government of Inda's
Degartment of Animal Husbancy announced an
“Integrated small Ruminant Development Projct”. in
2010, t was able o obtain  grant o 20 millon rupees
tosetup a “state of the art centre”.

Since 2012, it hasbeen producing and supplying
farmers ith ayopreserved semen straws from three
exoticand aossbred goat breeds (Boer, rossbred
Damascus and Alpine x Betal) for US$1 5to USF25
per straw and oneindigenous goat breed from south
India (Osmanabadi)for about US$0 80 er tran:

The Osmanabadi bucks re elected from viages in
Maharashtra for fast rovith and mther'shigh milk
yield, s part of a village-evelgenetic improvement
programme carred out by NARI under the Al ncia
Goat Improvement Project of the ndian Councl of

Agrcuhural Research, Thisprograrmme, hoveer,

needs tobe greatly expanded and strengthened.
NARIS Centre urtently s the capacity o freeze
150000 straws of semen annually which can be
increased to 750 000 as demand increases.

Sofar, about 20 00 straws of uck semen have:
e produced and provided to farmers and Al
technicansfrom Maharashtra, as well as flom other
states of india and from Nepl. The Maharashtra state
Government procured 5 000 straws (4 000 Osmanabad
and 11000 Boer)from NARIor s Al centes nfve:
district.Frmers from up to 100k aviay alobring
thei does toNARIor A, Technicansachieve a
conception rae of more than 50 pecent.

NAR provdes three to fiveday traning courses in
qoat Al and management and has o far traned 900
inserinator, including some from distant parts from
India an  few from other countris. Some wormen
technicans trained by NARI have started successul Al
enterprises and have found tht thee s verwhelming
demand for AL as good slected breeding bucksare
not avlabe

One ofthe esons ket sthat vestock owmersare
ready topay for goodqualty germplas. NARI would
Tiketohelp rganizations i other parts of nda o freeze
semen ofthe ot breeds nthir areas and popularize
ot AL Thechallenge s however, o slect genetically
superior bucksto collectsemen from. It s NARIs i to
provide semen more widely throughout Indi and a the
sametime o achieve economicuiabilty for the Al etre.

[ ——
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Domestication, disperal and sources of introgresssion
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Urbanizaton can resutn aseies of changes

to consumption patterns. A ites expand,the first
efect bserved i that people consume more animal-
source foods, which they may buy from a variey of
sources,including ive-animal and fesh-food markets
uralconsumers and thosethat are recent ncomers
tourban areas tend to prefe meat from traditional
breeds and production systems. Assupermarkets

and fast-ood outlets are establhed and ive-animal
markets are moved beyond ciy mit, purchasing
patternschange and more food is bought from large
retallers, much of it riginating from large-scale

commercalproduction systems. Over tie, however,
some consumers begin to demand specalit foods:
localysourced; fom traditonal reeds; from sysems
perceive o b sustainabe;harvsted from the wiki
or from *exotic” speces. Although these demands are
never Ikl o affec the main global tatstcs, ey
provide a velhood for a mited number of smalkscale
entrepreneurs and opportunites o rase tradtional
breeds profitably.

S PAOSTAT A . 008 P20, 011 Cahornand
o, 2014
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Number of reported mammalian transboundary breeds
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The Thalpoulty industry was on a ast grovath
trajectry until the 2004 outbrek of highy
pathogenic avian nfluenza (HPAI. In the 19605, the
industry consisted of a network of smalkscle farmers,
Ive-bir tracers and wholesales who brought cickens
from rural reas to the ite. During the 19705 and
19805, the Charoen Pokphand company, i partnershp
with the American firm Arbor Acte, imported exotic
chickens from the United States of America and

the United Kingdom and used themto develop a
nationally based breeding programme. Contract
groviers raing an average of 10 00 birds vere
importanttothe company and were given the seaury
of prce-guaranteed contracts. Athough commercial
production vas expanding and saling-up during

this period, backyard production continued to be
important; in 1985 987 percent of chcken producers
Kept backyard locs.

During the 19805, the sector scalec-up and
concertrated. By 1996, twehve companies,including
the Charoen Pokphand company, controlled about 80
percent of brollr production in Thalland, with lage
mechanized production unis providing economies
ofscale. Contract famning continued, but vertialy
Integrated production was beginning to expand. The
average sizeof farms continued to ncrase and new
technology was used to cut producton costs The Asan
finandil s of the mid-19905, preceded by  sump
in poutry exports, further concentrated the secto, The
main brollr companies came together to fomn the
Broller Breeding Stock Centre n order to control the
supply of breeding stock. The poultysector survived
the economicaiss by shfting towards value-added,
processed products, Devaluation of the local curency
(the baht)was advantageous forexportes,but small
and mecium-sized famns relying on a domestic market
in which poultry meat consumpion had decined by 20
percent, were more affected by the i

From 2000 nwards,vertcl ntegration became:
more commen, becauseof the need to meet health and

welfare standards demanded by export markets, By 2003,
Thalland was the workd'fith-largest exprte of poultry
mest by value, Thetrend to ntegration was acclrated
afterthe HPAI outbreaksthat occured betveen May
2004and August 2006, Lossof 64 millcn birds, mosty
through cung and lss o the export market, deat the
sectoradevastating blow. In order t egain and protect
the xpart market, new regulations were etablshed by
the Department f Uvestock Developret, aswiell by
the European Union and Japen, both major markets for
Thalexports.Under these regulation, companies had
more ncentv toverticllyIntegrate i rder to meet
the requied tandards at every stage of production It
o common for medium-to argescle companes to
v feed mills and forarge itegrate farms o ndude
e processing plarts. The standards do notapply to
smallfarmers operating withi localinformalsupply
chains, but aing poultry and fih n integrated sstes,
previously common i th dela areas ofth ccunty, has
been prohiited in mostares.Aferthe HPAI outbresks,
many famerscesed raisingnative chckens for e

The domestic ket now takes approimately
65 percent of natonal production and expor takes
35 percent. Both markets ae expected to gro:
Five companies supply 0-75 percent o the export
market. Jagan s the main export destination, but the
market i dvesifying as more developed countries
allowTha poultry products back into thlr markets.
On the domestic market,chcken meat s the most
consumed meat, party because it the cheapest.The
marketshares of ready o-cook et and fst food
are rowing. It s estimated that Thllands brolers
and layers consume 8 millon tonnes of feed per yar
induding 48 millon tonnes o mize and 2 milion
tonnes of sojbeans, of which 45 and 0.6 millon
tonnes,respectvly are produced locally

e Heees 1, 2010, F505 B Gt 203
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IABLE 104

Examples of studies indicating breed differences In resistance, tolerance or immune response to

specific diseases.
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CRINSS SIAE
Net meat trade of major importer and exporter country groups
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WL 5
Changes in the level of use of reproductive biotechnologies since 2005
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WK 153
Adaptations in equine breeds as recorded in DAD-IS
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The maingloba rends i deman for animalsource
foods are assesed using deta o theproductionand
consumpion of“majity” roducts namely beef,por,
chicken mest andmik. Thse e important n providing
abroad picture, but norder o asess mpliticns for
animal genetcrsources and thelr managemert t s ko
important tolookat th fne detl:toreview trends
for products from mincrty pecis and breeds.

The production of milk e specie other than
cttle and meat from speciscther than catte, pigs
and chickens has become more mportant n the st
30years. FACSTAT datashow that mik production
from buffaloes sheep, goatsdromedeariesand Bactian
camelshas been ncreasing as a roportion oftotal
production. Other locall mportant ik produdng
spece,such a eindee,yaks and hrses arenot
induded in these satistics.The proportion of met
production contribute by mest from shesp, goats

uffloes, cromedares and Bactian camelsand other
amelids has ncreased by  mal amount since 1980
Equallyimportant o genetic diversty, bt harder
toasess frompublied stattis,ae breerelted
changes n consumpton.For the mostpart these
@ onlybe sumised by oserving eneraltrends.
Forexample, fre-range eqg poducton hs ecenty
increased i developed countris and thismay result in
changes o the genetic make-up of chicken populatons
However, th dhidkens used n large-scale commerdal
free-ange systems a ot thoseused i scavenging
backyardflocks thy have been brd to grow quickly
under conditions of good cae and feecing, Smalholder
hicken procucers -In idiaor A, fo example - who
wishtormake  higher inccme thancan b obtained
from trational scavenging flocks may adeptspedlly
re birds sch asthe “Kuror* and supplement their
scavengingdits with concentrate feed.

Changes in the proporton of ik and meat production provided by minor specs
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WAL 183

Number of reported avian local breeds
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Box 11
Yakutian cattle - a breed well adapted to
subarctic dimatic conditions

The Yakutian catle of te Sakha Republicinthe Rusian
Federaton, aunique popultion of Turanc Mongolan
type os taurus, are ellved tobethe st remaining
IndigenousSberan ctte. Thy are duak purpose
animals (milkand meat) and v smal but trong
bodies smallfirm udders and short i lgs.Their
bodies and teats are covered withthick hair They are
welladapted tothe extreme envicnment and clnate
ofthe subarctc region, characteized by long, darkand
coldwintes, during which th temperature can fal o
60°C. They ae capabl ofthrivng on the poor feed
provided by the plats f the northern environment.
and requie lss body maintenance energy during
winter than other ctte. They grow and atten rapdy
duringthe short summer.They arereported o be
resitant to tuberculos,leuccis and brucelloss.They
have along productive e o cows g for more:
than 20 years and caling more than ten tmes.
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A policy framework for indusive growth of the livestock sector
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Number of reported avian transboundary breeds
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Livestock production systems classification
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Direct and indirect effects of climate change on livestock production systems
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Indicator scores for the Implementation of the strategic priority areas of the Global Plan of Action
for Animal Genetic Resources
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WL JEx
Number of mammalian breed populations recorded in DAD-IS as having resistance or tolerance to
spefic diseases or parasites

Disease/paraite Number of eported esistant ortolerant breed populations* per species
Bufflo  Catle  Goats  Sheep  Pigs  Homes  Deer  Camelds
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Change in area of arable and pasture land (2000 to 2010)
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Patenting acthity fo animal geneticresourcesfor food
and agrcuture (AnGR hasrecelved tte attention
s0farin polcy disausions. A Work Intelectual
Property Organization (WIPO) patent landscape report
prepared n collsboration with FAO establshes that
patenting actity involing livestock occurs n the
fiekds of botechnology, pharmaceuticl,immunology
and gene therapy, tem cells and transgenc animals.
itshows that animals ae important experimertal
models,sources of materal for mdicl products and
bioreactors for recombinant proteins. Th report
dentifes s broad categoris of AnGRelated
technology development: articalinsemination;
sexselection and controlof oestrus;marker-assted
breeding; transgenic animals;animal clonn
senotransplantation; and animal models. To assist

In future poly deberatons on acessto AnGR and
beneftsharing, aflexble and updatable Indictor has
been developed to monitortrnds i patent acty in
the ANGR subsector.

