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Foreword

omesticated 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 continu-
ously evolving, with new centres of growth emerging and rapid technological devel-
opments. 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 assess-
ment of current livestock biodiversity. It draws on information provided by 129 coun-
tries, 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, pro-
grammes and institutional frameworks needed to promote the sustainable manage-
ment 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 extinc-
tion. 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
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strengthening capacity in developing countries, and recognizes the need for substan-
tial 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. | 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.

S,

~
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/ José Graziano da Silva
FAO Director-General
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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, which
provided the basis for the development of the Global Plan of Action for Animal Genetic
Resources,? adopted in 2007 as the first internationally agreed framework specifically tar-
geting the management of livestock biodiversity.

Box 1
The first report on The State of the World’s Animal Genetic Resources for Food and

Agriculture (2007)

The State of the World's Animal Genetic
Resources for Food and Agriculture,’ the
first comprehensive global assessment of
livestock biodiversity and its management,
was published by FAO in 2007. The report
was the outcome of an extensive reporting
and preparatory process initiated by the
Commission on Genetic Resources for Food
and Agriculture in 1999. In March 2001,
FAO invited 188 countries to submit country
reports on their animal genetic resources. The
intention was that the preparation of these
reports (in addition to providing the basis for
a global assessment) would help countries to
identify national priorities for action in the
sustainable use, development and conservation
of animal genetic resources. While countries
were provided with guidelines and a proposed
structure for their reports, the process was not
based on a standardized questionnaire.
Between 2002 and 2005, FAO received 169
country reports. These were complemented by
9 reports from international organizations? and
12 thematic studies® commissioned to address
specific aspects of animal genetic resources
management. More than 90 authors and
reviewers were involved in the preparation of the
main report. The country reports, reports from

international organizations and thematic studies,
along with subregional and regional reports
on animal genetic resources, were provided on
the CD-ROM that accompanied the report. This
material is also all available on the web site of
FAO's Animal Production and Health Division.*
The report was published in seven languages
and an “in brief” version in more than ten
languages. The report was launched at the first
International Technical Conference on Animal
Genetic Resources for Food and Agriculture,®
held in Interlaken, Switzerland, in September
2007. The conference also adopted the Global
Plan of Action for Animal Genetic Resources
and the Interlaken Declaration on Animal
Genetic Resources.

" FAO. 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).

2 ftp:/fftp.fac.org/docrep/fao/010/a1250e/annexes/Reports from
International Organizations/IntOrganisationReports.pdf

3 ftp:/iftp.fao.org/docrep/fao/010/a1250e/annexes/Thematic
Studies/ThematicStudies.pdf

4 http://lwww.fao.org/ag/againfo/programmes/en/genetics/
first_state.html

5 http://www.fao.org/ag/againfo/programmes/en/genetics/
angrvent2007.html

' FAO. 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).

2 FAO. 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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Box 2
The Commission on Genetic Resources for Food and Agriculture

With its 178 member countries, the Commission the implementation of policies and supporting
on Genetic Resources for Food and Agriculture initiatives that raise awareness and seek to solve
offers an intergovernmental forum where global emerging problems. It guides the preparation
consensus can be reached on policies relevant of periodic global assessments of the status and
to biodiversity for food and agriculture. The trends of genetic diversity, the threats facing
main objective of the Commission is to ensure genetic diversity and the measures being taken
the conservation and sustainable use of genetic to promote its conservation and sustainable use.
resources for food and agriculture and the fair The Commission also negotiates global action
and equitable sharing of benefits derived from plans, codes of conduct and other instruments
their use, for present and future generations. relevant to the conservation and sustainable use
Its work focuses on developing and overseeing of genetic resources for food and agriculture.

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 Agriculture? (see Box 2). To date, in addi-
tion to the first SOW-AnGR, two reports have been published on plant genetic resources for
food and agriculture (1998 and 2010)* 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 man-
agement.

Part 3 discusses the state of capacity to manage AnGR, including institutional frame-
works, 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 pro-
grammes, 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.

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

4 FAO. 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).

> FAO 2014. The State of the World's Forest Genetic Resources. Rome (available at http:/Awww.fao.org/forestry/
fgr/64582/en/).
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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.®

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)’ 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
questionnaire® that had been endorsed by the Commission and finalized by the Bureau®
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 questionnaire'® consisted of four sections:
I. Executive summary
Il. 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
e Livestock sector trends
e Overview of animal genetic resources
e Characterization
¢ Institutions and stakeholders
¢ Breeding programmes
e Conservation
e Reproductive and molecular biotechnologies

CGRFA-14/13/Report, paragraph 71 (http://www.fao.org/docrep/meeting/028/mg538e.pdf).
http://Awww.fao.org/ag/againfo/programmes/en/genetics/angrvent-1st-docs.html
http://www.fao.org/Ag/AGAInfo/programmes/en/genetics/Second_state.html
http://Amww.fao.org/Ag/AGAInfo/programmes/en/genetics/angrvent-bureau.html

1o http://www.fao.org/ag/againfo/programmes/en/genetics/documents/Sow2_CR_E.pdf
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Ill. Data contributing to the preparation of The State of the World’s Biodiversity for Food
and Agriculture"
¢ 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 sup-
porting ecosystem services

IV. Progress report on the implementation of the Global Plan of Action for Animal Genetic

Resources — 2007 to 2013

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

e Strategic Priority Area 2: Sustainable Use and Development

e Strategic Priority Area 3: Conservation

e 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 Coordi-
nators. 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 reports'* 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 notincluded in the country-report questionnaire. In order to enable the respec-
tive 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 questionnaire' 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."®

In 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).

In 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://Awww.fao.org/docrep/meeting/026/me636e.pdf). A second round of reporting was incorporated into the
country-reporting process for the second SOW-AnGR.

http://Awww.fao.org/3/a-i4787e/i4787e01.htm
http://www.fao.org/Ag/AGAInfo/programmes/en/genetics/Second_state.html
http://Awww.fao.org/3/a-i4787e/i4787e02.htm
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TABLE 1
Regional overview of country reporting

Region Number of Number of country  Number of country Coverage
countries in the reports reports (second SoW-AnGR)
region* (second SoW-AnGR)  (first SOW-AnGR) (%)

Africa 52 41 49 79
Asia 31 20 26 65
Europe and the 29 35 2 7
Caucasus

Latin America

and the Caribbean ® = e =
Near and Middle East 14 7 9 50
North America 2 1 2 50
Southwest Pacific 15 7 12 47
Total 196 129 169 66

*The number of countries refers to the number of countries in 2014. Between 2005 (when the country reporting for

the first SOW-AnGR was completed) and 2014, Montenegro and Serbia and South Sudan and Sudan became separate
countries. For the purposes of the first SOW-AnGR, Sudan was part of the Near and Middle East region. For the purposes
of the second SOW-ANnGR, Sudan is part of the Near and Middle East region and South Sudan is part of the Africa region.

TABLE 2
List of country reports

Region' Countries

Algeria, Benin, Botswana, Burkina Faso, Burundi, Cameroon, Comoros, Cote d'lvoire,
Democratic Republic of the Congo, Djibouti, Equatorial Guinea, Eritrea, Ethiopia, Gabon,

Africa (41) Gambia, Ghana, Guinea, Guinea-Bissau, Kenya, Lesotho, Liberia, Madagascar, Malawi,
Mali, Mauritania, Mauritius, Morocco,> Mozambique, Namibia, Niger, Nigeria, Rwanda,
Senegal, Sierra Leone, South Africa, Swaziland, Togo, Uganda, United Republic of
Tanzania, Zambia, Zimbabwe

Bangladesh, Bhutan, China, India, Indonesia, Iran (Islamic Republic of), Japan, Kazakhstan,
Asia (20) Kyrgyzstan, Malaysia, Maldives, Mongolia, Nepal, Philippines, Republic of Korea, Sri Lanka,
Tajikistan, Thailand, Timor-Leste, Viet Nam

Albania, Austria, Azerbaijan, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic, Finland,
France, Germany, Greece, Hungary, Iceland, Ireland, Israel, Italy, Latvia, Lithuania,
Luxembourg, Montenegro, Netherlands, Norway, Poland, Portugal, Russian Federation,
Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey, Ukraine, United Kingdom

Europe and the Caucasus (35)

Argentina, Barbados, Bolivia (Plurinational State of), Brazil, Chile, Costa Rica, Cuba,
Latin America and the Caribbean (18)  Dominican Republic, Ecuador, Guatemala, Jamaica, Mexico, Paraguay, Peru, Saint Vincent
and the Grenadines, Suriname, Trinidad and Tobago, Uruguay

Near and Middle East (7) Bahrain, Egypt, Irag, Jordan, Kuwait, Oman, Sudan
North America (1) United States of America
Southwest Pacific (7) Cook Islands, Kiribati, New Zealand, Niue, Samoa, Solomon Islands, Tonga

" Note that these regions do not correspond to the usual FAO regions; see below for further explanation.
2The country report was not prepared in the standardized format and thus could not be included in the quantitative
analysis.

XXX




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)'® 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. Reports'” 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 stand-
ardized electronic questionnaire)® on their contributions to the implementation of the
Global Plan of Action for Animal Genetic Resources, in particular on any activities, pro-
grammes or projects undertaken or supported by the respective organization. Reports'
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 Bio-
logical Diversity (CBD); the European Federation of Animal Science (EAAP); Heifer Inter-
national; 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 Pas-
toral 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 manage-
ment of AnGR were prepared as part of the second SoW-AnGR reporting process:
e Ecosystem services provided by livestock species and breeds, with special consideration
to the contributions of small-scale livestock keepers and pastoralists;*°
e The patent landscape for animal genetic resources.?'

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),?2 FAO's legal database FAOLEX,?* FAO's statistical database FAOSTAT,? the
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FIGURE 1
Assignment of countries to regions and subregions in this report

I North America I Caribbean B North and West Africa Europe and M Near and Middle East ™ Central Asia B Southwest Pacific
W South America ™ Southern Africa the Caucasus B South Asia
B Central America B East Africa B East Asia

B Southeast Asia

FAO/INFOODS Food Composition Database for Biodiversity (BioFoodComp)®* and the UN
Comtrade Database.?® 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.

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:

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

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

¢ Europe and the Caucasus;

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

¢ the Near and Middle East;

¢ North America; and

¢ the Southwest Pacific.

2 http://www.fao.org/infoods/infoods/tables-and-databases/faocinfoods-databases/en/
2 http://comtrade.un.org
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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 interna-
tionally 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 inter-
national organizations, 4 reports from regional focal points and networks for AnGR man-
agement 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. Appro-
priate 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 par-
ticular 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.
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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 classi-
fied 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 effec-
tive 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 agree-
ment among stakeholders regarding the range of factors that can be considered poten-
tial 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. Informa-
tion 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
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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 envi-
ronments) 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
ANnGR. 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.
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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 tar-
geting 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 man-

agement. 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 mech-
anisms 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;

e improving awareness, education, training and research in all areas of AnGR manage-
ment, including in the emerging fields of access and benefit sharing, ecosystem ser-
vices 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

e 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 con-
sider 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 ques-
tion 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 man-
agement 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.
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PART 1

Introduction

Part 1 of the report begins by describing advances in research on the origin of the diver-
sity of today’s animal genetic resources for food and agriculture (AnGR) — the domesti-
cation 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 live-
lihoods 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 Agri-
culture (first SOW-AnGR) (FAO, 2007)" was prepared.

ANGR are here taken to include those animal species that are used, or may be used, for
food production and agriculture,? 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.*

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

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

3 FAO. 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).

4 FAO, 2007, pages 339-340.
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Origin and history
of livestock diversity

n Introduction

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-
ANnGR) (FAO, 2007) provided a review of the
state of knowledge of the domestication of
livestock species and their subsequent dispersal
around the world." 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 investi-
gation of various aspects of the history of live-
stock 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 introgression? of wild
species into domesticated species, adaptations
that occurred after domestication and, finally,
relatively recent breed formation.

' FAO, 2007, Part 1 Section A (pages 5-22).
2 Reproductive contacts that have left traces of DNA from one
population in another population.

THE STATE OF THE WORLD'S ANIMAL GENETIC RESOURCES FOR FOOD AND AGRICULTURE

E The domestication process

Theories about the process of livestock domestica-
tion 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 cap-
tivity and (after several generations) have become
adapted to being kept by humans. Once animals
have been domesticated, their reproduction is con-
trolled 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 terre-
strial 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 domes-
ticated 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 manage-

ment by humans (e.g. a lack of aggression
towards humans, a tendency not to panic
when disturbed and strong social instincts);
e 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 clim-
atic 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
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THE STATE OF LIVESTOCK DIVERSITY

PART 1

Box 1A1

How the history of livestock is reconstructed: archaeology and DNA

Archaeologists use various means to distinguish the
skeletal remains of domestic animals from those

of wild animals, including studying morphological
changes to the teeth, cranium and skeleton to
estimate body size and shape and determine growth
patterns (Zeder et al., 2006a). The age of organic
material can be determined by radiocarbon dating.
Isotope analysis of organic residues on pottery may
identify milk fatty acids (Evershed et al., 2008).
Nitrogen isotope ratios in the teeth of calves may
reveal early weaning and thus the use of cattle for
dairying (Balasse and Tresset, 2002).

Different categories of polymorphic DNA markers
reveal different aspects of the history of livestock (see
Part 4 Section B for further information on different
types of markers).

¢ Mitochondrial DNA (mtDNA) is transmitted

maternally and has been instrumental in
identifying ancestor species, estimating the
number of female founders (Bollongino et

al,, 2012), identifying the geographic regions

of domestication (Naderi et al., 2008) and
reconstructing migration routes (Groeneveld
etal., 2010; Lenstra et al., 2012). Most mtDNA
studies target the hypervariable control region

of the mitochondrial genome, but complete
mtDNA genomes are needed to establish relations
between major mtDNA types (the haplogroups')
(Achilli et al., 2009). It is no longer believed that
the presence of a given number of different
haplogroups always indicates the equivalent
number of separate domestication events; a single
ancestral wild population may harbour more than
one haplogroup (Naderi et al., 2008; Cieslak et al.,
2010; Bollongino et al., 2012). Because regional

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

6 THE SECOND REPORT ON

haplogroup distributions tend to be stable,
mitochondrial DNA often tells us about the earliest
migrations (Cieslak et al.,, 2010; Miao et al., 2013;
Lenstra et al., 2014). In the case of cattle, these
migrations have been shown to have involved
severe population bottlenecks (Lenstra et al., 2014).

¢ Mammalian Y-chromosomal variation is
transmitted via the paternal line and is a
powerful tool for tracing gene flow by male
introgression, whether in the distant past or
more recently (Edwards et al., 2011).

