COMMISSION ON
GENETIC RESOURCES
FOR FOOD AND
AGRICULTURE

\?/ Food and Agriculture
Q\‘/@ Organization of the

United Nations

THE STATE OF
THE WORLD's
BIODIVERSITY
FOR FOOD AND AGRICULTURE

FAO COMMISSION ON GENETIC RESOURCES FOR FOOD AND AGRICULTURE
ASSESSMENTS « 2019

<
N
<
o
~N
<
o~
z
wv
)







FAO COMMISSION ON GENETIC RESOURCES FOR FOOD AND AGRICULTURE
ASSESSMENTS ® 2019

THE STATE OF

THE WORLD's

BIODIVERSITY

FOR FOOD AND AGRICULTURE

COMMISSION ON GENETIC RESOURCES FOR FOOD AND AGRICULTURE
FOOD AND AGRICULTURE ORGANIZATION OF THE UNITED NATIONS

Rome, 2019



Required citation:

FAO. 2019. The State of the World s Biodiversity for Food and Agriculture, J. Bélanger & D. Pilling (eds.).
FAO Commission on Genetic Resources for Food and Agriculture Assessments. Rome. 572 pp.
(http://www.fao.org/3/CA3129EN/CA3129EN.pdf)

Licence: CC BY-NC-SA 3.0 IGO.

The designations employed and the presentation of material in this information product do not imply the
expression of any opinion whatsoever on the part of the Food and Agriculture Organization of the United
Nations (FAO) concerning the legal or development status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries. The mention of specific companies
or products of manufacturers, whether or not these have been patented, does not imply that these have been
endorsed or recommended by FAO in preference to others of a similar nature that are not mentioned.

The views expressed in this information product are those of the author(s) and do not necessarily reflect
the views or policies of FAO.

ISBN 978-92-5-131270-4
© FAO, 2019

Some rights reserved. This work is made available under the Creative Commons Attribution-
NonCommercial-ShareAlike 3.0 IGO licence (CC BY-NC-SA 3.0 IGO; https://creativecommons.org/
licenses/by-nc-sa/3.0/igo/legalcode/legalcode).

Under the terms of this licence, this work may be copied, redistributed and adapted for non-commercial
purposes, provided that the work is appropriately cited. In any use of this work, there should be no
suggestion that FAO endorses any specific organization, products or services. The use of the FAO logo
is not permitted. If the work is adapted, then it must be licensed under the same or equivalent Creative
Commons licence. If a translation of this work is created, it must include the following disclaimer along
with the required citation: “This translation was not created by the Food and Agriculture Organization
of the United Nations (FAO). FAO is not responsible for the content or accuracy of this translation. The
original [Language] edition shall be the authoritative edition.”

Disputes arising under the licence that cannot be settled amicably will be resolved by mediation and
arbitration as described in Article 8 of the licence except as otherwise provided herein. The applicable
mediation rules will be the mediation rules of the World Intellectual Property Organization
http://www.wipo.int/amc/en/mediation/rules and any arbitration will be conducted in accordance with
the Arbitration Rules of the United Nations Commission on International Trade Law (UNCITRAL).

Third-party materials. Users wishing to reuse material from this work that is attributed to a third
party, such as tables, figures or images, are responsible for determining whether permission is needed
for that reuse and for obtaining permission from the copyright holder. The risk of claims resulting from
infringement of any third-party-owned component in the work rests solely with the user.

Sales, rights and licensing. FAO information products are available on the FAO website
(www.fao.org/publications) and can be purchased through publications-sales@fao.org. Requests for
commercial use should be submitted via: www.fao.org/contact-us/licence-request. Queries regarding
rights and licensing should be submitted to: copyright@fao.org.



Contents

Foreword Xix
Acknowledgements XXi
Abbreviations and acronyms XXVii
About this publication xxxii
Executive summary XXXVil

- Overview

CHAPTER 1 INTRODUCTION 3
1.1 Biodiversity and the challenges facing global food and agriculture 3
1.2 What is biodiversity for food and agriculture? 4
1.3 Biodiversity for food and agriculture and global policy agendas 5
1.4 Assessments of biodiversity for food and agriculture 8
1.5 Key concepts addressed in this report 10

CHAPTER 2 ROLES AND IMPORTANCE OF BIODIVERSITY
FOR FOOD AND AGRICULTURE 17

Key messages 17

2.1 Introduction 17

2.2 Ecosystem services 18

2.2.1  Provisioning services 19

2.2.2  Regulating and supporting services 20

2.2.3  Cultural services 22

2.3 Resilience 23
2.3.1  Overview of the contributions of biodiversity for

food and agriculture 24

2.3.2  Resilience to specific threats 27

2.3.3  Needs and priorities 34

2.4 Sustainable intensification 35
2.4.1  Overview of the contributions of biodiversity for

food and agriculture 36

2.4.2  Needs and priorities 41

2.5 Livelihoods M
2.5.1  Overview of the contributions of biodiversity for

food and agriculture 42

2.5.2  Needs and priorities 48

2.6 Food security and nutrition 48

2.6.1 Availability 49

2.6.2  Access 50

2.6.3 Utilization 51

2.6.4  Stability 52

2.6.5 Nutrition and food systems 53

2.6.6  Contribution of wild foods 56

2.6.7 Needs and priorities 62




Part B Drivers, status and trends

CHAPTER 3 DRIVERS OF CHANGE OF BIODIVERSITY FOR FOOD
AND AGRICULTURE
Key messages
3.1 Introduction
3.2 Overview
3.3 Economic and social drivers

CHAPTER 4

3.3.1
332
333

Population growth and urbanization
Markets, trade and value chains
Changing economic, sociopolitical and cultural factors

3.4 Environmental drivers

3.4.1
342
343

Climate change
Natural disasters
Pests, diseases and invasive alien species

3.5 Advances and innovations in science and technology
3.6 Drivers at production-system level

3.6.1
3.6.2
3.6.3

3.7 Policies

Changes in land and water use and management
Pollution and external inputs
Overexploitation and overharvesting

3.8 Drivers of women'’s involvement in the management of
biodiversity for food and agriculture

3.9 Drivers of traditional knowledge of biodiversity for
food and agriculture

THE STATUS AND TRENDS OF BIODIVERSITY FOR
FOOD AND AGRICULTURE
Key messages
4.1 Introduction
4.2 Plant, animal, forest and aquatic genetic resources for
food and agriculture

4.2.1
4.2.2
4.2.3
4.2.4

Plant genetic resources for food and agriculture
Animal genetic resources for food and agriculture
Forest genetic resources

Aquatic genetic resources for food and agriculture

4.3 Associated biodiversity

4.3.1

432
433
434
435
4.3.6
4.3.7

Associated-biodiversity species managed for

ecosystem services

Information and monitoring systems on associated biodiversity
Overview of status and trends

Associated biodiversity for pollination

Associated biodiversity for pest and disease regulation
Associated biodiversity for soil-related ecosystem services
Associated biodiversity for water-related ecosystem services

65
65
65
69
69
70
74
76
78
78
83
87
93
95
95
101
104
107

109

111

113
113
113

114
114
116
117
117
119

120
120
126
129
134
140
148



4.3.8 Associated biodiversity for natural-hazard regulation 153

4.3.9  Associated biodiversity for habitat provisioning 154
4.3.10 Associated biodiversity for air-quality and climate regulation 157
4.4 Wild foods 160
4.4.1  State of knowledge 160
4.4.2  Status and trends 161
4.5 Ecosystems of importance to food and agriculture 171
4.5.1  Wetlands 171
4.5.2  Mangroves 172
4.5.3 Seagrasses 175
4.5.4  Coral reefs 177
455 Forests 180
4.5.6 Rangelands 183
4.6 Needs and priorities 186
Part C State of management
CHAPTER 5 THE STATE OF USE OF BIODIVERSITY FOR FOOD

AND AGRICULTURE 191
Key messages 191
5.1 Introduction 191
5.2 Overview of management practices and approaches 192
5.3 Ecosystem, landscape and seascape approaches 198
5.3.1  Overview 198
5.3.2 Sustainable forest management 201
5.3.3  Ecosystem approach to fisheries and aquaculture 205
5.3.4  Agroecology 208
5.3.5 Landscape and seascape approaches and management 212
5.3.6 Integrated land- and water-use planning 213
5.3.7 Needs and priorities 214
5.4 Restoration practices 215
5.4.1 Overview 215
5.4.2  Status and trends 218
5.4.3 Needs and priorities 222
5.5 Diversification in production systems 223
5.5.1 Integrated crop-livestock systems 224
5.5.2  Home gardens 228
5.5.3  Agroforestry 233
5.5.4  Diversification practices in aquaculture 241
5.5.5 Needs and priorities 248
5.6 Management practices and production approaches 248
5.6.1  Organic agriculture 249
5.6.2  Low external input agriculture 251

5.6.3  Management practices to preserve and enhance
soil biodiversity 253




5.6.4
5.6.5
5.6.6
5.6.7
5.6.8
5.6.9

Conservation agriculture

Integrated plant nutrient management
Integrated pest management
Pollination management
Forest-management practices

Needs and priorities

5.7 The use of micro-organisms in food processing and
agro-industrial processes

571
5.7.2

Micro-organisms in food processing
Micro-organisms in agro-industrial processes

5.8 Rumen microbial diversity

5.8.1
5.8.2
5.8.3
5.8.4

Roles and drivers

Methane emissions
State of knowledge
Needs and priorities

5.9 Genetic improvement

591
59.2

593
594
595
596

CHAPTER 6 THE STATE OF CHARACTERIZATION OF BIODIVERSITY FOR

Domestication and base broadening

Plant, animal, forest and aquatic genetic resources for
food and agriculture

Associated biodiversity — overview

Pollinators

Assisted evolution for reef-building corals

Needs and priorities

FOOD AND AGRICULTURE
Key messages

6.1 Introduction

6.2 Plant, animal, forest and aquatic genetic resources for
food and agriculture

6.2.1 Plant genetic resources for food and agriculture
6.2.2  Animal genetic resources for food and agriculture
6.2.3  Forest genetic resources
6.2.4  Aquatic genetic resources for food and agriculture
6.3 Associated biodiversity
6.3.1  Overview
6.3.2  Country-report analysis
6.4 Wild foods
6.4.1  Overview
6.4.2  Country-report analysis

6.5 Needs and priorities

Vi

256
259
260
267
272
275

275
276
280
287
287
289
289
292
292
293

295
297
298
301
304

305
305
305

306
306
307
308
311
312
313
314
318
318
321
323



CHAPTER 7 THE STATE OF CONSERVATION OF BIODIVERSITY

FOR FOOD AND AGRICULTURE 325
Key messages 325
7.1 Introduction 325
7.2 Plant, animal, forest and aquatic genetic resources for
food and agriculture 326
7.2.1  Plant genetic resources for food and agriculture 326
7.2.2  Animal genetic resources for food and agriculture 329
7.2.3  Forest genetic resources 330
7.2.4  Aquatic genetic resources for food and agriculture 332
7.3 Associated biodiversity 334
7.3.1 In situ conservation 334
7.3.2  Exsitu conservation 344
7.4 Wild foods 354
7.4.1  In situ conservation 354
7.4.2  Exsitu conservation 357
7.5 Roles of protected areas 359
7.5.1  Status and trends 361
7.5.2  Contribution to conservation of wild species used for food 362
7.5.3 Management of biodiversity or food and agriculture
in protected areas 366
7.5.4  Country-report analysis 367
7.6 Maintenance of traditional knowledge associated with
food and agriculture 371
7.7 Needs and priorities 373
- Enabling frameworks
CHAPTER 8 THE STATE OF POLICIES, INSTITUTIONS AND CAPACITIES 379
Key messages 379
8.1 Introduction 379
8.2 Stakeholders 380
8.2.1  Producers and their organizations 380
8.2.2  Suppliers, processors, traders and retailers 386
8.2.3  The public sector 386
8.2.4  The non-governmental sector 387
8.2.5 The general public 388
8.2.6  Regional and international organizations 388
8.3 Cooperation 395
8.3.1 Cooperation at national level 396
8.3.2  Cooperation at international level 398
8.3.3  Needs and priorities 403
8.4 Education, training and awareness raising 404
8.4.1 Plant, animal, forest and aquatic genetic resources for
food and agriculture 404
8.4.2  Associated biodiversity 406

Vii




CHAPTER 9

References

viii

8.4.3 Needs and priorities 409

8.5 Research 410

8.5.1 Institutions involved in research on associated biodiversity a1

8.5.2  Needs and priorities 411

8.6 Valuation 412

8.6.1  Overview of valuation approaches 413

8.6.2  State of implementation 415

8.6.3  Needs and priorities 418

8.7 Incentives 419

8.7.1  Overview 419

8.7.2  State of adoption 420

8.7.3  Needs and priorities 424

8.8 Policy and legal frameworks 425

8.8.1  Frameworks at international level 427

8.8.2  Frameworks at national level 430

8.8.3  Climate change policy and programmes 437
8.8.4  Frameworks supporting the maintenance of

traditional knowledge 438

8.8.5  Access and benefit-sharing 439

Conclusions

NEEDS AND CHALLENGES 445

9.1 Introduction 445

9.2 Drivers of change 445

9.3 Status and trends 446

9.4 Management 446

9.4.1 State of use 446

9.4.2  State of conservation 449

9.5 Policies, capacities and institutions 450

9.6 Towards a more diverse and sustainable future 451

453



BOXES

1 The Commission on Genetic Resources for Food and Agriculture XXXii
PART A
1.1 Biodiversity for food and agriculture, FAO and the Sustainable

Development Goals 7
1.2 Assessing the state of the world’s genetic resources for

food and agriculture 9
2.1 Projects and programmes supporting livelihoods by promoting

biodiversity for food and agriculture — examples from around the world 47
2.2 The Second International Conference on Nutrition Framework for Action 49
2.3 Voluntary Guidelines for Mainstreaming Biodiversity into Policies,

Programmes and National and Regional Plans of Action on Nutrition 53
2.4 The Biodiversity for Food and Nutrition Project 55
2.5 Food-based dietary guidelines as a tool to promote biodiversity 57
PART B
3.1  Human-made grasslands as a cultural and ecological asset 79
3.2 Links between biodiversity, biodiversity loss and disease risk 87
3.3 Unsustainably managed production systems are a key threat to

bird species 97
4.1 The International Union for Conservation of Nature Red List of

Threatened Species™ 125
4.2 Birds as indicator species 125
4.3  Monitoring total flying insect biomass over 27 years in protected

areas in Germany 133
4.4 The main functional groups of biological control agents 136
4.5 The roles of birds in the supply of supporting and regulating

ecosystem services 137
4.6 The Netherlands’ soil biological monitoring programme 145
4.7 Paramos - a vital provider of water-regulating services under threat 149
4.8 Trends in the state of habitats in the European Union 156
4.9 Soil carbon assessment initiatives — examples from the United

States of America 159
4.10 FAO global definition of forest 180
PART C
5.1 The Convention on Biological Diversity’s principles and operational

guidelines for the ecosystem approach 199
5.2 The concept of sustainable forest management 203
5.3  Application of the ecosystem approach in capture fisheries —

an example from Panama 207




5.4  Ecosystem approach to fisheries management in Saint Lucia 207

5.5 The ten elements of agroecology 209
5.6 The Pacific Ridge to Reef approach — an example of integrated land

and water-use planning 213
5.7 Needs and challenges in coral-reef restoration 220
5.8 The floating gardens of Bangladesh 224
5.9 Promotion of home gardens for healthy diets in Solomon Islands 230
5.10 Projects and initiatives targeting home gardens — examples from

around the world 232
5.11 Policy and legislative frameworks promoting agroforestry —

examples from around the world 238
5.12 France's Agroforestry Development Plan 2015-2020 239
5.13 Fish polyculture for improved nutrition — an example from Bangladesh 246
5.14 The Voluntary Guidelines for Sustainable Soil Management 254
5.15 Burkina Faso’s Operation Manure Pits 256
5.16 Conservation agriculture for climate-smart agriculture 258
5.17 The Save and Grow approach 260
5.18 The push-pull approach 263
5.19 Integrated pest management in horticultural production in Almeria, Spain 265
5.20 Management of stingless bees in Malaysia 269
5.21 Enhancing pollinator presence in cassava fields in Ghana 271
5.22 Measures or steps typically included in reduced-impact logging 273
5.23 Global research efforts in rumen microbiology 290
5.24 SmartBees: a European project for the conservation of endangered

honey-bee subspecies 300
6.1 The role of molecular techniques in the characterization of food-

processing micro-organisms 315
6.2 Characterization studies on micro-organisms — examples from Peru 317
6.3 Why undertake genetic data analysis of crop wild relatives and

wild food plants? 319
6.4 Study and development of foods and natural products with

potential health benefits in Paraguay 322
7.1 The World Information and Early Warning System on Plant Genetic

Resources for Food and Agriculture 327
7.2 The Domestic Animal Diversity Information System 330
7.3 Marine sanctuaries and monitoring systems — examples from Jamaica 338
7.4 Marine protected areas in Palau 339
7.5 The traditional Hima rangeland management system in Jordan 340
7.6  Agri-environmental schemes supporting cropland and grassland

biodiversity — examples from Belgium 341
7.7 Initiatives supporting the in situ conservation of pollinators in the

United States of America 342
7.8 Selected species-conservation measures in Ireland 343
7.9 Plan of Action for the Conservation of the Nordic Brown Bee 345
7.10 Conservation methods for micro-organisms stored ex situ 348
7.11 Cooperation in the ex situ conservation of micro-organisms 350




7.12 The culture collection of Mexico’s National Genetic Resources Centre 351
7.13 The Microbial Biodiversity Directorate of the Ethiopian

Biodiversity Institute 351
7.14 Micro-organism conservation for improved agricultural production in India 352
7.15 The role of Japan'’s National Agriculture and Food Research

Organization Genebank in recovering genetic resources after the

earthquake of 2011 353
7.16 Voluntary Guidelines for the Conservation and Sustainable Use of

Crop Wild Relatives and Wild Food Plants 356
7.17 The IUCN Green List of Protected and Conserved Areas 367
7.18 FAO's Globally Important Agricultural Heritage Systems 369
7.19 The role of geographical indications in the maintenance of

biodiversity for food and agriculture 370
7.20 Maintenance and use of indigenous knowledge — examples from Kenya 371
7.21 Maintenance and use of traditional practices in the Pacific 372
7.22 \Women's traditional knowledge for improved food and seed

security under climate change 373
7.23 Community forest management and development in Ban Banh, Viet Nam 374
PART D
8.1 Governance outcomes promoted by small-scale food providers’

organizations 382
8.2 Community control of a coastal ecosystem — an example from Senegal 382
8.3 Agroforestry under local control — an example from Costa Rica 383
8.4 The role of a women’s group in promoting sustainable fishing — an

example from Ecuador 383
8.5 Contributions of non-governmental organizations to the

sustainable management of biodiversity for food and agriculture -

examples from the Near East 387
8.6 Zambia's Biodiversity Community Network 388
8.7 The Norwegian Genetic Resource Centre and its genetic

resources committees 396
8.8 France's Agricultural Biodiversity Observatory 397
8.9 The Regional Project for Sustainable Management of Globally

Significant Endemic Ruminant Livestock (PROGEBE) 398
8.10 Appointment of national focal points and participation in the

preparation of The State of the World'’s Biodiversity for

Food and Agriculture 399
8.11 Transfrontier conservation areas in Southern Africa 400
8.12 Resolution 4/2017. The Commission on Genetic Resources for Food

and Agriculture and its contribution to the achievement of the

Sustainable Development Goals 402
8.13 Farmer field schools on integrated pest management —

experiences from Nepal 407
8.14 The farmer field school approach 408

Xi




Xii

8.15
8.16
8.17
8.18
8.19

8.20
8.21

8.22

8.23

Participatory workshops with local communities in the development

of a Globally Important Agricultural Heritage System in Chile

Incentive schemes promoting sustainable shrimp aquaculture in Viet Nam
Integrated incentive packages for microwatershed development in Brazil
Integrated incentive packages in Mexico

Binding and soft-law instruments related to port state measures

in the capture-fisheries sector

Biodiversity and international law

Brazil's experience in mainstreaming biodiversity into its Food and
Nutrition Security Policy

Voluntary Guidelines to Support the Integration of Genetic

Diversity into National Climate Change Adaptation Planning

The UNFCCC adaptation and mitigation instruments

409
424
425
426

427
428

434

437
438



TABLES

1 Overview of country reports and their regional distribution XXXV
PART A
1.1 Production-system classification used in this report 15
2.1 Biological control of invasive alien species through predation,

parasitism and herbivory — examples from the country reports 32

2.2 Biological control of invasive alien species through resource
competition and other antagonistic relationships — examples from

the country reports 33
2.3 Species or varieties that are tolerant or resistant to the effects of

invasive alien species — examples from the country reports 34
2.4 Potential interventions to support positive interactions in food

production systems 38
PART B
3.1 Drivers of change explored in the country-reporting guidelines 67
3.2 Reported effects of drivers of change on regulating and supporting

ecosystem services, all production systems aggregated 68

3.3 Number of countries reporting negative, neutral and positive

effects of drivers of change on the diversity, availability and

knowledge of wild foods 70
3.4 Reported effects of population growth and urbanization on the

provision of regulating and supporting ecosystem services, by

production system 72
3.5 Reported effects of markets, trade and the private sector on the

provision of regulating and supporting ecosystem services, by

production system 75
3.6 Reported effects of changing economic, sociopolitical and cultural

factors on the provision of regulating and supporting ecosystem

services, by production system 77
3.7 Reported effects of climate change on the provision of regulating
and supporting ecosystem services, by production system 82

3.8 Natural disasters reported to have had a significant effect on
biodiversity for food and agriculture and/or on ecosystem services

in the past ten years 85
3.9 Reported effects of natural disasters on the provision of regulating
and supporting ecosystem services, by production system 86

3.10 Reported effects of pests, diseases and invasive alien species on the
provision of regulating and supporting ecosystem services,

by production system 88
3.11 Invasive alien species reported by five or more countries as present
in one or more production systems 90

Xiil




Xiv

3.12

Reported effects of advances and innovations in science and
technology on the provision of regulating and supporting

ecosystem services, by production system 94
3.13 Reported effects of changes in land and water use and

management on the provision of regulating and supporting

ecosystem services, by production system 100
3.14 Reported effects of pollution and external input use on the

provision of regulating and supporting ecosystem services, by

production system 103
3.15 Reported effects of overexploitation and overharvesting on the

provision of regulating and supporting ecosystem services, by

production system 106
3.16 Reported effects of policies on the provision of regulating and

supporting ecosystem services, by production system 109
4.1 Examples of species and genera reported by countries to be

managed for regulating or supporting ecosystem services in

production systems 121
4.2 Species and genera most frequently reported to be managed for

multiple supporting and regulating ecosystem services 123
4.3  Risk status of associated biodiversity for which a significant threat

of extinction or loss is reported 126
4.4  Reported trends in the state of provision of regulating and

supporting ecosystem services in production systems 130
4.5 Examples of associated-biodiversity species or species groups that

contribute to pest and disease regulation reported to be under threat 138
4.6 The functions of soil organisms 142
4.7 Typical numbers of soil organisms in healthy ecosystems 143
4.8 Summary of regional extent, trends and uncertainties of soil-

biodiversity loss presented in the Status of the World’s Soil Resources 147
4.9 Selected examples of wild food species and genera reported by countries 163
4.10 Global forest area change (1990-2015) 181
PART C
5.1 Reported levels of adoption of selected management practices and

approaches, all production systems aggregated 193
5.2 Reported trends in the adoption of selected management practices

and approaches, by production system 196
5.3 Reported ecosystem, landscape and seascape approaches 202
5.4 Restoration measures for wetlands and other aquatic ecosystems 217
5.5 Land area under agroforestry (2008-2010) and trends (2000-2010),

by region 237
5.6  Major benefits and challenges of aquaponic food production 244
5.7 Indicators of the status of organic agriculture worldwide 251
5.8 Environmental and other benefits of implementing the three

principles of conservation agriculture 259



5.9 Examples of integrated pest management measures 261
5.10 Examples of the roles of associated biodiversity in integrated

pest management 264
6.1 Traits and methods used for characterizing germplasm: percentage

of accessions characterized and/or evaluated, by region 307
6.2 Degree of characterization for the five largest crop collections

conserved by 27 reporting countries 307
6.3 Characters most frequently assessed in 692 evaluations of forest-

tree genetic variability reported by countries 310
6.4 Known and estimated number of species of soil organisms and

vascular plants 314
7.1 Associated biodiversity species and genera reported to be

conserved in situ, by taxonomic group 335
7.2 Associated biodiversity species reported to be conserved ex situ,

by taxonomic group 346
7.3 Wild food species and genera reported to be conserved in situ,

by taxonomic group 355
7.4 Wild food species and genera reported to be conserved ex situ,

by taxonomic group 358
7.5 IUCN Protected Area Management Categories 360
7.6 Number of species in the comprehensively assessed groups of The