Key reprodictvetechnologies n anmal breecing,
suchas artifcal inemination, embryo trarsfer, in
vitro ertlzation and superovulation, have a long
history. The reation ofa transgenic mose using DNA
micoinjection in 1980 (the *oncomouse", see Patent.
Usa736856A) marked the emergence of geneticaly
engineeted animas.This was followed by somatic
cellnucear transfer and animal doning nthe 1950s.
Patenting athity n these ars focuses on methads
rather than specifc geneticsequences. I aralkl,
from the early 20005 onwards,phenotypic selection for
breeding using Best Lnear Unbiased Prediction (BLUP)
approaches was inaeasingly complemented, and in
some cases replaced, by DNA marker-asisted breeding
and genomic elecion ndexes. The completion of
genome mapping projects or pigs 2012), zbu atte
(2012)and wiater ufalo (2014) are likely o acelrate
trends towards the use of genomic slecton ndexes.

Patenting activiy involving ANGR ncreased
markedly inthe late 19905, foausing on expressed
sequence tags (E55) and singl nucleotide

polymorphisms SNPs). SNPsare mportant n marker-
assited breeding for the identification of ratts such
as meator milk quality. At the same time,patenting
acthity invohing transgenic Iestock alo ncrased.
However, acity involving AnGR decined sharply
from 2001, used by a combination o facors
inciuding an ncrasingy restrictive approach tothe
patentabilty of DNA sequences by patent offces and
alack of markets for food products from transgenic
animas.

The majortyof actvty focuses on mainstream
breeds and there s no subsantive evidence
of actvity that might be considered toInvolve
misapproprition o biopiracy of geneti esources
and asodated tradicnal knowledge inthe patent
data. Nevertheles;, patent daims nvoling ivestock
are commonly constructed to ncude large groupings
of animals(e.g. bovine, porcine or ruminant). Where
granted and n force, such patents could affectthe
abiltyofIvestock keepers to utiize AGR or specic
technologies inbreeding. Furthermore, trends towards
geneticseecton on economictrais,such asmilkor
meat qualty ordisase resstance, refected n patent
documents could have negative mplicatonsfor
the conservtion ofthe globl Ivestock gene pool.
Genome mapping projects and the e of commercial
genomic selection indexes uggest the comvergence
of genomic nformation with software and business
methads that may b elgible for atent protecton.
Trends n activty arising from genome sequendng
profects mert careful attention with regardto
their implicaions (postive o negative) for AnGR.
management. inall fesearchdisclosed i patents
on diseae control and dimate change technologies
could have wider applicablty o Ivestock keepersin
developing countrie, something that merisfurther
research.

Praddy v Kot WPO.
Forfuthe o, 0 WO, 010
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Breeds recorded in DAD-IS as showing resistance or tolerance to trypanosomosis
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Breeds recorded In DAD-IS as showing resistance or tolerance to tick burden
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Production from the main livestock production systems
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Risk status of the world's mammalian breeds in June 2014 - species breakdown
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Cattle breeds recorded In DAD-IS as showing resistance or tolerance to leukosls
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Meat production trends in developing and developed countries (1981 to 2050)
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The status of national strategy and action plans for animal genetic resources
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Breeds recorded in DAD-IS as showing resistance or tolerance to foot rot
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Box 183
Glossary: risk-status dassification

Extinct:a breed n which there are no breeding males
or breeding femalesemaining. Genetic material that
would allow recretion of the breed may, howerer,
have been cryocoserved. nreaity extincion may
be edlized wiell efore the lossof the last animal or
geneticmateril.

Crtical: 3 breed In which the total number of
breeding females I es than o equl to 100 or the
total number of breeding males i less than o equal
tofive;orthe overal populationsze i e than or
equalto 120and decreasing and the percentage:
of females being bred to malesof the same breed
is below 80 percent; and which Is not lasifed as
extinct.

rtichmalntained:  breed that meets th criteria
forinckision nthe aticl category, bt for which
actve consrvation programimes are In lace or
populations ae maintained by commercial companies
o fesearch insttutions.

Endangered:  breed n which the total number of
breeding femals i greater than 100 and less than o
equalto 000 or the total number of breecing males
is e than or equalto 20 and greater than 5 o the
overall population size s greaterthan 80 and les than
100and ncrasing and the pecentage offemales
being bre to males o the same breed s above 80
percent; o the overal populaton iz s greate than
1000 and es than or equal o 1200 and decreasing
andthe percentage of females being bred to males of
the same breed Isbelow 80 percent;and which Isnot
asified as extict critical orcrticabmantained.

Endangered-malntained:  breed that meets the
iteria for incusion in the endangered category,
but for which active conservation programmes ar in
place or populations ae maintained by commercial
companies o research sttutons.

Atrisk:abreed dlasified asether crtical, ticah
maintained, endangered o endangered-maintained.
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WL 18
Breeds recorded In DAD-IS as showing resistance or tolerance to tick-borne diseases
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Distribution of livestock production systems
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Proportion of the world's breeds by risk status
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WABLE 183

Breeds recorded in DAD-I as showing resistance or tolerance to internal parasites
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WL O3
Drivers of change explored in the country-report questionnaire
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Box 3R
Albania's Law No. 9426 on Livestock Breeding

Albania isa country where the agricultural sctor,
and Ivestock production n particulr, contrbutes
signifiantly o the economy 18 percent of gross
domestic product The experence of the past 24 years
of development under free-market conition (1990
10.2014) has shownthat he lack of an adequate egal
framevork i among the main factors constraning the
ffectve management of biodversty and that this has
negative consequences for rural development

The main legal Instrument addfessing animal
geneticresources (nGR) b ActNo. 9426 of 20
January 2008 on Uvestock reeding, which proides
aframework forthe conservation, evaluation
and susainable use of AnGR and of asodiated
knowledge and technologies. I particulr, t aresses
methods and technologles for animal beeding and
feeding, conservation and sustanable use of ANGR
(including spetfic provisios or autochthonous/
nativeflocal breeds),aiteria for the preparaton and
approval of reeding prograrmmes, the provison of
professional srvices related o livestock poduction,
the establshment and admiistration of gene banks,

the operation of breeders' assoiations and trade in
breeding materials.

Although this v s consdered an Impertant
tep towards meeting nterationaltandards n the
conservaticn and sustainable econaic e of ANGR s
implementticn i dificult because o  ack of human
and infrastructuralcapacte. The objective for the
mecium term should be o complte the lgilative
framevork for ANGR management n accordance vith
obligation derving from the interational conventions
and agreements that Albania s atfed and to bring
national leglaton nto Inewith nterational and
uropean Union lav. n partcda, thre s aneed
toelaboratethesecondary legiation needed to
implement sty and ex sty conservaton programmes,
etablsh a national gne bark and anationalagency
for ANGR, and aes property ights i ight o the
Nagoya Protocclon Access and Benefitsharing.
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Box 1

The first report on The State of the World's Animal Genetic Resources for Food and

Agriculture (2007)

The state ofthe Worlds Animal Genetc
Resourtes or Food and Agrculture the
st comprehensiv global assesment of
Iivestock iodivrsity an it management,
vias publihed by FAD In 2007, The report
vis the utcome of an extensve reporting
and preparatory proces ntated by the
Commission on Genetic Resources or Food
and Agriculture in 1999, In March 2001,
FAO nvited 188 countris o submit country
eports on theiranimal geneticescurces. The
intention was that the preparation of these
eports i additon to roviding the bass for
a global asessment) vould help countries to
identify national prioities for action i the
sustainable use, development and conservation
of animal genetic resourcs, While countries
vier provided with guidelnes and a proposed
structure or their reports, th process was ot
based on a standardized questionnaire.
Betwesn 2002 and 2005, FAO recived 169
Country eports. These ere complemented by
9 reporsfom itemational organizaions and
12thematc studie?comissioned to adress
spciic aspects of animal genetc rscurces
management. More than 80 authors and
reviewers ere imvobed n thepreparation of the
mainfeport. The countryrepors, feports from

intemational oganizations and thematicstudes,
along with subregional and regiona eports
o animal genetc resources,were provided on
the CO-ROM that accompanied the repot. This
mateil s also all avalable n the b e of
A0’ Animal roduction and HealthDivsion*
The report vis publihed i seven anguages
and an “in brief* version inore than ten
languages The report vias launched at the fist
Intemational Technical Conference on Animal
Genetic Resources for Food and Agriauhture
held i nteraken, Switzerand, i September
2007, The conference als adopted the Global
Plan of Acton for Aimal Genetic Resources
andthe Interlaken Declration on Animal
Genetic Resourcs,

FAD 207, e St of e Wk Al Gt
Recures forFod nd e, ey B Rty &
0.l e bl t 39350 i
i fn cgthep a0 Shiensepors o
s OnpevcteeOganestinéepors
B ——
Steenstictutis
“p s cryiggintoroganmesnnail
s satehnt
 p o cryiggincrog sl
g bt





OPS/Images/pg195.jpg
VRGP 281

past and predicted future impacts of the drivers of change on animal genetic resources and their
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Box 3F4.

‘The Punjab Livestock Breeding Act 2014 (Pakistan)

Palstan has ric divrsty of inigenous animal genetic
esources (AnGR). Of the major ivestock specie, there
are fve breeds of buffaloes, 15 ofcattle, 25 each of
sheep and goats, 20 of amels and fiv of indigenous
ickens. Documentation of breeds and production
systems i k. Attempts are being made to create
awareness regarding the importance of AnGR and the
needto improve their utlzation

Pakianishome to word famous Bosidicus breeds
of ttle, namely Sahival and Red Sinchl. Cros reeding
with exoticHolteins and Jeseys s threatening these
breeds. stablishing the Research Centrefor Consenvation
of sahival Cattle has hlped to conservethe Sahwal
breed. Attemps o importsaanen and Boer goats an
harmthe locally acapted goat breeds. riorto 2014, there
Was o leghlation i place totop unabted producion
(and import) ofsemen fo arifical nsemintion.
No certifiationapprova vasrequred o podiuce:
semen ocaly Semen from Sahival catte and NiRa
bufflo vias produced nmillons ofdoses withoutany
atention to qualtyand genetic potential It was felt hat
leghltion wasneeded ncrder to Improve the unique
loclly adapted breeds and to top ndscrminate rss-
breeding. A bresding polcy, formulated in 2003 had ot
beenadopted and legilation was needed o mplement
i ttook almosta decade, and a ot of consulatin
among diferent takehalder, o reachthestage at which
leghlation couldbe dafted.