* Autosomal variation is transmitted via both
parents. Microsatellite markers have been
widely used for analysing autosomal variation
and are still useful (FAO, 2011). However, they
are being replaced by high-density SNP (single
nucleotide polymorphism) analysis (Kijas et al.,
2012; Goedbloed et al., 2013; Petersen et al.,
2013a; Decker et al., 2014) or whole-genome
sequencing (Groenen et al., 2012). Autosomal
loci are commonly used for population diversity
estimations, detection of the subdivision and
differentiation of populations, calculation of
genetic distances and quantification of genetic
admixture.

An important recent development is the use

of Bayesian computations for the analysis of large
datasets, which allows detailed reconstruction of
prehistoric genetic events (Bollongino et al., 2012;
Larson and Burger, 2013; Gerbault et al., 2014).

' A haplogroup is a group of similar haplotypes that share one or more
mutations indicative of descent from a common ancestor. Haplogroups
most commonly pertain to mitochondrial and Y-chromosome DNA.
Haplotype is the combination of alleles from two or more polymorphic
sites in a mitochondrial, Y-chromosomal or autosomal DNA segment.

involved animals being attracted to human settle-
ments and then becoming captive as a source of
food. The second involved the capture of artiodactyl®

3 Even-toed hoofed animals (cattle, sheep, goats, pigs, camels, etc.).
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ORIGIN AND HISTORY OF LIVESTOCK DIVERSITY

FIGURE 1A1
Three pathways of domestication
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Note: The figure includes some species not included in the scope of the SOW-AnGR.

Source: Larson and Burger, 2013, with permission from Elsevier.

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 delib-
erate efforts to exploit the specific capabilities of the
target species (e.g. their potential as pack, riding or
draught animals).

There is now consensus about which wild
species were the ancestors of the various domest-
icated livestock species (Table 1A1). Livestock
domestication is thought to have occurred in
at least 15areas of the world (Figure 1A2).
Inferences regarding the dates of domestica-
tion events (Table 1A1) remain approximations.
Skeletal remains identified as belonging to
domesticated species on the basis of their morph-
ology are never as old as the first domest-
icates. Close genetic relationships between
domestic and wild populations in other parts of
the world (i.e. outside the recognized domesti-
cation centres) are considered to indicate intro-

gression (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 evi-
dence 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).
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THE STATE OF LIVESTOCK DIVERSITY

PART 1

FIGURE 1A2

Major centres of livestock domestication as inferred from archaeological and molecular genetic evidence

Note: (1) turkey; (2) guinea pig, llama, alpaca, Muscovy duck; (3) rabbit; (4) donkey; (5) taurine cattle, pig, goat, sheep; (6) dromedary, (7)
zebu cattle, river buffalo; (8) Bactrian camel; (9) horse; (10) reindeer; (11) yak; (12) pig; (13) chicken; (14) swamp buffalo; (15) Bali cattle.
Sources: Mignon-Grasteau et al., 2005; Larson et al., 2014; references in Table 1A1.

Dispersal of domesticated
animals

Knowledge of the dispersal of livestock species
from their centres of domestication during the
prehistoric period is based on a synergic combi-
nation of archaeology and molecular genetics.
For later periods, written and pictorial docu-
mentation 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, molecu-
lar studies have filled several gaps in our knowl-
edge of the dispersal of livestock species.

In Europe, the introduction of crops and live-
stock from Southwest Asia occurred around

'lO THE SECOND REPORT ON

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).

THE STATE OF THE WORLD'S ANIMAL GENETIC RESOURCES FOR FOOD AND AGRICULTURE



ORIGIN AND HISTORY OF LIVESTOCK DIVERSITY

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 migra-
tions preceded the paternal founder effects that
are believed to have led to the north-south
contrast detected in the Y-chromosomal varia-
tion 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 south-
west 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 popula-
tions, 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

THE STATE OF THE WORLD'S ANIMAL GENETIC RESOURCES FOR FOOD AND AGRICULTURE

around 1500 BP (Payne and Hodges, 1997). At the
end of the nineteenth century, a rinderpest epi-
demic 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 lberian 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 popula-
tions 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 move-
ments of cattle and sheep in several parts of the
Old World.

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

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

e a decrease in molecular genetic diversity cor-
relating 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
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of cattle worldwide (Lenstra et al., 2014)
and Arabian horses (Khansour et al., 2013);
however, founder effects were often counter-
acted 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 suc-
cessful livestock breeds in the nineteenth and
twentieth centuries;

e 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).

Introgression from related
species

The genetics of several livestock populations
were enriched after the initial split from the wild
ancestral species (Table 1A1). Plausible scenar-
ios 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 popu-
lations 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 pop-
ulations 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
etal., 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

12 THE SECOND REPORT ON

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 immi-
grants from southwest Asia. As a result of con-
tinuous 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 domesti-
cates were crossed with wild animals, but the rel-
ative 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 chick-
ens, 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 BCDOZ2 gene variant, which confers
yellow skin colour and has reached a high fre-
quency in domestic chicken (Eriksson et al.,
2008).

Adaptation of livestock
following domestication

After domestication, livestock species adapted
to being kept by humans via changes to their
behaviour, morphology, appearance, physio-
logy 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 ances-
tors 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 dom-
estic animals that are not observed in wild
species (Ludwig et al., 2009; Linderholm and
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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 improve-
ments 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:

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

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

e 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 dis-
tribution of the derived DGATT 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).

THE STATE OF THE WORLD'S ANIMAL GENETIC RESOURCES FOR FOOD AND AGRICULTURE

The recent history of livestock
diversity

The last 250 years have seen changes on a scale
unprecedented in the history of livestock diver-
sity. From the earliest times, livestock keepers had
influenced the characteristics of their animals
through selective breeding. However, develop-
ments in England during the late eighteenth
century marked the beginning of a new era and
had major consequences for the future of live-
stock 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-breed-
ing 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 diver-
sity. In the nineteenth century, railways increased
mobility and facilitated the long-distance trans-
portation 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 distri-
bution of several successful breeds (Valle Zarate
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TABLE 1A2

Examples of genes or loci involved in selected traits

Trait

Most mammalian livestock

Coat colour

Cattle
Production traits

Prenatal growth

Polledness

Slick-hair coat for thermoregulation

Trypanotolerance in African cattle

Fat content of milk
Sheep

Production traits
Horn size

Milk traits

Pig

Domestication, production traits

Adaptation
Back elongation

Meat quality
Fecundity

Horse
Domestication
Performance
Adult size

Gait

Rabbit
Domestication, behaviour
Chicken

Comb form
Domestication
Yellow skin colour

Fecundity

Locus, gene

Several genes

Multiple loci

NCAPG

Intergenic deletions, BTAT
SLICK locus

Multiple loci

DGATT, multiple loci

Multiple loci
RLXN1

Multiple loci

Multiple loci

Multiple loci
NR6AT, PLAG1, LCORL
PRKAG3

AHR, ESR1, PRM1, PRM2,
TNP2, GPR149, IMID1C

Multiple loci

Multiple loci

NCAPG/LCORL, HMGA2, ZFAT,

LASP1
DMRT3

Multiple loci

HAOT1, BMP2
Multiple loci
BCDO2

TSRH

Reference

Ludwig et al., 2009; Linderholm and Larson, 2013; Switonski et al., 2013

Bovine HapMap Consortium, 2009; Druet et al., 2013; Qanbari et al.,
2014; Randhawa et al., 2014; Xu et al., 2015

Eberlein et al., 2009

Allais-Bonnet et al., 2013; Rothammer et al., 2014; Wiedemar et al., 2014
Huson et al., 2014

Dayo et al., 2012

Kaupe et al., 2004; Stella et al., 2010

Kijas et al., 2012; Fariello et al., 2014; Randhawa et al., 2014
Johnston et al., 2013
Gutierrez-Gil et al., 2014

Rubin et al., 2012; Ramos-Onsin et al., 2014; Herrero-Medrano et al.,
2014; Yang et al., 2014

Aietal., 2015
Rubin et al., 2012
Galve et al., 2013

Bosse et al., 2014; Wang et al., 2015

Schubert et al., 2014
Petersen et al., 2013b; Metzger et al., 2014

Makvandi-Nejad et al., 2012

Andersson et al., 2012; Petersen et al., 2013b; Promerova et al., 2014

Carneiro et al., 2014

Johnsson et al., 2012
Rubin et al., 2010
Eriksson et al., 2008
Rubin et al., 2010

Note: For further information see Braunschweig (2010) and Nicholas and Hobbs (2012) in addition to the references cited in the table.
Also note that Table 4B1 in Part 4, Section B lists several traits and associated genes/loci that have been identified as being specific to

one or more breeds.
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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).

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”,* 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 wide-
spread and increasingly dominate livestock produc-
tion 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 instru-
mental to the reconstruction of genetic events that
have shaped the present diversity patterns of live-
stock species, including ancestry, prehistoric and his-
torical 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.

Conclusions

Over recent years, the latest molecular tools
have contributed to a better understanding of
the genetic basis of domestication and have

4 FAO, 2007, pages 53-55.
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Box 1A2
Livestock diversity as revealed by molecular
studies

¢ Individual breeds carry a substantial part (typi-
cally 80 percent) of the total molecular variation
of the respective livestock species; only a small
part of the total diversity is accounted for by
variation among breeds.

¢ Breeds vary in their molecular genetic diversity,
with the lowest diversity generally being found
in breeds that are isolated by geography or
management and the highest diversity in breeds
located near sites of domestication, panmictic
populations (those in which there is random
mating) and cross-bred populations (Groeneveld
et al., 2010; Herrero-Medrano et al., 2014).

o Well-defined breeds with unique and appre-
ciated traits tend to be inbred and have low
molecular genetic diversity, while non-descript
local populations tend to have high molecular
genetic diversity (Groeneveld et al., 2010).

¢ Breeds from the same region, or from nearby
regions, tend to be closely related.

helped in the identification of a growing list of
genes involved in adaptation. Four sources of the
genetic diversity present in today’s livestock pop-
ulations can be distinguished:

1. sequestration of part of the genetic reper-
toire 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 adapta-
tion to a variety of environments and capa-
city 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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Status and trends

of animal genetic resources

n Introduction

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." Box 1B1 outlines changes
in the approach to reporting and data analysis

T FAO, 20074, Part 1 Section B (pages 23-49).
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that have been introduced for the second SoW-
ANnGR 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.

E The state of reporting

As breed population data are provided by indi-
vidual 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. More-
over, 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
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Box 1B1

Developments since the publication of the first report on The State of the World’s Animal Genetic

Resources for Food and Agriculture

Following the publication of The State of the World's
Animal Genetic Resources for Food and Agriculture
(first SOW-AnGR) and the adoption of the Global

Plan of Action for Animal Genetic Resources in 2007,
the Commission on Genetic Resources for Food and
Agriculture, in 2009, agreed a schedule and a format
for reporting on the status and trends of animal
genetic resources (AnGR). It was agreed that a report
would be prepared every two years, based on a
template derived from the structure of relevant section
(Part 1 Section B) of the first SOW-AnGR. It was agreed
that the status and trends reports should include the
Convention on Biological Diversity's headline indicator
for “trends in genetic diversity of domesticated animal
species of major socio-economic importance”, once this
indicator had been developed (a task which fell to FAO
under the auspices of the Commission).

In 2013, the Commission agreed to the use of the
following set of indicators:

¢ the number of locally adapted breeds;

¢ the proportion of the total population

accounted for by locally adapted and exotic
breeds; and

¢ the number of breeds classified as at risk, not at

risk and unknown.

To allow the indicators to be calculated, the
Commission agreed to the use of a new breed
classification system, distinguishing “locally adapted”
breeds from “exotic” breeds (see Box 1B2). DAD-IS
was then adapted so as to allow countries to allocate
their breed records to the appropriate classes (exotic
or locally adapted). In June 2014, when the analysis

discussed in Part 3 Section B, many countries con-
sider that they have not yet established compre-
hensive 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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of status and trends was performed, this allocation
procedure had not been completed. A provisional
indicator set, based on a provisional categorization of
breeds, is presented in the status and trends report for
2014 (FAO, 2014b).

Also in 2013, the Commission agreed to additional
changes to the reporting framework, with the aim
of providing a more realistic picture of the state of
reporting and eliminating some confounding factors that
made it difficult to interpret trends in risk status. First,
in order to address the potentially misleading effects of
including breeds for which no recent population data are
recorded in DAD-IS in the analysis of risk-status trends, a
decision was taken to introduce a ten-year cut-off point
after which a breed is re-assigned to the “unknown” risk-
status category (see Box 1B3) if its population data are
not updated. Second, it was agreed that trends in breed
risk status should be 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. Historical
population data recorded in DAD-IS can be updated
at any time, as can countries’ breed inventories (breed
records can be added or deleted). The new calculation
method allows any recent updates of this kind to be
taken into account. The revised calculation methods were
used in the preparation of the 2014 status and trends
report and in the preparation of the second SoW-AnGR.
One consequence is that, compared to the first SoW-
AnGR (and previous status and trends reports), a higher
proportion of breeds are currently classified as being of
unknown risk status.

Species diversity and
distribution

DAD-IS records breed-related information on 19
mammalian species, 17 avian species and two fertile
interspecies crosses (Bactrian camel x dromedary
and duck x Muscovy duck). As was the case when
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Box 1B2

Glossary: populations, breeds, breed classification systems and regions

Classification of populations as domesticated, wild
or feral

Domestic(ated) animals: animals whose breeding and
husbandry are controlled by human communities to
obtain benefits or services from them. The process
of domestication may take many generations of the
species to be completed.

Wild populations: wild relatives of domesticated
livestock, wild populations that are used for food and
agriculture, or populations undergoing domestication.

Feral populations: populations whose ancestors
were domesticated, but which now live independently
of humans; for example, dromedaries in Australia.

Breed classification related to geographic distribution
Local breeds: breeds that occur only in one country.

Transboundary breeds: breeds that occur in more
than one country.

Regional transboundary breeds: transboundary
breeds that occur only in one of the seven SOW-AnGR
regions.

International transboundary breeds: transboundary
breeds that occur in more than one SoW-AnGR region.

TABLE 1B1

Breed classification related to adaptedness
Locally adapted breeds: breeds that have been in
the country for a sufficient time to be genetically
adapted to one or more of the traditional production
systems or environments in the country. The phrase
“sufficient time" refers to time present in one or
more of the country’s traditional production systems
or environments. Taking cultural, social and genetic
aspects into account, a period of 40 years and six
generations of the respective species might be
considered as a guiding value for “sufficient time”,
subject to specific national circumstances. Indigenous
breeds, also termed autochthonous or native breeds
form a subset of locally adapted breeds.

Exotic breeds: breeds that are not locally adapted.
Exotic breeds comprise both recently introduced
breeds and continually imported breeds.