IUCN Red List with mapped ranges and classified as used for human food 364
7.7 Types of designated area reported to be of particular significance

for biodiversity for food and agriculture 368
PART D
8.1 Selected regional intergovernmental bodies and multilateral

partnerships reported by countries to contribute to initiatives in

the management of associated biodiversity 390
8.2 Examples of associated-biodiversity management activities

reported by international organizations 394
8.3 Examples of practices reported to be promoted through the

provision of incentives 421

XV




XVi

1 Assignment of countries to regions in this report XXXV
PART A
1.1 Key developments in the international recognition of the

importance of biodiversity for food and agriculture 6
2.1 Damage and loss to agriculture sectors caused by specific types of

abiotic hazard (2006-2016) 29
2.2 The sustainable livelihoods analytical framework 43
2.3 Types of wild-food use reported by countries 59
PART B
3.1 Reported climate change-related threats to associated biodiversity,

(A) by region and (B) by production system 81
3.2 Global trends in the occurrence of natural disasters — 1980 to 2017 84
3.3 Invasive alien species reported by countries to be impacting

biodiversity for food and agriculture, A) by type of organism and

(B) by region 92
4.1 Regulating and supporting ecosystem services for which associated

biodiversity is reported to be managed, by sector of production 124
4.2 Reported threats to associated biodiversity, by region 127
4.3 Reported trends in associated biodiversity, by production system 128
4.4  The soil food web 141
4.5 Map of the Soil Biodiversity Index 144
4.6  Map of potential threats to soil biodiversity 144
4.7 Global risk status of invertebrates in the classes Bivalvia,

Holothuroidea, Maxillopoda and Polychaeta 152
4.8 Global risk status of species included in The IUCN Red List of

Threatened Species, by habitat 157
4.9 Number of wild food species reported, by type and region 162
4.10 Examples of wild plants reported to be used for food 164
4.11 Production systems and environments in which wild food species

are present and harvested, by type 165
4.12 Reported trends in the status of wild food species, by region 166
4.13 Reported trends in the status of wild food species, by type 166
4.14 Risk categories of wild foods for which a significant threat of

extinction or loss is reported, by region 167
4.15 Reported threats to wild foods species 168
4.16 Number of species classified as used for human food on The IUCN

Red List of Threatened Species, by type and risk category 169
4.17 Global distribution of mangroves 173
4.18 Interconnectivity between coastal ecosystems 173
4.19 Global distribution of seagrasses 176



4.20 Global status of reef-building corals 179
4.21 Annual change in forest area (1990-2015) 182
4.22 Global distribution of ruminant livestock production systems 184
4.23 Global grasslands suitable and unsuitable for crop production and

share of land use 186
PART C
5.1  Perceived impacts on biodiversity for food and agriculture of

various management practices and approaches 197
5.2 The ten principles that characterize the landscape approach 200
5.3 Legal and policy frameworks on agroecology 211
5.4 Commitments to the Bonn Challenge 219
5.5 Livestock and crop integration: from a linear to a circular bioeconomy 225
5.6 An example of an aquaponic system 243
5.7 Rumen microbial fermentation 288
5.8 Motivation for and steps involved in the assisted-evolution

approaches in corals 302
6.1 Reported progress in the implementation of (A) phenotypic and (B)

molecular characterization in livestock species of economic importance 309
6.2  Status of characterization or evaluation of associated biodiversity

species reported to be conserved ex situ, by region 316
6.3  Wild foods in the FAO/INFOODS Food Composition Database

for Biodiversity 320
6.4 Status of identification and characterization of differences within

wild food species reported by countries, by type 321
7.1 Reported objectives for the in situ conservation of associated biodiversity 336
7.2 Reported actions for the in situ conservation of associated biodiversity 337
7.3 Reported objectives for the ex situ conservation of associated biodiversity 347
7.4 Reported objectives for the in situ conservation of wild foods 357
7.5 Progress of global coverage of protected areas 361
7.6  Geographic distribution of the terrestrial, marine and coastal

protected areas of the world 362
7.7 Protected area coverage of species in the comprehensively assessed

taxonomic groups of The IUCN Red List with mapped ranges and

classified as used for human food 365
7.8 Protected area coverage of species in the comprehensively assessed

taxonomic groups of The IUCN Red List with mapped ranges and

classified as threatened and as used for human food 366
PART D
8.1 Elements of the TEEBAgriFood Evaluation Framework 416
8.2 Examples of sources of incentives to support sustainable use and

conservation of biodiversity 420

XVii







Foreword

ur food and agricultural systems depend in countless ways on the plants,

animals and micro-organisms that comprise and surround them. Biodiversity,

at every level from genetic, through species to ecosystem, underpins the
capacity of farmers, livestock keepers, forest dwellers, fishers and fish farmers to
produce food and a range of other goods and services in a vast variety of different
biophysical and socio-economic environments. It increases resilience to shocks and
stresses, provides opportunities to adapt production systems to emerging challenges
and is a key resource in efforts to increase output in a sustainable way. It is vital to
efforts to meet the Sustainable Development Goals (SDGs) of the 2030 Agenda.

Over the last two decades, FAO has prepared country-driven global assessments of
the genetic resources of crop plants, livestock and forest trees. An assessment covering
aquatic genetic resources will shortly be published. What has been missing to date has
been an assessment of how biodiversity as a whole contributes to food and agriculture,
including “associated biodiversity”, the myriad components of biodiversity that support
food and agricultural production by providing services such as pollination, pest control,
soil formation and maintenance, carbon sequestration, purification and regulation of
water supplies, reduction of disasters threats, and the provision of habitat for other
beneficial species. The urgency of closing knowledge gaps in this field is underlined
by the mounting evidence that the world’s biodiversity is under severe threat and by
the ever-growing challenges facing food and agriculture, including particularly those
related to the impacts of climate change. The publication of The State of the World'’s
Biodiversity for Food and Agriculture is therefore a significant and timely milestone.

Like all the global assessments prepared under the auspices of FAO’s Commission
on Genetic Resources for Food and Agriculture, a key characteristic of this report is
its country-driven nature. Ninety-one countries prepared and submitted reports on
the state of their biodiversity for food and agriculture and its management, focusing
particularly on associated biodiversity and its role in the supply of supporting and
regulating ecosystem services and on wild species that are sources of food. The
reporting process provided an opportunity for countries to identify needs and priorities
in terms of promoting the sustainable use and conservation of these resources, both at
national level and internationally.

Parts of the global report make sombre reading. It is deeply concerning that in so
many production systems in so many countries biodiversity for food and agriculture and
the ecosystem services it provides are reported to be in decline. The foundations of our
food systems are being undermined, often, at least in part, because of the impact of
management practices and land-use changes associated with food and agriculture. It is
also abundantly clear that the state of knowledge of many components of biodiversity,
including in particular invertebrates and micro-organisms, is very inadequate and that
this contributes to their neglect. The good news is that many management practices
and approaches that rely on the maintenance of abundant and diverse biological
communities, or that can otherwise be considered biodiversity friendly, are attracting
growing interest and in many cases are becoming more widely adopted.
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The importance of biodiversity and its roles in the food and agriculture sector is
increasingly being acknowledged in international policy agendas. This recognition
needs to be translated into action. Key tasks include addressing the drivers of
biodiversity loss within the food and agriculture sector and beyond, strengthening
in situ and ex situ conservation measures, and increasing the uptake of management
practices that promote the contributions of biodiversity to sustainable production.
Coordinated and collaborative action on the part of the international community is
essential. This report will make a valuable contribution to these efforts and to raising
awareness of the vital importance of biodiversity to food and agriculture.

José Graziano da Silva
FAO Director-General
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About this publication

Background

This report presents the first global assessment of biodiversity for food and agriculture
(BFA). It complements other global assessments prepared under the auspices of the
Commission on Genetic Resources for Food and Agriculture (see Box 1), which have
focused on the state of genetic resources within particular sectors of food and agriculture.

Box 1
The Commission on Genetic Resources for Food and Agriculture

With 178 countries and the European Union genetic resources and biological diversity for food
as its members, the Commission on Genetic and agriculture. In response to these assessments,
Resources for Food and Agriculture provides a the Commission develops global plans of action,
unique intergovernmental forum that specifically codes of conduct or other policy instruments and
addresses biological diversity for food and monitors their implementation. The Commission
agriculture. The main objective of the Commission raises awareness of the need to conserve and

is to ensure the sustainable use and conservation sustainably use biological diversity for food and
of biodiversity for food and agriculture and the agriculture and fosters collaboration among

fair and equitable sharing of benefits derived from  countries and other relevant stakeholders to

its use, for present and future generations. The address threats to this biodiversity and promote its
Commission guides the preparation of periodic sustainable use and conservation.

global assessments of the status and trends of

Scope and contents of the report

The State of the World’s Biodiversity for Food and Agriculture (SOW-BFA) addresses the
sustainable use, development and conservation of BFA worldwide. BFA is taken to include
the diversity of animals, plants and micro-organisms at the genetic, species and ecosystem
levels that sustain structures, functions and processes in and around production systems
and provide food and non-food agricultural products.

The report consists of the following five parts.

Part A - Overview: Chapter 1 describes the context for the assessment and presents key
concepts and definitions used. Chapter 2 provides an overview of the contributions that
BFA makes to the supply of multiple ecosystem services, to livelihoods, to the resilience of
production systems, to the sustainable intensification of food and agricultural production,
and to food security and nutrition.

Part B — Drivers, status and trends: Chapter 3 discusses the major drivers of change
affecting BFA. Chapter 4 presents an analysis of the status and trends of BFA, including a
discussion of the state of knowledge in this field.

Part C — State of management: Chapter 5 considers the state of use of BFA, including
discussions of landscape, seascape and ecosystem approaches, diversification in production
systems, and management practices that utilize BFA or are considered to promote its
conservation and sustainable use. This chapter also addresses the roles of micro-organisms
in food processing, in agro-industrial practices and in the digestive processes of ruminant
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animals. Finally, it includes a discussion of breeding (genetic improvement) activities for
various categories of BFA. Chapters 6 and 7, respectively, address the state of characterization
and conservation efforts for BFA.

Part D - Enabling frameworks: Chapter 8 describes the state of policies, institutions and
capacities that support the conservation and sustainable use of BFA.

Part E — Conclusions: Chapter 9 presents a discussion of needs and challenges in the
management of BFA.

The reporting and preparatory process

At its Eleventh Regular Session, in 2007, the Commission adopted a number of outputs
and milestones to be addressed in its Multi-year Programme of Work," including the
presentation, at its Sixteenth Regular Session, of the SoW-BFA.2 The Commission stressed
that the preparation of the report should be based on information from country reports
and should also draw on thematic studies, reports from international organizations and
inputs from other relevant stakeholders, including centres of excellence in developing
countries. It further stressed that the report should focus on interactions between sectors
and on cross-sectoral matters, taking full advantage of existing information sources,
including sectoral assessments. It also suggested that priority be given to information not
available in existing sources. At its Sixteenth Regular Session, which was held in 2017, the
Commission considered a draft of the SOW-BFA and requested FAO to finalize it, taking into
account comments submitted by Members and Observers, by the end of 2018.

Inputs to the report
The main sources used to prepare the SOW-BFA were as follows:

Country reports
In June 2013, FAO invited countries to officially nominate national focal points to lead the
preparation of country reports to be submitted to FAO to support the preparation of the
SoW-BFA. FAO prepared guidelines to support the development of country reports. The
guidelines outlined the suggested content of the report and provided questions to assist
countries with their analysis and with the development of each section of the report. The
guidelines were made available in all six official FAO languages (Arabic, Chinese, English,
French, Russian and Spanish), both in read-only form and as a dynamic version into which
countries could enter their responses in order to generate a preformatted country report.?

Between March and May 2016, in response to a request by the Commission at its
preceding session, FAO organized a series of informal regional consultations at which
countries and other stakeholders could share knowledge and information on the state
of BFA and discuss needs and priorities with respect to its conservation and sustainable
use. The informal regional consultations also served to support national focal points in
the finalization of their country reports. As background documentation for each informal
regional consultation, FAO prepared a draft regional synthesis report based on the country
reports that had thus far been submitted. The regional synthesis reports were subsequently
finalized based on feedback received from the participants of the informal regional
consultations and on additional country reports received.

By 30 June 2017, the deadline set by the Commission, 91 country reports had been
received (see Table 1).

' CGRFA-11/07/Report, paragraph 90.
2 CGRFA-14/13/Report, paragraph 14.
3 The dynamic questionnaire was made available in Chinese, English, French, Russian and Spanish.
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TABLE 1
Overview of country reports and their regional distribution

Region Countries
Angola, Burkina Faso, Cameroon, Chad, Eswatini, Ethiopia, Gabon, Gambia, Guinea, Kenya,
Africa (19) Mali, Niger, Rwanda, Senegal, Sierra Leone, Togo, United Republic of Tanzania, Zambia,
Zimbabwe
Asia'? (9) Afghanistan, Bangladesh, Bhutan, China, India, Malaysia, Nepal, Sri Lanka, Viet Nam

Belgium, Bulgaria, Belarus, Croatia, Denmark, Estonia, Finland, France,’ Georgia, Germany,
Europe and Central Asia (23) Hungary, Ireland, Malta, Netherlands, Norway, Poland, Slovakia, Slovenia, Spain, Sweden,
Switzerland, Turkey, United Kingdom

Latin America and the Argentina, Bahamas, Brazil, Costa Rica, Ecuador, El Salvador, Grenada, Guyana, Jamaica,
Caribbean (16) Mexico, Nicaragua, Panama, Paraguay, Peru, Saint Lucia, Suriname

Algeria, Egypt, Iraq, Jordan, Lebanon, Morocco, Oman, Qatar, Saudi Arabia, Sudan, Syrian

Near East and North Africa (13) Arab Republic, United Arab Emirates, Yemen

North America (1) United States of America
- Cook Islands, Fiji, Kiribati, Nauru, Niue, Palau, Papua New Guinea, Samoa, Solomon Islands,
Pacific (10) T
onga
Notes:

T The Lao People’s Democratic Republic submitted as a country report its National Agro-biodiversity Programme and
Action Plan Il (2015-2025). Selected information from this report is presented.

2 Selected information from the country report of Japan, submitted in 2018, is presented.

3 France submitted a draft report.

Reports from international organizations

In April 2016, FAO invited 55 international organizations to report on their activities related
to the management of BFA and provided them with a standardized questionnaire for the
preparation of their reports. Responses were received from the following organizations:
Africa Rice Center; African Union - Interafrican Bureau for Animal Resources; African Union
Commission, Department of Rural Economy and Agriculture; Bioversity International;
Caribbean Agricultural Research and Development Institute; Centre for Agriculture and
Biosciences International; Global Crop Diversity Trust; IFOAM Organics International; Inter-
American Institute for Cooperation on Agriculture; International Atomic Energy Agency;
International Center for Agricultural Research in the Dry Areas; International Center for
Tropical Agriculture; International Centre of Insect Physiology and Ecology; International
Food Policy Research Institute; International Fund for Agricultural Development;
International Institute of Tropical Agriculture; International Maize and Wheat Improvement
Center; International Union for Conservation of Nature; International Rice Research
Institute; Pacific Organic and Ethical Trade Community; Secretariat of the Convention on
Biological Diversity; Slow Food; Tropical Agricultural Research and Higher Education Center;
United Nations Environment Programme — World Conservation Monitoring Centre; World
Agroforestry Centre; World Bank. In addition, Oxfam voluntarily provided a report entitled
Women’s roles in biodiversity management from lessons to practice and impact: scaling
up pathways in people’s biodiversity management, containing case studies from Peru
Viet Nam and Zimbabwe.
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http://www.fao.org/3/CA1113EN/ca1113en.pdf

FIGURE 1
Assignment of countries to regions in this report

Africa I Europe and Central Asia W Near East and North Africa I Pacific
I Asia B Latin America and the Caribbean [ North America
Source: FAO.
Thematic studies

The following four thematic studies providing in-depth analysis of specific topics relevant
to BFA were prepared for the SoW-BFA:
e Biodiversity for food and agriculture: the perspectives of small-scale food providers;
e The contributions of biodiversity for food and agriculture to the resilience of
production systems;
e Contributions of biodiversity to the sustainable intensification of food production;
e Biodiversity for food and agriculture and ecosystem services.

Regional synthesis reports

As described above, the series of informal regional consultations held in 2016 involved the
preparation of a regional synthesis report for each region where consultations were held.
The contents of these synthesis reports served as source material for the global analysis
presented in the SOW-BFA.

State of the world reports

The subsections of the SOW-BFA that address plant (crop), animal (livestock), forest and
aquatic genetic resources draw heavily on the respective global assessments (state of the
world reports) published or in preparation under the auspices of the Commission.

Other sources

In addition to the sources mentioned above, the SoW-BFA draws on a range of literature
and data sources. The latter include FAQ's statistical database FAOSTAT,* the FAO/INFOODS
Food Composition database for biodiversity,® the Domestic Animal Diversity Information
System,® the World Information and Early Warning System on Plant Genetic Resources for

4 http://www.fao.org/faostat/en/
> http://www.fao.org/infoods/infoods/tables-and-databases/facinfoods-databases/en/
6 http://www.fao.org/dad-is/en/
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Food and Agriculture’ and The International Union for Conservation of Nature’s Red List of
Threatened Species.®

Regional classification of countries

The assignment of countries to regions for the purposes of the SoW-BFA follows the regional
groupings used in FAO statistics and for election purposes (Figure 1). Seven regions are
distinguished: Africa; Asia; Europe and Central Asia; Latin America and the Caribbean; Near
East and North Africa; North America; and Pacific.

7 http://www.fao.org/wiews/en/
8 https://www.iucnredlist.org/
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Executive summary

What is biodiversity for food and agriculture?

Biodiversity is the variety of life at genetic, species and ecosystem levels. Biodiversity for
food and agriculture (BFA) is, in turn, the subset of biodiversity that contributes in one
way or another to agriculture and food production. It includes the domesticated plants
and animals raised in crop, livestock, forest and aquaculture systems, harvested forest and
aquatic species, the wild relatives of domesticated species, other wild species harvested for
food and other products, and what is known as “associated biodiversity”, the vast range of
organisms that live in and around food and agricultural production systems, sustaining them
and contributing to their output. Agriculture is taken here to include crop and livestock
production, forestry, fisheries and aquaculture.’

About this report

The State of the World'’s Biodiversity for Food and Agriculture provides an assessment of
biodiversity for food and agriculture (BFA) and its management worldwide, drawing on
information provided in 91 country reports (prepared by over 1 300 contributors), 27 reports
from international organizations and inputs from over 175 authors and reviewers.

It describes the many contributions that BFA makes to food security and nutrition,
livelihoods, the resilience of production systems, the sustainable intensification of food
production and the supply of multiple ecosystem services; the major drivers of change
affecting BFA; the status and trends of various components of BFA; the state of management
of BFA; the state of policies, institutions and capacities that support the sustainable use and
conservation of BFA; and needs and challenges in the management of BFA.

Key findings
1. Biodiversity is essential to food and agriculture

Biodiversity for food and agriculture is indispensable to food security, sustainable development
and the supply of many vital ecosystem services. Biodiversity makes production systems and
livelihoods more resilient to shocks and stresses, including to the effects of climate change.
It is a key resource in efforts to increase food production while limiting negative impacts on
the environment. It makes multiple contributions to the livelihoods of many people, often
reducing the need for food and agricultural producers to rely on costly or environmentally
harmful external inputs. The country reports highlight the importance of biodiversity, at
genetic, species and ecosystem levels, to efforts to address the challenges posed by diverse
and changing production systems. Many emphasize the role of diversification — using multiple
species, integrating the use of crop, livestock, forest and aquatic resources, and conserving and
managing habitat diversity at landscape or seascape scale — in promoting resilience, improving
livelihoods and supporting food security and nutrition.

T For the purpose of the country-reporting process, biodiversity for food and agriculture was defined as follows: “...the
variety and variability of animals, plants and micro-organisms at the genetic, species and ecosystem levels that sustain
the ecosystem structures, functions and processes in and around production systems, and that provide food and non-
food agricultural products.” More information on key concepts is provided in Section 1.5.
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2. Multiple interacting drivers of change are affecting biodiversity for food
and agriculture

While a range of drivers of change are having major negative impacts on biodiversity for
food and agriculture and the ecosystem services it delivers, some provide opportunities
to promote more sustainable management. Analysis of the country reports and the wider
literature indicates that BFA is affected by a variety of drivers operating at a range of
levels: major global trends such as changes in climate, international markets and demo-
graphy give rise to more immediate drivers such as land-use change, pollution and overuse
of external inputs, overharvesting and the proliferation of invasive species. Interactions
between drivers often exacerbate their effects on BFA. Demographic changes, urbanization,
markets, trade and consumer preferences are reported to have a strong influence on
food systems, frequently with negative consequences for BFA and the ecosystem services
it provides. However, such drivers are also reported to open opportunities to make food
systems more sustainable, for example through the development of markets for biodiversity-
friendly products. Many of the drivers that have negative impacts on BFA, including
overexploitation, overharvesting, pollution, overuse of external inputs, and changes in land
and water management, are at least partially caused by inappropriate agricultural practices.
The driver mentioned by the highest number of countries as having negative effects
on regulating and supporting ecosystem services is changes in land and water use and
management. Loss and degradation of forest and aquatic ecosystems and, in many production
systems, transition to intensive production of a reduced number of species, breeds and
varieties, remain major drivers of loss of BFA and ecosystem services. Countries report that
the maintenance of traditional knowledge related to BFA is negatively affected by the loss of
traditional lifestyles as a result of population growth, urbanization and the industrialization of
agriculture and food processing, and by overexploitation and overharvesting. Policy measures
and advances in science and technology are largely seen by countries as positive drivers that
offer ways of reducing the negative effects of other drivers on BFA. They provide critical
entry points for interventions supporting sustainable use and conservation. However, policies
intended to promote the sustainable management of BFA are often weakly implemented.

3. Biodiversity for food and agriculture is declining

Many key components of biodiversity for food and agriculture at genetic, species and
ecosystem levels are in decline. Evidence suggests that the proportion of livestock breeds
at risk of extinction is increasing, and that, for some crops and in some areas, plant diversity
in farmers’ fields is decreasing and threats to diversity are increasing. Nearly a third of
fish stocks are overfished and a third of freshwater fish species assessed are considered
threatened. Countries report that many species that contribute to vital ecosystem services,
including pollinators, natural enemies of pests, soil organisms and wild food species, are in
decline as a consequence of the destruction and degradation of habitats, overexploitation,
pollution and other threats. Key ecosystems that deliver numerous services essential to food
and agriculture, including supply of freshwater, protection against hazards and provision of
habitat for species such as fish and pollinators, are declining rapidly.