The Punjab Liestock Breeding Act 201' was
publshed on 29 May 2014, The objectve of this
actstoregulate livestock breeding services In the
province o Punjab. It necesiates the formulation
of an authoriy to regulatethe proviion of reeding
services and to raise awarenes regarding the need
to conserve and improve the genetic potentialof
Ivestock brees. 1t wil encourage pedigree and
performance recording and the development of
erdbooks b breed socities. Semen production and
distrbution, artficialInsemination services and the
importof semen willoprate nder st regulations.
reed soceties and promotional actvtes forthe
conservation of breeds will b supported. Awiareness
of the Punjab Livestock Breeding Act 2014 s likely
tostimulate the eation of new breed soceties.
Other provincesarelkely to follow the example of
Punjab province, a they also have unique genetic
resource to conserve and develop. If properly
implemented, thiswill bring about a paradigm shift
inthe utiization of ndigenous AnGR I the country.
Periodic review of the mplementation mechanism
will b required,sothat any adjustments needed
toensure the conservaton and development of
indigenous breeds can be made.
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Box2

The Commission on Genetic Resources for Food and Agriculture

With s 178 member courtres, the Commission
on Genetic Resourcesfor Food and Agriculture:
offersan ntergovemmenta forum wihere global
consensus can be reached on policeselevant
tobiodiersy forfood and agriculture. The
main objectiveof the Commission s to ensure
the conseration and sustainabe useof genetic:
resourtes forfood and agriculure and the air
and equitable sharing of benefits dered from
theruse, forpresnt and future generations,

s viork focuses on developing and verseeing

the implementation of polices and supporting
Iniiatves tht ase awreness and sek tosove
emerging problems. It uidesthe preparticn
of perodic lobal asesments of th status and
rends of geneticdiersty, th threats fadng
geneticdersiy and the measures being taken
opromote it coservation and stainableuse.
The Commision also negotites globalacton
plans, codes of conduct andother nstruments
relevanttothe consevation and susainable s
of geneticrescurces fo food and agricture,
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Proportion of pigs and poultry raised in intensive systems in 2005
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IABLE 1E1S

Avian breeds recorded in DAD-IS as showing resistance to diseases
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Close o 70 percent o the Vietnamese popultion
Iie in ruralareas, and 80 percent of this group
practise animal husbandry. I tota,animal husbandry
accountsfor 18 to 25 percent of the country's
agricuhural gross domestic product, The current
challenges facng animal husbandry n Viet Nam
include unplanned, unsustainable growth n small-
scale and sporadic producton; ow productivty,

low qualtty and low production yelds, rsulting in
uncompetitve products t hgh price;lackofland
zoned for agricultural purposes by the government;
Tack ofinvestment;and lack of systematic
organization of vestock srvices and management.

Legal instruments have been ntroduced In order
o orlent and develop goalsfo the Ivestock Industy.
These instruments facitate specfic plans for the
provision of personnel, facltes, imvestment, zoning
and general development, n order to combt the
aforementioned challenges. The aurtent srategy for
the livestock sector encourages the development of
commercil, industrial and commodity famns n which
producton and processing are better controled.
Food santtation and security at national levl are
prioriie.

The Ordinance on Livestock Breeds,' passed In
Aprl 2004 to take effectn July 2004, was orginally
drafted and approved with foreign, imported
breeds inmind. The genetic mprovement objectives
addressed n this instrument are chiefy o create
advantageous cross-breeds of exotic and Indigenous
breeds (Artce .1) through characterization and
selective research (Artce 11), while conserving
localbreeds (Arice 12).The first two objectves are
manifested ina number of breeding program
for example, indhi crossed with loca yellow catte;
and Landrace and Yorkshire rossed with loca pig
breeds. However, t was ot until 2008 that mre
attention was pald tothe objectve of conserving
indigenous breeds.

Decision No. 102008/QD-TTg* approving the
Stategy on Animal Breeding Development up to 2020
wias firt crafte by the Minitry of Agrcuture and
Rural Development. A survey was st to authartties
in all 64 provincs, as well to as to estock specilsts
and experts. Amendments were then made and passed
atinterdepartmental and nterministeial conferences,
The Decision wasfinally completed and presented to
the government fo approval

since s inception in 2008, the Deckion has
improved awarenes ofth rol of vestock at
national and local levels. Mostprovincs have put
forth development plansfo Iestock production.
Output of vestock products has Inceased by 25 to
30 percent thanks to higher breed productiy btter
disease control and more environmentally sustainable
practics.

Through the creation and implementation of this
Decision, we have leamed that I order fora legal
Instrument to be relevant to farmers e, trategy
building must begin from real demands and needs.
Gaals and targets must hav realtc melne.
Gollboration between stakeholders, government
offdals and NGOs s esentil.

Areas tht need mprovernent indude more
exhaustve and bettr-reinforced polices regarding
the nclusion of ndigenous beeds In breeding
programmes. Avarenesstraining for ey stakeholders,
especill policy-makers and governmental agendies,
wiould help prevent nr-sghted execution ofrelevant
ordinances and potential oversights i eglonal
poliy-making. Collaoration and consultation
with researchers an breed experts should also be
instrumental n future polics.
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Past and predicted future impacts of livestock sector trends and drivers on animal genetic resources and thelr management
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It someties arguecthat extensie vestock
production systems re relatvely harmful o the
environment because of thei oweficncy i tems
oftransorming nputsnto animal prodiucts ik and
meat),which result i aelatively igh carbon footpint.
Recently oweve, some studiesasesing environmental
impacts of differet producion sstems have tried
o consider ther estok funcions such a manure
production, craught power and nsurance and savings

i multifunctionalty isteken into acourt, the
environmentl efickncy of extensie daiy systers
may appear comparable, f not superio to that of
more ntensie sstems. For example, Weller et al
(2014) estimated the carbon footprint of a Keryan
smallholder dairy system to be 1.1 kg O, (arbon
diowide equtvalent) pe kg milk f cladations include
the alocation o emissons o arange of elihood
enefits.This amounts o haf the carbon footprnt
estinate obtained If emissionsare llocated only
tofood preducts (milk and meat) and falls vithin
the range ofresults forntensive ystems in OECD
countris (0.8-1.3 kg CO@ per kg mik)

Vigne (2014) compared the effcency or
“transformity") of diffrent dairy production systems
in'terms of gigaoulesofsolar gy per oule of
product and estimated that, despite lowier producton
Tevels, the effcency of extensie daiysystes in Mal
430G ofsolar enerqy)of product) was comparable
tothat of emi-intensive systems i wiestern France
(410-500GJ o solar energyi of product and much
more effcent than that ofthe Intenive sstems
studied inRéunion (1 210 G ofslar eneraqy of
product). The same study also concuded that the
nputs used nthe extensvesystems (consiting
mainly ofocally avalabl raw materia) had a higher
reneviabilty (4 percent of tota esources consumed)
than those of the semintensive and intensive systems
studed (21 percent and 24 percent,fespectvly).

Both studies underline the necesiy of nccrporating
multple vestock functions ntoIfe<yce assesments
and other methodologiesf estimatng the
environmentl mpactof producton systems.
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Box 35

‘The legal basis for Turkey's animal genetic resources management programme

Turkey's National Consultatve Committe on
Conservation of Animal Genetic Resources and Animal
Breed Registration Committee vire establihed on
the basis f s Regulation on the Conservation of
Animl Genetc Resources and Regulaton on Anial
Bread Registration (both based on the Veterinary
Services,Plant Health, Food and Feed Act of 2008
The two Comittees are charge inter ala, vith
identifying objectves and draving up polce relatec
tothe conservaton,sustainable utlztion and
charactrizaton of animal genetic resources and
import and export o genetic matera,

The primry leglaion (the 2009 Ac) addresses
awide range oftopisspanning arop and animal
agriultre and consumer protection, and s
implemented by alarge number of regulations
in additon to those specificaly related o animal
geneticresources. The Act tself includesan aticle
on “zootechnics”, which n ts detalled provisions

focuse largelyon the operation of hrdbooks and the
registration of breding animals, but which alo tates
that “The Miistry of Food, Agriculture and Lvestock]
shall ke measures to ccnserve animal genetic
resource, and mplement these messures orensure
that they are implemented.”

2012 sawthe ntroduction o a further legal
Instument, the Regulaton on Utlizaton and Export
of Native Domestc Animal Genetc Resources?(also
basedon the 2003 Ac, which regultes he use of
animal eneticresources and inludes a materal
transferagreement or researchrelated purposes
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Box 22

hift of livestock species as a result of climate change: an example from Ethiopia

Pastoral areas of Ethiopia have experienced
substantial increasesintemperature In recent years.
Southem, southwestern and southeastern areas have
undergone a decline of 15 to 20 percent in spring
and summer ainfall since the mid-1970s, Yosef et
al.(2013)report the fndings of a survey of 200
pastoralists n the Afar,Oromiya and SomaliReglons
of Ethiopia that assessed ieliood diversfication
and cattle and dromedary population dynanics
Officialsurveys indicate a decline of 50070 percent
in'the cattle population over the lst 20 years in
most of the distrcts covred by the tudy. Convrsely
the dromedary population ncreased by betwzen 10
and 200 percent, depending on the district. A large

majority of th cattle owiners inerviewed stated that
they intended to reduce the number of catle they
Kept. One distric ias an exception, i that a majority
eported an interest n Increasing the number of
cattle kept by aossing thei anmals vt breeds that
have better resistance to drought and disase. All
interviwvees ndicated thelrdesie to ncrease the
number of dromedarie n their herds. Dromedaries
were reported to provide a better source of income
than cattle,sheep o goats. Based o the resuts of
the survey, the authors conclude that the observed
speciesshift could pose a threat to indigenous catte
breeds n the e future.
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Somaticreprogramming (Takahasiand Yamanaka,
2006) has brought about arevoluton n the
fied ofsem cll esearch. Plurpotent stem cells
whose developmental potentia ndudes germine
colonizstion can now be obtained via smpe non-
invasve bogsy. I other words, it s now possble to
ransmit the diplod genetic patrmony o an ndividual
(male orfemal) dirctly from a somatic cell. While
thishassofar been demonstrated oly i rodents, t s
oped and expected tht frther research wil make it
possible in many species. Considerable advances have
lready been made, paticlarly I the deliey of the
molecula factors abe toreprogramme somatic el
without affecting the tabilty and integriy of the
genome, . without generating geneticlly modifed
cll. importantly, the prospect of using nduced
plurpotent tem clls i regenerativ human medicne
has greatly stimulated the development of methods
forobtaining safe an high-qualy el

One of the most ntereting potential rolesof
induced pluripotent stem cells n nvitro conservation
isnpreserving, and eventually amplifying, the
diploid gene pooks of ndividual animals with extreme
phenotypes. Somatic eprogramming vould allow
alarge and diverse group of geneticllydiferent
indiidualstobe sampled without killng the donors
and without having o produc embryos that contain

only halfthe nerestng genetic patrimany. Moreover,
the methodology s not imited to malesas i the s
vith th storage ofsemen) s female cells analso be
stored and reprogrammed.