SoW-AnGR regions

Seven regions were defined for the SOW-AnGR: Africa,
Asia, Europe and the Caucasus, Latin America and the
Caribbean, the Near and Middle East, North America and
the Southwest Pacific - see Figure 1 (preliminary pages).

Status of information recorded in the Global Databank for Animal Genetic Resources

Year of analysis Mammalian species

Number of national % with population

breed populations data
1993 2719 53
1999 5330 63
2006 10512 43
2014 11062 60

Avian species Countries
covered
Number of national % with population
breed populations data
- - 131
1049 77 172
3505 39 181
3807 56 182

Note: As of June 2014, no breed data had been recorded in DAD-IS from Andorra, Brunei Darussalam, Liechtenstein, Marshall Islands,
Micronesia (Federated States of), Monaco, Nauru, Qatar, San Marino, Singapore, South Sudan, Timor-Leste, United Arab Emirates or
Western Sahara. “With population data” figures refer to breed populations for which population data are recorded for any year up to
2014. The ten-year cut-off point (see Box 1B1) is not applied to these figures.

Source: DAD-IS (accessed July 2014).
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FIGURE 1B1

Proportion of national breed populations for which population figures have been reported

Avian

Southwest
Pacific

Mammalian

Avian

North
America

Mammalian

Avian

Near and
Middle
East

Mammalian

Avian

Latin
America
and the

Caribbean

Mammalian

Avian

Europe
and the
Caucasus

Mammalian

Avian

Asia

Mammalian

Avian

Africa

Mammalian

20

153

103

223

25

134

69

337

1466

3907

346

1200

106

722

129

271

85

46

174

354

1374

437

740

375

749

324

993

0%

20% 40%

With population data

60% 80% 100%

Without population data

Note: “With population data” figures refer to breed populations for which population data are recorded for any year up to 2014. The

ten-year cut-off point (see Box 1B1) is not applied to these figures.

Source: DAD-IS (accessed July 2014).

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 FAQ's statistical database
FAOSTAT show an increase of 23 percent in the
chicken population, 12 percent in the goat popu-
lation, 10 percent in the pig population, 7 percent
in the cattle population and 4 percent in the sheep
population over this period.?

2 The analysis of species diversity and distribution presented in
the first SOW-AnGR was based on FAOSTAT figures for 2005.
3 Calculations based on FAOSTAT data accessed September 2014.
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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
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FIGURE 1B2
Regional distribution of livestock species in 2012

Species and world
population (millions)
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Pigs
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Caribbean
B South America
B Central America

North America

Source: FAOSTAT.

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.

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
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Europe and M Near and W Central Asia ™ Southwest Pacific
the Caucasus Middle East B South Asia
B East Asia

B Southeast Asia

for 7 percent (highest numbers in Brazil and
Argentina) and North America for 1 percent. The
most dramatic change in the regional distribu-
tion 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; pop-
ulation 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 SECOND REPORT ON

29




THE STATE OF LIVESTOCK DIVERSITY

PART 1

The world’s goat population reached approxi-
mately 1 billion in 2012. Goats are widely distrib-
uted in developing regions, but less so in devel-
oped 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 pro-
ducers 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
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and Egypt). Since 2005, the chicken population has
increased in all regions except North America. Asia
has increased its share of the total world popula-
tion, while the shares of Europe and the Caucasus
and North America have declined.

Breed diversity and
distribution

This subsection discusses the geographical dis-
tribution 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.

4.1 Geographical 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 inter-
national 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 transbound-
ary breeds (three regional and one international).*
Figure 1B3 shows the share of local, regional
transboundary and international transboundary
breeds among the mammalian and avian breeds

4 The 2006 figures presented in this paragraph are taken from
the first SOW-ANGR, i.e. they do not account for corrections
that countries have made to their breed inventories in DAD-IS
since 2006. For example, the apparent fall in the number
of extinct breeds between 2006 and 2014 is caused by
corrections of this kind.
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FIGURE 1B3
Number of local and transboundary breeds at
global level

FIGURE 1B4
Number of local and transboundary breeds at
regional level

World
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Source: DAD-IS (accessed July 2014).

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.

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 con-
trast, 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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Source: DAD-IS (accessed July 2014).
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TABLE 1B2
Number of reported mammalian local breeds
Species Africa Asia Europe Latin Near and North Southwest World
and the America Middle America Pacific
Caucasus and the East
Caribbean
Asses 20 39 50 24 16 5 3 157
Bactrian camels 0 9 3 0 0 0 0 12
Buffaloes 2 90 9 " 8 1 2 123
Cattle 176 241 369 141 43 17 32 1019
Dromedaries 46 13 1 0 23 0 2 85
Goats 96 183 218 28 34 6 " 576
Guinea pigs 4 0 0 13 0 0 0 17
Horses 40 138 371 84 14 22 25 694
Pigs 53 214 188 60 1 12 15 543
Rabbits " 16 186 18 5 0 0 236
Sheep 117 262 613 51 53 21 38 1155
Yaks 0 25 2 0 0 1 0 28
Others 8 16 76 15 0 4 8 127
Total 573 1246 2086 445 197 89 136 4772

Note: Figures exclude extinct breeds. Figures for alpacas, American bison, deer, dogs, dromedary x Bactrian camels, guanacos, llamas
and vicufias are combined in the “others” category.
Source: DAD-IS (accessed July 2014).

TABLE 1B3
Number of reported avian local breeds
Species Africa Asia Europe Latin Near and North Southwest World
and the America Middle America Pacific
Caucasus and the East
Caribbean
Chickens 129 305 912 88 35 15 30 1514
Ducks 15 92 107 22 4 1 12 253
Geese 10 44 119 5 0 2 182
Muscovy ducks 5 9 6 1 1 0 2 24
Ostriches 6 2 3 0 0 0 1 12
Partridges 2 8 2 0 0 0 0 12
Pheasants 0 7 5 6 0 0 0 18
Pigeons 7 12 35 7 8 1 2 72
Turkeys " 1" 40 1 3 " 5 92
Others 39 27 31 12 1 14 124
Total 224 517 1260 152 54 42 54 2303

Note: Figures exclude extinct breeds. Figures for cassowaries, Chilean tinamous, duck x Muscovy ducks, emus, guinea fowl, Aandus,
peacocks, quails and swallows are combined in the “others” category.
Source: DAD-IS (accessed July 2014).
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TABLE 1B4
Number of reported mammalian transboundary breeds
Species Regional transboundary International World
transboundary
Africa Asia Europe Latin Nearand  North Southwest
and the America Middle  America Pacific
Caucasus and the East
Caribbean

Asses 3 3 1 1 0 0 0 5 13
Bactrian camels 0 0 0 0 0 0 0 2 2
Buffaloes 0 9 1 1 0 0 0 4 15
Cattle 36 20 30 6 1 2 1 109 205
Deer 0 1 1 0 0 0 0 10 12
Dromedaries 1 1 0 0 0 0 0 2 4
Goats 16 12 14 2 0 5 1 36 86
Guinea pigs 0 0 0 1 0 0 0 0 1
Horses 7 10 36 4 0 4 0 63 124
Pigs 3 2 17 5 0 2 0 30 59
Rabbits 3 0 32 1 0 0 0 23 59
Sheep 24 14 74 3 4 6 3 99 227
South‘Amencan 0 0 0 3 0 0 0 2 5
camelids

Total 93 72 206 27 5 19 5 385 812

Note: Figures exclude extinct breeds.
Source: DAD-IS (accessed July 2014).

TABLE 1B5
Number of reported avian transboundary breeds
Species Regional transboundary International World
transboundary
Africa Asia Europe Latin Nearand  North Southwest
andthe America Middle  America Pacific
Caucasus  and the East
Caribbean
Cassowaries 0 0 0 0 0 0 0 1 1
Chickens 4 3 42 0 0 0 0 106 155
Ducks 0 2 12 0 0 0 0 12 26
Emus 0 0 0 0 0 0 0 1 1
Geese 0 2 7 0 0 0 0 14 23
Guinea fowl 0 0 0 0 0 0 0 5 5
Muscovy ducks 0 0 0 0 0 0 0 1 1
Ostriches 0 0 0 0 0 0 0 3 3
Pigeons 0 0 0 0 0 0 0 1 1
Quails 0 1 0 0 0 0 0 0 1
Turkeys 0 0 7 0 0 0 0 16 23
Total 4 8 68 0 [1} 0 0 160 240
Note: Figures exclude extinct breeds.
Source: DAD-IS (accessed July 2014).
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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
ANnGR, 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.

Box 1B3
Glossary: risk-status classification

Extinct: a breed in which there are no breeding males
or breeding females remaining. Genetic material that
would allow recreation of the breed may, however,
have been cryoconserved. In reality, extinction may
be realized well before the loss of the last animal or
genetic material.

Critical: a breed in which the total number of
breeding females is less than or equal to 100 or the
total number of breeding males is less than or equal
to five; or the overall population size is less than or
equal to 120 and decreasing and the percentage
of females being bred to males of the same breed
is below 80 percent; and which is not classified as
extinct.

Critical-maintained: a breed that meets the criteria
for inclusion in the critical category, but for which
active conservation programmes are in place or
populations are maintained by commercial companies
or research institutions.
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4.2 Breed 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 com-
parable 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.

Endangered: a breed in which the total number of
breeding females is greater than 100 and less than or
equal to 1000 or the total number of breeding males
is less than or equal to 20 and greater than 5; or the
overall population size is greater than 80 and less than
100 and increasing and the percentage of females
being bred to males of the same breed is above 80
percent; or the overall population size is greater than
1000 and less than or equal to 1200 and decreasing
and the percentage of females being bred to males of
the same breed is below 80 percent; and which is not
classified as extinct, critical or critical-maintained.

Endangered-maintained: a breed that meets the
criteria for inclusion in the endangered category,
but for which active conservation programmes are in
place or populations are maintained by commercial
companies or research institutions.

At risk: a breed classified as either critical, critical-
maintained, endangered or endangered-maintained.

THE STATE OF THE WORLD'S ANIMAL GENETIC RESOURCES FOR FOOD AND AGRICULTURE



STATUS AND TRENDS OF ANIMAL GENETIC RESOURCES

Figure 1B5 shows that the proportion of mam-
malian 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 mam-
malian 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 un-
available. 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 live-
stock 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)

FIGURE 1B5
Proportion of the world’s breeds by risk status
category
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Source: DAD-IS (accessed July 2014).
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1B6

Risk status of the world’s mammalian breeds in June 2014 - species breakdown

Percent
100% —

0% -

RISK STATUS
[ Unknown
[ ] Critical

Critical-
u maintained

[ Endangered

Endangered-
u maintained

B Not at risk
[ ] Extinct

Total

Note: “Other” refers to Bactrian camel x dromedary crosses, guanacos, vicuias, guinea pigs and dogs.

Alpacas Asses Bactrian Buffaloes Cattle Deer Drom- Goats
camels edaries

3 115 8 89 768 25 87 414
1 9 0 3 39 0 1 34
0 3 0 0 " 0 0 3
0 " 0 1 67 0 0 39
0 6 0 0 54 0 1 15
4 26 6 45 285 2 0 157
0 4 0 1 184 0 0 19

8 174 14 139 1408 27 89 681

Source: DAD-IS (accessed July 2014).
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FIGURE 1B7
Risk status of the world’s avian breeds in June 2014 - species breakdown

Percent
N l l l l l
80% —|
60% — l l l l l l l l l l l l
40% — l l l l l l l l l l l l
0% -
Chickens Ducks Geese Guinea  Muscovy Ostriches Partridges Pheasants Pigeons Quails Turkeys Other Total
fowl ducks
RISK STATUS
[ Unknown 1089 196 133 49 23 14 12 17 52 43 97 19 1744
B Citcal 147 18 10 0 0 0 0 0 10 4 2 0 191
H Critical- 7 1 2 0 0 0 0 0 0 0 0 0 10
maintained
[ | Endangered 147 17 16 2 1 0 0 0 10 0 3 1 197
u Endangered- 67 15 19 0 0 0 0 0 0 0 3 1 105
maintained
I Not at risk 212 32 25 3 1 1 0 1 1 9 10 1 296
] Extinct 60 15 3 2 0 0 0 0 0 0 2 0 82
Total 1729 294 208 56 25 15 12 18 73 56 117 22 2625

Note: “Other” refers to duck x Muscovy duck crosses, Chilean tinamous, cassowaries, emus, fiandus, peacocks and swallows.
Source: DAD-IS (accessed July 2014).
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1B8

Risk status of the world’s mammalian breeds in June 2014 - regional breakdown
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Note: The figures

B I- =
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and the America and Middle America Pacific  transboundary
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Caribbean

571 986 840 443 201 80 132 115 3368
2 5 332 1 0 1 3 8 352
1 10 36 0 0 2 0 0 49
10 7 338 6 0 4 3 20 388
2 7 144 1 0 12 0 0 166
80 303 602 21 1 9 3 242 1261
33 43 446 21 5 10 6 1* 565
699 1361 2738 493 207 118 147 386 6149

for each region include local breeds and regional transboundary breeds. International transboundary breeds

(breeds present in more than one region) are listed separately.
*African Aurochs, which once lived in parts of both the Africa and the Near and Middle East regions.

Source: DAD-IS (a

38

ccessed July 2014).

THE SECOND REPORT ON
THE STATE OF THE WORLD'S ANIMAL GENETIC RESOURCES FOR FOOD AND AGRICULTURE



STATUS AND TRENDS OF ANIMAL GENETIC RESOURCES

FIGURE 1B9
Risk status of the world’s avian breeds June 2014 - regional breakdown

Percent

100% —

80% —|

60% —{

40% —

20%

0% - .
Africa Asia Europe Latin Near North Southwest International World
and the America and Middle America Pacific transboundary
Caucasus and the East breeds
Caribbean
RISK STATUS
I Unknown 210 435 684 151 54 42 54 114 1744
[ | Critical 0 1 189 0 0 0 0 1 191
| Critical- 0 1 9 0 0 0 0 0 10
maintained
I Endangered 2 4 191 0 0 0 0 0 197
] Endangered- 0 2 103 0 0 0 0 0 105
maintained

B Notatrisk 16 82 152 1 0 0 0 45 296
| Extinct 2 5 75 0 0 0 0 0 82
Total 230 530 1403 152 54 42 54 160 2625

Note: The figures for each region include local breeds and regional transboundary breeds. International transboundary breeds (breeds present
in more than one region) are listed separately.
Source: DAD-IS (accessed July 2014).

THE SECOND REPORT ON ‘ 39
THE STATE OF THE WORLD'S ANIMAL GENETIC RESOURCES FOR FOOD AND AGRICULTURE




THE STATE OF LIVESTOCK DIVERSITY

PART 1

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

TABLE 1B6
Number of extinct mammalian breeds reported
Species Africa Asia Europe Latin
and the America
Caucasus and the
Caribbean
Asses 1 0 2 0
Buffaloes 0 0 1 0
Cattle 20 19 120 20
Goats 1 2 16 0
Horses 6 1 71 0
Pigs 0 15 90 1
Rabbits 0 0 1 0
Sheep 5 6 145 0
Total 33 43 446 21

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).