Knowledge of associated biodiversity, in particular micro-organisms and invertebrates,
and of its roles in the supply of ecosystem services needs to be improved. While a large
amount of information has been accumulated on the characteristics of the domesticated
species used in food and agriculture, many information gaps remain, particularly for species,
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varieties and breeds that are not widely used commercially. Information on wild food species
is also often limited. Many associated-biodiversity species have never been identified and
described, particularly in the case of invertebrates and micro-organisms. Even when they
have, their functions within the ecosystem often remain poorly understood. Over 99 percent
of bacteria and protist species remain unknown. For several types of associated biodiversity,
including soil micro-organisms and those used for food processing, advances in molecular
techniques and sequencing technologies are facilitating characterization. Several countries
have active programmes for characterizing soil micro-organisms using molecular methods.
In many countries, however, gaps in terms of skills, facilities and equipment constrain
opportunities to benefit from these developments.

Monitoring programmes for biodiversity for food and agriculture remain limited. Assessment
and monitoring of the status and trends of BFA at national, regional and global levels are
uneven and often limited. Even in developed regions, where the population trends of many
species are well monitored and there are numerous ongoing research projects on the links
between biodiversity and food and agriculture, available data often provide only a snapshot
of the status of individual species (or groups of species) in particular production systems,
habitats or geographical areas. While it is clear that many components of BFA are declining,
lack of data often constrains the planning and prioritization of effective remedial measures.

4. The use of many biodiversity-friendly practices is reported to be increasing

The sustainable use and conservation of biodiversity for food and agriculture call for
approaches in which genetic resources, species and ecosystems are managed in an
integrated way in the context of production systems and their surroundings. In particular
for many types of associated biodiversity and wild foods, sustainable use and conservation
require in situ or on-farm management integrated into strategies at ecosystem or landscape
levels. Ex situ conservation should serve as a complementary strategy.

The use of a wide range of management practices and approaches regarded as favourable
to the sustainable use and conservation of biodiversity for food and agriculture is reported
to be increasing. Eighty percent of reporting countries indicate that one or more of the
biodiversity-focused practices on which they were invited to report are being used in one or
more types of production system. A much higher proportion of OECD countries than non-
OECD countries report the use of these practices. However, it is difficult to fully evaluate
the extent to which these approaches are being implemented, because of the variety of
scales and contexts involved and the absence of data and appropriate assessment methods.
Although countries generally indicate that the impacts of the biodiversity-focused practices
on diversity are perceived to be positive, they emphasize the need for more research in this
regard, even for practices where research on production issues is well established. Many
biodiversity-focused practices are relatively complex and require good understanding of
the local ecosystem. They can be knowledge intensive, context specific and provide benefits
only in the relatively long term. Many countries note major challenges in up-scaling such
practices, and the need to promote them through capacity-development and strengthening
policy frameworks.

Although efforts to conserve biodiversity for food and agriculture in situ and ex situ

are increasing, levels of coverage and protection are often inadequate. Crop, livestock,
forest and aquatic genetic resources are conserved in situ through a variety of approaches,

XXXIX




including promotion of their sustainable use in production systems and the establishment
of protected and other designated areas. However, many species and populations remain
inadequately protected. Relatively few in situ conservation programmes are reported to
explicitly target associated biodiversity and its roles in the supply of ecosystem services,
although such programmes are increasing. Most associated-biodiversity species targeted
are conserved through the promotion of biodiversity-friendly production practices, the
establishment of protected areas, or policy and legal measures aimed at restricting activities
that damage biodiversity. Ex situ conservation efforts for BFA are increasing, in particular
for plant genetic resources, although many gaps in coverage remain. Much of the diversity
present in minor crops, and in livestock, forest and aquatic species, is also not yet secured ex
situ. Although limited, public- and private-sector ex situ conservation initiatives for targeted
species of associated biodiversity have been established, with many countries, for instance,
holding culture collections of micro-organisms used in agriculture or in agrifood industries.
Eight percent of the wild species reported by countries to be used for food are reported to
be subject to in situ conservation measures and 13 percent to be conserved ex situ.

5. Enabling frameworks for the sustainable use and conservation of biodiversity for
food and agriculture remain insufficient

Enabling frameworks for the sustainable use and conservation of biodiversity for food
and agriculture urgently need to be established or strengthened. Most countries have
put in place legal, policy and institutional frameworks targeting the sustainable use and
conservation of biodiversity as a whole. Policies addressing food and agriculture are reported
to be increasingly based on ecosystem, landscape and seascape approaches. However, legal
and policy measures explicitly targeting wild foods or components of associated biodiversity
and their roles in supplying ecosystem services are not widespread. Constraints to the
development and implementation of effective policy tools include a lack of awareness among
policy-makers and other stakeholders of the importance of BFA, and in particular wild foods
and associated biodiversity, to livelihoods and food security. There is a large knowledge
gap in terms of how existing policies are affecting these components of biodiversity and
the ecosystem services they provide. Diverging interests among stakeholders hamper the
development and implementation of laws, policies and regulations, as do shortages of
human and financial resources.

Research on food and agricultural systems needs to become more multidisciplinary,
more participatory and more focused on interactions between different components of
biodiversity for food and agriculture. Improvements to the sustainable use and conservation
of BFA are often constrained by a lack of understanding of interactions between sectors
(crop and livestock production, forestry, fisheries and aquaculture), between wild and
domesticated biodiversity, and between the ecological and socio-economic components of
production systems. Cooperation across disciplines, and greater involvement of producers
and other stakeholders in research projects, can help to overcome these knowledge gaps.

Improving the management of biodiversity for food and agriculture and enhancing its
contributions to ecosystem services call for better multistakeholder, cross-sectoral and
international cooperation. Ensuring the sustainable use of BFA requires effective actions
by relevant authorities and improved collaboration among a range of stakeholder groups
(producers and their organizations, consumers, suppliers and marketers, policy-makers,
and national and international governmental and non-governmental organizations) across
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the sectors of food and agriculture and between the food and agriculture sector and the
environment/nature-conservation sector. The management of BFA spans international
borders and the conventional boundaries between sectors. Frameworks for cooperation
at national, regional and international levels in the management of genetic resources are
relatively well developed in the individual sectors of food and agriculture. Cross-sectoral
cooperation and multistakeholder collaborative activities specifically targeting associated
biodiversity and wild foods are less widespread and need to be expanded and strengthened.

What needs to be done?

Securing and enhancing the multiple roles of BFA will require sustainable use and
conservation of the ecosystems, species and genetic diversity that compose it. For this to
happen, knowledge of the roles of biodiversity in the ecological processes that underpin food
and agricultural production needs to be strengthened, and used to develop management
strategies that protect, restore and enhance these processes across a range of scales.
Establishing effective policy and outreach measures will be needed to support the uptake
of management practices that sustainably use biodiversity to promote food and livelihood
security and resilience.

The country-driven process of preparing The State of the World’s Biodiversity for Food and
Agriculture has led to the identification of numerous gaps, needs and potential actions in
the management of BFA. The next step is to take action. Over the years, the Commission on
Genetic Resources for Food and Agriculture has overseen the development of global plans
of action for genetic resources in the plant, animal and forest sectors. Implementation of
these instruments needs to be stepped up. Consideration also needs to be given to how
the international community can more effectively promote synergies in the management
of all components of biodiversity, across these sectors and others, in the interests of a more
sustainable food and agriculture.
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Biodiversity and the
challenges facing global food
and agriculture

Supplying enough safe and nutritious food for
a growing world population poses many chal-
lenges. Among the most serious is the need to
increase food production globally without under-
mining the capacity of the world’s lands and seas
to meet the food needs of future generations
and to deliver other essential ecosystem services.
Despite repeated warnings about the rapid loss of
biodiversity (e.g. MEA, 2005a; Steffen et al.,
2015) and the mounting evidence of its key role
in food security and nutrition (Bommarco, Kleijn
and Potts, 2013; Cunningham et al., 2013; Diaz et
al., 2011; FAO and PAR, 2011; Pinstrup-Andersen,
2013; Rockstrom et al., 2017; Sunderland, 2011;
Tittonell et al., 2016; Tscharntke et al., 2012), pro-
duction systems worldwide are becoming ever less
diverse in terms of the ecosystems, species and
within-species genetic resources they comprise
(FAO, forthcoming, 2010a, 2014a, 2015a; Khoury
et al., 2014; Macfadyen et al., 2015).

In many parts of the world, biodiverse agri-
cultural landscapes in which cultivated land is
interspersed with uncultivated areas such as
woodlands, pastures and wetlands have been, or
are being, replaced by large areas of monocul-
ture, farmed using large quantities of external
inputs such as pesticides, mineral fertilizers and
fossil fuels. Livestock production is increasingly
becoming geographically separated from crop
production, with animals often raised in landless
production units, heavily dosed with veterinary
drugs and fed on feedstuffs produced elsewhere

Introduction

and transported over long distances (FAO, 2009a,
2015a; Steinfeld et al., eds., 2010). Although high
levels of crop and livestock production have been
achieved, this has often come at the cost of major
disruptions to the integrity of terrestrial and
aquatic ecosystems, of declining opportunities for
mutually beneficial interactions between sectors,
and of the loss of components of biodiversity that
provide services such as pollination, pest control
and nutrient cycling. Many grasslands are being
degraded by excessive or badly managed grazing
or being converted for use in crop production
or for other purposes (FAO, 2011a). The world’s
soils and their biodiversity are beset by threats
such as erosion, loss of organic carbon, nutrient
imbalances, salinization and contamination with
pollutants (FAO and ITPS, 2015).

Overfishing threatens marine resources world-
wide. Changes in fishing activities by international
fleets are exerting particular pressure in the waters
of some developing countries, in part because of
the use of “flags of convenience” (Ferrel, 2005;
Miller and Sumaila, 2014). As of 2015, an esti-
mated 33.1 percent of world fish stocks were
being fished at unsustainable levels (FAO, 2018a).
Overfishing is also affecting many of the world’s
lakes and rivers (ibid.).

Over recent decades, growing global demand
for fish has increasingly been met by aquacul-
ture. Although fish farming offers opportunities
to diversify production through polyculture or
through integration with other production activ-
ities, it is also becoming increasingly intensified.
Some systems use non-native species, which creates
the risk of escapes that may harm local biodiversity
(Lee and Gordon, 2006; McGinnity et al., 2003).
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Forest loss represents a major global threat to
biodiversity and the supply of ecosystem services
such as habitat provisioning, clean water, soil
conservation and protection, and carbon seques-
tration (FAO, 2018b). Although rates of loss have
decreased (and gone into moderate reverse in
some regions), global forest area continues to
decline, with the early part of this century seeing
net losses in sub-Saharan Africa, Latin America and
Southeast Asia (ibid.). The main cause of deforest-
ation in these regions is conversion to agriculture,
with illegal logging, fires and fuelwood extraction
also contributing (ibid.). Remaining forests are
threatened by degradation and fragmentation
(Haddad et al., 2015).

The food and agriculture sector is a major con-
tributor to greenhouse-gas emissions. For example,
livestock production chains are estimated to be
responsible for 14.5 percent of anthropogenic
greenhouse-gas emissions (FAO, 2017a; Gerber et
al., 2013). At the same time, climate change poses
enormous threats to food and agriculture, includ-
ing through its impacts on the species and eco-
systems — from soil micro-organisms to coral reefs
- that underpin production (FAO, 2015b). Loss of
biodiversity in turn threatens the capacity of eco-
systems used for food and agriculture to seques-
ter carbon and reduces the options available for
modifying production systems in the interests of
climate change mitigation and adaptation (Chen
et al., 2018; Henry et al., 2009; FAO, 2015b).

As the outcome of the first country-driven
global assessment addressing all components of
biodiversity of significance to food and agricul-
ture across all sectors, this report, prepared by
FAO at the request of its Commission on Genetic
Resources for Food and Agriculture, aims to shed
light both on the nature of these challenges and
on opportunities to address them. It identifies
and assesses the contributions that biodiversity
makes to the supply of ecosystem services rele-
vant to food and agriculture, to the resilience of
production systems, to efforts to intensify pro-
duction sustainably, to the livelihoods of farmers,
livestock keepers, fishers, fish farmers and forest
dwellers, and to food security and nutrition. It

documents what is known about the status and
trends of these components of biodiversity, and
identifies and assesses the impacts of major drivers
of change affecting them. It also documents the
state of adoption of management practices and
strategies in food and agriculture that use bio-
diversity or contribute to its conservation, the
state of programmes addressing the characteriza-
tion and conservation of components of biodiver-
sity relevant to food and agriculture, and the state
of policy and institutional frameworks for the
management of these resources. It identifies key
gaps and needs in terms of knowledge, capacity
and resources and pinpoints priority actions that
can help to address them.

What is biodiversity
for food
and agriculture?

Put simply, biodiversity is the variability that
exists among living organisms (both within and
between species) and the ecosystems of which
they are part. In turn, biodiversity for food and
agriculture (BFA) is the biodiversity that in one
way or another contributes to agriculture and
food production (see Section 1.5 for more formal
definitions of these terms). It includes not only the
domesticated crops and livestock raised by farmers
and livestock keepers, the trees planted and har-
vested by forest dwellers and the aquatic species
harvested or raised by fishers and aquaculture
practitioners, but also the myriad other species of
plants, animals and micro-organisms that under-
pin production, whether by creating and main-
taining healthy soils, pollinating plants, purify-
ing water, providing protection against extreme
weather events, enabling ruminant animals to
digest fibrous plant materials or delivering any
of a range of other vital services. It also includes
wild species (beyond the already-noted harvested
aquatic species and forest trees) that are har-
vested for food and for other purposes. Finally, it
includes micro-organisms used in food processing
and in various agro-industrial processes.
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It is difficult to establish definite boundaries
to BFA. Crops and livestock and farmed or
wild-harvested trees and aquatic species all
clearly contribute directly to food security and
livelihoods. In many cases, they also provide
other services that support food and agricultural
production. For example, a tree or a herbaceous
crop plant may help to protect the soil against
erosion or to create a favourable microclimate
for other components of the production
system, a farmed animal may remove weeds
or provide manure to fertilize crops, or a
filter-feeding mollusc raised in aquaculture
may contribute to water purification. Many
of the other species that live in and around
production systems also make relatively direct
and clearly identifiable contributions to food
and agriculture, for example the role of bees in
pollination or ladybird beetles in removing aphid
pests from crop plants. However, the health of
a crop, grassland, forest, marine or freshwater
production system is influenced by an enormous
range of ecological processes, many of which are
complex and not well understood. These process
operate on a variety of scales, ranging from very
local to global, and cross the boundaries between
production systems, between the sectors of food
and agriculture and between managed and
unmanaged ecosystems. To provide a concrete
example, a crop plant may benefit from soil-
maintaining services provided by earthworms
living in the immediate vicinity, from pollination
services provided by insects that depend on the
biodiversity present in hedgerows or uncultivated
areas at the edge of the field, and from climate-
regulating services provided by distant forest,
grassland or ocean biodiversity.

BFA cannot be considered in isolation from
the humans that manage production systems.
Farmers, livestock keepers, forest dwellers, fish
farmers and fishers constantly engage with their
environments, shaping them to varying degrees
and utilizing components of biodiversity in
different combinations to meet their needs. Many
domesticated species have been used, developed
and maintained by humans for thousands of years.

Biodiversity for food
and agriculture
and global policy agendas

Over recent decades, the importance of biodi-
versity to food security and nutrition, rural and
coastal livelihoods and sustainable development
more generally has gradually been acquiring
greater recognition on international agendas
(Figure 1.1). 1983 saw the establishment of
the Commission on Plant Genetic Resources
- an intergovernmental body with a secretar-
iat hosted by FAO — which in 1995 became the
Commission on Genetic Resources for Food and
Agriculture' and acquired a mandate covering
all components of biodiversity of relevance
to food and agriculture. Over the years, the
Commission has overseen global assessments of
genetic resources in the crop, livestock, forest
and aquatic sectors and negotiated global plans
of action for genetic resources in the first three
(FAO, forthcoming, 1997, 2007a, 2007b, 2010a,
2011b, 20144, 2014b, 2015a).

The adoption of the Convention on Biological
Diversity (CBD)? in 1992 established an interna-
tional legal framework for the conservation and
sustainable use of biodiversity, including domes-
ticated and non-domesticated species used for
food and agriculture, along with the fair and
equitable sharing of the benefits arising from
the use of genetic resources. The CBD's pro-
grammes on (inter alia) agricultural biodiversity,
forest biodiversity, dry and subhumid land biodi-
versity, inland water ecosystems and marine and
coastal biodiversity aim to promote these objec-
tives across a range of ecosystems used for food
and agriculture. The Aichi Biodiversity Targets,
adopted in 2010 as part of the CBD's Strategic
Plan for Biodiversity 2011-2020 (CBD, 2010a),
recognize the importance of BFA, including the
need to reduce or eliminate the loss of forests
(Target 5), manage and harvest fish and aquatic

' http://www.fao.org/cgrfa/en (see also Box 1 in the “About this
publication” section).
2 https://www.cbd.int
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FIGURE 1.1

Key developments in the international recognition of the importance of biodiversity for food

and agriculture

CBD Programme

of Work for
Commission’s Agrlgultu_ral
mandate B\odlver_slty
Commission on extended to cover is established GPA
Plant Genetic all biodiversity Millennium Animal Genetic GPA Forest Cancun
Resources for food and Development Resources Second GPA Genetic Resources Declaration
established agriculture Goals adopted adopted PGRFA adopted adopted adopted
000 2001 2007 2010 2011 2012 2013 2015 2016
Convention on First Global Plan Millennium Nagoya Protocol IPBES Sustainable
Biological of Action (GPA) Ecosystem adopted established Development
Diversity (CBD) for Plant Genetic Assessment . Goals adopted
adopted Resources for Food | initiated ?é;aélegéfvglrasﬂy
fF[‘GdRég”C‘d’““;e 4 International 2011-2020
) adopte Treaty on PGRFA adopted
adopted

Note: IPBES = Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services.

invertebrates and plants sustainably (Target 6),
ensure areas under agriculture, aquaculture
and forestry are managed sustainably in order
to conserve biodiversity (Target 7) and main-
tain the genetic diversity of cultivated plants
and animals and their wild relatives (Target 13).
Target 18 recognizes the importance of the tra-
ditional knowledge, innovations and practices
of indigenous and local communities for the
conservation and sustainable use of biodiver-
sity. The Nagoya Protocol on Access to Genetic
Resources and the Fair and Equitable Sharing
of Benefits Arising from their Utilization to
the Convention on Biological Diversity, a sup-
plementary agreement to the CBD adopted in
2010, established a legal framework for the
implementation of the CBD’s objective of fair
and equitable sharing of benefits arising from
the use of genetic resources.

In 2001, the International Treaty on Plant
Genetic Resources for Food and Agriculture, which
was negotiated under the aegis of the Commission,
established an international legal framework, in
harmony with the CBD, for the conservation and
sustainable use of plant genetic resources for food
and agriculture and the fair and equitable sharing
of the benefits arising from their use.

6

2012 saw the establishment of the Intergov-
ernmental Science-Policy Platform on Biodiversity
and Ecosystem Services (IPBES),? an independent
intergovernmental body that provides policy-
makers with objective scientific assessments of the
planet’s biodiversity and ecosystems, the benefits
they provide to people, and the tools and methods
available to protect and sustainably use them.

The Sustainable Development Goals, adopted
by the United Nationsin 2015 (see Box 1.1), include
a number of targets related to the conservation
and sustainable use of biodiversity in the context
of food and agriculture, as did the Millennium
Development Goals adopted in 2000.

In December 2016, the high-level ministerial
segment of the thirteenth meeting of the
Conference of the Parties to the CBD adopted
the Cancun Declaration on Mainstreaming the
Conservation and Sustainable Use of Biodiversity for
Well-being (CBD, 2016a). More than 190 countries
committed themselves to working to mainstream
biodiversity and “bearing in mind that the
agriculture, forestry, fisheries and tourism
sectors heavily depend on biodiversity and its
components, as well as on the ecosystem functions

3 https://www.ipbes.net
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Box 1.1

Biodiversity for food and agriculture, FAO and the Sustainable Development Goals

FAQ is "custodian” UN agency for 21 indicators under
Sustainable Development Goals 2, 5, 6, 12, 14 and 15, and a
contributing agency for four more. Many of these indicators
directly or indirectly measure components of biodiversity for
food and agriculture.

Goal 2 (End hunger, achieve food
security and improved nutrition and
promote sustainable agriculture)
includes a target on ensuring
sustainable food production systems and
implementing resilient agricultural practices that increase
productivity and production, that help maintain ecosystems,
that strengthen capacity for adaptation to climate change,
extreme weather, drought, flooding and other disasters and
that progressively improve land and soil quality (Target 2.4).
It also includes a target on maintaining the genetic diversity
of seeds, cultivated plants and farmed and domesticated
animals and their related wild species, and promoting access
to and fair and equitable sharing of benefits arising from the
utilization of genetic resources and associated traditional
knowledge (Target 2.5). Indicators for these targets include:
e Indicator 2.4.1: Proportion of agricultural area
under productive and sustainable agriculture;
e Indicator 2.5.1: Number of plant and animal
genetic resources for food and agriculture secured
in medium- or long-term conservation facilities; and
e Indicator 2.5.2: Proportion of local breeds, classified
as being at risk, not-at-risk or at unknown level of
risk of extinction.
Data for Indicators 2.5.1 and 2.5.2 are compiled by FAO
through the World Information and Early Warning System on
Plant Genetic Resources for Food and Agriculture (WIEWS)'
and the Domestic Animal Diversity Information System
(DAD-IS),2 both of which are managed under the guidance
of the Commission on Genetic Resources for Food and
Agriculture (see Boxes 7.1 and 7.2 for further information on
these systems).

' http/www.fao.org/wiews/en
2 http://www.fao.org/dad-islen

Goal 14 (Conserve and sustainably use
the oceans, seas and marine resources)
includes targets on the sustainable
management and protection of marine
and coastal ecosystems, action to
promote their restoration in the interest of healthy and
productive oceans, and effective regulation of harvesting

14 5

and overfishing. Indicators for this target include:
e Indicator 14.4.1: Proportion of fish stocks within
biologically sustainable levels; and
e Indicator 14.7.1: Sustainable fisheries as a
percentage of GDP in small island developing
states, least developed countries and all countries.

Goal 15 (Sustainably manage forests,
combat desertification, halt and reverse
land degradation, halt biodiversity
loss) includes targets addressing
the conservation, restoration and
sustainable use of terrestrial and inland freshwater
ecosystems and their services, sustainable management
of all types of forests and the integration of ecosystem
and biodiversity values into national and local planning,
development processes and poverty reduction strategies.
Indicators for this target include:

e Indicator 15.1.1: Forest area as a percentage of

total land area;
e Indicator 15.2.1: Progress towards sustainable

15 oo

forest management; and

e Indicator 15.4.2: Mountain Green Cover Index (a
measure of changes in the area of green vegetation
in mountain areas [forest, shrubs and pasture land,
and cropland]).

Note: For further information, see FAO (2017b) or visit FAQ's Sustainable
Development Goals web page: http:/www.fao.org/sustainable-development-
goals/en
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and services which biodiversity underpins, and
that these sectors also impact on biodiversity in
various direct and indirect ways, ... to undertake
specific actions for each sector ..."