Further work il undoubtedly revel differences
between specie,both n temns of the efficiency of
reprogramiming and the ease of germline colonization
and contibution. Because of thelrphylogenetic
proximity tothe model species, th first vestock
species in which these techniques can be used wil
probably be mammalan. The commerdal and genetic
valueof exceptional phenotypes and indiiduals il
helpto stimulat the development o innovatve
methodologies

1t impossble to know how long it will e before:
thesetechniques can be used routnly s progress
il depend on the level ofreearch n each specie.
Nonetheles,colction of tsues and other ources of
somaticcellsn anicpation of furthe development
may be a pudent strategy.Collction o such materials
isusualysmple and nexpersive, and can complement
orreplace the collcton ofsemen and embryos. Once
ryopreserved, th tssues and cellswil remain vable
indefintely and can thus be kept until the technology
needed to utlzethem s el esablished.
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Box 306

Conservation of the Gembrong goat of Bali (Indonesia): a breed brought dose to extinction by

nylon fishing line

Gembrong means lots of hai” In Bainese The
Gembrong goat's long shiny white halr was the bais
forone of the breed' traditiona uses: the har was
used asa lure or fishing. The ntroduction of nylon
line nthe fishing industry reduce the proftabilty of
ralsng Gembrong goatsand the breed's population
experienced asevere decine. Today (May 2014) only
56 animals remain. The Ministry of Agriculure the
IndonesiaInsttte of cence, local government and
universiisare ghing serous atention tothe task of
saing the breed. A conservation programme hs been
setup,including both nstuand ex it components
‘Abudget wasalloated tosupport feeding and shed
epai for the main Insitu populaton, which consits
of 26 animals kept by one farmer a the eastem tip of
allprovinc, Thre is anathersmal four-animal herd
In st Java. A conservation breeding programme i
being implemented, and currntlysix ucks have been
selected for reeding to minimize inbreeding n the in
stupopulation. The exsitu onservation component
ofthe programme consit of an i itro collcton,
with atarget o 200traws offrozen semen for 201,
Kkept a the Indonesia Agency for Agriculture Research
and Development. i addition, two exsitu herds

have been ceated: one 19-animal herd atthe Goat
Research Institute in North Sumatra an one small
herd of 7 animals i the Taman Ujung National Pak.
The net step being considered i rossbreeding’
back-qrossing programme o increasethe population
size ik controllng nbreeding. The planis to

inseminate females of the Kacang breed with semen
from Gembrong bucks,with the am of generating, in
five toten years,an amost pureherd of Gembrong
gaats. However, the cost o the mplementing this plan
Has b estimated to be amost US$00 0001n total,
and s economicuiabilty s under discussion.
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Box4D8

Bilateral agreament on sanitary issues in germplasm exchange - an example

Health regulationsare a major ste confronting
regional gene bank development. A nationalgene
banksmay collect germplasm vithout the ntention
of ditributing it other countres, collctions may.
include mateial collcted and ayopreserved without
the rigorous testing that would be needed toallow
ittobe exported. Thus, f countris wish to set upa
regional gene bank, there may be  need to develop
alteratie protocolsfor exporting genetic matrial,
Anangements or transboundary exchange of
qenetic material were equired when Jrsey catle
breedersfrom the and of ersey anted the United
tatesof America's ene bank 0 back up their reed
popultion.Inthisnstane, the breeders had been
allctingand storing semen from ther cattesince
the 19605 While health test vire performed on the
ttleat the time of colction, there ere noveteinary
certficates tha could be used o acqire pemits to
import sampesinto the Urited States of Amerca

Another complcatng sue was that Jersey an the
Unite tates of Amerca i no agreements i place
toverify the heslth status of each otherslestock
populatons simila o these exting between the
Unite tates of Amerca and the European Unir
The solution wasfo the relevant agency i the Uited
tates of America to sue  special pemit allowing the
samples o enter the ccuntry but not tobe used for
reeding purpcses. Thissolution was acceptable to all
parties a the ntention of the transfer wasto provide:
amechanism forkeeping the samples afey so that in
the event ofneed the genetics could be reintroduced to
Jersey. Transmision ofdisease nto American estock
populations was consideredto b practically impessible
given that o e aimals would beproduced nthe
tertitory o the United states of Americ
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Box 1F8

‘Threats to animal genetic resources In Ethiopia

Overview
Exotc catle and chicken breeds, and o alimited
extentsheep and goat breeds, have been inroduced
intohe country Lack of a breeding pol,
uncontroled us ofartifical Insermination in e
and extensiv distribution of exaic chckens among
farming communities have posed aserious threat

o indigenous catle and chicken geneticesources
Drought,occurring a a esult of cimate change,

has been causing signifcant osses of animal genetic
esource. Disster ik management measures are In
place, and postiaster restockng actvtes are meant
o nvole the se of breeds that are wel matched
tolocal condition. Hovever,implementation i
fraught with problems and restocking usualy takes
place without conideration tothe ype of species or
breed used. Insome pastora areas, climate change
has resuled n shif i spedes use from atte to
dromedaries and goats, and this s posing  threat to
cattle geneticresources Lifestyle hanges,partculary
ashiftfrom mobile pastoralism to sedentary
agriulture, has affected Iestocks ivelinood roles
and led o  reduction in populaton izes and changes
Inthe speces used. Human population growth has
affcted animal geneticresources ndirety as a result
of dedining avalabilty of grazing land caused by the
expansion o aopland to meet the demands of the
increased populaton.

Threats o specfic breeds

Fogeracatle used tobe kept under a estock-
dominated op-liestock producton system ina
wetland ara. In a period ofes than three decades,
the breeding ract o the breed hs been turned into
a monoculture ice cultivation area. Rce became the
major source of Ivelhood and grazing lands have
been tumed ntorice fekis,depriving th breed of
it grazing aea. A a resu, th sze of th Fogera
population has decined dramatical. Fogera animls
have been moved toother upland areas n search

of feed and Inthese areas v been exposed o
Interbreeding with zebu breeds.

sheko catle the ony shor-horned catte breed of
Easten Afrca) used o be managed under free grazing
in forest area. With growth in the population and
expansion of aop farming, tethering management
Has been ntroduced. Because of the aggressive

nature o the breed (mainly the male) under tethering
management, early castration of removal ofthe male
Has been common. Tishas caused asignificant threat
tothe exitenceof this trypanotolerant breed.

[y r—r——

The area where Boran catte are kept s being affected
by lmate change and there has been significant
change i the amout of rainfal and the requency of
drought. A a esult,there has been a shiftfrom cattle
todromedares and the number of Boans kept by
pastoalst households has delined signifcantly.

S Adptd o the cuntryepr of Ekla gt s
o1, 0133 s of fomaton on B
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state of conservation programmes and policies at country level and progress since 2007
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Agriculture can be understood as a multifunctional
actiiy that not only produces oo, but ks sustains
rurallandscapes, protects biodversty, generates
employment and contributes o the vibiltyof rural
ars, The benefts tht humans deive from the
functoning of the world's ecosstems induding
agricutural ecosystems, are inaeasingly being
discussed interms of “ecosystem servics”. Allhese
servicesare underpinned by biodiversity and estock
and Iestock keeper custodianshipisteviardship make
animportant contrbution o the maintenance of
maryof them (WRI 2005; Hodges et al, 201; FAO,
2014). Bodiversiy elted ecosystem services are
considred to be prticlaly sgnificant nrural areas,
vihere up o 75 percent of the world's poor people
derve their Ivelhocds under continuous exposure to
ecological and economic s,

The Economics of Ecsystems and Blodiversty
iniiative (TEEB, 2010) defined th follwing four
tegoris of ecosystem srvces that contrbute to
uman viel-being

* provioning servics;

+ regultory senvices

* habitat erice; and

+ churalservices

The contrbutions of animl geneti escurces (ANGR)
toprovisoning services(the supplyof products and
service sch a food, fibre, manure, hides transport,
tracton,saings and nsurance) an often be quartified
and evaluated uing mainstream economic tools such
a5 cost-benefitanalyss,farm-smultion models and
breeding-programme evaluations Thesz toos tend to

velyon revesled preference methods that dpend on
the existence of market data o prices and volumes

In contras, accourting for ATGRS contributons to
the non-market, indrectuse values assodted vith the
regulatory servies (proceses such as nutrient yling,
sailfetity improvement, water and sol conservation
and agro-ecosystem eslence - ncluding pestand
dseaseresistance, controlof wesdlsand Invasivespecies,
strssbuffering and adaptation to chnge) and habitat
senices (eation and maintenance of habitas for
wid bicdiveriy) frequentlyrequiresthe us o stated
preference methods (ee Box 4E2).Valuation of these
contribution s urther complcated by the fat that the
ecologicalechansms that define many of them are
ot wellunderstood (ackson etal, 2007

AnGRelated ultural servics ncude those
asociated withreceatin, aesthets fbothof
Tandscapes and the animals hemseles) an the
maintenance of traditional knowledge and sococultural
practices Once again, nor-market dimensions an
compliate vauation anirequire th use of stated
prefeence methos, Gultural serices have b shon
toplay an important ole i breed malntenance. For
exampl, Wi tal. (2014)show tht the unique cultural
oles and values assoiated with Indonesian Madra
atte fadtate the maintenance of the breed despte
thefactthat osing It with exctic breeds ests n
bigger animals with btter body conditon scores.The
tural role and valueof the Javanese Peung chicen
breed,known for s singing capablte, has inlrly
been found o playapositive ole n ensuring s
continued mainenance (Asmars, 2014
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Box 31
Glossary: biotechnologies

Artfidal nsemination (A): The process by which
spermis placed ino a female's uterus (intrauterine),
or cerve (intracervical using atifcal means and with
the intention of mpregnating the female.

Embryo transfer: A tep i the process of assisted
reproduction n vhich erbrycs are laced nto the
Uterusof a emale with the ntent of etablshing a
pregrancy

Multple ovulation and embryo transfer (MOET): A
technology that enzbles a sngle femalethat usually
producesonly ane o twooffspring toproduce  ttr
ofoffpring. t imvoles the simultion of a female to
shed large numbers of ova, natural mating o atfcal
ngemination, cllecton offertized ova (fther
surgcall, o nom-surgically hough the cerid and
transte (usually non-surgcal though the cervix) of
thefertized ova o recplent females

Semen sexing: The separation of marmmalian

sperm intothose bearing an X chomosomme and

those bearing Y chromosome In order tobe able

to produce,via artficial insemination o in vitro
fertlzation, animals of a peciiedsex.

n vitro ertzation The pocess whereby an egg i
fertlzed vith sperm outside the body o the animal
before being remplanted into the uteus.

Cloning: The processof reating geneticaly dentical
onganisms by nudear transplantation.