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

Near and North South- International World
Middle  America west transboundary
East Pacific
1 0 0 0 4
0 0 0 0 1
1 1 2 1 184
0 0 0 0 19
0 8 1 0 87
0 0 1 0 107
2 0 0 0 3
1 1 2 0 160
5 10 6 1 565

Note: The figures for each region include local breeds and regional transboundary breeds. International transboundary breeds (breeds

present in more than on region) are listed separately.
Source: DAD-IS (accessed July 2014).

TABLE 1B7
Number of extinct avian breeds reported
Species Africa Asia Europe Latin Near and North Southwest World
and the America Middle America Pacific
Caucasus and the East
Caribbean
Chickens 0 5 55 0 0 0 0 60
Ducks 0 0 15 0 0 0 0 15
Geese 0 0 3 0 0 0 0 3
Guinea fow! 2 0 0 0 0 0 0 2
Turkeys 0 0 2 0 0 0 0 2
Total 2 5 75 0 0 0 0 82

Note: No extinct avian international transboundary breeds have been reported.

Source: DAD-IS (accessed July 2014).
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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 moni-
toring 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).

4.3 Trends

Previous attempts to summarize global trends in
breed risk status have been affected by the con-
founding 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

TABLE 1B8
Breed extinction over time
Period Number of breeds %
Unspecified 433 67
Before 1900 7 1
1900-1999 m 17
2000-2005 66 10
After 2005 30 5
Total 647 100

Source: DAD-IS (accessed July 2014).

FIGURE 1B10
Changes in breed risk status between 2006 and 2014
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Source: DAD-IS (accessed July 2014).

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 pop-
ulation data are recorded for the preceding ten
years, remains very high — 58 percent in 2014 com-
pared 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 increas-
ing, 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 his-
torical data on breed population sizes.

E Conclusions

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
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of a lack of population data. The problem is par-
ticularly 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 equiva-
lent 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 per-
centage 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 popula-
tions worldwide. To arrive at a more comprehen-
sive picture, all livestock populations, regardless of
their level of cross-breeding, need to be included
within one consistent monitoring system.
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n Introduction

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 possi-
ble 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 equiva-
lent section' 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.

1.1 The state of knowledge in 2007

The first SOW-AnGR presented a description of the
main historical phases of gene flow. To summa-
rize: 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 pedi-

' FAO, 2007, Part 1 Section C (pages 51-75).
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gree 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 technol-
ogies such as artificial insemination, embryo trans-
plantation and genomics. Major gene flows occur
between the countries of the developed “North”
and from the North to the developing “South”.?
These flows have been dominated by a limited
number of breeds originating from the temper-
ate 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 import-
ing and in exporting countries, and by zoosanitary
regulations.

2 The 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”.
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In addition to discussing historical developments,
the first SOW-AnGR also presented an overview
of the global distribution of livestock species and
breeds.? 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 domi-
nated 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 high-
lighted 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 consider-
able 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 coun-
tries such as Australia. These include breeds devel-
oped 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 envi-
ronments and the needs of livestock keepers and
wider society. It listed the following circumstances
in which gene flow can enhance diversity:

e an imported population adapts to the local

environment and over time a new (locally
adapted) breed or population develops;

3 FAO, 2007, pages 55-70.
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e 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

e targeted transfer of genes for specific desir-
able characteristics into a recipient popula-
tion using marker-assisted introgression.*

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.

1.2 Sources of information

The country-report questionnaire® did not require
countries to provide detailed quantitative infor-
mation on current gene flows or on trends over
time. However, it requested countries to indicate
whether their current patterns of gene flow cor-
responded 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,® 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,

4 FAO, 2007, pages 73-74.
For more information about the reporting process, see “About
this publication” in the preliminary pages of this report.

6 http://comtrade.un.org
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such as that associated with transhumance,
cross-border migration of human populations
or unofficial markets, or confidential informa-
tion from private companies. It is also not always
possible to distinguish breeding animals from
slaughter animals.

Status 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

FIGURE 1C1

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 pre-
sented in Figure 1C1 seem to indicate that the
rate of growth in international trade accelerated
from about 2006 onwards.” 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.

7 Itis 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.

Trends in the value of global exports of live animals and bovine semen

US$ (billion)
7

2000

2001

2002 2003 2004 2005

|:| Swine, live except pure-bred < 50 kg

- Swine, live pure-bred

2006
|| Fows, live domestic < 185 grams

- Horses, live pure-bred

2007 2008 2009 2010 2011

|:| Bovine, semen

I Bovine, live pure-bred

2012

Note: Referring to the categories of genetic material covered in the UN-Comtrade data, Hoffmann (2010) notes that “Assuming that
‘domestic fowl < 185 g’ refers to-day-old chicks, this category may represent grandparent or parent stocks, or, in the case of countries that
do not have hatcheries to support multiplication, also production stock. The code ‘Swine live except pure-bred breeding < 50 kg’ may
include female animals (mostly F1) from hybrid programmes, in addition to F2 feeder pigs traded mostly among OECD countries or
[between] West and Eastern Europe.” Figures are based on UN-Comtrade classification H592.

Source: UN-Comtrade, 2015.
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While most country reports do not include
detailed quantitative data on gene flows, the
descriptive answers indicate that many coun-
tries 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 devel-
oped regions, with the most commonly men-
tioned changes being increases in the import of
cattle and chicken genetic resources.

FIGURE 1C2

2.1 North-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 excep-
tions to the dominant pattern of North to North
and/or North to South exchanges (Figure 1C2). As
shown in Table 1C1, UN-Comtrade figures indi-
cate that between 2000 and 2012, Europe and
the Caucasus, North America and the Southwest

Do gene flows into and out of your country correspond to the pattern of North-North and/or North-

South exchanges?

Africa

Asia

Southwest Pacific

Europe and the Caucasus

Latin America and the Caribbean
North America

Near and Middle East

World

0% 20%

[ ves

- Yes but with some exceptions

40

20

40% 60% 80%

100%

-

Note: The exact wording of the question in the country-report questionnaire was as follows: “Studies of gene flow in animal genetic
resources have generally concluded that most gene flow occurs either between developed countries or from developed countries to
developing countries. Does this correspond to the pattern of gene flow into and out of your country? (yes/no/yes but with some

significant exceptions)”. n = number of reporting countries.
Source: Country reports, 2014.
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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.

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

FIGURE 1C3

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 quantita-
tive information on the destinations of the respec-
tive country’s AnGR exports. However, Spain’s
report notes a substantial recent shift towards

Trade in pig and bovine genetic resources between OECD and non-OECD countries (2005 to 2012)

2012
2011
2010
2009
2008
2007
2006
2005

Live pure-bred swine

2012

2011
2010
2009
2008
2007
2006
2005

Live pure-bred bovine

2012
2011
2010
2009
2008
2007
2006
2005

Bovine semen

I 05D to OECD

777 OECD to non-0ECD

100%

777 Non-0ECD to OECD

I Non-OECD to non-OECD

Note: Figures are based on UN-Comtrade classification HS92. The large increase in the share of non-OECD to non-OECD trade in total
bovine semen trade in the years 2006 to 2009 is in large part accounted for by exports from Colombia to the Bolivarian Republic of

Venezuela, which peaked at US$1 million in 2008.
Source: UN-Comtrade, 2015.

THE STATE OF THE WORLD'S ANIMAL GENETIC RESOURCES FOR FOOD AND AGRICULTURE

THE SECOND REPORT ON

47




THE STATE OF LIVESTOCK DIVERSITY

PART 1

TABLE 1C1

Regional shares of germplasm exports and imports in the twenty-first century

Type of germplasm Africa

Bovine live pure-bred breeding
Semen bovine
Exports Fowls live domestic < 185 grams
(%) Horses live pure-bred breeding
Swine live except pure-bred breeding < 50 kg
Swine live pure-bred breeding
Bovine live pure-bred breeding
Semen bovine
Imports  Fowls live domestic < 185 grams
(%) Horses live pure-bred breeding
Swine live except pure-bred breeding < 50 kg

O O N NN U1 OO = = O Ww

Swine live pure-bred breeding

Asia  Southwest Europe Latin North  Near and
Pacific andthe America America Middle
Caucasus and the East
Caribbean
1 13 65 3 14 0
0 2 33 7 57 0
3 1 73 5 18 0
0 s [ o 17 0
1 o PN o 21 0
3 o B 16 0
19 0 63 6 1 5
10 3 44 26 13 1
13 0 60 13 4 2
6 : e 3 0
1 o el o 23 0
15 0 73 10 2 0

Note: Shading: no colour < 25%; light blue > 25% and < 50%; mid-blue > 50% and < 75%; dark blue > 75%. The figures are averages
for the years 2000 to 2012. The shares were calculated based on total exports reported by each country. They include exchanges both
within and between regions. As a consequence, Europe and the Caucasus’ share is probably increased by intraregional trade.

Figures are based on UN-Comtrade classification H592. See also notes under Figure 1C1.

Source: UN-Comtrade, 2015.

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 coun-
tries accounted for 30 percent of Spain’s exports
and Kenya for 8 percent.

Figure 1C4 shows which of the world’s coun-
tries are net exporters and which are net import-
ers 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 interpret-
ing 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 repre-

THE SECOND REPORT ON

48

sented 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 domi-
nated 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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FIGURE 1C4

Net exporters and importers of bovine semen (2006 to 2012)

Net exports in US$*

0 to 10 000

10 000 to 100 000
[ 100 000 to 1 000 000
I - 1 000 000

J—

Net imports in US$*
0to 10 000
10 000 to 100 000
100 000 to 1 000 000

> 1000 000 * Average from 2006 to 2012

Note: Figures are based on UN-Comtrade classification H592. Data from countries’ dependent territories are treated separately

in UN-Comtrade.
Source: UN-Comtrade, 2015.

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 involv-
ing 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 devel-
oped 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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Box 1C1
Trends in gene flows into and out of Kenya

In the last ten years (2003 to 2013) there has been a
significant increase in the importation of germplasm into
Kenya. Use of imported dairy germplasm has increased
from below 2 percent to around 30 percent. Importation
of goat semen has increased from zero to a substantial
amount. There has been an increase in imports of cattle
genetics (Ayrshire, Holstein-Friesian, Jersey, Guernsey,
Brown Swiss, Fleckvieh, Gir, Charolais, Angus, etc.) in

the form of semen and embryos from Europe, Australia,
North America and South America. Goat genetics

are imported in the form of semen (Toggenburg and
Alpine from Europe) and live animals (Saanen from
South Africa). Importation of sheep (Dorper) and rabbit
genetics from South Africa has also increased. Kenya also
imports Ankole cattle from Uganda.

Exports of Kenya Boran and Sahiwal cattle to
other African countries (South Africa, Uganda and the
United Republic of Tanzania) in form of live animals,
semen and embryos have greatly increased. There
has also been a rise in exports of Galla, Alpine and
Toggenburg goats to Uganda and Rwanda.

Source: Adapted from Kenya’s country report.

2.2 South-South gene flows

As shown in Figure 1C3, UN-Comtrade figures indi-
cate 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 preced-
ing 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,® but is usually below 2 percent.

8 This peak is in large part accounted for by exports from
Colombia to the Bolivarian Republic of Venezuela, which
reached US$1 million in 2008.
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Box 1C2
Gene flows into and out of Thailand

Beef cattle

Thailand imports breeding animals and frozen semen
and embryos from North America, Australia and
Europe. Brahman cattle are imported as replacement
sires and dams. The bulls are used to improve herd
genetics via both natural mating and artificial
insemination. Bulls of other breeds, such as Charolais
and Angus, are imported to produce semen for use in
artificial insemination. Frozen Brahman embryos are
imported to produce breeding animals.

Breeding animals (Thai Brahman and Kampaengsan
cattle) are exported to Viet Nam, the Lao People’s
Democratic Republic and Cambodia. Frozen Thai
Brahman semen is exported to the Lao People’s
Democratic Republic, Cambodia and Myanmar.

Dairy cattle

Thailand imports frozen dairy cattle semen (mostly
Holstein-Friesian) from Australia, New Zealand, Canada,
Europe and the United States of America. Breeding
animals are exported to Viet Nam, and frozen semen to
the Lao People’s Democratic Republic and Myanmar.

Pigs

Thailand imports pigs from North America and Europe
for use as great grandparents in cross-breeding
schemes. The main breeds involved are Large White,
Landrace and Duroc. There are also minor imports of
Pietrain and Hampshire. Large White and Landrace
pigs are exported as grandparents to Viet Nam, the
Lao People’s Democratic Republic and Cambodia.

Buffaloes
Thailand exports swamp buffaloes for breeding to
Cambodia, Viet Nam and China.

Goats
Thailand imports dairy goat and meat goat genetics in

the form of breeding animals and frozen semen.

Source: Adapted from Thailand's country report.
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Box 1C3
Gene flows into Senegal

Significant gene flows into Senegal include the
following (in order of importance):

1. Poultry - principally meat-producing and
egg-laying chickens, imported from European
countries, Morocco and Brazil in the form of
hatching eggs and breeding birds, along with
small quantities of duck, quail, ostrich and goose
genetic resources;

2. Dairy animals - Jersey, Montbéliarde, Holstein
and Normande cattle, imported from Europe
as live animals and frozen semen; Guzérat and
Girolando cattle, imported from Brazil; Saanen,
Guerra, Alpine and Majora goats, imported from
Spain;

3. Cattle, sheep and dromedaries from
neighbouring West African countries -
principally imported from Niger (Bali Bali sheep,
Azawak cattle), Mauritania (Maure Zebu cattle,
Ladoum sheep, dromedaries) and Mali (Bali Bali
sheep);

4. Horses and ponies - English Thoroughbred,
Arabian Thoroughbred, Anglo-Arabian
Thoroughbred, Trotter, Selle francais, Hafflinger
Pony, Shetland Pony and Welsh Pony, imported
mainly from Europe; Barb and Arab Barb imported
from Morocco.

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 cat-
egories (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 animals®

¢ These figures include animals for slaughtering, production and
breeding.
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Uses of imported genetic resources include the
following:

Exotic chickens are raised in intensive farms in
peri-urban areas to supply urban markets. Breeding
cocks (along with improvements to management
practices) have been introduced into villages by non-
governmental organizations and at the initiative of
local populations.

Imported Ladoum and Bali Bali sheep are used
to improve the meat production performance of
Senegalese breeds. This constitutes a prestige form of
livestock keeping - the animals do not contribute to
the national food supply to the same extent as those
belonging to the Maure and Peul-Peul breeds.