Assessments of biodiversity
for food and agriculture

The growing prominence of biodiversity on inter-
national agendas has led to the implementation
of a number of global assessments of various
components or aspects of biodiversity, including
those of relevance to food and agriculture. For
example, the Millennium Ecosystem Assessment,?
a global effort launched in 2001 to identify the
consequences of ecosystem change for human
well-being, assessed the state of a range of eco-
system services,” including the supply of food and
other agricultural products, and many of the ser-
vices that underpin production (pollination, pest
regulation, erosion control, etc.) (MEA, 2005a).
IPBES has prepared global assessments on polli-
nators, pollination and food production (IPBES,
2016a), on land degradation (IPBES, 2018a) and
on biodiversity and ecosystem services (IPBES,
forthcoming). Starting in 2001, the CBD’s Global
Biodiversity Outlook series® has provided periodic
reports on the status and trends of global biodi-
versity and its management. The Economics of
Ecosystems and Biodiversity (TEEB)’ initiative has
prepared a number of publications on the theme
of valuating biodiversity and ecosystem services,
including an interim report addressing the food
and agriculture sector (TEEB, 2015) and a scientific
and economic foundation report (TEEB, 2018).
FAO has long conducted regular assessments
of food and agriculture (The State of Food and
Agriculture),® forests (The State of the World’s

https:/Awww.millenniumassessment.org/en/Index-2.html
See Section 1.5 for further information on this concept.
https://www.cbd.int/gbo/default.shtml
http://Awww.teebweb.org
http:/Awww.fao.org/publications/sofa/
the-state-of-food-and-agriculture/en

© < o u &

Forests;? Global Forest Resources Assessment)'®
and fisheries and aquaculture (The State of World
Fisheries and Aquaculture)," each of which con-
tributes to knowledge of the state of species
and/or ecosystems of relevance to food and agri-
culture. In 2015, FAO and the Intergovernmental
Technical Panel on Soils published Status of the
World'’s Soil Resources, the first major global
assessment on soils and related issues (FAO and
ITPS, 2015).

The High Level Panel of Experts on Food Security
and Nutrition' of the UN Committee on World
Food Security has over recent years published a
number of reports addressing the significance of
particular components of BFA to food security and
nutrition: Sustainable fisheries and aquaculture
for food security and nutrition (HLPE, 2014a);
Sustainable agricultural development for food
security and nutrition: what roles for livestock?
(HLPE, 2016); Sustainable forestry for food secu-
rity and nutrition (HLPE, 2017a); and Nutrition
and food systems (HLPE, 2017b).

As noted above, the Commission on Genetic
Resources for Food and Agriculture has over-
seen global assessments of genetic resources and
their management in the various sectors of food
and agriculture (FAO, forthcoming, 1997, 2007a,
2010a, 2015a) (see Box 1.2). These assessments
have largely focused on the species, varieties and
breeds of plants and animals that are raised or
harvested in each sector to provide food and other
products (although other roles and uses are dis-
cussed).'® Other components of BFA received little
attention and interactions between sectors were
not a major focus.

The State of the World'’s Biodiversity for Food
and Agriculture is intended to complement the
sectoral assessments and to fill gaps in terms of
scope and focus. It addresses all components of

9 http://www.fao.org/publications/sofo/en
http:/Awww.fao.org/forest-resources-assessment/en
http://Awww.fao.org/fishery/sofia/en
http://www.fao.org/cfs/cfs-hipe/en

See Section 1.5 for further discussion of genetic resources in
the various sectors of food and agriculture and the scope of
the global assessments overseen by the Commission.
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Box 1.2

Assessing the state of the world’s genetic resources for food and agriculture

The Commission on Genetic Resources for Food

and Agriculture has overseen the preparation of
authoritative assessments of the state of the world's
genetic resources in the plant (crop), animal (livestock),
forest and aquatic sectors.

The State of the World's Aquatic

= = Genetic Resources for Food and
®OMAY Agriculture (FAQ, forthcoming)
*n0 focuses on cultured species and
0" = | their wild relatives, within national

e sTATE ﬁ
THWOD'S

'AQUATIC GENETIC RESOURCES )
FOR FOO! E

prerae | reports and five specially
==l commissioned thematic background
studies. The reporting countries are responsible for
96 percent of global aquaculture production. The report
sets the context with a review of the state of the world's
aquaculture and fisheries and includes overviews of the use
and exchange of aquatic genetic resources, the drivers
affecting the status of these resources, and the extent of
ex situand in situ conservation efforts targeting them.
It also describes the roles of stakeholders in the
management of these resources and the levels of activity
in research, education, training and extension in this field.
It reviews national policies and the levels of regional
and global cooperation in the management of aquatic
genetic resources. Finally, it assesses needs and challenges
in the context of the findings of the analysis of the data
provided by countries.

jurisdiction. It draws on 92 country

The Second Report on the State of the
& World's Animal Genetic Resources for
Food and Agriculture (FAO, 2015a)
provides an update of the global
(1 assessment provided in the first
report on The State of the
World's Animal Genetic Resources for
‘‘‘‘‘‘‘ G Food and Agriculture, published in
2007. It presents an analysis of the state of livestock diversity,
the influence of livestock-sector trends on the management of
animal genetic resources, the state of capacity to manage
animal genetic resources, including legal and policy

THE SECOND REFORT
ONTHE STATE

$

- THE WORLD's
ANIMAL GENETIC RESOURCES FOR
0D AND AGRICULTURE

frameworks, the state of the art in tools and methods for
characterization, genetic improvement, valuation and
conservation, and needs and challenges with respect to the
future of animal genetic resources management. It draws on
129 country reports, four reports from regional focal points
and networks, 15 reports from international organizations and
two commissioned thematic studies.

The State of the World’s Forest
Genetic Resources (FAO, 2014a)
reviews the values of forest genetic
resources, the drivers of change
affecting them, emerging
technologies for their management
and the state of their conservation
|®  anduse. it provides
recommendations for the management of these resources,
both in terms of innovations in practices and technologies
and in terms of increased attention at policy and

. . WD
or WD

FOREST GENETIC RESOURCES.

institutional levels. It draws on information provided by
86 countries, outcomes from regional and subregional
consultations, and five commissioned thematic studies.

The Second Report on the State

of the World's Plant Genetic
Resources for Food and Agriculture
(FAQ, 2010a) provides an update
of the global assessment provided
in the first report on The State of
the World's Plant Genetic
Resources for Food and Agriculture,
published in 1996. It documents the major achievements in
the sector during the preceding decade and identifies

gaps and needs requiring urgent attention. It draws on
113 country reports, regional syntheses and eight
commissioned thematic studies.

Note: The reports can be viewed at
http://www.fao.org/3/a-i4787e.pdf
http:/iwww.fao.org/3/a-i3825e.pdf
http:/iwww.fao.org/docrep/013/i1500e/i1500e.pdf
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biodiversity across all sectors of food and agriculture,
but pays particular attention to the interface
between managed and unmanaged biodiversity,
cross-sectoral interactions and the roles of com-
ponents of BFA in the supply of supporting and
regulating ecosystem services.'

Like the sectoral assessments, the report is the
outcome of a country-driven process. The decision
to prepare it was taken at the Commission’s
Eleventh Regular Session in 2007 (FAO, 2007c).
Ninety-one countries submitted reports on the
state of their BFA and its management, including
information on priorities that need to be
addressed in order to strengthen the sustainable
use and conservation of these resources. A series
of informal regional consultations attended by
country representatives took place in 2016 and
provided an opportunity to share knowledge and
information and to discuss needs and priorities.

The broad scope and innovative perspective
of the assessment presented challenges in terms
of data collection and analysis at all levels. In
discussing the preparatory process, the Commission'>
recognized that findings would be incomplete
in a number of areas and requested that gaps in
knowledge be assessed and highlighted in the
report (FAO, 2013a).

Key concepts addressed in
this report

This section provides definitions and short over-
views of key concepts addressed in this report.

Biodiversity

Biological diversity (often referred to as biodiver-
sity) is defined in Article 2 of the CBD as “the var-
iability among living organisms from all sources
including, inter alia, terrestrial, marine and other
aquatic ecosystems and the ecological complexes
of which they are part: this includes diversity within

14 See Section 1.5 for further discussion of the various categories
of ecosystem services.
15 At its Fourteenth Regular Session, in 2013.

species, between species and of ecosystems”
(CBD, 1992).

Biodiversity for food and agriculture

BFA is a subcategory of biodiversity taken for
the purposes of this report to correspond to “the
variety and variability of animals, plants and
micro-organisms at the genetic, species and eco-
system levels that sustain the ecosystem structures,
functions and processes in and around production
systems, and that provide food and non-food
agricultural products” (FAO, 2013b).'® Production
systems (see below for further discussion of this
term) are here taken to include those in the crop,
livestock, forest, fishery and aquaculture sectors.
BFA includes plant, animal and aquatic genetic
resources for food and agriculture, forest genetic
resources, associated biodiversity and wild foods
(see below for further discussion of these terms).
It also includes micro-organisms used for food pro-
cessing and in agro-industrial processes.

Genetic resources

Genetic resources are defined under Article 2 of
the CBD as “genetic material of actual or poten-
tial value”. “Genetic material” is in turn defined as
“any material of plant, animal, microbial or other
origin containing functional units of heredity.”
Genetic resources can be embodied in living plants,
animals or micro-organisms or in stored seeds,
semen, oocytes, embryos, somatic cells or isolated
DNA (deoxyribonucleic acid). In the context of food
and agriculture, the term is often used to refer to
the species managed or harvested within a given
sector (e.g. plant, animal, forest or aquatic genetic
resources for food and agriculture — see below).

Plant genetic resources for

food and agriculture

The term plant genetic resources for food and
agriculture refers to genetic material of plant
origin of actual or potential value for food and
agriculture (FAO, 2010a). This includes farmers’
varieties/landraces managed on-farm, improved

16 The wording draws on FAO and PAR (2011).
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varieties, breeding materials in crop-improvement
programmes, accessions conserved ex situ (i.e. in
genebanks or other collections) and wild plants
that may be related to crops (i.e. crop wild rel-
atives) or those wild species harvested for food.

In agronomy, the term “variety” refers to a
plant grouping that is distinguished from any
other plant grouping by the expression of certain
heritable characteristics that remain unchanged by
propagation.'” Cultivated varieties can be broadly
classified as “modern officially released varieties”
or “farmers’ varieties” (FAO, 1997)."® Modern
officially released varieties are the products of
breeding by professional plant breeders, mainly
working for private companies or publicly funded
research institutes (sometimes referred to as the
“formal system” or “scientific breeding”). These
typically have a high degree of genetic uniformity
and breed true (i.e. produce offspring with the
same phenotypic traits as their parents). Farmers’
varieties, also known as “landraces” or “traditional
varieties”, are the product of breeding or selection
carried out continuously, deliberately or otherwise,
by farmers over many generations. Farmers’
varieties tend not to be genetically uniform, and
contain high levels of genetic diversity.

Crop wild relatives are potential sources of her-
itable traits for use in crop breeding. Traits from
crop wild relatives that confer tolerance to abiotic
and biotic stresses and improved nutritional quali-
ties have been successfully incorporated into some
elite crop varieties. Advanced biotechnologies
(e.g. embryo rescue and protoplast fusion) are

17" Definition is based on wording from Article 1 (vi) of the 1991
Act of the International Union for the Protection of New
Varieties of Plants (UPOV) Convention (UPOV, 1991), which
states that “’variety’ means a plant grouping within a single
botanical taxon of the lowest known rank, which grouping,
irrespective of whether the conditions for the grant of a
breeder’s right are fully met, can be defined by the expression
of the characteristics resulting from a given genotype or
combination of genotypes, distinguished from any other
plant grouping by the expression of at least one of the said
characteristics and considered as a unit with regard to its
suitability for being propagated unchanged.”

It should be noted that “farmers’ variety” is an imprecise term
and that “varieties” referred to in this way may not meet the
requirement that a variety breed true.

©

increasingly being used to circumvent the barriers
to cross-breeding that have prevented the intro-
duction of novel alleles from crop wild relatives
into cultivated varieties.

Animal genetic resources for

food and agriculture

Animal genetic resources for food and agricul-
ture are genetic resources of animal origin used
or potentially used for food and agriculture (FAO,
2007a, 2007b). In line with the scope of previ-
ous global assessments (FAO, 2007a, 2015a), the
term is used in this report to refer to the genetic
resources of domesticated avian and mammalian
species used in food and agriculture.

Livestock species generally encompass a number
of different subspecific populations referred to as
breeds. According to the definition used by FAO,
a breed is “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” (FAO, 1999a). Individual
breeds, in turn, harbour varying degrees of genetic
diversity, and some are more genetically distinct
from the species population at large than others.
Breeds that have been present in a particular
production environment for sufficient time for the
effects of natural selection and managed genetic
improvement to adapt them to local conditions are
referred to as “locally adapted breeds”."® Breeds
can be subject to breeding programmes to improve
their productivity or promote other desirable
characteristics. They can be mated with each
other to produce cross-bred animals that embody
characteristics from both the parent breeds.

' The definition agreed upon by the Commission on Genetic
Resources for Food and Agriculture for use in national
reporting states that “locally adapted breeds” are “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” and that “exotic breeds” are
“breeds that are not locally adapted”.
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The wild relatives of domesticated livestock
are generally not used in any systematic way in
contemporary animal breeding. Some of the wild
ancestral species of major domesticated animal
species are now extinct, for example the aurochs
(Bos primigenius), ancestor of domestic cattle.

Forest genetic resources

Forest genetic resources are the heritable materi-
als maintained within and among tree and other
woody plant species that are of actual or poten-
tial economic, environmental, scientific or societal
value (FAO, 2014a).

The distribution of genetic diversity within tree
species is shaped by the evolutionary history of
the species, introgression and hybridization with
related species, as well as by forest degradation and
fragmentation. Although humans have long utilized
tree species, tree genetic improvement efforts were
only initiated in the 1930s. Tree breeding is a slow
process, as one cycle of testing and selection typically
takes decades. Most advanced tree-breeding
programmes are only in their third cycle of testing
and selection. This means that the gene pools of
trees in breeding programmes are still mostly semi-
wild. Only a few tree species (e.g. various fruit and
nut trees) have been domesticated to a level similar
to that of agricultural crops.

Aquatic genetic resources for food and
agriculture

Aquatic genetic resources include DNA, genes,
chromosomes, tissues, gametes, embryos and
other early life history stages, individuals, strains,
stocks and communities of organisms, of actual
or potential value for food and agriculture. The
scope of the assessment undertaken for the report
on The State of the World’s Aquatic Genetic
Resources for Food and Aquaculture is farmed
aquatic species and their wild relatives within
national jurisdiction (FAO, forthcoming).

Unlike domesticated crop and livestock species,
which generally include many breeds, varieties or
cultivars, there are few recognized within-species
strains among the species used in aquaculture, a
sector in which commercial breeding only started

in the last century. Subspecific stocks of aquatic
species in the wild are recognized. Although
some stocks are genetically characterized, it is
more usual for a stock to be characterized by its
geographic location (e.g. North Atlantic cod).

Associated biodiversity
Associated biodiversity is a subcategory of BFA. The
concept is perhaps most familiar in the crop sector,
where the biodiversity of harvested domesticated
crop plants is distinguished from “crop-associated
biodiversity” — the range of other species that are
present in and around the production system and
that sustain ecosystem structures, functions and pro-
cesses (e.g. Lenné and Wood, 2011; Waliyar, Collette
and Kenmore, 2002). Examples include pollinators,
the predators of crop pests, the vegetation found
in hedgerows and at field margins, and the inver-
tebrates and micro-organisms that help to create
and maintain the soil and its fertility. In addition
to beneficial species such as pollinators, crop asso-
ciated biodiversity includes the various species that
inhibit crop production by acting as weeds or pests.
Equivalent categories of biodiversity can
be distinguished in other sectors of food and
agriculture. In a livestock production system,
for example, the domesticated animals can be
distinguished from associated biodiversity such
as rangeland plants, the micro-organism and
invertebrate communities associated with the soil,
and the micro-organisms found in the animals’
digestive systems. In a forest ecosystem, trees are
surrounded by a multitude of plants, animals and
micro-organisms that contribute in various ways
to the functioning of the ecosystem.?® In capture
fisheries, harvested species rely on a range of
animals, plants and micro-organisms as sources of
food and for services such as water purification and
habitat provisioning. They benefit from oxygen
provided by aquatic plants and the protection
provided by habitats such as kelp forests, seagrass
beds and coral reefs. Some species rely on others as

20 The term “forest biodiversity” is used to refer to “the variability
among forest-dwelling organisms and the ecological processes
of which they are a part. It includes variation at forest
ecosystem, species and molecular levels” (FAO, 2014a).
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hosts. Aquatic species farmed in extensive systems
or raised in culture-based fisheries also interact
with these various components of associated
biodiversity. Similarly, species raised in aquaculture
ponds benefit from a range of services provided
by the flora and fauna that surround them,
particularly with respect to water purification and
nutrient cycling.

Associated biodiversity consists largely of non-
domesticated species. Exceptions include the
domestic honey bee and some other pollinator
species. Various biological control agents (natural
enemies used to control pest species) are bred in
captivity.

Where ecosystem services (see below) are
concerned, associated biodiversity is particularly
important to the supply of supporting and
regulating services. However, components of
associated biodiversity may also be direct sources
of food and other products (supply provisioning
ecosystem services) or have cultural significance
(supply cultural ecosystem services).

Wild foods

Wild foods are food products obtained from
non-domesticated species. They may be harvested
(gathered or hunted) from within food and agri-
cultural production systems or from other eco-
systems. The group of species that supplies wild
foods overlaps to various degrees with those in
the above-described “sectoral” categories of
genetic resources and with associated biodiversity.
For example, capture fisheries are probably the
largest single example of the human use of wild
foods, and many aquaculture facilities use wild-
caught stocks for broodstock or larval grow-out.

Ecosystem services

As implied in the definition given above, BFA is
integral to ecosystem structures, processes and
functions in and around production systems. Such
structures, processes and functions, both in food
and agricultural systems and in ecosystems more
generally, give rise in turn to a range of bene-
fits to humans - often referred to as ecosystem
services. The Millennium Ecosystem Assessment

defined the term simply as “the benefits humans
derive from ecosystems” (MEA, 2005a). It identi-
fied the following four categories of ecosystem
service: provisioning, regulating, supporting and
cultural (ibid.). Provisioning services are “the prod-
ucts obtained from ecosystems”, i.e. food and raw
materials of various kinds. Regulating services are
“the benefits obtained from the regulation of eco-
system processes.” Examples include regulation
of the climate, air and water quality, diseases and
natural disasters. Cultural services are “the non-
material benefits people obtain from ecosystems
through spiritual enrichment, cognitive develop-
ment, reflection, recreation, and aesthetic experi-
ences”. Supporting services are services “that are
necessary for the production of all other ecosys-
tem services.” Examples include photosynthesis,
nutrient cycling and provision of habitat for other
species. The distinguishing feature of supporting
services is that they have a less direct effect on
human welfare.?!

The slightly different framework used by The
Economics of Ecosystems and Biodiversity (TEEB)
initiative does not treat supporting services
as a separate category, but rather as a subset
of the ecological processes that underlie the
delivery of other services (TEEB, 2010). However,
it distinguishes a separate category, “habitat
services”, defined as services that “provide living
space for resident and migratory species.”

In preparing their reports for The State of the
World'’s Biodiversity for Food and Agriculture, coun-
tries were invited to focus primarily on regulating
and supporting services. A number of questions in
the country-reporting guidelines refer specifically
to these two categories of ecosystem service.

Conservation
Conservation of BFA is taken in this report to
include all actions implemented with the aim of
preventing the loss of diversity in the populations,
species and ecosystems that constitute this subset
of biodiversity.

21 All the definitions presented in this paragraph are taken from
MEA (2005a).
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“In situ conservation” is defined under the
CBD as “conservation of ecosystems and natural
habitats and the maintenance and recovery of
viable populations of species in their natural
surroundings and, in the case of domesticated or
cultivated species, in the surroundings where they
have developed their distinctive properties.” In
the context of BFA, in situ conservation comprises
measures that promote the maintenance of
biodiversity (including domesticated biodiversity)
in and around crop, livestock, forest, aquatic and
mixed production systems (or in the case of wild
foods and wild relatives of domesticated species
also in other habitats).

"Ex situ conservation” is defined under the CBD
as “the conservation of components of biological
diversity outside their natural habitats.” In the
context of BFA, ex situ conservation comprises
the conservation of relevant components of
biodiversity outside their normal habitats in and
around production systems. This may involve the
maintenance of live organisms at sites such as
botanic gardens, aquaria, field genebanks, zoos
or rare-breed farms, or storage of seeds, pollen
or vegetative plant tissues or cryoconserved
materials, such as animal semen or embryos, in
genebanks.

Sustainable use

Sustainable use of the components of biodiversity
is one of the three objectives of the CBD, which
defines the term as follows: “the use of compo-
nents of biological diversity in a way and at a rate
that does not lead to the long-term decline of bio-
logical diversity, thereby maintaining its potential
to meet the needs and aspirations of present and
future generations.”

In the case of BFA, “use” is taken in this report
to include the various practical activities involved
in cultivating or raising domesticated species, the
implementation of formal or informal genetic-
improvement activities and the domestication
of additional wild species, the introduction of
domesticated or wild species into new production
systems, the management of wild species and
their habitats in and around production systems

to promote the delivery of ecosystem services,
and the harvesting of food and other products
from the wild.

Sustainable use and conservation are inter-
related in various ways. From one perspective,
sustainable use can be seen as an element of
conservation. For example, in the case of wild
biodiversity, enabling people to use a wild
species or ecosystem in a sustainable way may
lead to its being protected from more destruc-
tive activities. Domesticated biodiversity is to
a large degree dependent on use. Individual
varieties and breeds of crops, livestock and
farmed aquatic species are products of human-
controlled breeding and would cease to exist
without ongoing management. In situ conserva-
tion of domesticated biodiversity therefore inev-
itably involves use (unless the targets are feral
populations). From another perspective, conser-
vation of BFA can be viewed as a pre-requisite for
use. Aside from the obvious point that individual
components of BFA cannot be used if they have
become extinct, sustainable use of a food and
agricultural system, and the genetic resources
it contains, may depend on the conservation of
neighbouring (or more distant) ecosystems that
provide it with essential services.

Production system

For the purpose of this report, a production system
is a category of management unit (farm, livestock
holding, forest stand, fishery [in a natural or
human-made water body], aquaculture holding,
or mixed management unit) that shares common
characteristics with respect to the types of species
raised or harvested and the types of manage-
ment practised. The following systems were
distinguished in the country-reporting process:
grassland-based livestock systems; landless
livestock systems; naturally regenerated forests;
planted forests; self-recruiting capture fisheries;
culture-based fisheries; fed aquaculture; non-fed
aquaculture; irrigated crop systems (rice); irri-
gated crop systems (other); rainfed crop systems;
and mixed production systems. See Table 1.1 for
further details of this classification system.
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TABLE 1.1

Production-system classification used in this report

Name of the
production system

Livestock grassland-based
systems

Livestock landless systems

Naturally regenerated
forests

Planted forests

Self-recruiting capture
fisheries

Culture-based fisheries

Fed aquaculture

Non-fed aquaculture

Irrigated crops (rice)
Irrigated crops (other)

Rainfed crops

Mixed production systems
(livestock, crop, forest
and /or aquatic and
fisheries mixed)

Source: FAO, 2013b.

Description

Systems in which the animals obtain a large proportion of their forage intake by grazing natural or sown pastures,

includes:

e ranching: grassland-based systems in which livestock is kept on privately owned rangeland;

e pastoralist: grassland-based systems in which the livestock keepers move with their herds or flocks in an opportunistic
way on communal land to find feed and water for their animals (either from or not from a fixed home base).

Systems in which livestock production is separated from the land where the feed given to the animals is produced.

Includes:

e primary: forests of native species, where there are no clearly visible indications of human activities and the
ecological processes are not directly disturbed by humans;

¢ modified natural: forests of naturally regenerated native species where there are clearly visible indications of
significant human activities;

o semi-natural (assisted natural regeneration): silvicultural practices in natural forest by intensive management
(weeding, fertilizing, thinning, selective logging).