Genetic modffcaton: The direct manipulation of an
organism's genome using biotechnology.

Moleculr geneticor genomic information:
Information contained ina nudeatide-base sequence
In hromcsomal DNA of ANA, which may be used to
estimatebreeding values, n the selection of progeny;
to detect cariersof disases o for marker-assited
introgresion of genes,

Transplantation of gonadal tssues: Ovrian tsue
harvested from immature female chick,frozen,
thavied and transtered into cther young female.
Newly hatched chick testiclar tsue harvested and
transplanted succesfuly o host chicks resuting in
lve offspring born from sperm deried from the donor
testiular thsue. For urther informaticn, sze FAO
(o2,
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Box 4E2
Environmental valuation methods

There are any diffeent approaches to,and views
regarding,the valuatin, pricing and costing of
environmental and public goods and srvices. On

the demand side, econamits diffrentiate between
stated and revealed prefrence methods, the choice of
method often depending o the degree of avalabilty
of market data

Stated preference methods ae survey-based
techniques that ek to elct people’s masmum
willngness-to-pay (WTR) for an enironmental good/
sevice orther minimum wilingness-to-accept (WTA)
compensation to forgo sch a gocd or service Tis
Isdone by creating a hypotheticalmarket in which
peoplearethen asked tosate, ether directy or
indirecty their WIPANTA fo changes i the qualty or
quantity of the goodervice. ypotheticl marketsof
thiskind an be used o asessnor-market (non-use)
aspects of environmental goods and service and alo
toassess hypotheticl goods and sevicesthat oot
yetexit bt coukd do inthe future,

Contingent valuation studie,ane ofthe most
widely appled nor-market valuation methods,directy
ask people about thelr WTPAWTA for an environmental
good orserice perse. Indirect approaches nclude
cholce experiments/cholce modeling, choice

ranking and contingent rating. Conjolnt analyss, a
term often used n marketing, s considered a form
of cholce experiment,often without a monetary
atribute to trade-of,Preference ranking I similar.
Inall cases,surveys present people with a range

of hypothetica otions. People are then asked to
choosethei preferred opton or o ank orrate
them. y rading off th varous characterstisof the
preseted options, which ncude the priceccsts of
the option, people ndircty indicate their WTPAWTA
forthe characteistic. Hedonic picng, arevealed
preference method that reles on the exstence of
market information, works n a simar way; mplict
price forsocko-environmental atrbutes are estimated
through people's actual demand for market goods
that incorporate such atrbutes (e different
productcharactristicssuch s tast or organic
production status). Production function approaches
use information regarding nput costs(such as
feed,vetrinary and labour costs) and the benefts
assolated withdiferent yild effects (e.g.on meat,
milk andor egg producton) i order o compere the
gross marginsof diferent breecs.

S Adpte fom Mzt , 207,
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Box 176
‘The near extinction of the Cleveland Bay
horse of the United Kingdom

The Cleveland Bay horse o northem Engiand almost
became extinct tice during the nineteenth century.
onthe it occason, during the earlypart o the
ety riing grin pricsed famers to it heavier
Horss or use in loughing hcyscifs converted from
pasture and fo carting grain to market. Atthe same
time it became fashionable o usz “big upstanding”
Horss or cariagedriving. Bcthfactors ed o the
ossbreeding ofthe Cleveland - on the one hand vith
“cart horses” anl o the othr with Thoroughbreds
~tosuch an extent hat taimcst disappeared as
pure breed. On theseccnd occason,inthe 18505 the
grovth of the iron trade created demand for heavy
Horss,wll adapted for drawing heavyloads on the
roads and inthemines Cart horses iee Improved
and the Clevelandsincreasingly neglectd. At this
point “feelgners came i, and bought wht they
couldof the best and the men who kept theirmres,
bred hunters fom then,and ossed them out of
recognition.*

Souee Rdped o B 1, 15
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Switzerland i fortunate enough to have gene barks
in place for anumber of speces, incuding cate,
pigs. goats and horses. These gene banks re run by
commerdal articia insemination (AD companes,
exceptforthe horse gne bank, which isun by the
government.

Follawing the adoption of the Gobal Plan of Acton
for Animal Genetic Resources n 2007, Sitzerland
committed sl t, among othr priote,
strengthening 1t exsitu conservation measures. At the
time, hawever, ithad no proper nationa gene bank
in place. Moreover, buiking up th ful infrastructure
neededtorun a gene bank isa very costly process.

In 1960, Swissgenetics a privte commercial
company,started o freeze and sock semen from bulls
elonging to various catle breeds for AL s well s for
long-erm storage. Since about 1975, Swisgenetics has
been systematiclly storing bovine emmen n ts own
gene bank. The existence ofthislong-stablished store:
of frozen seme, and the factthat the company vias
willing to cooperate, represented a big opportunity
o the government. The obvious approach wias o join
fores to fulfihe objectveof establsing a national
genebank.

The Swiss Federal Office fo Agriulturs (FOAG)
found a vey relable partner in Swisgenetics.The
company agreed to place the core seren collecton

at thedisposal o the government and to provide:
backup faclites forlong-term storage. FOAG agreed
tocompensate these effortswith an annual inancil
contrbution.

The contractual arrangements were signed In
2010for a period of tenyears, extendable for further
periodsof ten yars. It was concluded that 30 doses of
alreacy-frozen semen from bl belonging toSwiss
breeds would be assgned tothe vitual nationl gene
bank.Since 2010, 50 semen doses from each new s
bull entering the Al sation have been alocated o the
vitual gene bari's ore collecton. The organization
administrate the doses using the CryoWE software.
I necessaryand mutually agreed,frozen smmen from
the core callcton can be used for geneticscentic or
genetceconomic purposes o for the revialzation of
reeds that are at i of extincton.Swissgenetics also
osts the gene kank for gt breeds,

Thiscolaboration between a commercial Al
company and the govemment in bulding a virtual
national gene bank has been very succssful o far.

10 2012, FOAG succeeded in establshing asimilar
contract with uisag acormmercal pig Al company.

P b ot Mot sl ot o the
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South Afrc’ plg semen imports 2009 to 2013
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South Afic s establshed Iself s sgnificant
exporter ofanal genetcresourceswithin Africa

and o some extent beyond. n 2012, the value of

the countrys exportsof e catl forbreeding and
bovine emen reached US§3 millon and Us§472000
respectiely. According to UN-Comtrade data 1 percent
of outh Afrcs's exports of bovine e animals and
semen between 2006 and 2012 went toother Afrcan
Countres, but s percent went to Latn Ameria and

the Carbbean, and 4 percent tothe Soutwest Pacfc
These exports indude both breeds that originated

in South Afrcaand those cigially mported fom
other arts o thework. et Importers of bovine
geneticrsource from South Africa during the 2006
102012 perod included (n aton o a umber of
Afrcan countie)Brazl an Paraguay (s Figue 15)
Examples of imports from Scuth Africa mentioned in
the countyreparts ncludethose of Merinosheepand
‘Angora goats to Lesotho; Bor goats, Black Australorp

0 am wm wm
Number of doses
1 5 2 o
2 0 o o
2 0 o o
@ 0 o o

chickens and Holstein-fresian catle to Malawi;dary
attle, goats and chickens to Mauriis; Boer and
Kalahar Red gt toSudan; Dorper sheep, Boer goats
and Koekoek chckens o Ehiopi; and *highyekling
breading stock” o cattle, putry, pigs sheep and goats
toBotswiana S Bores 1C1 and 15 or exampls from
Kenyaand Uganda.

Embryo transer playsa sinifcant ol nthe
export of animal genetic resoures from South Afrca
In 2012 the country exported 981 n o derived
bovine embryos 505 sheep embryos and 621 goat
embryos The fiqures forsheep and goats put South
Africa among the iords major exporters ofsmal-
ruminant embiyos, despite diruptions caused by an
outbrek offoot-and-mouthdisease i 2011

St Contey et of Btmans ERicps, Lot Ml o
i st N Contrc 2015, e gt it ol
Iporatii e i e countryeprEnbryo e s
e e rationl Eney Tarr ety Pory 213,
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Box 1F7
‘The near extinction of the Lleyn sheep of
the United Kingdom

Prio to the Second Workd War the Leynsheep
visa popular breed innorthwester Wales i the
United Kingdom.The war years brought a ol of
compulscry ploughing of third to a qurter of al
ploughable lan onevery farm, which meant thet there
vis s and fo grazing,and for sheep production
in prtiulr. Wartine demand for food led to cross-
breeding withbresds such a the Scuthdown *to
produce an early maturing lamb with plety offat.*
Morove,famers wanted “to keep the same number
of ewesthat they kept priorto the intrcduction of the
ploughing quota The oy viay was to urchse the
il Welh Mountain v, which could be stoked at
twcethe densty ofthe Lieyn and wascheaper tobuy

the Southdown was dealfor aossing with the Wekh
[Mountain] ewe". The opening of a famner-osmed
aeamery Inthe aea increase the attractieness of
daiy (cattle) farming and I tosome farmers moving
completely out o sheep production.

By the 19505 he breed was on the bink of
einction. s subsequent recovery s descrbed ina
textboxin the first SON-AGR."

Source: g o bttt qotions
o —
A0, 2074 5 e 5,
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European countres have establshed naticnal gene
anks forexsiyin viroconservaton of animl genetc
resources (AnGR) s a cormplmentarystrategy o n st
consevaton. Although countriestake rsponsiilyfor
thedevelopent of gene bk collctcnsatnational
Teve thee ae clear acantages to colabcration etween
countre atreglonal, subregional o biatera lvels
The European RegionalFoca Point on Animal Genetic
Resources (RFP hasestablished 3 Werking Group on
xSty Conservation of Aimal Genetc Resourcs. The
maintasksofthis Working Group ae o
1. exchange experiences and knowledge among
European counties
2. support the establishment, development, eff-
ency and efectveness of European national
gene banks; and
3. Jinty develop a European strategy f gene
banking, documentation and other related sues.
1n 2013 the it steps were taken, under the
umbrell o the ERF 1o offdall estabih the
European Gene Bank Network for Animal Genetic
Resources EUGENA The objecte isto support ex
sty consention and sustanable use of AVGR In
Europe under commontemmsof agreement. Inths
contex, anational gene bank for AnGRs defned as
repostory or o than one repostry colaborating
in  network atnational evel) that undertakes exsitu
consenvtion and sustainable us of AnGR and is held
by a hostnstitution authorized andir recognized by a
natinal authorty o fulfi these tasks. There are ample
opportunitis fo the development of a more eficent,
rational and long:term regionally ntegrated approach
tocenservaticn at the European evel When resources
ar limited,itis mportant toset prioities and o avoid
gaps and dupliation ofefors Aregional approsch
could help o further develop and enhance the qualty
tandards ofnatinal gene banks. A eglonal portal
or documentation system could provide asy acess o
information about nationalcolctons
The objctvesof EUGENA are o:
« support gene barks i fulfiling thei ndvidual
rolesand objectives;
+ improvethe monitoring and asessment of ANGR

Keptin exsitucollectons n European countres
by sharing information;
improve gene bank operations and procedures
in European countres by sharing nfomation;
reate synerges in exsitu consevation and
sustainable use by promoting ot actvis
among European gene banks;
increase the effcency of exsitu conservation of
ransboundary breeds;
promte the harmonization of acquistion and
acces temns for exsity conservation across
uropean countris;
faclltate mprovements n the qualty of exstu
coletion i European gene banks;
reste an element of the European research
Infrastructure o adess the conservation and
sustainable use of AnGR; and
faclltate a European approach to Interational
cooperation and exchange of ANGR Inthe
context of he Nagoya Protacol on Acces and
Benefitsharing.