Exotic dairy cattle and goats (as well as Nelore beef
cattle) are raised as pure breeds in closed production
systems. The products of cross-breeding between these
animals and locally adapted breeds are raised in semi-
intensive systems.

Exotic horse breeds are used in the genetic
improvement of horses for use in sports and other
competitions in large towns and seaside resorts. Sale
of improved horses is an important source of revenue
for rural producers.

Source: Adapted from Senegal's country report.

from Ethiopia to Djibouti, Kenya, Somalia, South
Sudan and Sudan (USAID, 2013).

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 coun-
tries 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
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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

Box 1C4
Gene flows into and out of South Africa

The largest livestock gene flows into South Africa occur
in the dairy sector, via the import of semen for use

in artificial insemination (Al). Holstein and Jersey are
the main breeds involved. The use of imported semen
predominates over the use of locally produced semen
from the same breeds. The cost of imported semen is
below the processing cost of the local product, and
there is some concern over the effects this is having on
the local Al industry. Import figures for cattle semen
are shown in the following table. The last three rows
show data for cattle breeds that have recently been
introduced into South Africa. The quantities of semen

South Africa’s cattle semen imports 2009 to 2013

Breed 2009 2010
Holstein 1022 045 953 555
Jersey 412 692 388691
Ayrshire 22524 48 230
Angus 10421 13335
Simmentaler 4870 5037
Ankole 0 150
Senepol 0 295
Wagyu 208 565
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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 concent-
ration of subregional-level export trade. The
species most frequently involved in the reported

involved may appear small, but they have contributed
to the establishment of viable populations of the three
breeds.

The amount of pig semen imported into South
Africa is relatively low. In the commercial sector - in
line with international trends - there has been a move
towards the use of hybrid semen. However, imports are
irregular and needs driven. The only regular inflow of
pure-bred genes consists of Large White semen used to
broaden the local gene pool of this breed, which is still
in demand as a mother line for terminal crossing and for
the development of hybrid sires for the local industry.

2011 2012 2013
Number of doses

1432 844 963 118 1519 367
620 194 445 927 513184
52912 72 250 53 400
31365 21450 50 195
15220 9225 9850
0 0 0
0 0 50
400 700 6370

(Cont.)
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Box 1C4 (Cont.)
Gene flows into and out of South Africa

South Africa’s pig semen imports 2009 to 2013

Breed 2009
Large White 0
Chester White x Duroc x Yorkshire 0
Large White x Landrace 0
Yorkshire x Duroc x Hampshire 0

South Africa has established itself as a significant
exporter of animal genetic resources within Africa
and to some extent beyond. In 2012, the value of
the country’s exports of live cattle for breeding and
bovine semen reached US$3 million and US$472 000
respectively. According to UN-Comtrade data, 91 percent
of South Africa’s exports of bovine live animals and
semen between 2006 and 2012 went to other African
countries, but 5 percent went to Latin America and
the Caribbean, and 4 percent to the Southwest Pacific.
These exports include both breeds that originated
in South Africa and those originally imported from
other parts of the world. Net importers of bovine
genetic resources from South Africa during the 2006
10 2012 period included (in addition to a number of
African countries) Brazil and Paraguay (see Figure 1C5).
Examples of imports from South Africa mentioned in
the country reports include those of Merino sheep and
Angora goats to Lesotho; Boer goats, Black Australorp

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.

The gene flows described in Boxes 1C1, 1C2,
1C3, 1C4, 1C5 and 1C6 include examples of gene
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2010 2011 2012 2013
Number of doses
124 56 320 0
21 0 0 0
32 0 0 0
82 0 0 0

chickens and Holstein-Friesian cattle to Malawi; dairy
cattle, goats and chickens to Mauritius; Boer and
Kalahari Red goats to Sudan; Dorper sheep, Boer goats
and Koekoek chickens to Ethiopia; and "high-yielding
breeding stock” of cattle, poultry, pigs, sheep and goats
to Botswana. See Boxes 1C1 and 1C5 for examples from
Kenya and Uganda.

Embryo transfer plays a significant role in the
export of animal genetic resources from South Africa.
In 2012, the country exported 981 in vivo derived
bovine embryos, 505 sheep embryos and 621 goat
embryos. The figures for sheep and goats put South
Africa among the world's major exporters of small-
ruminant embryos, despite disruptions caused by an
outbreak of foot-and-mouth disease in 2011.

Sources: Country reports of Botswana, Ethiopia, Lesotho, Malawi, South
Africa and Sudan; UN-Comtrade 2015. Semen import data are official
import statistics as quoted in the country report. Embryo transfer figures
are from the International Embryo Transfer Society (Perry, 2013).

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
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Box 1C5

Gene flows between Uganda and other developing countries

Uganda imports genetic resources from the North, but
is also involved in exchanges with other developing
counties. The main Ugandan genetic resources
involved have been Ankole cattle. Exports have gone
mainly to neighbouring countries (Kenya, Rwanda,
South Sudan and the United Republic of Tanzania), but
interest has been expressed from as far away as the
United States of America. Cross-bred animals (mainly
Ankole x Friesian) have been exported to Burundi,

the Democratic Republic of the Congo and Rwanda.
Among the 180 000 dairy cattle imported into Rwanda
during the last eight years for the “One Cow per Poor
Family” programme, 30 percent were procured from
Uganda.

Breeds imported into Uganda from other
developing countries have included the Kuroiler
scavenging backyard chicken breed from India.
Importation of this breed in the form of day-old chicks

sheep from Barbados to Jamaica (information
from the country reports of Ethiopia, Nepal,
Tajikistan and Jamaica).

A smaller number of country reports from devel-
oping countries mention significant longer distance
South-South gene flows, i.e. imports from devel-
oping 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 originat-
ing 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 re-
commence (Mariante and Raymond, 2010).
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and hatching eggs began in 2010. By early 2014,
about 270 000 day-old chicks had been distributed to
farmers. The breed has proved to be popular because
of its suitability for scavenging production and its
relatively fast growth and high egg production.

Cattle breeds have been imported from Kenya
(Friesian, Ayrshire, Guernsey, Jersey, Sahiwal,
Brahman, Boran and Charolais) and South Africa
(Friesian, Ayrshire, Guernsey, Jersey, Brown Swiss,
Brahman and Romagnola). Goat breeds (Boer and
Savanah) have been imported from South Africa.
From 2006 onwards, Camborough pigs have been
imported, both for pure-breeding and for cross-
breeding with the Ugandan pig.

Source: Adapted from Uganda’s country report.

Another breed from India that has gained popu-
larity in some developing countries in recent years
is the dual-purpose Kuroiler chicken (see Box 1C5).

2.3 South-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
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Box 1C6

Brazil's role as an exporter of genetic resources

While Brazil is heavily dependent on imported
commercial lines of pigs and poultry and is a major
net importer of bovine genetic resources from several
countries (see Figure 1C6), it has acquired a significant
role as an exporter of genetic resources, both to
neighbouring countries and further afield.

According to figures from UN-Comtrade, in 2012,
the value of Brazil's exports of live cattle for breeding
was US$16 million. Exports of bovine semen were
worth US$1.5 million. Exports of live horses for
breeding were worth US$1.6 million.

While 59 percent of the country’s exports of bovine
live animals and semen between 2006 and 2012
went to other countries in Latin America and the
Caribbean, 38 percent went to Africa and 5 percent
to Asia (percentages refer to the total value of the
two categories combined). In the latter two regions,
significant net importers of Brazilian cattle genetic
resources during this period included Angola, the
Democratic Republic of the Congo and the Philippines

Bovine semen exports from Brazil

(all figures from UN-Comtrade). A number of country
reports from these regions mention imports from Brazil,
including Senegal (cattle - see Box 1C3), the Philippines
(buffaloes) and Sudan (Gir, Girolando and Nelore cattle,
Santa Ines sheep). The Santa Ines sheep is reported
(Brazil's country report) to be attracting interest from a
number of countries in Africa and Latin American and
the Caribbean because of its heat tolerance.

As illustrated by the above figures for the value
of bovine genetic resources exports, much of the
gene flow from Brazil occurs in the form of live
animal exports. However, the country has also built
up its production of bovine semen and embryos. The
quantities and destinations of bovine semen exports
reported by the Brazilian Artificial Insemination
Organization for 2013 are shown in the table.

Sources: Country reports of Brazil, the Philippines, Senegal and Sudan;
ASBIA, 2013; UN-Comtrade, 2015.

s 3 -
s £ 2 g £ 3£ 5 z § § &
Breed < < S S S S i & & & S ©°
Number of doses
Bonsmara 2726 20 40 2786
Brahman 4249 3670 1030 850 100 2 000 11899
Brangus 3000 1000 4000
Nelore 6066 2301 100 28 068 36 535
Red Angus 8615 500 2 000 11115
Red Brangus 4390 4390
Senepol 2706 1943 298 1350 4000 10 297
Others 1260 1705 1420 420 100 2700 1400 9005
Total meat sector 8235 14321 14404 5549 2760 200 41958 1400 90027
Gir 12 147 45 469 6300 200 64 116
Girolando 500 1465 18866 300 2000 400 1000 24 581
Guzera dairy 900 1179 2079
Jersey 250 400 650
Total dairy sector 750 14512 65514 300 8300 600 400 1000 91426
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FIGURE 1C5

South Africa’s trade in live pure-bred cattle and bovine semen

Net exports in US$*
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Note: Figures are based on UN-Comtrade classification H592. They are based on import and export figures reported by Sauth Africa and
may not correspond to the figures reported by the respective trade partner. Data from countries’ dependent territories are treated

separately in UN-Comtrade.
Source: UN-Comtrade, 2015

bovine genetic resources in recent years went to
the Southwest Pacific, but a large majority went
to other African countries (Box 1C4). Develop-
ing regions have accounted for almost all Brazil's
exports of bovine genetic resources in recent years
(Box 1C6), although figures from the Brazilian Arti-
ficial 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).

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
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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 repro-
duction of the breed. Australia’s country report
(2012)," 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.

10 This 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.
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FIGURE 1C6

Brazil’s trade in live pure-bred cattle and bovine semen

Net exports in US$*J
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Note: Figures are based on UN-Comtrade classification H592. They are based on import and export figures reported by Brazil and may
not correspond to the figures reported by the respective trade partner. Data from countries’ dependent territories are treated

separately in UN-Comtrade.
Source: UN-Comtrade, 2015.

Drivers 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
ANnGR, 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. Indi-
vidual gene flows are driven by particular require-
ments 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 eco-
nomic and political factors such as trade agree-

ments 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 gen-
erally 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 inter-
ventions to support the import of genetic materi-
als include a project implemented by Bangladesh'’s
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Box 1C7
Influence of policies on gene flows into
Cameroon

Two policy developments have significantly affected
gene flows into Cameroon in recent years. First, as

a result of the avian influenza scare that occurred

in 2006 and subsequent years, the government
decided to revamp the national poultry sector.
Imports of frozen chicken were banned and the local
poultry industry, heavily if not entirely dependent
on imported breeding stocks, was subsidized. This
caused a significant rise in poultry gene flow into
the country from the United States of America and
Europe. Second, the implementation of Cameroon's
Growth and Employment Strategy, and particularly
its Livestock Sector Strategy, which prioritizes the
promotion of short-cycle livestock-keeping activities,
saw a significant rise in the importation of high-
yielding small ruminants, poultry and pigs from
Europe and the United States of America, as well as
non-conventional livestock (e.g. cane rats) from some
African countries (e.g. Benin and Togo).

Source: Adapted from Cameroon's country report.

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 devel-
oped-country example is provided in the country
report from the Russian Federation, which notes
that between 2006 and 2008 the implementa-
tion of the country’s National Priority Project for
Development of Agro-Industrial Complex led to
the government-supported importation of sub-
stantial numbers of high-quality pedigree cattle,
sheep and pigs, with the aim of using the genetic
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potential of these animals to speed up the devel-
opment of the Russian breeding sector via both
pure-breeding and cross-breeding schemes.
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 pro-
duction 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 x Angus), the
Afrisim (Afrikaner x Simmental), the Ankole
and the Pinzyl (Pinzgauer x 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 enact-
ing 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
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are particularly problematic where there is a sig-
nificant disparity between the disease statuses
of the importing and exporting countries. This
tends to disfavour developing-country export-
ers. 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 mate-
rial 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 commer-
cial value is low relative to quarantine expenses.
Climate change is sometimes noted as a poten-
tial driver of increased gene flows, possibly includ-
ing 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 influ-
enced international gene flows to any significant
extent or that countries expect this to change
in the near future. Many country reports recog-
nize climate change as a driver of change in live-
stock production systems and in AnGR manage-
ment (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
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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 impor-
tation 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.

Box 1C8

Effect of a disease outbreak on
inward gene flow - an example from
the Republic of Korea

The foot-and-mouth disease epidemic in the Republic
of Korea in 2010/2011 led to a sharp temporary
increase in the importation of pig breeding stocks.
Pig populations that had been subject to long periods
of genetic improvement disappeared, leading to
increased dependence on imported breeding pigs.
The large scale of the required imports also led to
concerns about the quality of the imported animals.
A shortage of breeding pigs led to problems such as
difficulties in managing the rate of inbreeding. These
problems could have been resolved by exchanging
genes between farms, but this was made more
difficult by differences in hygiene levels between
farms. It appears that these events have led to a
lasting increase in the local pig sector's dependence
on imported genetics.

Source: Country report of the Republic of Korea.
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n Effects of gene flows

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

4.1 Impacts 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 live-
stock populations. The country reports mention
a range of different impacts. The most commonly
reported effect of gene flows is that they con-
tribute to the erosion of AnGR, often via indis-
criminate cross-breeding between imported and
locally adapted breeds." 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 man-
agement 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 strate-
gies can be adopted to promote their sustainable

1 Responses to an open-ended question about the effects of
gene flows on AnGR and their management.
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use, development and conservation (see Part3
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 dilu-
tion and erosion of local indigenous AnGR,” the
situation has been slightly improved by compul-
sory 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 import-
ing 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 estab-
lished 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 abil-
ities as a draught animal, was developed by cross-
ing 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 coun-
tries 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

THE STATE OF THE WORLD'S ANIMAL GENETIC RESOURCES FOR FOOD AND AGRICULTURE



FLOWS OF ANIMAL GENETIC RESOURCES

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 mainten-
ance of diversity by providing economic incen-
tives 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 breed-
ers of locally adapted breeds have recently been
targeting the development of export markets.
These efforts have involved, inter alia, an agree-
ment between the Ministries of Agriculture of
Spain and Brazil regarding a study on the suita-
bility 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.