Includes:

o semi-natural (planted component): forests of native species, established through planting or seeding, intensively
managed;

e plantations (productive): forests of introduced and/or native species established through planting or seeding
mainly for production of wood or non-wood goods;

« plantations (protective): forests of introduced and/or native species, established through planting or seeding
mainly for provision of services.

Includes capture fisheries in marine, coastal and inland areas that can involve:
e natural ecosystems;
» modified ecosystems e.g. reservoirs and rice paddies.

Fisheries based on resources, the recruitment of which originates or is supplemented from cultured stocks (i.e.
populations chosen for culture and not stocks in the same sense as that term is used for capture fisheries) raising
total production beyond the level sustainable through natural processes.

The farming of aquatic organisms including fish, molluscs, crustaceans, aquatic plants, crocodiles, alligators,
turtles and amphibians. Farming implies some sort of intervention in the rearing process to enhance production,
such as regular stocking, feeding or protection from predators. Farming also implies individual or corporate
ownership of the stock being cultivated (i.e. the population chosen for culture and not a stock in the same sense
as that term is used for capture fisheries).

Fed aquaculture production utilizes or has the potential to utilize aquafeeds of any type, in contrast to the farming
of filter-feeding invertebrates and aquatic plants that relies exclusively on natural productivity. Also defined as
“farming of aquatic organisms utilizing aquafeeds in contrast to that deriving nutrition directly from nature.”

The farming of aquatic organisms including fish, molluscs, crustaceans and aquatic plants that do not need
supplemental feeding. Farming implies some sort of intervention in the rearing process to enhance production,
such as regular stocking, feeding or protection from predators. Farming also implies individual or corporate
ownership of the stock being cultivated (i.e. the population chosen for culture and not a stock in the same sense
as that term is used for capture fisheries). In non-fed aquaculture systems culture is predominately dependent on
the natural environment for food, e.g. aquatic plants and molluscs.

Areas where rice is cultivated and purposely provided with water, including land irrigated by controlled flooding.
Agricultural areas purposely provided with water, including land irrigated by controlled flooding.
Agricultural practice relying exclusively on rainfall as its source of water.

Production systems with multiple components. They include:

crop-livestock: mixed systems in which livestock production is integrated with crop production;
agropastoralist: livestock-oriented systems that involve some crop production in addition to keeping grazing
livestock on rangelands; they may involve migration with the livestock away from the cropland for part of the
year; in some areas, agropastoral systems emerged from pastoral systems;

agroforestry-livestock: mixed systems in which livestock production is integrated with the production of trees
and shrubs;

integrated aquaculture: mixed systems in which aguaculture is integrated with crop and livestock production;
may involve ponds on farms, flooded fields, enrichment of ponds with organic waste, etc.;

other combinations.
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Roles and importance
of biodiversity for
food and agriculture

¢ Biodiversity for food and agriculture (BFA) -
including domesticated crops and animals,
harvested forest and aquatic species, and the
associated biodiversity found in and around
production systems — is indispensable to food
security, sustainable development and the supply of
many vital ecosystem services.

o BFA helps to make production systems and
livelihoods more resilient to shocks and stresses,
including those associated with climate change.

o BFA is a key resource in efforts to increase food
production while limiting or reducing negative
impacts on the environment.

o BFA contributes in numerous ways to the
livelihoods of many households, particularly
to those that have limited access to external
production inputs or live in marginal areas with
harsh production environments.

m Introduction

This chapter introduces the contributions made
by biodiversity for food and agriculture (BFA) to
human livelihoods and well-being and to various
aspects of sustainable development. The sections
of the chapter, respectively, cover the roles of
BFA in the supply of ecosystem services, in pro-
moting the resilience of production systems and
livelihoods, in providing options for the sustain-
able intensification of production, in supporting
livelihoods and in underpinning food security
and nutrition. Each section outlines the concepts

¢ Components of BFA often provide or contribute
to multiple ecosystem services, and this needs
to be built on in their management and in the
management of the production systems where
they are found.

¢ Many countries emphasize the importance of
genetic diversity as a means of coping with
diverse production environments and adapting
to future challenges. Many also emphasize the
role of diversification — using multiple species
or integrating crop, livestock, forest and aquatic
resources, and conserving and managing habitat
diversity at landscape or seascape scale -
in promoting resilience, improving livelihoods and
supporting food security and nutrition.

involved, describes the mechanisms through which
BFA delivers benefits in the respective thematic
area, and presents an overview of relevant coun-
try-report' responses. The focus of the country-
report analysis presented in this chapter is on
what countries regard as the key contributions of
BFA in each of the thematic areas covered.? Details

T Unless otherwise specified, the term “country reports” in this
chapter refers to the country reports prepared as contributions
to the preparation of The State of the World's Biodiversity for
Food and Agriculture.

2 Countries were specifically invited to report on the
contributions of BFA in each of these thematic areas.
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of what countries report about specific aspects of
BFA management — much of which will be relevant
to more than one of the thematic areas - is pro-
vided in other chapters of the report, particularly
in Chapters 5 and 7.

m Ecosystem services

¢ Diverse biological resources — domesticated and
non-domesticated, and at every level from genes to
ecosystems — are fundamental to food production and
to the supply of many essential non-food products.

e Biodiversity for food and agriculture (BFA) delivers
multiple supporting and regulating ecosystem services
- including pollination, formation and maintenance of
soils, nutrient cycling, climate regulation, maintenance
of water supplies, and control of pests and diseases —
that are vital to production and to human well-being
more broadly.

 BFA contributes in many ways to the supply of cultural
ecosystem services, i.e. the aesthetic, recreational,
inspirational, spiritual and educational benefits that
people obtain from contact with nature.

Human well-being and livelihoods depend in
countless ways on the Earth’s ecosystems and the
biodiversity within them. In recent decades, it has
become common to describe this dependence in
terms of a set of “services” provided by ecosys-
tems. This ecosystem service concept provided
the framework for the Millennium Ecosystem
Assessment, a major study of the state of the
world’s ecosystems and their influence on human
well-being undertaken between 2001 and 2005.
Ecosystem services were defined in this case as
“the benefits humans derive from ecosystems”
(MEA, 2005a). The concept also underpins The
Economics of Ecosystems and Biodiversity (TEEB)
initiative, a global study launched in 2007 with
the aim of providing a better understanding
of the economic value of such services (TEEB,
2010b), and the Intergovernmental Science-Policy
Platform on Biodiversity and Ecosystem Services
(IPBES), an independent intergovernmental body,
established in 2012 to “provide policymakers

with objective scientific assessments about the
state of knowledge regarding the planet’s biodi-
versity, ecosystems and the benefits they provide
to people, as well as the tools and methods to
protect and sustainably use these vital natural
assets” (IPBES, 2018b).

Exploring the role of BFA in the delivery of
ecosystem services was a major objective of The
State of the World’s Biodiversity for Food and
Agriculture (SOW-BFA) reporting process. The
country-reporting guidelines focused particu-
larly on “regulating services”? and “supporting
services”,* although countries were also invited
to report on contributions to “provisioning ser-
vices”® and "cultural services.”® Provisioning
services (and to a lesser degree cultural services)
are extensively discussed in the various sectoral
global assessments of genetic resources prepared
by FAO (FAO, forthcoming, 20103, 2014a, 2015a).

The country reports include numerous refer-
ences to the significance of BFA - at every level
from landscapes and seascapes to within-species
genetic diversity — in the supply of ecosystem
services. Examples are presented throughout the
report. For instance, Sections 2.5 and 2.6 on the
significance of BFA to livelihoods and to food
security and nutrition include many references
to provisioning services. Section 2.3 on resilience
discusses the role of BFA in reducing risks asso-
ciated with (inter alia) hazards such as natural
and human-induced disasters. Sections 2.4 and
Chapter 5 feature examples of how ecosystem ser-
vices such as pollination, pest control and nutrient
cycling are mobilized to support sustainable pro-
duction and integrated into various management
strategies. Chapter 4 provides further information
on the roles of components of BFA in the supply

3 Defined by MEA (2005a) as the “benefits obtained from the
regulation of ecosystem processes.”

4 Defined by MEA (2005a) as services “that are necessary for the
production of all other ecosystem services.”

° Defined by MEA (2005a) as “the products obtained from
ecosystems.”

5 Defined by MEA (2005a) as “nonmaterial benefits people
obtain from ecosystems through spiritual enrichment,
cognitive development, reflection, recreation, and aesthetic
experiences.”
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of ecosystem services, and in particular discusses
trends in their supply within the various produc-
tion system categories considered in this report.
Chapter 7 touches on the role of in situ conserva-
tion programmes in maintaining the supply of a
range of ecosystem services.

This section provides a short introductory over-
view of the roles of BFA in the delivery of eco-
system services both within and beyond the food
and agriculture sector. A more detailed account
can be found in the thematic study Biodiversity for
food and agriculture and ecosystem services (FAO,
2019), prepared as part of the SOW-BFA process
(and as indicated above examples from the country
reports can be found throughout the report).

2.2.1 Provisioning services
The world’s food production depends on its ter-
restrial and aquatic ecosystems. Approximately
82 percent of the calories in the human food
supply are provided by terrestrial plants,
16 percent by terrestrial animals and 1 percent by
aquatic animals and plants. The figures for protein
supply are 60 percent from terrestrial plants,
33 percent from terrestrial animals and 7 percent
from aquatic animals and plants.” Within each
of these broad categories, a range of different
species — and varieties, breeds and populations
within species — are used in food production (see
Section 4.2 for further discussion). A wide variety
of wild foods, including fruits, leafy vegetables,
woody foliage, bulbs and tubers, cereals and
grains, nuts and kernels, saps and gums (eaten
or used to make drinks), mushrooms, terrestrial
invertebrates (insects, snails, etc.), honey, birds’
eggs, fish, shellfish and meat from small and large
vertebrates (WHO and CBD, 2015), contribute to
the diets of large numbers of people, particularly
in developing countries (Bharucha and Pretty,
2010). An even wider range of species contribute
to the functioning of the ecosystems upon which
food production depends.

Global averages mask the fact that certain
sectors of food production may be extremely

7 All figures in this paragraph are based on FAOSTAT data for 2013.

important in specific geographical areas or to par-
ticular sections of the population, for example fish
in small island developing states and livestock in
pastoralist communities. Moreover, in addition to
calories and protein, food security and good nutri-
tion require adequate access to vitamins, miner-
als and essential fatty acids. These nutrients are
found in varying quantities in products derived
from the various species, varieties and breeds of
plants, animals and micro-organisms that are used
as sources of food.

Crop, livestock, forest and aquatic production
systems and the biodiversity used in and associ-
ated with them supply a wide range of non-food
products, including fuels (e.g. wood and dung),
timber and other construction materials, plant and
animal fibres used in the manufacture of textiles,
animal hides and skins, various materials used to
produce medicines or for biochemical purposes,
and ornamental products such as flowers. They are
also a source of genetic resources that can be used
in plant and animal breeding. They contribute in
various ways to the supply of freshwater that can
be used domestically, in food and agriculture or in
industry (see discussion of water-related services
in the following section).

A high degree of diversity among the species,
varieties, breeds, populations and ecosystems that
supply provisioning services can contribute in a
number of ways to increasing the quantity, quality
and stability of output and to the efficiency of
production. In the case of forests, for example, a
study of data from 44 countries found a consistent
positive relationship between tree diversity and
productivity at landscape, country and ecoregion
scales, with on average a 10 percent loss in biodi-
versity leading to a 3 percent loss in productivity
(Liang et al., 2016). Likewise, a large-scale experi-
ment in China comparing forest plots planted with
different numbers of tree species found that com-
bining multiple species provided higher levels of
productivity: after eight years, 16-species mixtures
had accumulated more than twice as much carbon
as had monocultures on average (Huang et al.,
2018). The contributions of BFA to the resilience of
production to shocks and stresses and to efforts to
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sustainably increase output are discussed further
in Sections 2.3 and 2.4.

2.2.2 Regulating and supporting
services

Pollination

An estimated 87.5 percent of all flowering plant
species are pollinated by animals (Ollerton, Winfree
and Tarrant, 2011). Crops at least partially polli-
nated by animals account for 35 percent of global
food production (Klein et al., 2007) and are particu-
larly significant in the supply of micronutrients for
human consumption, for example accounting for
more than 90 percent of available vitamin C and
more than 70 percent of available vitamin A (Eilers
et al.,, 2011). Bees — including both managed and
wild species — are generally the main providers of
pollination services. Other insects, birds, bats and
some other animals also contribute.

While farmers in intensive systems often rent
managed honey bees to pollinate their crops,
the majority of farmers rely on bee populations
maintained by local beekeepers and on wild pol-
linators. Moreover, it has been shown that polli-
nation services are enhanced by the presence of
wild insects even where honey bees are abundant
(Garibaldi et al., 2013). Both higher pollinator
density and higher species diversity of pollinator
visits to flowers have been found to be associated
with higher crop yields (Garibaldi et al., 2016).
Species diversity among pollinators can also be
important in buffering the supply of pollination
services against the effects of fluctuations in
the populations of individual species (Kremen,
Williams and Thorp, 2002).

Soil-related ecosystem services

Soil formation and maintenance are inextricably
linked to biodiversity. Micro-organisms and inver-
tebrates, in particular, are vital to soil health (Beed
et al., 2011; Cock et al., 2011; Schulz et al., 2013).
Studies have shown that reducing soil biodiversity
can impair various soil processes, including decom-
position, nutrient retention and nutrient cycling
(Wagg et al., 2014), and reduce resilience to shocks

(Griffiths et al., 2000). Microbial communities can
give the soil disease-suppressive qualities that help
to protect plants from pathogens (e.g. Schlatter
et al., 2017). Plants, including crop and forage
plants and forest trees, provide protection against
erosion and contribute organic matter (Angers
and Caron, 1998). Dung from above-ground
animals, including domesticated livestock, can be
an important source of nutrients (Graham, Grandy
and Thelen, 2009; Ozlu and Kumar, 2018; Sradnick
et al., 2013). In some agroecosystems, shade from
trees provides protection to earthworm popu-
lations and thus promotes improvements to soil
structure (Barrios et al., 2018).

Air-quality and climate regulation

Ecosystems used for food and agriculture and the
biodiversity within them can affect the climate
at global, continental and local scales. Forests,
grasslands and freshwater, marine and coastal
ecosystems play key roles in the Earth’s carbon
cycle and hence in regulating greenhouse-gas
concentrations in the atmosphere. In all cases, the
uptake and release of carbon depend on complex
processes involving an enormous range of inter-
acting species (Beed et al., 2011; Cock et al., 2011;
Laffoley and Grimsditch, 2009; Nellemann et al.,
2009; Pullin and White, 2011). Because of the
complexity involved, the significance of diversity
per se can be difficult to evaluate (i.e. whether,
and to what extent, diverse biological commu-
nities are more effective providers of carbon-
sequestration services than less diverse ones). Some
studies in grasslands have found that more diverse
plant communities are better at sequestrating
carbon (Fornara and Tilman, 2008; Lange et al.,
2015; Steinbeiss et al., 2008). More generally, the
health and resilience of ecosystems such as soils
and forests — and hence, other things being equal,
probably their capacity to sequester carbon — tend
to benefit from greater diversity (e.g. Griffiths et
al., 2000; Hicks et al., 2014; Loo et al., 2011).

Aside from its contributions to carbon seques-
tration, studies in various parts of the world have
shown that forest vegetation can moderate tem-
peratures and increase rainfall, including in some
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cases influencing rainfall patterns across large
swathes of land that are vital to agricultural
production at a continental scale (e.g. Alkama
and Cescatti, 2016; Macedo and Castello, 2015;
Spracklen, Arnold and Taylor, 2012; Wright et al.,
2017). Where air quality is concerned, trees and
other plants make major contributions to the
removal of particulate matter and gaseous pollu-
tion from the air (e.g. Nowak et al., 2014).

Natural-hazard regulation

The frequency of several kinds of extreme
weather events is predicted to increase under
climate change, and thus one way in which BFA
can contribute to reducing the threat posed
by natural disasters is via its above-mentioned
contributions to climate change mitigation.
However, it can also play a more direct protec-
tive role (see Section 2.3). For example, a number
of coastal ecosystems (mangroves, coral reefs,
seagrass meadows, kelp forests, etc.) provide
protection against coastal storms and flood-
ing. Forests, wetlands and grasslands regulate
water flows and diminish the risk of flooding in
downstream areas. Trees and other terrestrial
vegetation can provide physical shelter against
wind, rain, snow or sun. Vegetation, whether in
croplands, forests or grasslands, helps to main-
tain stable soils and hence reduce hazards such
as sand storms and landslides. Grazing animals
can be used in certain circumstances to reduce
the risk of fires or avalanches (Fabre, Guérin
and Bouquet, 2010; Lovreglio, Meddour-Sahar
and Leone, 2014; Pecora et al., 2015), although
in some ecosystems they can increase fire risk
(e.g. Leonard, Kirkpatrick and Marsden-Smedley,
2010). Moreover, although grazing is essential
to the maintenance of a healthy plant flora in
many ecosystems, overgrazing is a major global
driver of soil erosion, soil compaction and related
hazards (FAO and ITPS, 2015).

Pest and disease regulation

Many different components of biodiversity found
in and around production systems help to control
species that may attack crops, livestock, trees or

aquatic species, cause or spread diseases or other-
wise disrupt human activities or the supply of
ecosystem services. The direct providers of these
services (e.g. predators, parasitoids and herbivores
that consume pests, disease vectors or weeds) are
referred to as biological control agents. These
species can include both those that are naturally
present in the local area and those introduced
deliberately to help control particular problems.
The latter approach has to be treated with caution
as there have been cases in which species intro-
duced to control pests have themselves caused
major problems (e.g. De Clercg, Mason and
Babendreier, 2011).

Pest- and disease-regulation services are pro-
vided by a wide range of terrestrial and aquatic
invertebrates and vertebrates, micro-organisms
and plants (the latter may compete with weeds for
resources or release substances that are harmful to
weeds or repel animal pests — ICIPE, 2015; Lemessa
and Wakjira, 2015; Teasdale, 2003). As well as wild
species, the providers of pest- and disease-regula-
tion services can include domesticated plants and
animals. For example, cover crops can be used to
combat weeds, and farmed fish or ducks used to
control pests in paddy fields (Halwart and Gupta,
2004; Teo, 2001). Aside from the biological control
agents themselves, the supply of pest and disease
regulation services depends on the presence of
species that provide them with the resources they
need to survive, for example shelter, nesting sites
and alternative food sources (e.g. Gurr et al., 2017).

The relationship between diversity per se and
the provision of this service is again complex.
Biological control agents may complement each
other’s actions in space or time, but there may
also be inhibitory effects (e.g. when one control
agent preys on another) (Rocca and Messelink,
2017; Finke and Denno, 2004). However, there
is evidence that more often than not there is a
positive relationship between diversity of bio-
logical control agent populations and the supply
of pest-control services (Letourneau et al.,
2009). Habitat diversity within the agricultural
landscape tends to increase the supply of these
services (Bianchi, Booij and Tscharntke, 2006;
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Bommarco, Kleijn and Potts, 2013; Hooper et al.,
2005; Kremen and Miles, 2012; Tscharntke et al.,
2005). Diversity among the species, varieties and
breeds of crops, livestock or aquatic animals raised
in a given area can hinder the spread of diseases
and help to reduce the risk of devastating losses
(see Section 2.3 for further discussion).

Water-related ecosystem services

Ecosystems used for food and agriculture affect
both the quantity and the quality of water sup-
plies. Healthy soils and vegetation (see above for
discussion of the role of biodiversity in maintaining
healthy soils), whether in forests, grasslands, wet-
lands or crop fields, help to regulate the run-off of
water into downstream areas. This can both help
to reduce the risk of flooding (see above) and to
keep streams and rivers flowing during dry periods
of the year (TEEB, 2010b). Where water quality is
concerned, a range of different physical, chemical
and biological processes contribute to removing
contaminants (harmful organic and inorganic
substances, pathogenic microbes, etc.) from water
supplies as they pass through soils or through
water bodies such as rivers and lakes. Many dif-
ferent organisms contribute to the process of
filtering pollutants before they can enter water
bodies, transferring them out of the water (e.g.
into bottom sediments or the atmosphere) or
degrading them into benign or less-harmful com-
ponents (Ostroumov, 2010). Water from forested
watersheds is generally less contaminated with
pollutants than water from non-forested water-
sheds; many cities deliberately protect forests as
part of their water-purification strategies (Dudley
and Stolton, 2003). Some ecosystem types, such as
tropical mountain cloud forests (Bruijnzeel, 1990),
old eucalyptus forests (Kuczera, 1987) and Andean
paramos (Postel and Thompson, 2005) (see Box 4.7
in Section 4.3), also increase net water flow.

Habitat provisioning

Food and agricultural production systems are, on
the one hand, major drivers of habitat loss (CBD
Secretariat, 2010), but on the other are often sig-
nificant habitats in their own right. In the case of

forestry and fishing, it is clear that many produc-
tion systems are diverse natural or semi-natural
ecosystems that provide habitats for a vast range
of species. At the other end of the spectrum, many
crop, tree plantation and livestock systems raise
only one, or only a very few, domesticated species
and have largely been stripped even of semi-natural
landscape remnants that would contribute to
habitat diversity. However, some crop and livestock
systems are very far from being homogeneous in
their biological composition. For example, in many
parts of the tropics people maintain highly diverse
home gardens that serve as sources of food, medi-
cines, ornamental and culturally important plants,
fuel, fodder and other products (see Section 5.5 for
further information). In places, these gardens serve
as refuges for native wild plants that are threat-
ened by habitat loss in the wider landscape (Hemp,
2006; Larios et al., 2013; Webb and Kabir, 2009). For
example, coffee plants in home gardens in Ethiopia
have been found to be important habitats for a
range of rainforest epiphytic species (Hylander and
Nemomissa, 2008). Some grasslands used in live-
stock production are also very biodiverse habitats
(FAO, 2014c) (see also Section 4.5.6).

At a landscape scale, crop and livestock farming
sometimes add diversity to the “mosaic” of habitat
types present. So-called conservation grazing - the
intentional use of grazing animals such as cattle,
sheep and horses to maintain vegetation in a state
that provides suitable habitat for particular kinds
of wildlife - has become a widespread practice,
particularly in Europe (e.g. Woodland Trust, 2012).

2.2.3 Cultural services

Both production systems as a whole and their
components (including species, varieties or breeds
of crops, livestock, trees and aquatic organisms)
can contribute to cultural ecosystem services, i.e.
the aesthetic, recreational, inspirational, spiritual
and educational benefits that people obtain from
contact with ecosystems. Biodiversity has a major
influence on the aesthetic appearance of many
ecosystems, their capacity to inspire, their suitabil-
ity for various recreational activities and their edu-
cational significance. Some cultural or recreational
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activities depend directly on the presence of par-
ticular species (or within-species populations) or
a certain level of species diversity, for example
various wildlife-watching activities or recreational
fishing. In other cases, characteristic species or bio-
logical communities add to the particular aesthetic
and inspirational qualities of a local landscape.

Many cultural ecosystem services are associated
with wild ecosystems. However, food and agricul-
tural production systems and their domesticated
and associated biodiversity also contribute to
these services. This is the case, for example, for
many culinary traditions, which are often linked
to local products and may depend on particular
local species, varieties or breeds of crops, livestock
or aquatic species. The same is true for a variety
of non-food products made from wood, plant
and animal fibres, skins, feathers, bones or horns.
Particular plants and animals, or products obtained
from them, are important elements in many cul-
tural and religious events and festivals. Gardening
and raising small livestock species such as chickens
are widely pursued as leisure activities, and in some
places larger-scale hobby farming is popular. Pets
and companion animals of various kinds, including
aquarium species, are also widely popular. Horses
and other animals are used in various sports.