Astrvey vis undertaken o generatean overview of
the key charactritics of national gene banks in Europe,
incuding legalan insttutiona aspect, thehistoryof
thecollctions, therobjetves and theirdocumentation
The survey dentifedsimifaties and diferences among
courtresand sues that needed hamcrization at
uropean lveland was thus an mportant firsttep
towards facltating the furthr development of EUGENA.

National governments are expected o futher
tationalize their natonal strategles for the
conservation and sustanable use of ANGR, including
national gene benking strategies. At present, not
allvahiable geneticdiversty under the custody of
reeders and rsearchers has been aryoconserved
forthefong term i anational gene bank. Besides
complementing and enhancing gene bank collections,
there i 1.2 need to promote future use of
gene bank collction, incuding through better
characteizaton and documentation of ollectons

Py Sl st Wt atone ol o
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Breed production functions, public-good values
and replacement opportunity costs
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Note: “Local” AnGR (mrket proftabity functionrepresented by
thedash-do e ) outperform “improved” AnGR (market
profitabiftyfunctionrepresented b the dotted line | 1) up 0.3
given eve o production systemintensty ). The term
intensfy” c s hre n 3 bros snse and nclucs iner s,
factors reated 0 aces o markets and extension sevices Once
thedegree of intensiiction passes *, estoc keepers face
increasing finandial incetives o replace thelocal AR with the
improved ones. Accounting fo publicgood valuss ot efected
in ket priceswoul lead to a0 upward it in he “Local”
curve 1o the position indicated by th sl fne [ -, and 3 sift
inthe repiscement poin o .
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Box 1F11
‘Threats to animal genetic resources In
the United States of America

Acossspcie, consuer-demand drives the succes
orfallre of vestock breeds. The vast majoity

of consumers demand low<ostanimal product;
rees apable ofsupplying products at the lowest
cost usaly exprssed on aper animalbask)have
succesully captured arge shares of the maket.
However, as segments of society generate demand
for vestock produced locallyor with ower levels of
production ntensty, pockets o derand have been
created for breeds that provide producsatlower
Quanttes per animal o withgreater bio-conomic
efficendes.

For beef cattle, there ae a few large breed
associations that generate enough revenue
to maintain staff,and have breeders that can
afford  flscale programme. However, small
breed associations struggle to malntain an offic,
databases ofregistered animals, germplasm
preservation,etc.

The lossofthe government price supportsstem
for wool and fie has had a detrimental impact on
some sheep and goat breeds. n the goat industy the
importation o the Boer goat has feuited n extensive
ross breeding with landrace breeds, especally the
Spanish goat,and his hasresuted nathreat o the
surival of these breeds in purebred form.

Ashift towards demand for meat with higher
eating quality has resulted n arapid decline in
the size of the Hampshire pig population (see Box
1F10). Conversely, it hasled to an expansion In
the population size of the Berkshire breed, which
has high lvels of intramuscular pid, resulting in
enhanced eating qualty. A smal countervailing
force s the expansion of niche markets, which
can be explotted by smalkscle farmers delivring
pork products o loca consumers. Atk breeds
are frequently utilized inthese niche-producton
programmes.

S Adapte o the oy et of e St of A
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Use of advanced reproductive and molecular biotechnologies - regional breakdown
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Box 1C6.
Brazil's role as an exporter of genetic resources

While azi i heavly dependent on mported
commercallines of pgs and poultry and s a major
net importer of bovine genetic resources from several
countres (e Figure 1C6) ithas acquired a sigficant
ole a5 an exportr of eneticrescurces, both to
nelghbouring ccuntries and frther afield

‘According to figure from UN-Comtrade,in 2012,
the vlue of Brazifs expors of v cattle for breeding
vias US$16 millon. Exports of boine smen wiere
wioth Us§1.5 millon Exports of lvehorses for
breeding were worth US$1.6 millon.

While 59 percent of the county's exports o bovine
Iieanimals an semen betvieen 2006 and 2012
it to other countres n Latin Americaand the
Carbbean, 38 percent went to Afficaand s percent
10 A (percentages efer o the totalvalue of the
w0 ategarie combined).In the lttertworegions,
signficantnet mporters of Brazlan ctte genetc
resourcesduringthisperod induded Angol,the
Demacratc Republic o the Congo and the Philipines

Bovine semen exportsfrom Brazl

(al figurs from UN-Comtrade). A number of country
reports from thes regions mention imports from Brazi,
incuding Senegal (catle - Box 13, the hilpines
bufaloe) and Sudan (G, Girolandoand Neore catte,
santa nes sheep). The Santa Ines shesp s eported
(Brazis country report)tobe sttacting nterest frcma
number ofcountie in Afica and Latin American and
the Caribbean because o s heat toerance.

As llustrated by the above figures forthe vlue
of bovine genetc resources exports, much of the
gene low from Bzl occurs intheform of e
animal exports Howeve,the county has als buit
up it production of bovine semen and embryos. The
quantites and destintions of bovinesemen exports
reported by the Brazilan ArifcalIsemination
rganization for 2013 areshow nthe tabe

Souces Gty pons s, th il Sl and S
S, 20 Ut 205

g i a £
AR TR ol a2 Ren R R R
e |G| BLA 8 AR
i

—_— w g
= = 5
- e o I P
= = i
— o N = ) N = =
= AT ) ] B R
e e e e
e e e
s N2 2 M o o s i 7
= = =





OPS/Images/pg124a.jpg
Box 112
‘Threats to animal genetic resources in Peru

Alpacas and llamas: Geetic erosin i being caused
by the absorption of replacement of coloured types by
those that produc fine white fibe. Herds producing
coloured ibre orfbre that s highlyvariable I ts
finenesshave been shrnking and insome cases have
lostcoloursor shades;

Criollo atte: The ntroductio of exoticbreeds
intothe country hs ed toa reduction nthe size of
iollo populatons. The dstrbution of crialos has
become restricted o extreme environments where
avallabiity offorage and wate s restricte.

Natve guinea pig: The growing market or guinea
pig meat has ld to pririy being given to the use of
breeds geneticlly improved for meat production. tis
anticipated that his il affect the numbers and the
genetic dersty of native breeds.

Other pecie: Threats toloally adapted breeds
of sheep, pgs, goats, hoses, duce, etc.are mainly
related o the Inaeasing use o exotc reeds,
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Level of availability of reproductive and molecular technologies for use in livestock production - big
five spedies
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PIGLINE 1.3
South Africa's trade In live pure-bred cattle and bovine semen

et exportsin Uss Nt imports n Uss®
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Note:Fguresare based on UN-Comtrade dassfiction HS32.They are based on imprt and export igurs reported by Sauth Africa and
may not comespon o the igures reported by the respectiv trade partnr.Datafrom counries dependent eitoiesae trsated
separately n UN.Comirade.
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Box 19
‘Threats to animal genetic resources in
Mozambique

In'the pas, selection and cross bresding studes were
condiucted, with the aim of dentifing the best genetic
resourees foruse i the production secor. Howeer,
because of warand lck of expertie funds and
infrastructure, here was no ollow up to these studies
and the resuiting progeny vere used for indiscriminate
breeding and uncontrolled qoss breeding. Asa
result,with the exception of some commercalprivate
fams, the animalsn the curent population have
varius (andunknow)lvels o exotic xnative blood,
and reductions in productiy have been reprted
Because of this educed productiviy and the need to
increase output i der o sty growing consumer
demmand, farmers tend to replace native breeds with
exotic breeds,with all he prcblemati consequences
of ntroducng temperatebreeds nto harsh tropcal
conditions Th replacement of natv breeds and
uncontolld breeding is lacing thse breeds atrisk of
extinction or tlast geneticerosion.
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VASLEEL
Overview of livestock breed and trait valuation studies by region (2006 o 2014)
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Box 1F10
shifting consumer demand as a threat to
animal genetic resources - examples from
around the world

Countryreport responses toa question about the
sesof genetic ercsion incuded a number of
references o spcifcchanges Inconsumer demand:

Chin: “The products. from loally adapted
breeds do not meet the consumption demans of
contemporary people.”

reland: “The downtur in the economy i leading
o xcess production of alequines and areducton in
astomer demand.”

Portugal: “The current aiss eads consumer to
choose cheaper foods rather than higher-quaity
products”

Tajistan: “Alack of demand for Karekul skins.*
United Kingdom: “Retllrrivn specifications
for commdity animal products are causing rapid and

substantial ntrogression of extemal enetcs nto
some breeds -notably dairy and beef cattle breeds *

United Sates of America *A strong consumer hift
towards igher demand fr eating qualty (primarly
tendernes and lavour) hasresuted na rapid decline
in'the popuiationsize of the Hampshie pig breed,
wiich i assodted vith lean carcases with low water-
olding capacty fesulting n s palatable mest.”
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Use of reproductive and molecular biotechnologies - reglonal breakdown
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Box 1C5

Gene flows between Uganda and other developing countries

Uganda imports genetc resourcs from the North,but
isalso invalved inexchanges with other developing
countie. Thean Ugandan genetic resources
involved have been Ankole catl. Epartshave gone
malnly to nelghbouring courtries (Kerya, Rwands,
South Sudan and the United Republic of Tanzania), but
Inteest has been expressed from s fa away s the
United tates of America. Crossbred animas (mainy
‘Ankole  Friesan) have been exported to Burundi,
the Democratc Republic of the Congo and Rwianda.
‘Among the 180 000 dlry ctte imported into Rwanda
during the last et years for the “One Cow per Poor
Famly” programme, 30 prcent were procured from
Uganda.

Breeds imported into Uganda from other
developing counties have incuded the Kuroller
scavenging backyard chicken breed from Inda
Importation o this breed n the form of day-ld chicks

and hatching eggs began in 2010, By ealy 2014,
about 270 000 dayold chicks had been disrbuted to
farmers. The breed has proved to b popular because
of s uitabilty forscavenging production and it
relatively fast growth an high egg production.