4.2 Impacts on livestock productivity

A number of country reports, both from devel-
oped 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
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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 pro-
ducers 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 intro-
duction of exotic and cross-bred cattle has only
been achieved by adopting improved manage-
ment 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 non-
traditional 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 chal-
lenges 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.
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E Conclusions
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Roles, uses and values
of animal genetic resources

n Introduction

“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)." It is interesting to note that, although
the phrases are used more or less interchangeably,
they emphasize slightly different aspects of AnGR

' FAO, 2007b Part 1, Section D (pages 77-100).
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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.? 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 main-
tain it (either as a live population or in cryocon-
served 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 inadvert-
ent 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).? 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

~

Feral populations and wild relatives of domestic species are
exceptions, but are potentially of use in agriculture and food
production.

See, in particular, Box 93 (page 430) and Subsection 2 of Part 4
Section F (pages 442-448) of the first SOW-AnGR.

w

PORT ON

THE SECOND REP
A CULTURE

'AL GENETIC RESOURCES FOR FOOD AND AGR

|65




THE STATE OF LIVESTOCK DIVERSITY

PART 1

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 dif-
ferent roles performed by livestock and the signifi-
cance 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 func-
tions. 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 “regulat-
ing” and “habitat” ecosystem services.* 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 pur-
poses. 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 liveli-
hood development and their further potential to
contribute in these fields.

4 “Provisioning” and “cultural” ecosystem services are discussed
in the various other subsections.
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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 circum-
stances. Many harsh production environments,
such as those characterized by extreme tempera-
tures, lack of good-quality feed, high elevations,
rough terrain or severe disease pressures, can only
be utilized effectively by breeds that have particu-
lar characteristics that enable them to cope with
these challenges. Characteristics of this type are
discussed in greater detail in Part 1 Section E.

Contributions 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 live-
stock sector as a whole). In other words, the basic
data shed little light on the relative contributions
of different breeds (or breed categories)® within
species to the various outputs. The data did,
however, serve to illustrate the major economic
significance of the livestock sector.

2.1 Food production and food security
Since 2004 (the year for which data were pre-
sented in the first SOW-AnGR), global output
of food of animal origin has increased substan-
tially (Table 1D1). Production figures are not dis-
aggregated below species level (i.e. by breed or
by breed category). However, the contribution

> For example “locally adapted” or “exotic” breeds.
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of different categories of breed and the signifi-
cance 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 produc-
tion, 7 percent of beef production and 1 percent of
sheep and goat meat production.® The remainder
of reported production was attributed to grazing
and mixed (crop-livestock) production systems.

5 FAO, 2007b, pages 156-157. The figures, calculated in 2004
based on averages for the 2001 to 2003 period, were taken
from an unpublished report (FAO, 2004). Updated figures are
not available.

All milk production was attributed to grazing and
mixed farming systems. See Part 2 Section B for
further information on production-system classifi-
cations (Table 2B1) and the contributions of differ-
ent systems to the output of livestock products at
regional level (Figure 2B2).

Because industrial systems provide highly con-
trolled 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 inter-
national 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

TABLE 1D1
Global output of animal-source foods (2004 and 2012)
2004 2012 Change
Product

tonnes %
Cattle meat 58 093 900 63 288 600 9
Chicken meat 68 003 800 92812 100 36
Pig meat 92 610 000 109 122 000 18
Sheep meat 7 836 070 8470310 8
Goat meat 4382 020 5300 340 21
Turkey meat 5199 850 5609 530 8
Duck meat 3093810 4340810 40
Buffalo meat 2 924 490 3597 340 23
Goose and guinea fowl meat 1945 640 2803720 44
Rabbit meat 1419 250 1833840 29
Horse meat 765 229 750 747 =7
Camel meat 380 947 524390 38
Donkey meat 189 752 211750 12
Cattle milk 529 669 000 625 754 000 18
Buffalo milk 76 872 600 97 417 100 27
Goat milk 14 368 000 17 846 100 24
Sheep milk 8817 950 10 122 500 15
Camel milk 1997 000 2785380 39
Hen eggs 55494 700 66 373 200 20
Eggs of other birds 4428 600 5 546 360 25

Source: FAOSTAT.
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production objectives — are more diverse than in
industrial systems. The output of these produc-
tion 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 par-
ticularly 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.

Increased production of animal-source foods
at global or national levels does not necessarily
translate into increased consumption for every-
one or into health-maximizing levels of consump-
tion 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 defi-
ciencies that might be overcome by increasing
their intakes of meat, milk or eggs (Randolph et
al., 2007; FAO, 2014a).

Understanding the link between livestock pro-
duction and food security at household or indi-
vidual 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
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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, unem-
ployment, 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 current’ 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 envi-
ronments 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 atten-
tion 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.

7 As far as future food security is concerned, it provides the raw
material for genetic improvement to increase productivity or
otherwise develop the characteristics of livestock populations
to meet whatever demands and challenges may arise.
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2.2 Fibres, hides and skins

In terms of the value of sales and international
trade, the most important non-food livestock prod-
ucts are fibres, hides and skins. The first SoW-AnGR
included information on production levels for a
range of skin and fibre products.? 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 pro-
duction in 2012 was almost 5 percent lower than
in 2004 (FAOSTAT). However, some major wool-
producing 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 produc-
tion 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 pro-
grammes 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 popul-
ation trends in these species.

2.3 Transport and agricultural draught
power
In many parts of the world, animals play impor-
tant roles in transport and as providers of draught
power in agriculture. The first SOW-AnGR pro-
vided 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,

8 FAO, 2007b, Table 28 (page 87) (annual totals per region based
on FAOSTAT figures for 2004).
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Ilamas, 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 culti-
vated using animals in most regions of the world
during the period between 1999 and 2030, but an
increase in sub-Saharan Africa.?

A more recent study prepared for FAO (Starkey,
2010) provides a systematic region-by-region anal-
ysis 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 avail-
able and more affordable. However, the increas-
ing 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 develop-
ment 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)."

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

° FAO, 2007b, Table 29 (page 88).
10 Starkey cites donkey population figures from FAOSTAT, noting
that donkeys are seldom maintained if they are not used.
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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 condi-
tions (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 con-
ditions (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,' from
all regions except North America, note that the
use of animal power is in decline as a result of
replacement by mechanized power."? 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

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

12 In response to a general question about changing breed
functions.
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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.' Relatively few country reports (7 out of
93 that include responses to the relevant quest-
ion) specifically list mechanization as a major
cause of genetic erosion,' 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 agri-
cultural power, their populations often plum-
mets 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)" at the time of writing, are class-
ified 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 percep-
tion 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

3 Answers were chosen from a list of options. In both equines
and cattle, the most frequently mentioned category of threat
was “economic and market-driven threats”.

14 This was an open-ended question. Countries were not
specifically asked whether mechanization is a threat.

s http://fao.org/dad-is
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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 liveli-
hoods 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 reduc-
ing the drudgery of domestic tasks such as trans-
porting water and firewood and by providing a
source of income (Valette, 2014). Gaps in knowl-
edge 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).

2.4 Manure 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 live-
stock 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 diver-
sity. However, breeds that struggle to survive
in the local production environment or — in the
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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 intro-
duced into fish ponds by Pekin ducks and mule
ducks — and found that the former provided sig-
nificantly 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 manage-
ment 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 oth-
erwise help to keep soils fertile, and burning dried
dung in poorly ventilated homes can cause serious
human health problems (IEA, 2006). On the pos-
itive side, in production systems where manure
management is a challenge in itself (this is par-
ticularly the case in so-called landless systems) the
use of manure as a source of energy is increasingly
being regarded as an attractive option.

2.5 Savings and insurance

Another function highlighted in the first Sow-
AnGR was livestock’s role in the provision of
savings and insurance services, a function particu-
larly 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
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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 coun-
tries these functions can be among the most impor-
tant 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 impor-
tant. Likewise, from the perspective of accumu-
lation, 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).

E Sociocultural roles

The country reports prepared for the first Sow-
ANGR clearly indicated that livestock — and often
specific breeds - play important roles in many cul-
tural activities at both household and community
levels and that in many countries native breeds
and species are regarded as important elements
of national heritage.
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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 manage-
ment 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 cate-
gories: 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 signifi-
cance is decreasing (11 percent). These figures are
clearly only very approximate indicators of trends.
However, it is interesting to note that all the coun-
tries mentioning downward trends are develop-
ing 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 tradi-
tional beliefs has led to a loss of interest in main-
taining 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. ... [Clash 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:
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“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 diver-
sity and that an increasing role does not necessar-
ily 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 becom-
ing 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).

Ecological 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 eco-
systems within which they are kept. Information
on these roles was, however, limited — particularly
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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 moun-
tains 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 signifi-
cance of between-breed differences in grazing
and browsing habits.

Interest in the links between AnGR manage-
ment 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 eco-
systems. 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 con-
cerned, 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

THE SECOND REPORT ON

e




THE STATE OF LIVESTOCK DIVERSITY

PART 1

Box 1D1
Categories of ecosystem services

The Millennium Ecosystem Assessment (MEA, 2005)
distinguished four categories of ecosystem services:

¢ provisioning services - “the products obtained
from ecosystems” (e.g. food, fibre, fuel and fresh
water);

* regulating services - “the benefits obtained
from the regulation of ecosystem processes”
(e.g. air-quality regulation, climate regulation,
pollination and natural-hazard regulation);

* supporting services - “those that are necessary
for the production of all other ecosystem ser-
vices” (e.g. soil formation, photosynthesis and
nutrient cycling); and

¢ cultural services - “non-material benefits
people obtain from ecosystems through spiritual
enrichment, cognitive development, reflection,
recreation, and aesthetic experiences”.

Some services (particularly supporting and
regulating services) are inputs to the production of
others (particularly provisioning services).

The Economics of Ecosystems and Biodiversity
initiative (TEEB, 2010) subsumed supporting services
within the regulating-service category. It also
introduced an additional category - habitat services
- the intention being to highlight the importance
of ecosystems in the provision of habitats that, for
example, allow migratory species to complete their life
cycles and enable the maintenance of genetic diversity.

Source: Adapted from FAO, 2014d.

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-

74 THE SECOND REPORT ON

palm estates and that their grazing and dunging
reduces the need for the use of herbicides and
fertilizers.

In addition to removing unwanted plant mate-
rial, 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 infes-
tations 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 pro-
duction is noted above (Subsection 2.4). However,
dunging also affects the health of grassland soils,
which in turn is fundamental not only to the pro-
ductivity of grazing systems, but also to their roles in
carbon sequestration and water cycling. Outcomes
depend on the particular characteristics of the eco-
system and on the type of grazing management
practised. The effects of dunging have to be consid-
ered 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 sig-
nificant 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 disas-
ter-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
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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 distrib-
ution (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 dra-
matic 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 pro-
duction 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, includ-
ing 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 conser-
vation grazing outside their countries of origin.
One documented case in which a breed’s specific
adaptive characteristics enable it to provide eco-
system 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
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Box 1D2

The use of livestock in the provision of
ecosystem services - examples from the
United States of America

Livestock provide ecosystem services in a number

of ways across diverse ecosystems. In the southern
plains, goats and to a lesser extent sheep are used
to mitigate brush encroachment. Sheep and goats
are also used to manage vegetation growth (e.g.
trees and shrubs) along the paths of electrical power
lines in mountainous areas and thereby reduce the
use of herbicides. On mountainous public lands,
sheep and cattle grazing contributes to vegetation
health and plant diversity. Particularly in the

Great Plains, livestock grazing can stimulate plant
vegetative processes that result in increased carbon
sequestration. In the western half of the country,
sheep are used in the biocontrol of noxious weeds. All
of these roles operate at species level. They are not
based on the use of specific breeds.

Source: Adapted from the country report of the United States of America.

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).

Roles 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).
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FAO's 2009 report on The State of Food and
Agriculture, which focused on the livestock sector,
noted opportunities for poverty reduction pre-
sented 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.

Box 1D3

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 approp-
riate objective in all circumstances is to intro-
duce “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

A special sheep breed helps to preserve centuries-old grassland in the Alps

Photo credit: Tobias Zehnder.

Reduction in land use and complete land
abandonment are widespread in the mountainous
regions of Europe. Shrubs and trees are expanding
into montane and subalpine grassland in the Alps.
In particular, the nitrogen-fixing shrub Alnus viridis
(green alder) is currently spreading very rapidly.
The shrub’s ability to symbiotically fix nitrogen
from the atmosphere leads to massive nitrogen
enrichment, reduces biodiversity and suppresses
species succession towards coniferous forests. It

is nearly impossible to fight the expansion of A.
viridis shrubs into centuries-old pastures and hay
meadows that are hotspots of biodiversity and part
of the region’s cultural heritage. Clear-cutting is not
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a realistic management option given the enormous
labour costs involved and the green alder's rapid
"hydra-like" resprouting from its 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
for fuel wood. Today, goats are a marginal livestock
species in the Alps and sheep are the main grazers.
However, the most abundant sheep breeds feed on
grass and ignore woody plants.

Once the green alder bushes are fully established
-2 to 3 metres tall and formed into dense,
impenetrable thickets - specialist browsers that
peel the bark are needed. An old, traditional,
sheep breed known as the Engadine sheep, which
was almost extinct in the 1980s (mainly because
of its low slaughtering weight), does exactly this.
Although it also feeds on grass, the breed appears
to be addicted to young tree stems, green alder
in particular. It excessively removes the bark from
branches and stems, which inhibits the allocation
of sugars from shoots to roots, creates open and
deep wounds that are rapidly infested by diseases
and ultimately causes the death of the shrubs, with
almost no resprouting.

(Cont.)
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Box 1D3 (Cont.)
A special sheep breed helps to preserve centuries-old grassland in the Alps

partially encroached pastures, with shrub coverage
ranging from 25 to 55 percent (within defined
paddocks), for the duration of one summer. In the
following year, mortality of A. viridis branches (not
individual shrubs) was on average 46 percent, with a
maximum of 76 percent in lightly encroached pastures.
A second browsing treatment increased the damage -
in other words the success of the browsing treatment
- even in very dense shrubland.

With a total of more than 420 000 sheep in
Switzerland, even a minor replacement of common
breeds by the Engadine would have great potential
for fighting shrub and tree expansion into high
mountain grassland, while at the same time helping to
conserve a traditional livestock breed. As an additional
advantage, the Engadine is very healthy and fertile,
even under harsh grazing conditions. Its meat is not

: o X fatty, but the accumulated fat is rich in unsaturated
Photo crediit: Tobias Zehnder. fatty acids.

In a controlled browsing/grazing experiment, the
Engadme pl’OVEd tobea very efficient land-cover Provided by Tobias Zehnder, Erika Hiltbrunner, Tobias Biihimann and
engineer: a flock of ewes and lambs grazed several Christian Korner.