Agricultural, pastoral, wetland and forest
landscapes are often valued for their aesthetic
qualities, their cultural significance or as sites for
recreational activities. A number of traditional
agricultural landscapes are recognized as cultural
World Heritage Sites,® for instance the Cultural
Coffee Landscapes of Colombia, the Rice Terraces
of the Philippine Cordilleras and the Lavaux
Vineyard Terraces of Switzerland (Mitchell, Réssler
and Tricard, 2009), or as Globally Important
Agriculture Heritage Sites® (FAO, 2018c). Particular
crops, fish, trees or types of livestock may be vital
to the “sense of place” associated with a given
location. Grazing livestock can play a major role in
shaping the local vegetation and hence the char-
acter of semi-natural landscapes.

& http://whc.unesco.org/en/list
°  http://www.fao.org/giahs/en/

The biodiversity present in and around food
and agricultural systems remains central to the
cultures and world views of many indigenous
peoples around the world, who often maintain a
wealth of traditional knowledge on their use and
management. Many studies have demonstrated
the contributions that indigenous peoples and
other rural communities make to the conserva-
tion and use of BFA via their cultural norms and
practices (Berkes, Folke and Gadgil, 1995; Gadgil,
Berkes and Folke, 1993) (see also Section 8.2).

E Resilience

e Biodiversity for food and agriculture (BFA) at
intraspecific, species and ecosystem levels
can improve the resilience of production systems
by decreasing vulnerability to stresses and shocks,
reducing their impacts and supporting recovery
and adaptation.

o BFA provides options for adapting production systems
to the threats posed by climate change and other
environmental changes, strengthening disaster prevention,
response and rehabilitation measures and combating
threats posed by invasive alien species.

o Key priorities for enhancing the contributions of BFA
to resilience include ensuring that BFA is conserved
and remains available to producers, strengthening
research into the relationships between BFA and
resilience, and developing management strategies
that integrate a range of components of BFA across a
range of scales.

Recognition that the capacity of food and agri-
cultural systems to meet the needs of a growing
population is vulnerable to various kinds of shocks
— and that production systems need to adapt to
the effects of (often accelerating) environmental,
economic and social trends and drivers of change —
has led to increasing interest in the concept of
resilience. For example, Sustainable Development
Goal Target 1.5 reads as follows: “By 2030, build
the resilience of the poor and those in vulnera-
ble situations and reduce their exposure and vul-
nerability to climate-related extreme events and
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other economic, social and environmental shocks
and disasters.” The concept is also mentioned in
several other targets. FAO's Strategic Programme
includes the goal of increasing “the resilience
of livelihoods to threats and crisis” (Strategic
Objective 5) (FAO, 2013¢)."°

One difficulty with providing an overview of
the roles of BFA in promoting resilience is that the
termis used in different ways in different contexts.
The concept emerged in the ecological literature
in the 1960s and 1970s to describe the response
of ecosystems to disturbances (e.g. Holling,
1973). Resilience is sometimes thought of as the
capacity of a system to withstand or recover from
shocks. However, in recent years it has increas-
ingly tended to be viewed in a more dynamic way
—as the capacity to maintain particular properties
(e.g. in the case of an ecosystem to continue sup-
plying particular ecosystem services) in the face
of changes of various kinds (e.g. EImquvist et al.,
2003; Folke et al., 2004). Where food and agricul-
tural systems are concerned, these changes will
inevitably include changes in management strat-
egies and practices and in broader social, cultural
and political structures and processes. The need
to take this into account and address the multi-
faceted nature of resilience in human societies
has led to the emergence of the concept of social-
ecological resilience, which has been applied to a
range of production systems in recent years (e.g.
Berkes, 2012; Cabel and Oelofse, 2012; Darnhofer
et al., 2010; Haider, Quinlan and Peterson, 2012;
Kremen and Miles, 2012). Resilience in this sense
has been described as the capacity to continually
change, adapt and transform, through innova-
tion, in response to external drivers and inter-
nal processes (Folke et al., 2010). For example,
Darnhofer (2014) proposes that resilience in agri-
cultural systems can be understood in terms of

19 This section draws in part on the thematic study The
contribution of biodiversity for food and agriculture to the
resilience of production systems (Duval, Mijatovic and Hodgkin,
2018) commissioned to support the preparation of The State
of the World'’s Biodiversity for Food and Agriculture. Further
discussion and further examples of the contributions of BFA to
resilience can be found in this document.

three capabilities: buffer capability — the ability
of the system to cope with shocks and continue
functioning more or less as before; adaptive
capability - the ability of the system to adjust
to external and internal drivers of change; and
transformative capability — the ability to undergo
radical changes, for example to transition suc-
cessfully to a completely different agricultural
enterprise or livelihood strategy.

In the context of FAO's Strategic Objective 5
(see above), resilience has been defined as follows:
“the ability to prevent and mitigate disasters and
crises as well as to anticipate, absorb, accommo-
date or recover and adapt from them in a timely,
efficient and sustainable manner. This includes
protecting, restoring and improving livelihoods
systems in the face of threats that impact agri-
culture, nutrition, food security and food safety”
(FAO, 2018d).

The diverse interpretations of the resilience
concept are reflected in the country reports. Some
countries’ responses focus on the ecological aspects
of resilience, while others also refer to social, eco-
nomic or cultural aspects. Some countries empha-
size resilience to shock events, while others also
refer to resilience to more gradual changes.

This section begins by presenting an overview
of the ways in which BFA helps to build resilient
production systems and livelihoods. It then looks
in more detail at the roles of BFA in promoting
resilience to a number of specific challenges,
namely climate change, disasters and emergencies
of various kinds, the threat posed by invasive alien
species and food-chain threats such as pest and
disease outbreaks. Needs and priorities in terms
of strengthening the contributions of BFA to resil-
ience are presented at the end of the section.

2.3.1 Overview of the contributions
of biodiversity for food and
agriculture
Diversity at every level from genetic to ecosystem
contributes to the capacity of production systems
to cope with shocks and to adapt to change. These
contributions involve a variety of different pro-
cesses operating at every scale from that of the
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individual organism, through the field (or pond
or plot of trees), the farm (or holding) and the
landscape, to the planet as a whole. Resilience can
be conferred not only to the biological compo-
nents of a system but also to socio-economic com-
ponents such as a household’s livelihood or the
food security of a community. It can be enhanced
both by the natural properties of unmanaged bio-
diversity and by human interventions that utilize
biodiversity. These many dimensions often overlie
each other. The following description focuses on
the ways in which resilience can be enhanced at
the level of the production system or household.

There are numerous mechanisms through which
the characteristics of individual components of
BFA or the presence of high levels of diversity
can promote resilience. Risk can be reduced, for
example, by raising species, breeds or varieties
that are well adapted to coping with shocks such
as droughts or disease outbreaks or by raising a
number of different types of crops, livestock or
aquatic organisms so as to increase the likelihood
that at least some will survive such events (Hesse
et al., 2013). Farmers in the Sahel, for example,
tend to hedge against the threat of drought by
planting both long- and short-cycle millet varie-
ties (ibid.). Analysis of data from a survey in the
Tigray region of Ethiopia showed that maintain-
ing a large number of barley varieties reduced the
risk of crop failure, with the effect being particu-
larly marked in areas affected by land degradation
(Di Falco and Chavas, 2009).

Production systems that lack diversity can be
more vulnerable to severe impacts from shocks
such as disease and pest outbreaks than those
with more diverse populations. If a single variety
is widely grown, a pest or disease to which it lacks
resistance can lead to a dramatic fall in produc-
tion. If livelihoods are heavily dependent on the
species in question, the effects can be disastrous.
Over the years, this kind of vulnerability has been
illustrated in practice on a number of occasions,
including the famine caused by potato blight in
Ireland in the 1840s, losses in various cereal crops
in the United States of America during the twenti-
eth century (Keneni et al., 2012) and losses of taro

production in Samoa in the 1990s (Hunter, Pouono
and Semisi, 1998; also mentioned in the country
report from Samoa).

Aside from biophysical risks such as adverse
weather or disease outbreaks, diversifying the
species, breeds and varieties raised can also reduce
risks associated with economic shocks such as the
loss of markets for particular products. Moreover,
as discussed further in Section 2.5, some compo-
nents of BFA such as livestock can serve as stores
of wealth that can be drawn upon to cover urgent
expenditures or to compensate for loss of income
from other activities (on-farm or off-farm).

Another component of BFA that can help house-
holds to cope with fluctuations in the supply of
food or income-generating opportunities is wild
food. A wide range of such foods, including aquatic
and non-wood forest products, are often important
components of the diet or sources of income during
lean seasons of the year or in times of drought or
other disaster (see Sections 2.6 and 4.4).

In addition to hedging against the risk of severe
production losses or livelihood disruption in the
various ways described above, utilizing a diverse
range of crop, livestock, aquatic or tree resources
can also directly help to reduce vulnerability to
stresses and shocks. Many different mechanisms
can contribute. For example, integrating inter-
crops, hedgerows or cover crops, particularly
legumes, into a system can (among other bene-
fits) reduce drought stress by helping to conserve
water in the soil profile (Buckles, Triomphe and
Sain, 1998) and help to replenish depleted soil
fertility (Bunch, 1999; Kang, Wilson and Sipkens,
1981; Kaumbutho and Kienzle., 2007; Sanchez,
2000). Crop diversification, including rotation and
intercropping and the use of diverse forage plants
in pastureland, can reduce pest damage and weed
invasions (Altieri, 1999; Chabi-Olaye et al., 2007;
Sanderson et al., 2007).

Integrating trees into a crop production system
can help to maintain a favourable microclimate
for crop growth in the face of harsh conditions
in the wider environment, for example keeping
temperatures and solar radiation within accept-
able levels or preventing excessive fluctuation
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in soil moisture levels (e.g. Lin, 2007). Trees and
other features such as hedgerows and wild-
flower banks at field margins can help main-
tain populations of key suppliers of ecosystem
services such as insect pollinators, biological
control agents and earthworms (Barrios et al.,
2018; IPBES, 2016a; Reed et al., 2017). Trees
can also help protect livestock from climatic
extremes and provide fodder that can be used
when other sources are in short supply (Gregory,
1995; Johnson and Nair, 1985; Wagner et al.,
2013). In turn, appropriately managed livestock
can contribute to the resilience of crop produc-
tion. For example, inclusion of a grazed pasture
rotation in a cropping system can — through the
effects of grazing and dunging - promote the
accumulation of soil organic matter, stimulate
soil-microbial activity and increase the diversity
and density of soil invertebrate macrofauna
and hence promote all the resilience-enhancing
benefits of healthy and biodiverse soils (Salton
et al., 2014). Grazing during a pasture rotation
can also help to suppress weeds (Concenco et al.,
2015; Salton et al., 2014). As noted in Section 2.2,
grazing animals can also be used in the manage-
ment of fire risk and in the control of pests or
invasive species. Specific management strategies
and practices involving the use of diverse com-
ponents of biodiversity that contribute in various
ways to resilience are discussed in greater detail
in Chapter 5.

Over the longer term, biodiversity increases the
range of options that farmers, livestock keepers,
forest dwellers, aquaculturists and fishers can
draw upon to adapt their livelihoods and produc-
tion strategies to changing conditions, including
in recovering from disasters and other shocks.
Aside from providing a range of existing options
that can potentially be introduced into a produc-
tion system (e.g. drought- or disease-resistant
species, varieties or breeds), diversity (in this case
specifically within-species diversity) also provides
the raw material for genetic improvement activi-
ties. Well-planned breeding programmes can help
adapt populations to the challenges posed by
changing production environments (and changing

human demands) or enable them to cope better
with future extreme events (although in the case
of long-lived species, such as trees, breeding
programmes operate on timescales longer than
those normally associated with the concept of
resilience). Crop wild relatives, traditional land-
races and locally adapted livestock breeds are
an important resource in this respect and their
conservation and sustainable use is a key part of
overall resilience strategies. Genetic-improvement
programmes for various components of BFA are
discussed in Section 5.9.

Beyond the level of the farm or holding, resil-
ience can be promoted by conserving or enhancing
habitat diversity across the landscape or seascape.
For example, efforts can be made to conserve hab-
itats such as coral reefs, mangroves and forests
that provide protection against extreme events
or to ensure that enough diverse habitat is avail-
able to allow sufficient numbers and diversity of
ecosystem-service providers such as pollinators to
be maintained over the long term in the face of
shocks and changing conditions.

Specific examples from the country reports on
how BFA contributes to resilience are presented
in the sections below on resilience to specific
types of threat. To summarize briefly, coun-
tries’ responses focus mainly on domesticated
plants and animals. Several note the significance
of species, breeds and varieties that are well
adapted to coping with extreme events or report
resilience-enhancing roles of diversity at species
and variety or breed levels. Although few coun-
tries provide detailed information on particular
resilience-related benefits provided by associ-
ated biodiversity, many mention that resilience
is enhanced by the presence of diverse biological
communities in and around production systems
or by landscapes that consist of mosaics of differ-
ent types of habitat. Several note that resilience
is being reduced as a result of the homogen-
ization of landscapes or seascapes or the loss,
degradation or fragmentation of wildlife habi-
tats. Several also mention the roles of wild foods
as resources that people can draw upon in times
of food shortage.
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2.3.2 Resilience to specific threats

Climate change

The significance of BFA in efforts to cope with the
effects of climate change has received increas-
ing attention in recent years. For example, the
Resilience Outcome Document of the twenty-third
session of the Conference of the Parties to the
United Nations Framework Convention on Climate
Change in 2017 recognized that “nature is central
to climate resilience. The protection, sustainable
management and restoration of terrestrial and
marine ecosystems are the main elements for
adaptation and resilience to a changing climate”"
(UNFCCC, 2017d). FAO has prepared a number of
publications in this field, including the Climate
smart agriculture sourcebook (FAO, 2013d, 2017c),
a review of the economics of plant genetic resource
management for adaptation to climate change
(Asfaw and Lipper, 2012), a series of studies pre-
pared at the request of the Commission on Genetic
Resources for Food and Agriculture on the inter-
actions between climate change and plant, animal,
forest, aquatic, invertebrate and micro-organism
genetic resources (Beed et al., 2011; Cock et al.,
2011; Jarvis et al., 2008; Loo et al., 2011; Pilling
and Hoffmann, 2011; Pullin and White, 2011) and
Coping with climate change — the roles of genetic
resources for food and agriculture (FAO, 2015b), a
short book drawing on the sectoral studies.

To summarize briefly (see Section 3.4.1 for
further discussion of the effects of climate change
on BFA), it is predicted that, over various time-
scales and with substantial regional variations,
crop, livestock, forest and aquatic production
will be affected by climate change, for example
because of higher temperatures, lower or higher
rainfall, greater pressure from pests and diseases,
increased occurrence of invasive alien species,
more frequent extreme events such as floods and
droughts, and (in aquatic environments) lower
oxygen levels, greater acidity and higher levels
of turbidity or siltation. Many species, breeds or
varieties of plants and animals have distinctive

" Emphasis (bold text) is in the original.

characteristics that help them to cope with chal-
lenges of this kind and hence potentially increase
the resilience of production systems to the effects
of climate change. As noted above, diversity
increases the choices available to producers in
their efforts to adapt production systems and to
breeders in their efforts to develop better-adapted
plant and animal populations. Associated biodiver-
sity contributes both to climate change mitigation
(e.g. by promoting carbon sequestration and pro-
viding alternatives to fossil fuel-based agricultural
practices) and to climate change adaptation (e.g.
by buffering against the potential loss or decline
of individual species involved in the supply of
ecosystem services such as pollination - see for
example Christmann and Aw-Hassan, 2012).

Many country-report responses related to the
roles of BFA in enhancing resilience note that
the roles of BFA are becoming (or are expected
to become) increasingly significant in the context
of climate change. Aside from these specifically
resilience-related responses, countries also note
the significance of BFA in climate change adapta-
tion and mitigation in various other parts of their
reports.’> The following paragraphs discuss the
main points raised.

Maintaining, using and developing

adapted genetic resources

A number of countries note the significance of
well-adapted species, varieties or breeds in terms
of enhancing resilience to climate change. Several
specific examples of how such components of BFA
have been utilized in adaptation efforts are pro-
vided. For example, Papua New Guinea mentions
the distribution to farmers of crop accessions iden-
tified in ex situ collections as being tolerant to salin-
ity (taro and cassava varieties), drought (cassava,
banana and aibika'? varieties) and flooding (taro

12 The country-reporting guidelines included a question inviting
countries to provide information on climate change-related
projects and programmes that include explicit references to
BFA (see Section 8.8.3 for further information on responses to
this question).

3 Aibika (Abelmoschus manihot) is a traditional leafy green
vegetable.
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and banana varieties). It notes that this activ-
ity proved very useful in sustaining food security
during the drought that struck the country in 2015
and 2016, when 40 percent of the population was
seriously affected. Panama reports that its criollo
livestock breeds have a combination of character-
istics that are not found in any introduced breeds,
including high fertility rates, longevity, resistance
to parasites and diseases and good grazing abil-
ities, including the ability to make use of poor-
quality pastures. It notes, in particular, the potential
of two locally adapted cattle breeds, the Guaymi
and the Guabal3, in climate change adaptation.
It also mentions, among its climate change adap-
tation measures, the development of maize vari-
eties and hybrids that are tolerant of drought and
diplodia rot (a fungal disease) and that grow well
in soils with low nitrogen levels. With regard to
choices at species level, Sudan reports that some of
its livestock keepers have replaced cattle and sheep
with dromedaries and goats, as the latter species
are better suited to a climate change-affected envi-
ronment that is more prone to droughts.

Some countries note the significance of partic-
ipatory breeding programmes in the context of
climate change. For example, Oman mentions
that local wheat and barley landraces have been
improved through such programmes to obtain
varieties that have shorter growing seasons and
can be managed more flexibly, especially during
years with prolonged periods of extreme heat
and limited water availability. Ensuring farmers
have access to the adapted germplasm they need
is another issue highlighted. Nepal, for example,
mentions the role of community-based seed banks
in providing farmers with immediate access to
locally adapted germplasm that can be used in
efforts to cope with climate change.

Diversifying production systems

A number of countries mention the important role
that diversity within production systems plays in
climate change adaptation and/or describe measures

4 The situation was ongoing at the time the country report was
submitted.

that are being taken to promote diversity with
adaptation-related objectives in mind. Papua New
Guinea again provides an example, reporting that
a project implemented by the National Agriculture
Research Institute using a participatory approach
to help communities determine their needs with
regard to climate change adaptation included
a major component focused on diversifying the
use of crop species and varieties with the aim of
promoting food supply during times of seasonal
shortage or unfavourable weather. The project also
introduced new livestock species (ducks and goats),
production systems (aquaculture and duck-fish
integration) and livestock-management practices.

Conserving and managing habitats and
landscape diversity

Many countries highlight the importance of con-
serving and managing natural and semi-natural
ecosystems that contribute to climate change
adaptation and mitigation. The importance of
forest ecosystems is mentioned particularly fre-
quently, with countries noting the roles of forests
in carbon sequestration and in the supply of a
wide range of products and services relevant to
climate change adaptation. Several countries note
the importance of mangroves, coral reefs and/
or coastal ecosystems more generally in terms
of resilience to climate-related disasters. For
example, the Bahamas mentions that habitat frag-
mentation caused by economic development has
reduced resilience to hurricanes and storm surges,
which are expected to become more severe as a
result of climate change. This is reported to be
leaving the country more vulnerable to storm
damage, erosion and flooding, with impacts on
the habitats of economically important species
such as fish, crustaceans and honey bees (see the
following subsection for further information on
the roles of BFA in resilience to climate-related
and other disasters). Several countries from
the Pacific region mention activities under the
Pacific Ridge to Reef Programme.">

5 http://www.pacific-r2r.org/
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Disasters and their impacts

In all sectors of food and agriculture, production
systems and the communities that depend on them
are often severely affected by disasters (Doswald
and Estrella, 2015; FAO, 2018e), although the rel-
ative impacts of specific categories of disaster vary
across sectors (see Figure 2.1). One of the striking
elements in the material presented in many of the
country reports is the domino and/or multiplica-
tion effects of most of the disasters reported. For
example, countries mention that earthquakes can
lead to landslides that in turn cause river obstruc-
tions or soil erosion, or that cyclones lead to floods

FIGURE 2.1
Damage and loss to agriculture sectors caused
by specific types of abiotic hazard (2006-2016)

Crop Livestock

1% 14% 4% 1%

20% l 9"/‘

65%

86%

Fisheries and

aquaculture Forestry

119 1% 6% 5%

31%
44%
38%

Drought [ Floods [ Storms [MEarthquakes M Tsunamis

Notes: Based on the review of 74 Post Disaster National
Assessments (PDNAs) conducted in 53 developing countries
between 2006 and 2016. A PDNA is a system of processes and
methods used to assess, plan and mobilize support for the
recovery of countries and populations affected by disasters.
Typically, the process is owned and led by the respective
government and supported by UN Agencies, the European Union
and the World Bank.

Source: FAO, 2018e.

that in turn lead to pest and disease outbreaks or
the spread of invasive alien species. Such chains of
events cause losses at production level in all sectors
and also in food processing and distribution.

A resilience-focused approach to disaster risk
management involves both disaster response and
rehabilitation and disaster risk reduction. The
following subsections illustrate the relevance of
BFA to each.

Disaster response and rehabilitation

In the immediate aftermath of a disaster, emer-
gency responses prioritize saving lives and ensur-
ing that basic requirements such as water, food
and shelter are provided to affected communities.
Actions focused on the use of BFA will often not
be a priority during the relief phase. It is, however,
important to consider them during the initial
stages of response and rehabilitation efforts. For
example, attention needs to be given to the resto-
ration of ecosystems affected by disasters, as the
loss of the protective functions they provide may
increase the risk of severe impacts in the event
of future disasters. Rehabilitation in production
systems often involves the distribution of seeds or
animals to allow production to recommence and
recover. Care needs to be taken to ensure that
the material distributed is well adapted to local
conditions and meets the requirements of local
people in what will typically be difficult circum-
stances (e.g. FAO, 2014a, 2015a). However, it is
also possible that there may be opportunities to
innovate in the interests of reducing future risks.
For example, a shorter-cycle variety of black bean
(the ICTA Ligero) that can be harvested before the
hurricane season has been promoted in Haiti to
reduce the risk of losing crops during the hurri-
cane season (Bush, 2018).

The significance of ensuring that appropriate
genetic resources are available for distribution
during disaster rehabilitation is noted in a number
of country reports. For example, the Cook Islands
mentions that government response to disasters
normally involves providing seeds and seedlings
of short-cycle or annual vegetable crops sourced
from non-affected areas to provide an immediate
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supply of food while damaged longer-cycle crops,
such as bananas, passion fruit and papaya, start
to recover. Bangladesh reports that in response to
increased soil salinity following cyclones, research-
ers have screened for salinity-tolerant varieties of
rice and other crops, which have then been mul-
tiplied and supplied to farmers. The United States
of America mentions the Seeds of Success'® pro-
gramme, which helps to re-establish stable native
plant communities on land being rehabilitated
after disasters such as wildfires. Argentina and
Panama highlight the importance of genebanks
in supporting producers in recovering genetic
resources lost in disasters.

Gathering, hunting and fishing often increase
after a disaster as a result of the loss of produc-
tive assets or displacement of populations, and can
allow people to improve their nutritional intakes
and rebuild their livelihoods. For example, in loca-
tions near to inland or shallow coastal waters, the
low levels of expenditure and limited skills needed
in order to take up fishing mean that it is an activity
that people can easily fall back on when livestock
and crops have been lost (Cattermoul, Brown and
Poulain, eds., 2014). In drylands such as those of
sub-Saharan Africa, small and fast-growing wild
fish can be crucial components of resilience build-
ing, as they are highly productive when it rains and
if properly processed can be stored for long periods
(FAO, 2016a). Fishing and hunting gear are some-
times included in post-disaster emergency supplies
in order to help affected people with short-term
coping strategies. However, in the long term and
if not practised sustainably, their use can seriously
damage local ecosystems and make them and
related livelihoods less resilient to future disasters
(Cattermoul, Brown and Poulain, eds., 2014).