Cattle breeds have been Imported from Kenya
(Fresan, Ayrhire, Guersey, Jersey, Sahival,
erahman, Boran and Charolai) and South Afrca
(Fresan, Ayrhire, Guernsey, Jesey,Brown Swis,
erahiman and Romagnola). Goat breeds (Boer and
savanah) have been Imported from South Afrca
From 2006 onwards, Camborough pigs have been
imported, both for pure-breeding an for cross-
breeding with the Ugandan pig.
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Box 1F13
‘Threats to animal genetic resources in
Botswana,

Factorsleading o genetic eroson n Botswana incude
indisininate oss-breeding with exotic reeds,
Thisocaurs because most estock nthe country i
found In communalareas where controlled breeding
ishard to practice. A such,indigenots Tivana
breeds ofvarious specie (cate sheep, gots and
pigs) are atris because most farmerswant o famn
with “improved” stock due o thlrhigh grovith
performance and economic retums

‘Animal diseases outbreaks o rode the country’s
anima geneticresources, especaly catte, because of
the stamping out(eradication ofclisease through mass
slaughtering) that ocurs n affecte regions.
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FROUIE 31,
Level of availability of reproductive technologes
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Box 1F14
Effects of predation on sheep production in
Norway

The sheep population i decreasing due to poor
proftabilty and conficts vih the wolf and other
predators. Mostof thesheep famning n Norviay

is based on leting the sheep out n outying and
mountainous areas during th grazing season
(approximately four months). With th return of
predators such a bears,wolvs, lnx and wilverne,
and vith hunting them being prohibitd, many sheep
farmers cannct orwill ot et thei locks graze on
outling land without herding. The areas where the
shesp used to graze are encrmous o herding is
dificult and expensie, This s part of the explanation
forthe decedse n the number of sheep and sheep
farmers during the astdecade (7 percent and 20
percent, espectively). The number of sheep farmers in
2013 was 14000,
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Box 32
Glossary: production systems

Ranching orsmla grassland-based production
systems: Systes in whichanimals re grazed on
prvatelyowmed grasland andior fed largely on feed
obtained from grassland.

Pastorallsts systems: Systems n which Ivestock
Keepers move vith thirherds o lock n an
opportunisticway on communallan to find feed and
wate forthlr animas ether from of not from a
fixed home base).

Mixed farming systems:Systems in which Iestock
Keeping i inegrated with other agricutural
actite, together forming a whole. Mixed systems
(rural aeas): Mixed sstems that do ot fllinto

the ategory “smalscale b or perkurban® (see
below)

Industrial systems: Largescale landles production
systems n whichthe producton environment I ighly
controled by management inerventions. Landiess
systems are those inwhichIvestock production s
separated from the land where the feed given to the
animas s produced,

‘smallscale perk-urban systems:Smalscal (s judged
by nationally elevant critria)systemssuated n or
dose o7 ity or large town from which roducts are
supplid tothe markets of the respective ciyor large
town; these ytems may be “landless” (backyard or
scavenger)or, I perturban areas, may invohve miced
faming
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Box 1C7
Influence of policies on gene flows into
Cameroon

Two policy developments have significantly affected
gene lows nto Cameroon inrecent years. irt s
arest of the avian Influenza sare that occured

in 2006 and subsequent ears the government
decided torevamp the national poulty sectr,
mports of frozen chicken were banned and the local
poulry industy heavl If not entirely dependent
on imported breeding stoks, s subsidized. Ths
caused a significant is n poultry gene flow nto
the country from the United States o America and
Europe. Second, the implementation of Cameroon's
Growth and Ermployment Strategy, and partcdary
s Liestodk Sector Strategy, whichpririizes the
promtion o short-cyce estockkeeping aciviis,
sawasignificant rse I the importaton of igh-
yilding small urinants, poultry an pigs from
Europe and the Urited States of Americs, as well as
non-conventional iestock (.g.ane rats) from some
Afrian courtres(eq. Benin and Togo).
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Box 1F15
Projections for the risk of dimatic disasters

The Inergovernmental Panel on Climate Change's
specal report Managing the iksof xtreme events
and dissters o advance climate change adaptaton,
published n 2013, ncludes a number of projections of
future trends i the occurrence and severty of extreme
dimatic events. The maln precctons ae summarized
inthe following quotatiors

“Modelsproject substantial warming in
temperatur extremes by the end ofthe 21st century.
It itualy crtain that Increase n the frequency
and magnitude of warm dail temperature extremes
and decreases In cold extremes il ocur i the 215t
centuryat the globalscale. It s very kel that the
length, frequency, andlor ntenstyof warm spell or
heatwaves wil incease over most land areas .

“Itis Helythat th frequency of heavy
precipitation o the proporton ofttalrainfall from
e fallswill ncreas i the 21t century over mary
areasof the glbe. Ths s particulrly the cae n the
high atitudes an tropiclregion, and In winter in
the northern mid-attudes. Heavyranfall associated
with tropicl ycones ae ikelyto ncrease with
continued warming. There Is medium confidence tha,
In some regions, increses n heavy preciptation will
occur despteprojected deceases i tota precipation
inthose regiors .*

“Average tropca cydone maximum wind speed '
kel toIncreas, although ncreases may not occur in
all ocean basins. It kel that the gl frequency
oftropial cyclones will either decreas or remain
esentially unchanged.”

“There s medlum confidence that there wil
beareduction nthe number of extratropical
ylones averaged over each hemisphere. While
there i fow confidence n the detalled geographical
projectonsof extratopical cyclone activty,thre i
medium confidence na projected poleward shift of
extratopicl storm tracks "

“There is medium confidence that droughts wil
Intensify i the 21st century i some seasons and
areas, due to reduced precipitation andiorincreased
evapotranspiration. Thisapples toreglons induding

scuthem Europe and the Medterranean region,
central Europe, central North America, Cntral
‘America and Mexico,northeast Brazi, and southern
Afrca, Eisewhere thre s overal low confidence
because of inconsstent projections of crought changes
(dependent both on model and dryness ndex).”

“Projected precipittion and temperature changes
imply possile changes In loods,although overall
there i ow confidence in projectionsof changes
in flwial floods Confidence Is low due to mited
evidence and because the causesofregional changes
are complex, although thre are exceptions to this
tatement.Thereis medium confidence (ased on
physia reasoning) thatprojected ncreases n heavy
rainfall would contibute to ncreases i loalflooding
In some catchments ot regions *

“tisvery lkelythat meansea evel e wil
contribute to upward trends i extreme coastal hgh
wiater levels n the future. For example, the very
kel contrbution of mean s level e o ncreased
extreme coastalhigh water evels,coupled with the
kel Increase i topica yclone maximum wind
speed, s speciicsue for tropicalsmall sland
states.”

“There s igh confidence that changes I heat
wiaves, gladal retreat, andior permafrost degradation
willaffect igh mountain phenomena such a slope
instabilts, movements o mas, and glaca lake:
outburst floods. There s also high confidence that
changes n heavy preciptaton wil afectandsldes in
some regions *

“There s fow confidence n projections of changes
inrgescale pattems of naturalcimate varbily For
example, confidence i low n projection of changes
in monscons rainfal, drculaton) because there Is
It consensus n dimate models regarding the sign of
future change I the monsoons .”
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Box 1C8

Effect of a disease outbreak on
inward gene flow - an example from
‘the Republic of Korea

The foot.and-mouth disase epidemic i the Republic
of Korea In 201072011 led o & sharp temporary
Increase Inthe mpartation of pig breeing stocks.
Pig populations that had been subject o long perods
of genetc improvement disappeared,leading to
increased dependence on imported breeding pigs.
The large scale of the required mports aso led to
concerns about th qualty of the imported animals
Ashortage of breeding pigsld to problems such as
difcties i managing th rae of Inbreeding, These
problems could have been resolved by exchanging
genes betveen fams, but ths s made more
dlffclt by differences in hygene levels between
farms. It appears hat these eventshave led toa
Testing ncreasz n the localpig sector'sdependence
on imported genetics

S oy ponof e Repbl oK.





OPS/Images/pg57.jpg
HGURE 1L0.
Brazil's trade in live pure-bred cattle and bovine semen
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Nutrient composition of selected animal-source foods
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Proportion of countries reporting research on reproductive biotechnalogies
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selected nutrient composition ranges for milk from buffalo, horse and dromedary breeds
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Number of local and transboundary breeds at
regional level
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Box 101
Categories of ecosystem services

The Millsnium Eccsytem Asssment (MEA, 2005)
disinguihed four categories of ecosystem sevices:

« provisioning sevices -t products btained
from ecosystems* e food, i, fuland resh
water);

« reguiating servies - “the benefts obtained
from the regulation of ecosystem processes”
(e.air-qualityregulaton, dimate reguiation,
pollination and natural-hazardregulation);

« supporting services -those that are necessry
forthe production of al other eccsstem ser-
vices” (eg.sol formation, photosynthesis and
nutrient cyding); and

« cultural services - “non-material bt
people obaln from ecosystes through spirtual
enrichment,cogritive development reflecton,
recreation, and aesthetc experiences”

Some senvices (partiularly supporting and
requlating srvices) ae Inputs o the production of
others (particlarly proviioing serics).

The Economics of Ecoysterns and Blodiversty
Intaive (TEEB, 2010)subsumed supporting services
withintheregulating servicecategory. t ko
introduced an aditonalcategory - abitat sevies
~the ntenion being to ighight the Importance
of ecosytems inthe provision f habitas that for
example, allow migratey species o complte hefrlfe
el and enablethe mainenance of eneticdvesty.

Seure: e e O, 2014,





OPS/Images/pg135.jpg
Box 1F16

‘The European Livestock Breeds Ark and Rescue Net

The Eurcpean Lvestock Breeds Ark and Rescue Net
(ELBARN) wasenvisioned as  network ofsakeholders
and farms that iould perform two main functons:

« resauing animals elonging to rarebreeds i they

are threatened by aciss and

« aeating an online uide to places where ndige-

ous livestock breeds can be een by the publc

Athird objective was to develop and promotea
conceptforprotecting indigenous Ivestock breeds
from culling during disease epidemics

ELBARN began in 2007 with  threeyear project
funded by the European Commisson. The most
sustainable prt of the project hasbeen the cnline
quide vwwarca-net ino), which now (tune 2014)has
623 entresfrom 4 European countie.Everyyear,
members are nvied to update thei nformation 0
that Arc-fet s kept up o date.

The “rescue” aspects ae more diffclt to
implement vithout adequate financia support. The
principles ofrescue were discused at an intemational
viorkshop i 2008, It was conduded that rescue is
atemporary ac: anmals must be moved back nto
farming systems as soon a possble. Rescue must be
done professionally and a network of experts needs
tobe putin place o accormplih the task. Emergency
funds need 1o be avllable o that acton ca be taken
quickly.Veteinarians should b educated about

threatened breeds, 5o tht they are abe to dertify
important breeds and set  rescue acton i mtion f
the breeds are threatened by an epideric.