Box 1D4
The use of livestock in the provision of ecosystem services — examples from Poland

There are some cases in which the provision of specific
environmental services requires the use of specific
species or even breeds. One example is the utilization
of Polish Konik horses in vegetation control in the
Biebrza National Park. It is impossible to use other
species such as sheep to perform this service because
of the presence of wolves. Only horses adapted

to free-range grazing manage to do well in these
circumstances. Another example is the Swiniarka
sheep, a breed that is used to graze xerothermic

grasslands in the south of Poland. These very fragile Photo credit: Jacek £ojek.
grasslands can be only grazed by animals that have a
light body weight and require very little care. Source: Adapted from the country report of Poland.
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change (FAO, 2011; HPLE, 2012). Breeding strat-
egies and programmes, including those target-
ing low-input production systems, are discussed
in greater detail in Part 3 Section C and Part 4
Section C.

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
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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 perspec-
tive, 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 there-
fore 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 capac-
ity 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.

Conclusions 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 approp-
riate 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
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of the roles of particular livestock species and
breeds in the livelihoods of poor people, taking
into account not only the various tangible prod-
ucts 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 strength-
ened. Better recording of breeds’ home produc-
tion 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, main-
tenance of soil fertility, provision of wildlife habit-
ats, etc. - is another priority.
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Animal genetic

resources and adaptation

n Introduction

The first report on The State of the World’s
Animal Genetic Resources for Food and Agri-
culture (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.’
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 Infor-
mation System (DAD-IS);? Subsection 3 provides
a discussion of non-disease related adaptations,
based on the scientific literature; Subsection 4
provides an updated discussion of disease resist-
ance and tolerance; and Subsection 5 presents
some conclusions and research priorities.

Global 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 popula-
tion sizes, morphology, etc., DAD-IS allows coun-

' FAO, 2007, Part 1 Section E (pages 101-112).
2 http://fac.org/DAD-IS
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tries 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 adap-
tations recorded in DAD-IS as of June 2014.

2.1 Adaptations at species and breed
level

Bovines
A total of 139 breeds of buffalo are recorded in
DAD-IS. Descriptions of their adaptations gen-
erally focus on their hardiness and adaptedness
to high temperatures. The Anadolu Mandasi 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 eleva-
tions 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
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adaptedness to heat and mountainous terrain (see  addition, 30 goat breeds were reported to be heat

Table 1E1). tolerant, 7 tolerant of humidity, 14 cold tolerant,
11 adapted to extreme diets, 20 adapted to water

Small ruminants scarcity and 20 adapted to dry environments.

From a total of 681 reported goat breeds, 62 are Like goats, sheep are frequently well adapted

reported to display adaptations to mountainous to harsh environments (see Table 1E2). However,
terrain. In general, this includes jumping ability, the only two sheep breeds recorded in DAD-IS
flexible hooves and tolerance of poor nutrition. In  as being well adapted to humid environments

TABLE 1E1
Adaptations in cattle breeds as recorded in DAD-IS
Region Number ... Extreme Water Mountainous Dry General
of breeds* et Cold  Humidity diet scarcity terrain  environment hardiness
Africa 212 32 0 7 1 8 2 20 51
Asia 261 40 12 2 12 4 22 6 24
Southwest Pacific 399 8 0 0 0 2 0 0 1
Elortdue 147 28 17 2 13 2 79 9 94
Caucasus
Latin America
and the Caribbean % flz 2 g s 2 £ 8 i
North America 19 2 0 0 0 1 0 1 2
Near and Middle East 33 3 0 1 0 5 1 3 2
World 1115 125 32 12 29 24 113 47 185

Note: *Excluding extinct and international transboundary breeds.
Source: DAD-IS accessed in March 2014.

TABLE 1E2
Adaptations in sheep breeds as recorded in DAD-IS
Region Number Heat Cold Humidity Extreme Water Mountainous Dry Docility
of breeds* diet scarcity terrain environment

Africa 141 9 5 1 0 10 3 17 3
Asia 276 36 25 1 4 4 35 13 7
Southwest Pacific 687 0 3 0 0 0 1 0 0
Europe and the 54 23 2 0 15 3 108 16 34
Caucasus
Latin America
and the Caribbean 5 2 L g L € 2 2 L
North America 27 2 1 0 0 0 0 0 2
Near and Middle East 41 i 0 0 1 4 1 7 7
World 1283 83 57 2 21 21 151 55 54

Note: *Excluding extinct and international transboundary breeds.
Source: DAD-IS accessed in March 2014.
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are the Djallonké of Guinea and the Xinjiang
Finewool of China.

Camelids

The alpaca and the llama inhabit Andean range-
lands 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 par-
ticular 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 adap-
tations 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 Pluri-
national 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 charac-
teristic beard and small rose comb, is resistant to
cold. A wide spectrum of behavioural traits are
reported. Some breeds are known for their docil-
ity and others for their fighting ability.

Adaptation to non-disease
stressors

3.1 Introduction
One of the key features of animal genetic diver-
sity is that it enables livestock to be kept in a wide

TABLE 1E3
Adaptations in equine breeds as recorded in DAD-IS
Species Number Heat Cold Extreme Water Mountainous Dry General
of breeds* diet scarcity terrain environment hardiness
Ass 174 2 3 5 - 7 14
Horse 905 9 6 2 30 4 77

Note: *Excluding extinct and international transboundary breeds.
Source: DAD-IS accessed in March 2014.
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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 envi-
ronment to another. Capacity to isolate animals
from the stressors present in the local environ-
ment — extremes of temperature, feed shortages,
diseases, etc. — has increased over the years, but
the conditions in which animals are raised con-
tinue 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.

3.2 Adaptation 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 metab-
olism; 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 func-
tion 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 high-
er-quality feed. Thus, in theory, the total energy
requirements of five 20 kg Black Bedouin goats
total metabolic weight = 20 kg®”> x 5 = 47.3 kg)
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should be considerably higher than that of a single
large European goat weighing 100 kg (metabolic
weight = 100 kg®”® = 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 Ilamas) also possess a similar
capacity to adjust to low energy intake by reduc-
ing 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 impor-
tant adaptation for animals that have to cope
with fluctuating feed supplies (Ball et al., 1996;
@rskov, 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.
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Ermias et al. (2002) reported an encouraging herit-
ability estimate (0.72+0.19) for the combined
weight of tail and rump fat in Menz sheep, indi-
cating opportunities for selective breeding.

In addition to adaptations related to feed short-
ages 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.

3.3 Adaptation 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 per-
formance. The effects are aggravated when heat
stress is accompanied by high humidity. Differ-
ences in thermal tolerance exist between live-
stock 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 (sweat-
ing, 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 differ-
ent sheep populations in Brazil: the Santa Inés
(a hair sheep with three different coat colours
— brown, black and white), the Bergamasca (a
wool sheep) and Santa Inés x Bergamasca crosses.
The study found that there were significant dif-
ferences between animals due to breed and skin
type, and concluded that the white-coloured
Santa Inés animals were the best adapted to high
temperatures and that the Bergamasca were
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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 haematolog-
ical characteristics and to their form, growth and
physiology (Turner, 1980). Zebu cattle are smooth
coated, have better-developed sweat and seb-
aceous 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 condi-
tions) 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 insul-
ation. 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 depos-
its 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 environ-
ment of the Menz is cooler than that of the Horro,
which lives at a slightly lower elevation.

3.4 Adaptation to water scarcity

Breeds of ruminants native to arid lands are able
to withstand prolonged periods of water depriv-
ation and can graze rangelands where water-
ing sites are 50 km or more far apart (Silanikove,
1994; Bayer and Feldmann, 2003). Livestock that

THE SECOND REPORT ON

87/




THE STATE OF LIVESTOCK DIVERSITY

PART 1

Box 1E1
Yakutian cattle — a breed well adapted to
subarctic climatic conditions

The Yakutian cattle of the Sakha Republic in the Russian
Federation, a unique population of Turano-Mongolian
type Bos taurus, are believed to be the last remaining
indigenous Siberian cattle. They are dual-purpose
animals (milk and meat) and have small but strong
bodies, small firm udders and short firm legs. Their
bodies and teats are covered with thick hair. They are
well adapted to the extreme environment and climate
of the subarctic region, characterized by long, dark and
cold winters, during which the temperature can fall to
-60 °C. They are capable of thriving on the poor feed
provided by the plants of the northern environment
and require less body maintenance energy during
winter than other cattle. They grow and fatten rapidly
during the short summer. They are reported to be
resistant to tuberculosis, leucosis and brucellosis. They
have a long productive life, some cows living for more
than 20 years and calving more than ten times.

Sources: Ovaska and Soini, 2011; Li et al., 2012.

Photo credit: Anu Osva (previously published in Granberg et al,, 2009,
reproduced with permission).

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 consum-
ing 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-
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Nielsen et al., 1956). There are also donkey, goat,
sheep and cattle breeds that can go without drink-
ing 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 with-
stand 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,¢; Silanikove,
2000). Bedouin goats are also able to maintain a
good level of milk production under water depriv-
ation. The basis of these breeds' ability to cope
with severe water shortages is their ability to with-
stand dehydration and to minimize water losses
via urine and faeces. By the fourth day of de-
hydration, the water losses of Barmer and Bedouin
goats may exceed 40 percent of their body weights
(Khan et al., 1979a,b; Silanikove, 2000).

3.5 Adaptation 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, de-
horning, 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 mater-
nal 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 fearful-
ness could have a significant influence on the
welfare of ruminant livestock.
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3.6 Adaptation 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 pred-
ator-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 behav-
iour and longest recovery time). A more recent
study suggested that this response to predator-
like stimuli could explain, at least partially, the
improved survivability of free-ranging lambs in
light breeds (Steinheim et al., 2012).

Disease resistance and
tolerance

4.1 Introduction
Diseases are one of the major constraints to live-
stock productivity and profitability worldwide.
A range of disease-control options exist, includ-
ing chemical or biological treatments, vaccin-
ation 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 sus-
ceptibility 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,
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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 patho-
gen 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 environ-
ment 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 neces-
sary 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 pro-
duction environments, including the disease chal-
lenges present in these production environments.
Maintaining within-breed diversity allows for indi-
vidual 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 dis-
cussion of the genetics of disease resistance and
tolerance presented in the first SOW-AnGR.? In
addition to presenting the latest data available

3 FAO, 2007, Part 1 Section E (pages 101-112).
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in DAD-IS on breeds’ resistance and tolerance to
specific diseases, it briefly discusses recent scien-
tific developments in this field and their potential
significance for disease-control strategies, focus-
ing particularly on research findings published
since the first SOW-AnGR was prepared. The dis-
cussion 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.

4.2 Disease 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 resist-
ance or tolerance to that disease. This is because
natural selection should favour the accumul-
ation 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 over-
view 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 gen-
erally 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 add-
ition, a great deal of research has been undertaken
to substantiate anecdotal evidence and uncover
the biological mechanisms associated with dif-
ferences among breeds in terms of their suscept-
ibility to common livestock diseases. Recent sci-
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entific developments with respect to the main
diseases featured in the DAD-IS data - includ-
ing several that did not feature in the discussion
presented in the first SOW-AnGR - are briefly
discussed in the following subsections. Short dis-
cussions are also presented for some diseases for
which no information on breed resistance has
been entered into DAD-IS, but for which informa-
tion 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, par-
asite resistance to these drugs increases yearly.
Fortunately, locally adapted breeds of ruminants
in areas of high tsetse fly challenge show consist-
ent 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 trypano-
tolerant cattle, sheep and goats breeds has
been recorded in DAD-IS by Sudan and inform-
ation 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 trypanosome-
resistant strain of cattle, based on a genetic
mechanism present in baboons and some human
populations (Willyard, 2011).
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TABLE 1E4

Examples of studies indicating breed differences in resistance, tolerance or immune response to

specific diseases

Disease/parasite

Theileria annulata

Trypanosomosis

Tuberculosis

Fasciola gigantica

Rhipicephalus
microplus

Rhipicephalus
microplus

Haemonchus
contortus

Haemonchus
contortus

Fasciola gigantica

Porcine reproductive
and respiratory
syndrome (PRRS)

PRRS

Marek’s disease

Infectious bursal
disease virus

Avian influenza

Newcastle disease

Breed(s) or
genotype(s)
showing the

favourable

phenotype

Sahiwal cattle

N’Dama x Kenya-
Boran cattle

Zebu cattle

Buffalo

Nguni cattle

Braford, Brangus,
Nelore cattle

Caribbean hair sheep

Gulf Coast Native
sheep

Indonesian Thin Tail
sheep

Miniature pigs

Meishan pigs

Erlang Mountain
chickens

Aseel chickens

Fayoumi chickens

Naked-neck chickens

Compared to

which breed(s) or

genotype(s)

Holstein

Kenya-Boran

Holstein

Ongole cattle

Bonsmara

Charolais

Wool sheep

Suffolk

Merino

Pietrain pigs

Duroc, Hampshire

Commercial broiler

Commercial

Leghorn

Frizzle- and smooth-
feathered chickens

Experimental
conditions

Avrtificial infection of
isolated monocytes

Field challenge

Natural and artificial
infection

Artificial infection

Natural infection

Natural infection

Artificial infection

Pasture-based
infection

Artificial infection

Artificial infection

Artificial infection

Artificial infection

Artificial infection

Avrtificial infection

Artificial infection

Results

Less severe clinical
signs in the Sahiwal,
gene expression profile
of monocytes differs
between the two
breeds

N'dama cross-breed
more trypanotolerant,
especially females

Zebu have fewer
clinical signs and
decreased morbidity

Buffalo have 1/5 the
number of flukes
Ongole cattle have

Leukocyte profile
differs between
infected Nguni and
Bonsmara

Fewer ticks carried by
the Braford, Brangus
and Nelore

Caribbean Hair sheep
have higher PCV, lower
FEC, higher IgA than
the wool sheep

Native lambs have
more robust immune
response to infection

Typel immune
response makes
Indonesian Thin Tail
more resistant

Virus replication in the
miniature pigs only
3.3% of that in the
Pietrain

Meishan have less
PRRS antigen in their
lungs

Erlang show reduced
clinical signs and faster
clearance of virus

TH1 immunity,
upregulation in the
Aseel

Resistance to infection
in the Fayoumi

Naked-neck shows
lower mortality

Note: FEC = faecal egg count; PCV = packed cell volume; IgA = immunoglobulin A; TH1 = type 1 T helper cell.
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TABLE 1E5

Number of mammalian breed populations recorded in DAD-IS as having resistance or tolerance to

specific diseases or parasites

Disease/parasite

Buffalo Cattle Goats
Unspecified 8 74 22
Trypanosomosis 48 22
Tick infestation/burden 1 24
Tick-borne diseases (unspecified) 1 26 1
Anaplasmosis 2
Piroplasmosis/babesiosis
Heartwater/cowdriosis 2
Theileria 2
Internal parasites 3 1 2
Fascioliasis 1
Bovine leukosis 1
Foot rot 1
African swine fever
Tuberculosis 13 3
Brucellosis 1 7 3
Foot-and-mouth disease 2 1
Total 16 236 54

Note: *"Breed population” = a given breed within a given country.
Source: DAD-IS accessed in March 2014.