Numerous country reports mention the signifi-
cance of wild foods to livelihood resilience and
food security following disasters. For example,
Zimbabwe reports that communities have turned
to wild foods for survival following various disas-
ters, noting also the significance of local knowledge

"6 https://www.blm.gov/wo/st/en/prog/more/fish__wildlife_and/
plants/seeds_of_success.htm

of wild foods in this regard. It further notes that
aside from direct benefits they provide in terms
of consumption, non-wood forest products,
such as mopane worms, edible stinkbugs and
wild fruits, have become important sources of
household income as an alternative to traditional
crops affected by drought. It notes, however,
that between disasters the importance of wild
resources is neglected and that little or no conser-
vation or management action is taken to ensure
they remain available as a resource for use in
potential future emergencies. Section 2.6 pro-
vides further examples of the use of wild foods in
emergency situations.

Other ways in which BFA can contribute to
post-disaster management can include the use
of pack animals to deliver food aid to inaccessi-
ble areas. There is also interest in the potential
roles of micro-organisms in food preservation in
post-disaster situations (Beed et al., 2011). See also
the discussion of food-chain emergencies below.

Disaster risk reduction

The term “disaster risk reduction” has been
defined as follows: “Disaster risk reduction is
aimed at preventing new and reducing exist-
ing disaster risk and managing residual risk, all
of which contribute to strengthening resilience
and therefore to the achievement of sustainable
development” (United Nations, 2016). Globally
agreed policy on disaster risk reduction is set
out in the Sendai Framework for Disaster Risk
Reduction 2015-2030, adopted in 2015 (United
Nations, 2015a)."” The intention is to achieve
“substantial reduction of disaster risk and losses
in lives, livelihoods and health and in the eco-
nomic, physical, social, cultural and environ-
mental assets of persons, businesses, communi-
ties and countries.” In the food and agriculture
sector, disaster risk reduction can be viewed as
a continuum of actions taken before, during

7 The Sendai Framework was adopted by UN Member States on
18 March 2015 at the Third UN World Conference on Disaster
Risk Reduction in Sendai City, Miyagi Prefecture, Japan, and
subsequently endorsed by the UN General Assembly.
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and after disasters to protect, save, restore and
enhance livelihoods.

As described above, BFA helps to make pro-
duction systems and the supply of the ecosystem
services they depend on more resilient to shocks
of various kinds. BFA can both reduce the risk of
disasters (e.g. by preventing floods) and limit their
effects on production systems (e.g. use of trees as
shelter against extreme weather or resistant/tol-
erant crops, livestock or fish to reduce the effects
of disease outbreaks). Another link between eco-
system management and disaster risk reduction
lies in the fact that ecosystem degradation often
reduces economic and livelihood options and
can therefore drive people into even more mar-
ginal and fragile environments where they are at
greater risk from disasters (FAO, 2013e). BFA can
help to reduce this effect both by reducing prob-
lems such as erosion and loss of soil fertility and by
providing people with options for adapting their
livelihoods in situ.

Certain ecosystems such as forests are well rec-
ognized for their important roles in reducing
disaster risk (UN Environment, 2010), and more
generally there is growing awareness of the sig-
nificance of “natural infrastructures” in reduc-
ing the threats posed by hazards such as floods,
storms and landslides (e.g. Sudmeier-Rieux, 2013).
Nonetheless, ecosystem management is still often
an overlooked element of disaster risk reduction
(Renaud, Sudmeier-Rieux and Estrella, 2013). Too
often, development activities disrupt the roles of
ecosystems in reducing disaster risk. For example,
flood risks can be increased by the loss of floodplain
connectivity as a result of the construction of roads
or dykes, by the loss of water meadows as a result
of river training or by the removal of mangroves.

Several ecosystem processes and structures that
help to reduce disaster risk also have associated
benefits for food production. For example, flood-
plains supply sediment-rich seasonal grazing or
cropping land (Gugi¢, Zupan and Zupan, 2012)
and mangroves provide secure fish nurseries and
boost fish production (Kastl, 2014). Measures that
enhance the capacity of dryland pastures to supply
hazard regulation services will also contribute to

the sustainability of grazing resources (Dudley,
MacKinnon and Stolton, 2014).

Both species diversity and within-species genetic
diversity contribute to the role of ecosystems in
disaster risk reduction (see discussion of hazard
regulation in Section 2.2). However, the extent
and precise nature of the benefits provided are
generally not well understood and require more
research (Monty, Murti and Furuta, 2016), as do
other factors influencing the capacity of ecosys-
tems to supply hazard-regulation services.

A number of country reports identify species or
species categories that play particularly significant
roles in the supply of hazard-regulation services.
In all cases, references are to plants. For example,
several reports note the crucial role of mangrove
species in coastal protection or mention the impor-
tance of riverside or wetland vegetation in flood
protection. Some countries refer to the importance
of trees and bushes in binding the soil or as wind-
breaks that reduce the impact of storms. As dis-
cussed in more detail in Section 4.3, countries list a
number of ecosystems, species, breeds and varieties
that are specifically managed to promote hazard
regulation. For example, Jordan mentions that
the trees Cupressus sempervirens (Mediterranean
cypress) and Ceratonia siliqua (carob tree) are
planted as part of fire-control efforts. Bhutan notes
the contribution of fodder species (e.g. Guatemala
grass and Napier grass) in reducing landslide risk.

Several countries mention the benefits of oper-
ating mixed systems or of raising a more diverse
range of crops or livestock. For example, Nepal
mentions that agroforestry is an increasingly
important means of promoting resilience to the
adverse effects of rainfall variability, shifting
weather patterns, reduced water availability and
soil erosion. Senegal notes that, in pastoral and
agropastoral systems, keeping several species of
animals allows flexibility in destocking decisions
(a chicken, goat or sheep is sold more easily than
a bovine), provides insurance against the effects
of droughts and epidemics (which may affect one
species but not another) and facilitates the recon-
stitution of livestock holdings following losses
(restocking can start with smaller animals).
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TABLE 2.1

Biological control of invasive alien species through predation, parasitism and herbivory -
examples from the country reports

Invasive alien species

Plants

Eichhornia crassipes
(water hyacinth)

Mimosa diplotricha

Mimosa invisa (giant sensitive plant)

Chromolaena odorata (Siam weed)

Salvinia molesta (Kariba weed)
Pistia stratiotes (water lettuce)
Mikania micrantha (bitter vine)

Sida rhombifolia
(flannel weed broom stick)

Impatiens glandulifera
(Himalayan balsam)

Fallopia japonica
(Japanese knotweed)

Amorpha fruticosa (desert false
indigo)

Insects

Tuta absoluta (tomato leafminer)
Papuana huebneri (taro beetle)
Molluscs

Giant African snail

Other

Not specified

Perccottus glenii (Amur sleeper) and

other invasive alien fish species

River weed

Sciurus carolinensis (grey squirrel)

Controlling species

Neochetina bruchi (chevroned water hyacinth weevil)

Neochetina eichorniae (water hyacinth weevil)

Heteropsylla spinulosa (sensitive plant psyllid)

Cecidochares connexa (a gall fly)

Cyrtobagous salviniae (giant salvinia)
Neohydronomus affinis (water lettuce weevil)

Puccinia spegazzini (a rust fungus)

Calligrapha pantherina (sida leafbeetle)

Rust fungus

Aphalara itadori (Japanese knotweed psyllid)

Cattle

Bracon concolorans (a parasitic wasp)

Metarhizium anisopliae (a fungus)

Flat worm

Parasite or predator insects:
Trichogramma evanescens (a wasp)
Bracon hebetor

Podisus maculiventris (spined soldier bug)
Entemopathological nematodes

Silurus glanis (Wels catfish)
Sander lucioperca (pike-perch)

Grass carp

Martes martes (pine marten)

Countries reporting

Papua New Guinea
Sudan

Niue
Palau

Palau
Papua New Guinea

Papua New Guinea
Papua New Guinea

Papua New Guinea

Papua New Guinea
United Kingdom

United Kingdom (research ongoing)

Croatia (reintroduction of grazing cattle

and traditional livestock farming; however,
Amorpha fruticosa is reported to be widely
spread and its eradication considered unlikely)

Jordan

Kiribati (reported as unsuccessful)

Solomon Islands

Georgia

Hungary (effect reported to be insufficient
to slow spread and proliferation or to offset
negative effects on the native fish fauna)

Fil

Ireland

Source: Selected from the 91 country reports prepared for The State of the World’s Biodiversity for Food and Agriculture.

Invasive alien species

Invasive alien species are non-native organisms that
have been introduced accidently or deliberately
into a new location and are causing economic or
environmental harm or adversely affecting human

health. Worldwide, invasive alien species are con-
sidered a major threat to biodiversity, including
BFA, in terrestrial, marine and freshwater eco-
systems (Chornesky et al., 2005; Keller et al., 2011;
MEA, 2005a). For further discussion of the impact
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TABLE 2.2

Biological control of invasive alien species through resource competition and other antagonistic

relationships — examples from the country reports
Invasive alien species
Tilapia

Ambrosia artemisiifolia (common ragweed —
a species that has led to reduced crop yields
in sunflower, maize and wheat production
systems) moisture and soil nutrients

Fallopia japonica (Japanese knotweed) (o a

Merremia peltata (merremia)

Plant-parasitic nematodes

Cyperus aromaticus (Navua sedge) Setaria (a pasture species)

Controlling species

Tor putitora (native golden mahaseer)

Various willow species that compete for light with the

Mucuna (a legume cover crop)

Tagetes erecta (Mexican marigold)

Countries reporting

Nepal (partial success reported)

Cover crops such as Lolium perenne (perennial ryegrass)
and Medicago sativa (alfalfa) and other plant species
that form dense tufts or groups and compete for light,

Bulgaria

France
Fiji

Samoa
Jordan

Fil

Source: Selected from the 91 country reports prepared for The State of the World’s Biodiversity for Food and Agriculture.

of invasive alien species on BFA, see Section 3.4.3.
Destabilized ecosystems, including systems used
for food and agricultural production, tend to be
more vulnerable to the spread of invasive alien
species (e.g. Chytry et al., 2008; Marvier, Kareiva
and Neubert, 2004). However, there is little evi-
dence to support the hypothesis that highly
diverse ecosystems are inherently more resistant
to invasive alien species than less-diverse systems
(e.g. Keller et al., 2011).

Various species are used as biological control
agents to control invasive alien species. However,
this strategy can carry some risk and needs to be
carefully planned and monitored. It has some-
times had negative effects on native biodiversity.
For example, attempts to control giant African
snails in the Caribbean using the predatory rosy
wolf snail (Euglandina rosea), native to the United
States of America, and in the Pacific using the flat
worm (Platydemus manokwari), are reported to
have led to declines in native endemic snail popu-
lations in both regions (Sankaran, 2004).

Countries were invited to provide information
on any contribution made by BFA to the manage-
ment of invasive alien species. The majority of the
responses provided relate to the use of specific
components of BFA to control specific invasive alien
species. A range of different species are reported to

provide services of this kind, including predators,
herbivores, parasites and parasitoids that feed
on invasive alien species (Table 2.1), species that
compete with invasive alien species for resources
or are otherwise antagonistic to their presence
(Table 2.2) and species that are resistant to effects
of invasive alien species (Table 2.3). A few coun-
tries mention broad control strategies or broad
relationships between diversity and the spread
of invasive alien species. For example, France
states that one means of controlling the prolif-
eration of invasive species in forests is to restore
the ecosystem using native species chosen so as
to reduce the availability of resources to targeted
invasive species. It also notes that native species
diversity provides a reserve of resources from
which candidates for use in such approaches can
be drawn. A few countries note the significance
of diversity-based agricultural practices such as
multicropping in this context.

Food-chain crises

Human food chains are affected by a range of
shocks including pest and disease outbreaks and
food-safety and pollution events (FAO, 2017d).
BFA can help increase resilience to many of these
threats. Contributions of plant (crop), animal (live-
stock), aquatic and forest genetic resources to
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TABLE 2.3

Species or varieties that are tolerant or resistant to the effects of invasive alien species —

examples from the country reports
Invasive alien species

Mycosphaerella fijiensis

Resistant/tolerant species or varieties

Resistant cultivars of Musa spp. (banana)

Countries reporting

Saint Lucia

(black sigatoka)

A new strain of chili anthracnose disease Resistant and tolerant chili varieties Fiji
Inter alia, tomato yellow leaf curl virus,

tomato spotted wilt virus and zucchini Resistant Solanum lycopersicum (tomato) Jordan
mosaic virus

Ascochyta rabiei . . . .

(fungus causing Ascochyta blight) Resistant cultivars of Cicer arietinum (chickpea) Jordan
izl s Less susceptible forest tree types Norway

(fungus causing ash dieback disease)

Cyperus aromaticus (Navua sedge) Setaria (a pasture species)

Fiji

Source: Selected from the 91 country reports prepared for The State of the World’s Biodiversity for Food and Agriculture.

pest- and disease-control strategies are discussed
in the respective sectoral global assessments
(FAO, forthcoming, 2010a, 2014a, 2015a). The sig-
nificance of associated biodiversity in conferring
resilience to the effects of diseases and parasites
is noted elsewhere in this chapter, particularly in
Section 2.2. The country reports include many ref-
erences to the roles of associated biodiversity in
the control of pests and diseases (see, in particular,
Section 4.3)."® Management practices involving
the use of BFA in controlling pests and diseases
are discussed in Section 5.6. Micro-organisms can
contribute to the control of some pollution events
(see Section 5.7) and can also be used to combat
threats to food safety.

2.3.3 Needs and priorities

The resilience-related priority most widely iden-
tified in the country reports is promoting the
conservation and sustainable use of BFA so as to
ensure that the resilience-enhancing properties
of ecosystems are not undermined and that pro-
ducers have access to a wide range of options for
potential future use. As noted above, a number of
countries report that resilience is being threatened

8 The country-report questions on these roles did not specifically
refer to the concept of resilience.

by the loss, degradation or fragmentation of hab-
itats. Several mention the significance of main-
taining wildlife corridors to provide connections
between larger patches of habitat.

Many countries note that detailed information
on relationships between biodiversity and resil-
ience is often lacking. Strengthening research
on these relationships is widely mentioned as
a priority. A number of countries refer to the
need to establish or strengthen policies and
programmes that provide support to producers
in the implementation of management prac-
tices and strategies that help to build resilience.
Specific needs identified in this regard include
improving training and technology transfer and
establishing community-based genebanks. The
general significance of participatory and com-
munity-based approaches in efforts to improve
resilience is also widely noted. Some countries
also refer to the importance of awareness-
raising among decision-makers on the signifi-
cance of improving resilience within production
systems. While not specifically highlighted in
the country reports in the context of resilience,
it is important also to note that implementing
integrated BFA-management activities at mul-
tiple scales that extend beyond farm/holding
level can be challenging in that it requires an
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institutional framework that facilitates action at
all relevant scales and coordination across them
(see Chapters 5 and 8 for further discussion).
The thematic study on resilience prepared as
part of the SOW-BFA process (Duval, Mijatovic
and Hodgkin, 2018) emphasizes the importance
of promoting the conservation and availability
of species and genetic diversity in and around
production systems, diversifying the use of crops,
livestock, forest trees and aquaculture species,
and restoring habitats to increase landscape and
seascape complexity. It identifies, inter alia, the
following priorities for resilience-related research:

e further analyses of the ways in which BFA
can optimally contribute to responses to and
recovery from stresses and shocks;

e development of management approaches
that integrate effects at different scales and
that involve diverse components of BFA;

e assessment of the contribution of BFA to resil-
ience of production systems over sufficiently
long periods of time to capture medium- and
long-term outcomes; and

e more complete analysis and description of
the dynamic nature of production systems
and development of improved methods for
assessing and measuring their resilience.

m Sustainable intensification

¢ Biodiversity for food and agriculture (BFA) can
contribute to efforts to increase the output and
quality (e.g. nutritional content) of food and other
products while using less land, water and other inputs
per unit output.

¢ Appropriate diversification of the species, varieties
and breeds present in and around production systems
can promote positive interactions that reduce the
need for external inputs.

e Well-planned genetic-improvement programmes can
produce plant and animal populations that have the
characteristics needed to produce efficiently in specific
production environments.

o Key priorities for enhancing the contributions of BFA
to sustainable intensification include:

- improving knowledge of how existing practices
and new approaches can best be combined to
promote outcomes that increase productivity in a
sustainable way;

- identifying means of adapting sustainable
management methods to local agroecological and
socio-economic conditions; and

- developing appropriate policy and outreach
measures for scaling-up interventions.

The need to ensure the food security and nutri-
tion of a world population predicted to increase
to almost 9.8 billion by 2050 (United Nations,
2017a) means that food supplies and their nutri-
tional quality will need to increase substantially
over the coming years and decades (Foley et
al., 2011). Although strategies such as reducing
food waste and promoting dietary changes can
potentially contribute, it has been estimated
that global food production will need to increase
by 50 percent by 2050 (FAO, 2017e). The supply
of a range of non-food products will also need
to increase substantially (ibid.). The challenge
involved is exacerbated by the fact that the food
production systems that currently dominate
global production have serious negative environ-
mental impacts and are increasingly regarded as
unsustainable in a number of respects (FAO, 2017f;
Rockstrom et al., 2009; Steffen et al., 2015; TEEB,
2015). Shortages of land that can be converted
to agricultural use without inflicting yet greater
damage on the environment (Lambin et al., 2013)
mean there is a need to increase the output' of
food and other products on land and in water that
is already being used for production.?®

Various approaches to utilizing improved eco-
logical function to increase food production while
maintaining the sustainability of production

9 This statement refers to terrestrial and aquatic food production

systems taken as a whole. There are systems from which
output cannot be maintained or increased sustainably.
This Section draws on the thematic studies Contributions
of biodiversity to the sustainable intensification of food
production (Dawson et al., 2018a) and The contribution
of biodiversity for food and agriculture to the resilience of
production systems (Duval, Mijatovic and Hodgkin, 2018).

S
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systems have been developed (Baulcombe et al.,
2009; Struik et al., 2014). These have been variously
described as sustainable intensification, ecological
intensification, agroecological intensification and
eco-functional intensification. The term “sustain-
able intensification” (often contrasted with “con-
ventional intensification”) is used in different ways
in different publications (e.g. Garnett et al., 2013;
Godfray, 2015; Wezel et al., 2009).2" However, the
objective in this section is to explore the signifi-
cance of BFA in efforts to increase the quantity and
the nutritional quality of food products using less
land, water and other inputs (e.g. inorganic ferti-
lizers and pesticides) per unit output. In keeping
with the focus of the report, the discussion largely
centres on approaches that involve making more
effective use of the functions performed by the bio-
logical components of the local agroecosystem and
wider landscape (and the interactions and synergies
between these components) and thus allow reliance
on external inputs to be reduced. A wide range of
approaches and management practices can contrib-
ute to this kind of biodiversity-focused sustainable
intensification (see Chapter 5 for discussion of many
of these), including many traditional practices devel-
oped by farming, pastoralist, forest and fish-farming
communities (Tittonell, 2014).

The focus of this section is largely on the con-
tributions BFA makes to the environmental sus-
tainability of production systems. Social and eco-
nomic aspects are further discussed in Section 2.5.
Practices and approaches that involve mobilizing
BFA to promote the maintenance of productivity
in the context of shocks and stresses are intro-
duced above in Section 2.3.

While much of the literature on sustainable
intensification has focused on crop production

21 A recent assessment of global progress towards the
implementation of sustainable intensification (Pretty et
al., 2018) took seven management practices into account
(integrated pest management, conservation agriculture,
integrated crop and biodiversity, pasture and forage, trees,
irrigation management and small/patch systems). The authors
estimated that 163 million farms (29 percent of the worldwide
total) practise some form of sustainable intensification on
453 million hectares of agricultural land (9 percent of the
worldwide total).

systems (e.g. Attwood et al., 2016; FAO, 2011¢),
sustainable intensification approaches have also
been applied to livestock production (Eisler et
al., 2014), mixed systems and (to a much lesser
extent) aquaculture (FAO, 2016b, 2016c¢). Because
sustainable intensification as described above
involves intervening to promote the production-
supporting functions of ecosystem components,
the concept is less applicable to systems, such as
capture fisheries, that involve harvesting products
from unmanaged ecosystems.

2.4.1 Overview of the contributions of
biodiversity for food and
agriculture

Across all sectors of food and agriculture, biodi-

versity underpins the supply of multiple ecosystem

services that contribute to the productivity and

resilience of production systems (see Sections 2.2

and 2.3 and Chapters 4 and 5). Appropriate man-

agement of BFA is thus vital to efforts to enhance
the supply of these services in the interests of sus-
tainable intensification. Potential interventions
to support positive interactions between compo-
nents of biodiversity in food production systems
are listed in Table 2.4.

Diversification to promote sustainable
intensification

There are many ways in which increasing the
diversity of the biological components within
production systems can contribute to sustainable
intensification. This may involve specific practices
(e.g. intercropping), as well as broader integrated
approaches such as agroecology (see Section 5.3).
Diversification may involve utilizing a wider range
of species, varieties or breeds from within a given
sector (crops, livestock, forest, aquaculture, etc.),
promoting positive interactions or complementar-
ities between species from different sectors within
or across production systems (including by diversify-
ing the types of production practised at landscape
scale) and/or enhancing the benefits obtained
from associated biodiversity such as pollinators and
biological control agents. For example, increas-
ing the within- and between-species diversity
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of the crops grown within a production system,
both in space and in time, tends to increase the
potential for beneficial interactions that, for
instance, generate favourable microclimates,
promote nutrient cycling or contribute to the
control of pests (Altieri et al., 2015a; Attwood et
al., 2017a). Crops with different characteristics
(e.g. different root lengths, vegetative archi-
tectures, or planting and harvesting times) can
complement each other in terms of resource use
(Brooker et al., 2015). Introducing trees or shrubs
can benefit crop yields through improved nutrient
cycling and fixation, groundwater recharge and
the provision of shade (Binam et al., 2015; lIstedt
et al., 2016). Similarly, livestock can benefit from
shade, shelter and/or additional feed supplied
by woody species. Livestock in turn can provide
manure to fertilize crops and fishponds. Ducks,
fish and other aquatic species can contribute to
pest control in rice paddies and similar systems.
See Section 5.5 for further discussion of the signif-
icance of mixed production systems.

Potential measures involving associated biodi-
versity include increasing the availability of pol-
linator habitat by planting strips of wild flowers
or trees within agricultural landscapes to promote
pollinator abundance and diversity, and hence
the supply of pollination services (Garibaldi et al.,
2013; Klein et al., 2007; Kovacs-Hostyanszki et al.,
2017), reducing or eliminating the application of
pesticides to protect pollinators (Chagnon et al.,
2015; EASAC, 2015) and adopting management
practices that favour beneficial soil biodiversity
(e.g. use of intercrops, rotations, appropriate
tillage methods, maintenance of soil cover and
the incorporation of crop residues into the soil)
(Brooker et al., 2015; FAO, 2003a).

Quantifying the impact of such measures in terms
of sustainable intensification can be challenging.
The productivity of a system can be measured in
various ways based on the relative quantities of
various inputs (e.g. energy, fertilizer, water, labour
or land), outputs (e.g. food calories or other nutri-
tional measures) and environmental impacts (e.g.
greenhouse-gas emissions, biodiversity loss or soil
erosion) (Elliott et al., 2013; Notarnicola et al., 2017;

Smith et al., 2017). Such approaches can potentially
be used to evaluate the impact of introducing addi-
tional biodiversity into a system, although basic
measures may not account for more subtle effects
such as changes in the nutritional quality of foods.