1t clar that rescue ca only b successful with
prior planning. Both animals and hldings need to
be ecorded and registered, and contingency plns
need 10 be prepared. Any person srving i a decision-
making capacity during an animal disase epidernic
should have received training about threatened
breeds. Countres developing new requlations
concerning disease control should consider including
proviionselated o the protecton fare breeds.

It would also e a postve development f such
provisions were included n the Terestial Animal
Health Code of the World Organisatin for Anial
Health (O]

The lessons eart from ELBARN are that, without
adequate funding, deas cannot be implemented,
even ftheyare supported by ll stakeholders. The
longterm goal i till to anchor the protection of
indigenous breeds in natonal and ntemational
regulations. However, the austerly measuresput n
place folowing the global econanic i of 2008
have ld to. focus on selfsustaning messures such as
Arcaflet

Poied by B s, SAVE Fondion.
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Use of reproductive and molecular technologles - selected “minor species
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Box 141

How the history of livestock Is reconstructed: archaeology and DNA

Archaeologists use various meansto distinguih the
skeletal remains of domestc animals from thase

of wid animals, incuding stucying morphological
changes to theteeth, cranium and skeleton to
estimate body sze andshape and detemnine growth
patterns (Zeder et al 20062). The age of organic
material can be determined b radiocarbon dating.
Istope analysi of organic esidues on pottery may
identify milk fatty acids (Evrshed eta, 2008,
irogen sotope ratis Inthe teeth of cabves may
revea ealy weaning and thus the use of cattle for
airing (alase and Tresset, 2002,

Diferent categories of polymorphic DNA markers
reveal dffeent aspects of the histry of ivestock (e
Partd Secton & for further nformation on diffrent
typesof markers)

+ Mitochondrial NA TRONA)  ransritted
matemalyand hs been nstrumentalin
Identying ancsto specs, estinating the
number of femal founders (Bolongino et
al, 2012, entiying the gographic egions
of domestiaton (Naderi tal, 2008)and
reconstnucting migratcn routes (Groeneveld
etal, 2010;Lentra etal, 2012). Most mtDNA
studie target th hypervriable contolregon
of themitchonciial genome, but complete
HONA genomes ar needed to establsh elations
between major TRONA types (he haplogrougs)
(Adhilltal, 2008t is o longe belved that
thepresanceof agiven numberofcfferent
haplogroupsaays indicates the equialent
number of separatedomesticaton events; asingle
ancestral wid population may herbour morethan
one haplogroup (Nader etal, 2005 sk tal,
2010 Bollngino etal, 2012). Because reglonal

haplagroup ditributions tend to be stable,
mitochoncial DNA oftentells s about the earest
migratons (Cesak etal, 2010; iao etal, 2013
Lenstra etal, 2014).Inthese of cate, these
migrations ave been shown o have involed
sere populaton bottenecks lenstra etal, 2014).

* Mammalian Y-chromesomal variation s
tranmittedvia the paternal line and i a
powerful toolfor tradng gene flow by male
Introgression, whether n the distant pastor
more recently (Edwards ta, 2011,

« Autosomal varation i ransmitted vi both
parents, Microsatelite markers have been
videly used for anaysing autosomalvariation
and are stilluseful (FAO, 2011). Howeer,they
are bing replaced by high-denstty SNP (sngle
nucleotide polymorphism) anayss (s etal,
2012; Goedbloed et o, 2013, Petersen et al,
20135 Decker etal, 2014)or whole-genore
sequencing (Groenen etal, 2012). Autosomal
loctare commonly used for population diversty
estimation, detection of the subdivsicn and
differentiation of populations, lculation of
geneti distances and quantfcaton of genetic
admixure.

Animportant recent developmentis the use

of Bayesian computations fo the analyss of arge
datasets, which allows dtalld reconstruction of
prehistoric gnetic events (8ollongino et al 2012
Larson and Burger, 2013;Gerbault etal, 201).
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Examples of genes or lodi Involved In selected traits
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WARE 20

stakeholder involvement in the provision of artificial insemination and embryo transfer services
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Global output of animal-source foods (2004 and 2012)
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Box 142
Livestock diversity as revealed by molecular
studies

+ Individua beec carry a subsartial part typi-
ally 80 percent)ofthetotal moleculr varition
of the respective Iestock speces only a small
partof the total dversiy is accounted for by
varation among breeds

+ Breeds ary Intheir moleclar e iversty,
withthe lowest diversity generally being found
in'breeds that are olated by geography or
managementandthe highest diversty n breeds
Tocated near sites of domesticaton, panmictic
populatons those in wihichthere i random
mating)and ros-bred populations (Groeneveld
etal, 2010; HerreroMedranoetal, 201,

+ Welldefined breeds with unique and appre-
ated it tend to b inbred and have low
molecular genetic diersty, while non-descript
Tocal populatons tend to have high molecular
geneticdiersty (Groeneveld etal, 2010)

+ Breeds from the same region, orfrom nearby
regions tend to be dosely relted.





OPS/Images/pg321.jpg
Box 33
‘The use of reproductive technalogies
in South Africa

South Africa currently has 32 registered reproducton
entrs that provide semen and embryo collcton
services, articalinsemination (4) and erbryo
ransfe n catle, sheep, goats and hores. There
areover 300 registere trained inseminators n the
country (procedures for registration ae regulated
under the country's Animal Improvement Actof 1968,
Some provide Al services o th smalholdersecer, but
most are either ovners of commerdal dary farms or
employed on suchfanms,

More extensive use of Al s retrcted by the
fact that most commerdal beef and smalstock
producton takes lace i extenshe ranching sstes,
The commercal dairysector i the argestuser of
reproductive biotechnologies argely Al mported
semen (mostly Holten-Friesian), which I cheaper
than nationallyproduced semen, i widely use.
Genetic evaluations are conducted by breed socetes
toensure high tandards are malntaied. Ove the
pasttenyears, the pig industry hasmoved towards
the use of hybrid genetics and A, which is provided by
o companies. Imported embryos have been usedto
ineasethe numbers of Boran and Senepol cattlein
the county, with varying degrees of succes. Umited
semen sexing and in vitro fertiztion s done by
fewregiter service operatos. Cloning somatc cel
nudear tansfer s been limited to research,with
one clone of a dalry cow having been succesully
produced.

PrETERTr—————
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In acontrolled browsingigrazing experiment the
Engadine proved to b a very effcent lanc-cover
engineer: a flock of eves and lamb grazed several

partaly encroached pastures,with shub coverage
ranging from 25t 55 percent (within defined
paddock) forthe duration of one summer.In the
following year moralty of A viricis branches not
indiidual shrubs) s on average 46 prcent, with a
maximum of 76 percent i ightly encozched pastures.
Asecond browsing treatment inceased the darage -
in other words the succssof the browsing treatment
~even invey dense shrubland.

With atotalof more than 420 000 sheep in
Switzerland, even a minor replacement of common
breeds by the Engadine would have great ptential
for fighting shrub and tr expansion o high
mourtain grasand, whileat the ame time helping to
conserve  traditonal lvestock breed. As an addltional
advantage, the Engadine is very healhy and fertle,
even under harshgrazing conditons s meat s not
fatty, but the accumulated fat s ich n wnsaturated
fattyacds.
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Previous and projected trends in meat consumption
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Box 3E4
The use of reproductive technologles
in Botswana

The animal breeding secton of the Departmert of
‘Animal Production (DAP)coordinates and oversees
atificalinsemination (A1 in Botswana. The DAP has
anetwork o 14 Al camps, o which ivestock kepers
nbring ther catte for nsemination. DAP also offrs
course atwhich partcpants leam howto perferm
Alsothatthey can ussthistechnology on theirown
farms. Most of the people who attend the courses are
oviners or managers of daiy and beef catle herds
Theuse of erbryotransfer has alo been explord.
Thistechnology has been applied experimentllyon
some farms,with very limited esults
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Selected nutrient composition ranges for beef (longissimus muscle) from different cattle breeds
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Number of reported mammalian local breeds
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Box 102
‘The use of livestock in the provision of
ecosystem services - examples from the
United States of America

Livestock provide ecosytem services i a number

of ways acos dverse ecosysters. I the southern
plains, goats and toa lesser extent sheepare used
tomitgate brush encroachment. sheep and goats
are also used o manage vegetation growith (e,
trees and shrubs) along the paths of electical povier
Tines in mountainous areas an thereby reduc the
useof hrbicides. On mountainous publc lands,
sheep and catle grazing contributes to vegetation
ealth and plant diversty. Partculary i the

Great Plans Ivestock grazing can stimulate plant
Vegetative processes that result n increased carbon
sequestration.Inthe wester halfofthe country,
sheep are sed i the biccontrol of noxous weeds. All
of these rols operateatspeces vl They are not
ased on the use of specic breeds,
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Mineral content of milk from various species In relation to recommended nutrient intake
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Proportion of countries reporting research on molecular biotechnologies
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Box 1D3

A spedal sheep breed helps to preserve centuries-old grassland in the Alps

A ———

Reduction n land use and complete land
abandonment are widespread in the mountainous
regions of Europe. Shrubs and treesare expanding
into montane and subalpin rassland in the Alps.
In particulr, the nitrogen-fixing shrub Alnus viridis
(green alder) s curretly preading very rapidy.

The shrubs abily to symbioticaly ixnitrogen
from the atmosphere leads to massve nitrogen
enrichment, reduces biodiversity and suppresses
species succesion towards confferous forests. ft

is nearly mpassibe to fight the expansion of A.
virdis shrubs nto centuriesold pastures and hay.
meadows that are hotspots of blodiversty and part
of the region'scultural heritage. Clear-cuting s ot

arealitic management option given the enormous
Tabour costs nvolved and the green alder’srapid
“hydra-ike" resprouting from it root stock.In
former decades, goats browsed buds and young
shoots and thus prevented the spread of the green
alder. In some regions, people also used the shrubs
forfuel wood. Today, goats are a marginal Ivestock
species n the Alps and sheep are the main grazers.
Howerer, the most abundant sheep breeds feed on
grass and ignore woody plants.

Once the green alder bushes are full establshed
- 2103 metrestall and formed into dense,
impenetrable thickets - specialist browsers that
peelthe bark are needed. An old,traditional,
sheep breed known as the Engadine sheep, which
wias almost extinc n the 19805 (malnly because
of s low slaughtering weight), does exactyths.
Although talo feeds on grass, he breed appears
0 be addicted to young tree stems, green alder
in partcula. It excessvely removes the bark from
branches and stems, which inhibtsthe alocation
of sugarsfrom shoots to roots, creates open and
deep wounds that are rapidly nfested by dseases
and ulimately causes the death of the shrubs, with
almost no resprouting.
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