Ticks and tick-borne diseases

Ticks continue to cause disease and production
loss throughout the world, most notably in trop-
ical and subtropical areas. Tick infestation causes
blood loss and decreased milk or meat production.
Ticks also transmit a number of diseases, includ-
ing 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 sensitiv-
ity, grooming behaviour and degree of inflam-
matory 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
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Number of reported resistant or tolerant breed populations* per species

Sheep Pigs Horses Deer Camelids
32 27 36 1
18 2 3

5 1
5 1
1
2
16 1 3 1
1
13
6
1
2
94 36 43 3 1

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,
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Most common name of breed

N’'Dama (20), Lagune (Lagoon) (6), Baoulé (4), Borgou/Ketuku (3), Somba (2),
Muturu (2), Dahomey (Daomé), Ghana Shorthorn, Kapsiki, Kuri, Namchi, Toupouri

N'Dama, Dahomey (Daomé)

Djallonké (West African Dwarf) (13), Vogan (2)

Mongalla, Nilotic, Nuba Mountain Dwarf

Djallonké (West African Dwarf) (20)

Local Pig of Benin, Nigerian Native

TABLE 1E6
Breeds recorded in DAD-IS as showing resistance or tolerance to trypanosomosis
Species Region/subregion Number
of
breeds
North and West Africa 15
Cattle East Africa 2 Jiddu, Shekko
Southern Africa 2
Near and Middle East 1 Nuba Mountain
North and West Africa 2
Sheep
Near and Middle East 3
North and West Africa 1
Goats
Near and Middle East 2 Nilotic, Yei
Pigs West Africa 2
Horses North and West Africa 2

Bandiagara (2), Poney du Logone

Note: Figures in brackets indicate the number of countries (if more than one) reporting that the breed is resistant or tolerant.

Source: DAD-IS accessed in March 2014.

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.

Internal parasites
Helminthosis continues to cause major produc-
tion losses throughout the world, particularly
as parasite resistance to anthelminthic drugs
increases. This latter development places addi-
tional pressure on livestock keepers and govern-
ments to rely more heavily on genetically resist-
ant or tolerant breeds for production in para-
site-infested areas. Breeds noted in DAD-IS as
having some resistance to internal parasites are
listed in Table 1E9. Many breeds of small rumi-
nants have been characterized as parasite resist-
ant (Gonzalez 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
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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 associ-
ated 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 lle 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 resist-
ance is based on an early type 1 innate immune
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TABLE 1E7

Breeds recorded in DAD-IS as showing resistance or tolerance to tick burden

Species Region/subregion Number Most common name of breed
of breeds
Seuitin Al 10 Nguni (2), Bonsmara, Kashibi, Nandi, Pedi, Shangaan, Sul do Save, Tswana, Tuli,
Venda
Southeast Asia 6 Australian Milking Zebu, Droughtmaster, Java, Local Indian Dairy Cow, Pesisir, Thai
Cattle Europe and the Caucasus 1 Zebu of Azerbaijan
South America 1 Romosinuano
" Australian Charbray, Australian Friesian Sahiwal, Australian Milking Zebu,
Southwest Pacific 5 . .
Australian Sahiwal, Javanese Zebu
Sheep Southern Africa 3 Nguni (3), Landim, Pedi
Buffalo Southeast Asia 1 Krabue
Deer Southeast Asia 1 Sambar

Note: Figures in brackets indicate the number of countries (if more than one) reporting that the breed is resistant or tolerant.

Source: DAD-IS accessed in March 2014.

TABLE 1E8

Breeds recorded in DAD-IS as showing resistance or tolerance to tick-borne diseases

Species Region/subregion Diseases Number Most common name of breed
of breeds
Tick-borne (unspecified) 3 Baoulé (3), Ghana Shorthorn, Sahiwal,
North and West Africa
Piroplasmosis 1 Noire Pie de Mekneés
East Africa Tick-borne (unspecified) 2 Sahiwal (2), Nandi
Piroplasmosis 3 N'Dama, Nguni, Sahiwal
Southern Africa
Theileria 1 Angoni
Piroplasmosis 3 Cinisara, Modicana, Southern Beef
Europe and the Caucasus Anaplasmosis 2 Cinisara, Modicana
Cattle
Heartwater (cowdriosis)* 1 Creolé (2)
East Asia Theileria 1 Jeju Black cattle
South Asia Tick-borne (unspecified) 2 Sahiwal (5), Local Indian Dairy Cow
Southeast Asia Tick-borne (unspecified) 1 Sahiwal (4)
Caribbean Tick-borne (unspecified) 1 Sahiwal (2)
South America Tick-borne (unspecified) 1 Creole (2), Sahiwal
Southwest Pacific Tick-borne (unspecified) 1 Sahiwal
Sheep Southern Africa Heartwater (cowdriosis) 1 Damara (2)
Horses Europe and the Caucasus Piroplasmosis 1 Pottok

Note: *These reports are from the French overseas territories of Guadeloupe and Martinique, i.e. not geographically from the Europe
and the Caucasus region. Figures in brackets indicate the number of countries (if more than one) reporting that the breed is resistant
or tolerant.

Source: DAD-IS accessed in March 2014.
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TABLE 1E9

Breeds recorded in DAD-IS as showing resistance or tolerance to internal parasites

Species Region/subregion Number Most common name of breed
of breeds

Cattle Southern Africa 1 Madagascar Zebu
Southeast Asia 1 Kacang

Goats
East Asia 1 Tokara
Southern Africa 1 Kumumawa
Northern Africa 1 Rahmani

Sheep Southeast Asia 2 Garut, Malin
Europe and the Caucasus 1 Solognot
Latin America and the Caribbean 3 Criollo (9), Morado Nova, Priangen
Southeast Asia 2 Bajau, Kuda Padi

Horse
South America 1 Peruano de Paso

Deer Southeast Asia 1 Sambar

Note: Figures in brackets indicate the number of countries (if more than one) reporting that the breed is resistant or tolerant.

Source: DAD-IS accessed in March 2014.

response.* 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 eli-
cited different responses in the Indonesian Thin
Tail sheep. Immunological responses to F. gigan-
tica also differed between Indonesian Thin Tail
sheep and Merino sheep (a non-resistant breed).

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

4 Immune responses to infectious diseases comprise types 1
and 2. The two types differ according to the cells involved
(T helper 1 vs. T helper 2 cells) and the secretions produced by
these cells. Type 1 immune response is characterized by high
phagocytic activity, whereas type 2 involves high levels of antibody
production. Type 1 immunity is generally protective, whereas type
2 usually involves resolution of cell-mediated immunity. For more
information, see Spellberg and Edwards (2001).

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 liter-
ature.

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 regard-
ing the molecular explanation of resistance sug-
gests that imbalances in certain receptors (tumor
necrosis factor alpha in particular) can contribute
to increased susceptibility (Konnai et al., 2005).
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Most common name of breed

Istobenskaya, Krasnaya gorbatovskaya, Southern beef, Suksunskaya skot, Sura de stepa,

TABLE 1E10
Cattle breeds recorded in DAD-IS as showing resistance or tolerance to leukosis
Region/subregion Number of
breeds
Central Asia 1 Bestuzhevskaya
Europe and the Caucasus 9

Source: DAD-IS accessed in March 2014.

Bovine tuberculosis

Bovine tuberculosis is a respiratory disease that
can be transmitted through milk and has signifi-
cant negative consequences — both as a disease of
livestock and as a zoonosis — particularly in devel-
oping 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 scien-
tific study (Vordermeier et al., 2012) comparing
native Zebu cattle to Holstein cattle in Ethiopia
found that the Zebu was more resistant to tuber-
culosis. Within-breed quantitative genetic studies
have found evidence of heritable control of sus-
ceptibility 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 associa-
tions 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 associ-
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Yakutskii Skot, Yaroslavskaya, Yurinskaya, Volinian beef

ated with immune function reported some asso-
ciations with disease prevalence in cattle (Prakash
et al., 2014). In addition, Martinez 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 coun-
tries in Europe and North America. Although no
information on scrapie has been entered into
DAD-IS, the disease can be considered a text-
book 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 (Palhiére et al., 2008),
including some at-risk breeds (Windig et al,
2007; Sartore et al., 2013). This has led to signif-
icant decreases in the frequency of one suscepti-
ble haplotype (VRQ), if not its elimination, and to
increases in the frequency of a resistance haplo-
type (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; Palhiére et al., 2008). However, Sartore et al.
(2013) reported an increase in inbreeding in the
Italian Sambucana breed after selection started.
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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 administra-
tion (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.> 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 con-
firmed reports of genetic resistance are available.
Researchers in the United Kingdom have recently
used gene-editing procedures to create domes-
tic 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 charac-
teristic thumping respiratory pattern in post-wean-
ing piglets, which can lead to decreased growth
and increased mortality. Containment and erad-
ication 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 differ-
ences between breeds and populations have been
reported in the scientific literature (Lewis et al.,

> FAO, 2007, Box 14 (page 109).

Most common name of breed

TABLE 1E11
Breeds recorded in DAD-IS as showing resistance or tolerance to foot rot
Species Region/subregion Number of
breeds
Cattle Europe and the Caucasus 1 Sayaguesa
North and West Africa 1 Beni Ahsen
East Asia 1 Small Tailed Han
Sheep Europe and the 10

Caucasus
Southwest Pacific 1

Source: DAD-IS accessed in March 2014.
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Blndner Oberldnderschaf, Churra Lebrijana, Engadiner Schaf, Latxa, Leine, Montafoner
Steinschaf, Owca kamieniecka, Polska owca dtugowetnista, Soay, Waldschaf,

Broomfield Corriedale
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2007). Reiner et al. (2010) report evidence of resist-
ance 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;
Serdo et al.,, 2014).

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 mortal-
ity, particularly in intensive poultry management
systems. A study comparing the relative resist-
ance 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 elimi-
nate infection (Adeyemo et al., 2012).

Over the last decade or so, avian influenza
virus has become a global threat due to its dev-
astating 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, orig-
inally from Egypt but now present worldwide.
Molecular analysis suggests that, in the event

98 THE SECOND REPORT ON

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 sever-
ity 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 influ-
enza H5N1, this could explain the pigeons’ rela-
tively 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.

4.3 Opportunities to breed for disease
resistance
Breed-to-breed differences in disease susceptibil-
ity provide opportunities to decrease disease inci-
dence through cross-breeding or breed substitu-
tion. 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. There-
fore, 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 selec-
tion 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, consid-
eration of heath traits has been increasing. This
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TABLE 1E12

Avian breeds recorded in DAD-IS as showing resistance to diseases

Species Region/subregion Disease Numfber Most common name of breed
[
breeds
North and West Africa Newcastle 1 Poule De Benna
Southeast Asia Newcastle 1 Red Jungle Fowl
. Gallina criolla o de rancho, Gallina de
Central America Newcastle 2 aell el
Europe and the Marek's 5 Scots Dumpy, Hrvatica, Borky 117,
Caucasus Poltavian Clay, Rhode Island Red
Southeast Asia Mareks, IBD (infectious bursal disease), coccidiosis 1 Ayam Kampong
Southern Africa Internal parasites 1 Basotho chicken
Chickens Internal parasites 1 Papua New Guinea Native
Southeast Asia »
. . Camarines, Paraoakan, Banaba (also
Respiratory diseases 3 fowl pox)
g Mycoplasmosis avian pseudo plaque and
North and West Africa pasteurellosis 1 Naked Neck
Leukosis and spiroketosis 2 Egypt Baladi Beheri, Fayoumi
Near and Middle East
Fowl pox and chronic respiratory disease (CRD) 1 Oman Baladi
Europe and the Eimeria necatrix 1 Penedesenca Negra
Caucasus Oncorna virus 1 Single Comb White Leghorn-Line 12
Local Duck of Gredaya and Massakory,
North and West Africa ~ Newcastle 3 Local Duck of Moulkou and Bongor, Local
Muscovy Duck of Karal and Massakory
Ducks
Southeast Asia Duck viral enteritis and leg paralysis 1 Philippine Mallard Duck (Domestic)
East Asia Duck and goose viral hepatitis 1 Black Muscovy 1303
Viral hepatitis 1 Itik Kampong
Geese Southeast Asia
“Skin venom” 1 Philippine Domestic Goose
Guinea fowl  North and West Africa  Newcastle 2 Djaoule, Numida meleagris galeata Pallas
Pigeons Southeast Asia “Skin venom” 1 Philippine Domestic Pigeon
North and West Africa  Newcastle 1 Moroccan Beldi
Turkeys
Southeast Asia Histomoniasis and sinusitis 1 Philippine Native

Source: DAD-IS accessed in March 2014.

has probably occurred for three main reasons:
1) greater awareness of the costs of disease; 2)
decreasing fitness due to antagonistic relation-
ships with selection and management for increased
yield; and 3) increasing capacity to measure and
evaluate health-related traits. In some cases, prob-
lems 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 meas-
ures 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 consid-
eration to observed mastitis incidence, concentra-
tion of somatic cells (leukocytes) in milk and udder
conformation. Selection against foot rot may be
based on animal-mobility scores. Longevity is
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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 dis-
ease-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 resist-
ance include “genomics”, the study of genes and
chromosomes; “transcriptomics”, the study of tran-
scribed gene products; “proteomics”, the study of
proteins; and “metabolomics”, the study of metab-
olism. 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 small-
ruminant 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, indi-
cating 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.
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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.

Conclusions and research
priorities

The information recorded in DAD-IS, while incom-
plete, 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 produc-
tion systems in developing countries or to other
production systems where environmental con-
ditions 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 char-
acteristics.

Evidence indicates that, where the production
environment is harsh, breeds whose evolution-
ary 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
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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 manage-
ment 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 objec-
tives 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, measure-
ment problems and underlying antagonistic rela-
tionships with productive performance traits.
Research priorities include improving under-
standing 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’ geo-
graphical distributions and better description
of their production environments (see Part4
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 uti-
lization strategies are developed, opportunities
that could greatly contribute to improving animal
health and productivity may be lost forever.
Where the design and implementation of breed-
ing 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
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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:

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

e genetic characterization to help under-
stand the biological mechanisms underlying
observed disease-resistance traits; and

e development of simple, accurate and cost-
effective approaches for routine collection
of phenotypic information on disease inci-
dence, to support both characterization and
genetic improvement.
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Threats to livestock

n Introduction

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 eco-
nomic, 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 understand-
ing 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-
ANnGR) (FAO, 2007a). The first SoW-AnGR dis-
tinguished threats arising because of relatively
gradual changes in livestock production systems
from those associated with acute events such
as animal disease epidem