One widely used method of measuring the
effects of including multiple crop species or geno-
types in crop-production systems is the “land
equivalent ratio” (LER) (Mead and Willey, 1980).
The LER is the ratio of the sum of the relative
yields of the different components when they are
grown together as intercrops to the sum of their
yields when grown separately. A value above 1
indicates that having multiple components in the
system provides benefits in terms of yield. A value
of less than 1 indicates disbenefits in terms of
yield. Yu et al. (2015) calculated the LER for annual
intercrop systems described in the scientific litera-
ture and found an average LER of 1.22 for cereal-
legume intercrops, i.e. that intercropping tended
to have a positive effect on yields (although in
a significant minority of cases effects were neg-
ative). Nitrogen fertilization was found to lower
LERs, suggesting that intercropping systems may
be more advantageous where access to inputs is
limited, as is the case for many millions of small-
holder farmers in low-income countries. It must
be recalled, however, that LER is purely a measure
of production, and hence does not indicate the
overall attractiveness of an intercrop approach to
farmers, who also have to consider the labour and
other costs involved. Potential additional benefits
such as increases in yield stability, reduction of
risks and long-term improvements to soil fertility
also need to be considered.

Where agroforestry is concerned, Sileshi et al.
(2008) conducted a meta-analysis of studies from
sub-Saharan Africa on the effect that including
woody legumes in the production system had
on maize yields and found significant positive
responses. An analysis of 40 projects and pro-
grammes implemented in the 1990s and 2000s in
various countries in Africa that involved practices
such as crop improvements, agroforestry, conser-
vation agriculture, integrated pest management
and the integration of livestock, fodder crops or
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aquaculture into food production systems iden-
tified positive results in terms of food outputs
and yield increases (Pretty, Toulmin and Williams,
2011). An evaluation of 85 integrated pest man-
agement projects implemented in 24 countries in
Asia and Africa between 1990 and 2014 (Pretty
and Bharucha, 2015) found that they led to a
mean yield increase across crops of 41 percent,
combined with a decline in pesticide use to
31 percent of the original level.??

Potential BFA-based approaches to sustainable
intensification in aquaculture include polyculture,
i.e. raising multiple species or taxonomic groups
(including the use of bioremediation species),
shifting to vegetable-based feed, and improving
interactions with other production-system compo-
nents such as crops and livestock (Attwood et al.,
2017b). For example, the use of wrasse (Labridae)
as cleaner fish has proved to be an effective substi-
tute for the use of chemicals in the control of sea
lice in salmon farms (Research Council of Norway,
2010; Skiftesvik et al., 2014).

Genetic improvement to support

sustainable intensification
Genetic-improvement programmes are among the
main tools that can be drawn upon to increase the
productivity and stability of food and agricultural
systems, whether by increasing output, increasing
product quality, enabling production to be main-
tained in harsh conditions or reducing harmful
environmental impacts per unit of output. In
many cases, however, plants and animals are cur-
rently bred for use in production systems that are
in one way or another unsustainable, for example
polluting, highly dependent on non-renewable
resources or vulnerable to being undermined by
the negative effects of various drivers of change.
Breeding in support of sustainable intensification
thus requires adjusting breeding goals so that the
outputs are better adapted to systems that meet
the overall objectives of the approach.

22 Reviews of reported magnitudes of benefits should be
interpreted with caution, as they may inadvertently be affected
by biases in the literature towards publishing studies that show
positive effects.

Particularly given the effects of climate change,
genetic improvement efforts require access to
genes that better enable plants and animals to
respond to a range of abiotic and biotic stresses.
This requires the maintenance of a diverse port-
folio of genetic resources, including crop wild
relatives and locally adapted varieties and breeds,
which in turn requires effective approaches to
the conservation and sustainable use of these
resources (Dulloo et al., 2017; FAO, forthcoming,
2010a, 2014a, 2015a; see also Chapters 5 and 7).
It also needs to be borne in mind that interac-
tions between the biological components of pro-
duction systems — including for example those
that may influence complementarity in the use
of resources — are influenced by their genetics.
This means that, for example, it may be possible
to improve the performance of crop mixtures by
identifying traits that influence such interactions
and breeding the components of the mixture so
as to optimize complementarity (Litrico and Violle,
2015). Breeding plants for attributes other than
yield may be a means of promoting the supply of
a wider range of ecosystem services, for example
increasing carbon sequestration or water capture.

Realizing the potential contributions of a broad
range of genetic resources to breeding programmes
that promote sustainable intensification remains
challenging. To varying degrees across sectors, there
are organizational, technological, knowledge-
related and biological (e.g. the need to conserve
genetic diversity in small populations) constraints
to the integration of locally adapted populations
into genetic improvement strategies. Breeding pro-
grammes are discussed in Section 5.9 and in greater
detail in the sectoral global assessments of genetic
resources (FAO, forthcoming, 2010a, 2014a, 2015a).

Country-report analysis

The country-reporting guidelines invited countries
to provide information on cases in which increas-
ing the amount of BFA in production systems has
contributed to an increase in productivity or specifi-
cally to sustainable intensification. Responses refer
to a range of different biodiversity-based interven-
tions. For example, Argentina reports that studies
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have looked into the potential of sustainable
intensification as a means of avoiding agricultural
expansion into vulnerable areas. It notes that inten-
sified crop rotations were found to allow improve-
ments in grain yields and in the contribution of crop
residues to soil carbon balance. Ethiopia mentions a
project in the southwestern part of the country that
introduced the use of improved fruit and vegetable
varieties, along with practices such as the use of
organic manure and integrated pest management,
and resulted in a 60 percent increase in crop yields
and a 70 percent improvement in nutrition in the
areas targeted. It notes that similar activities have
been implemented in other parts of the country
and that most of the crop varieties involved were
developed from landraces at the country’s agricul-
tural research centres. Several countries note the
significance of breeding programmes that create
high-performance varieties, breeds and strains that
are resistant to stresses they are likely to encounter
or note the importance of existing locally adapted
crops or livestock that can function in low external
input production systems.

2.4.2 Needs and priorities
The country reports emphasize the need to
increase research into the potential roles of BFA in
sustainable intensification across a range of pro-
duction systems and to generate, adapt or develop
sustainable technologies — including approaches
to land management - that meet the needs of
producers and their communities. Reported prior-
ities include improving knowledge of how exist-
ing practices and new technologies can best be
combined to promote sustainable intensification.
Several countries note the importance of strength-
ening genetic-improvement programmes for local
breeds and varieties of livestock and crops.
Countries highlight the importance of increasing
the availability of financial resources for research
on sustainable intensification and for the imple-
mentation of sustainable-intensification practices
and note the need to promote the involvement
of both the public and the private sectors. Several
mention the need to develop incentive measures
to encourage the adoption of sustainable practices

by producers. Raising awareness among policy-
makers and local communities of the potential
significance of sustainable intensification to food
security and nutrition — and of the significance of
BFA in this regard — is noted as another priority.
Some countries also mention the need to monitor
and establish indicators for the implementation of
sustainable intensification in agriculture.

The thematic study prepared by Dawson et al.
(2018a) draws attention to a number of challenges
involved in the design and implementation of sus-
tainable intensification strategies and interven-
tions. In addition to the need for greater under-
standing of the various components of BFA and
their interactions, it notes the need to investigate
factors influencing levels of adoption, such as the
amount of labour, knowledge and time required
relative to other practices, as well as potential con-
straints associated with institutional and govern-
ance systems. It further notes the need to determine
how to tailor sustainable intensification strategies
and interventions to local agroecological condi-
tions and to socio-economic factors such as dietary
preferences. The need for interdisciplinary research
approaches to all these questions is emphasized.
At a more technical level, priority actions identi-
fied (largely focused on the crop sector) include
the following: greater focus on adaptive-trait
breeding for staple crops based on landrace and
wild gene pools; support for the diversification
of farming systems by focusing on strengthening
positive interactions between biological compo-
nents and promoting greater investment in more
nutrient-rich orphan and new crops; and greater
attention to spatial planning to maximize positive
interactions between components of BFA.

E Livelihoods

¢ Biodiversity for food and agriculture (BFA) is
indispensable to livelihoods in countries at all levels
of development, providing a wide variety of goods
and employment opportunities, contributing to local
culture, strengthening food and nutrition security
— particularly among marginalized groups and in
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resource-poor areas — and increasing the resilience of
production systems to adverse events.

¢ Actions that need to be taken to support the
livelihood-enhancing roles of BFA include:

— better documenting its multiple contributions,
including documenting indigenous knowledge
related to its use;

— raising awareness of the significance of its
livelihood roles; and

— creating appropriate policies in fields such as
marketing of sustainably supplied products
(e.g. certification schemes) and agro-ecotourism.

According to one widely cited definition, a live-
lihood “comprises the capabilities, assets (stores,
resources, claims and access) and activities
required for a means of living; a livelihood is sus-
tainable which can cope with and recover from
stress and shocks, maintain or enhance its capabil-
ities and assets, and provide sustainable livelihood
opportunities for the next generation; and which
contributes net benefits to other livelihoods at the
local and global levels and in the short and long-
term” (Chambers and Conway, 1991). In this sense,
the livelihoods of the world’s farmers, livestock
keepers, forest-dwellers, fishers and aquaculturists
involve drawing on (inter alia) the assets repre-
sented by components of BFA and using and com-
bining them in various ways to meet their needs.

2.5.1 Overview of the contributions of
biodiversity for food and agriculture
According to the so-called sustainable livelihoods
approach - a framework developed during the
1990s to analyse livelihoods (particularly the liveli-
hoods of the rural poor) and potential development
strategies or interventions (Carney, 1998; Scoones,
1998) - livelihood assets can be grouped into various
categories of “capital”, typically financial, physical,
natural, social and human capitals. Although these
categories are not necessarily completely distinct
from each other and can be interpreted in various
different ways, the framework serves to illustrate
the diverse range of assets and activities that make
up many livelihoods, and provides a structure within
which the livelihood significance of BFA can be

discussed. The framework is illustrated in Figure 2.2:
a household combines its various categories of assets
into a strategy aimed at coping with the various
challenges it faces (“the vulnerability context”) and
achieving desirable “livelihood outcomes”.

Financial capital

“Financial capital” in the livelihoods context refers
to the cash assets to which an individual or a house-
hold has access. These assets can be used to purchase
items that either directly contribute to well-being
(e.g. food, medicines and various consumer goods
and services) or can be invested in making improve-
ments to the productivity or resilience of livelihood
activities (tools, land, seeds, animals, fertilizers,
feeds, veterinary medicines, etc.).

Clearly, many products and services derived from
biological resources can be sold to obtain cash
income. The significance of diversity in this context
lies, in part, in the fact that access to a range of dif-
ferent components of BFA (e.g. a range of species,
breeds or varieties) can help allow a household to
maintain a supply of saleable products in diverse
and fluctuating environments and in response to
changes in market demand. However, the finan-
cial role of BFA is not necessarily restricted to the
supply of a steady stream of products that can
immediately be converted into cash. Where con-
ventional financial services are unavailable, bio-
logical assets can also serve as alternative forms
of savings or insurance. This is a well-documented
function of livestock, for example (e.g. Ayalew et
al., 2003; Ejlertsen, Poole and Marshall, 2012; Moll,
2005). Cash can be “banked” in a herd or flock of
animals that can then be sold when need arises.
Other resources that may otherwise be of little
value such as food waste, crop residues or vege-
tation from uncultivated rangelands, wastelands,
roadsides, etc. can also be converted into savings
by feeding them to the animals. If things go well,
the flocks and herds will also yield “interest” in the
form of offspring, milk, eggs, etc.

Physical capital
A household’s assets will include items that have
not yet been, or will never be, converted into cash.
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FIGURE 2.2
The sustainable livelihoods analytical framework
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Source: Adapted from FAO (2012a) based on Randolph et al. (2007) and Carney et al. (1999).

As in the case of financial capital, this so-called
“physical capital” can serve directly to meet human
needs (e.g. crop plants, livestock, forest trees or
aquatic species can provide food, transport, shelter,
clothing, etc.) and serve as inputs to further live-
lihood activities (e.g. crops and trees can provide
feed for use in animal production, animals can
provide draught power for use in crop production,
trees can provide timber for use in making tools for
various livelihood activities). Again, as in the case
of marketed products and services, fulfilling these
diverse roles across a range of different production
environments requires a range of different species,
varieties and breeds.

Natural capital

“Natural capital” refers to the natural resources
and processes that a household (or individual or
group) can draw upon. Where BFA is concerned,
the boundaries of this category are rather blurry.

In a sense, all the functions of all components
of BFA could be included. However, some com-
ponents of BFA are more “natural” than others
in that they have not been domesticated and/or
are not actively managed by humans. Moreover,
as described above, many types of BFA (crops,
livestock, species used in aquaculture, and major
harvested tree and aquatic species) are key con-
tributors to the financial and physical assets of
large numbers of households. The main focus
under this subheading is on BFA falling outside
these “sectoral” categories.

As described throughout this chapter and
throughout the report, associated biodiversity
contributes in many ways to the supply of sup-
porting and regulating ecosystem services that are
drawn upon at household level, whether passively
or through active use (see in particular Sections 2.2
and 2.4, and Chapter 5). Likewise, wild biodiver-
sity is widely used as source of food and other
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products (see in particular Section 2.6). However,
while everyone’s livelihoods and well-being
depend ultimately on ecosystem services and func-
tions, some households are more dependent than
others on the services directly provided by their
local ecosystems. These may often be households
that are not well endowed with other assets. For
example, if food is in short supply (e.g. because of
a poor harvest), households that have plenty of
“financial capital” may be able to buy the food
they need despite higher prices, while those that
are poorer may have to fall back on harvesting
wild foods. Similarly, regulating and supporting
services provided by wild biodiversity may be par-
ticularly important to poorer households as they
often come at little or no direct cost to the bene-
ficiary. For example, wild biological control agents
may be particularly important for farmers that are
unable to afford purchased pesticides.

However, while some studies have, indeed, indi-
cated that poorer sections of the community tend
to be particularly dependent on products obtained
from the wild (e.g. Béné et al., 2009; Cavendish,
2000; Jodha, 1992; Shackleton and Shackleton,
2006), it may not be correct to assume that this is
a general rule (Vira and Kontoleon, 2012). In some
cases, the relationship between the use of particular
wild resources and wealth is positive (i.e. wealthier
households use more than poorer ones) or U-shaped
(i.e. the poorest and the richest use more and those
with intermediate levels of wealth use less) (ibid.).

Various factors can influence access to wild
resources and capacity to use them. For example,
access to other assets may be a prerequisite
(Adhikari, Di Falco and Lovett, 2004; Coomes,
Barham and Takasaki, 2004; Coulibaly-Lingani
et al., 2009). Landowners may find it easier than
landless people to access wild resources or may be
better able to make use of them, for example using
leaf litter gathered in the forest to make compost
for use in their crop fields. Livestock owners may
have more opportunity to make use of grasslands
or other ecosystems that can be grazed or from
which forage can be gathered. Access to some
wild products may require investment in rela-
tively expensive equipment (e.g. boats for fishing).

Lack of time or knowledge may be constraints
and there may be various physical hazards that
have to be overcome (rough terrain, dangerous
animals, etc.). Particularly where endangered and
more valuable resources are concerned, political
or social influence may affect access. Changing
socio-economic conditions may alter the way in
which wild biodiversity is used and valued, for
example the high cultural value and therefore
economic value that meat or other products from
wild animals have acquired among some wealthy
people in Africa and Asia (Nasi et al., 2008). There
may also be legal, cultural or religious factors that
inhibit or promote the use of particular resources,
either by the population at large or by particular
sections of society.

Another concern that is sometimes raised is
that while wild biodiversity is clearly a significant
source of income (either regular or as a safety net)
for many households, these people often remain
poor. In other words, the use of wild biodiversity
is not enabling them to break out of the “poverty
trap” in which they find themselves and transition
to other livelihood activities (Vira and Kontoleon,
2012). Moreover, overuse of wild products is a
major problem in many places and has implica-
tions both for biodiversity and, in the medium
term, for the sustainability of the livelihoods of
people relying on these resources. The paradox is
that rarity itself can give a species added value and
thus promote further exploitation.

Social capital

“Social capital” in the context of the sustainable live-
lihoods framework refers to the social connections
and bonds that people can draw upon for assis-
tance. BFA can contribute to building social capital
via its role in social and cultural life. It can also be
the form in which social capital is realized into tan-
gible assets. In pastoralist societies, for example,
exchange of livestock via loans and gifts has tradi-
tionally been a means of building and maintaining
social relationships that can later be drawn upon
for help, typically again in the form of loans or
gifts of animals (Morton and Meadows, 2000;
Potkanski, 1999). More generally, many cultural
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or religious events or activities that help to build
social ties involve the use of crops, livestock, forest
trees or aquatic organisms or products obtained
from them. Sometimes such traditions require the
use of specific varieties or breeds within species
(FAO, 20073, 20104, 20144, 2015a).

Human capital

The term “human capital” is used to refer to
human capacity to contribute to livelihood activ-
ities, i.e. to knowledge, skills, physical strength
and so on. As discussed further in Section 2.6,
BFA contributes in various ways to human nutri-
tion, and hence to health and capacity to work.
Many cultivated and wild plants have medicinal
qualities. Moreover, for many households, sales
of agricultural, forest or aquatic products are a
means of financing expenditures on health and
education. For example, among livestock-keeping
households, medium-sized animals such as sheep
and goats are often sold to finance educational
expenses such as school fees (e.g. Otte et al., 2012).
Another consideration is that activities that are
time consuming or physically exhausting tend to
"use up” human capital, i.e. limit people’s capac-
ity to do other things. Labour-saving assets can
therefore be important. For example, in poorer
households in many parts of the world, donkeys
often perform essential tasks, such as carrying
water and fuelwood, which would otherwise have
to be done by people, often by women (Valette,
2014). Raising locally adapted species, varieties
and breeds of crops, livestock, trees or fish can
be less demanding in terms of labour than raising
their exotic counterparts. These labour-sparing
characteristics can make locally adapted genetic
resources particularly important for women, who
often have to spend a lot of time on child-rearing
and other domestic activities (FAO, 2012a).

Country-report analysis

Country reports from all regions, and from coun-
tries at all levels of development, provide exam-
ples of the positive contributions that BFA makes
to livelihoods, including as a direct source of food
and income and as a provider of ecosystem services

that underpin livelihood activities. Reported roles
in food security and nutrition are described in
Section 2.6. Chapter 5 includes information on the
reported use of BFA in various management activ-
ities that underpin livelihoods in food and agricul-
ture. This subsection, therefore, provides a fairly
short overview of the main livelihood-related roles
of BFA described in the country reports.

Direct contributions of BFA to income genera-
tion and employment are highlighted across all
sectors of food and agriculture. Even in coun-
tries where these sectors make up a relatively
small proportion of the national economy, BFA
is reported to be key a component of the liveli-
hoods of some local populations, whether directly
or indirectly (e.g. by helping to attract tourists).
Many countries report on the economic contri-
butions provided by major food and agricultural
commodities.”> However, the livelihood signifi-
cance of relatively “overlooked” components of
BFA is also widely reported, including those that
play multiple roles in household livelihoods and
in the wider economy or that are of particular
significance to the livelihoods of poorer sections
of the population. Several countries report initia-
tives and programmes aiming to protect and build
on the multiple benefits that BFA offers to liveli-
hoods. Box 2.1 presents some examples.

The forest sector is widely reported as a source
of employment and of a wide range of wood and
non-wood forest products. For example, Bhutan
mentions that over 40 species of edible wild veg-
etables and 350 species of edible mushrooms
have been identified in its forests. It notes that
as well as making a direct contribution to diets
some of these wild species are sold to gener-
ate cash income. Similarly, Burkina Faso draws
attention to the importance of non-wood forest
products in sustaining livelihoods, particularly
those of women, who are often responsible for
collecting, processing and commercializing such
products. Reported examples include shea butter

2 Latest national data on production quantities and values for
many products are available via FAO's statistical database
FAOSTAT at http://www.fao.org/faostat/en/#thome
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- extracted from the shea tree (Vitellaria para-
doxa) — and soumbala, a traditional aromatic con-
diment obtained from the seeds of the African
locust bean (néré) tree (Parkia biglobosa).
The Gambia notes that forests provide about
85 percent of its domestic energy requirements, in
the form of fuelwood and charcoal, in addition to
providing timber, wild foods, construction mate-
rials, medicine and forage for livestock. Sudan
mentions that production of gum arabic (a natural
gum obtained from acacia trees and used in food
production and for various other purposes) makes
a substantial contribution to the livelihoods of
millions of its poorest people, providing some
with up to 50 percent of their total cash incomes.
It notes that for smallholders gum arabic repre-
sents a diversification strategy that can help to
mitigate the effects of crop failure.

Fisheries and coastal ecosystems are reported
to be vital to livelihoods in many countries. Fiji,
for example, mentions that it has over 70 edible
species of shellfish, in addition to finfish, crabs,
freshwater mussels and seaweed. It notes that as
well as providing a source of products that can be
harvested for home consumption, some of these
species (e.g. tuna) represent a significant source
of paid employment and foreign exchange.
India mentions the importance of mangrove
ecosystems and their biodiversity in supporting
coastal fisheries and hence the livelihoods of
local villagers.

The country reports also highlight a range
of livelihood contributions provided by live-
stock. Ethiopia, for example, reports that some
80 percent of smallholders in the country use
animal traction to plough their fields. India
reports that smallholders and landless rural
dwellers manage 75 percent of the country’s live-
stock resources and obtain nearly half of their
income from them. Sudan mentions that for pas-
toralist groups living in areas where there are
no banking services livestock are a way to store
wealth. It also notes that keeping animals facil-
itates group solidarity in that those with larger
herds may lend animals to those who have fewer
resources or have been affected by droughts,

epidemics or armed conflicts. Some countries
also mention the significance of beekeeping as
a source of products such as honey and beeswax
for home use or sale.

As illustrated by some of the examples above,
many countries note the significance of wild foods
to livelihoods, both in terms of food security and
nutrition (see Section 2.6) and as a more general
source of income. Several provide examples of
the livelihood opportunities related to consumer
demand for wild foods. Cameroon, for example,
mentions that demand for such products from
rural dwellers that have moved to urban areas or
to other countries increases the prices that can be
obtained for them. The popularity of Gnetum spp.
(a forest vine eaten as a vegetable) in restaurants
throughout the country and abroad is noted as
a case in point. Zimbabwe reports that insects,
particularly those that can be collected in large
numbers, provide both a supplementary source
of nutrition for local people and an income-
generating activity. It notes that commercial har-
vesting and sale of forest insects is a substantial
industry in some parts of the country and drives
efforts to conserve trees that provide habitat for
the targeted insects. Reports from developed
countries generally indicate that wild biodiversity
provides only a marginal contribution to national
incomes and diets. Several, however, note that it
makes a substantial contribution to the livelihoods
of some sections of the population or underpins
significant niche industries.

Many countries highlight the importance of
biodiversity to cultural life — often particularly
for indigenous populations — including via roles
in traditional ceremonies, cuisine and handicrafts.
Several note that aside from their purely cultural
significance such traditions often also help to
underpin income-generating activities, nutritious
diets, the supply of medicinal products or the
maintenance of social ties within communities.
Niue, for example, mentions that its annual yam
and thanksgiving food festivals encourage the
utilization of a diverse range of local crop species
and varieties and hence help promote a more
nutritious diet. Almost all families in the country
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Box 2.1

Projects and programmes supporting livelihoods by promoting biodiversity for food and

agriculture - examples from around the world

One Village One Product (Nepal), a project implemented
by the Ministry of Agricultural Development, is promoting
indigenous food and non-food products derived from local
biodiversity — including fabrics and dresses, furnishing and
decorations — to enhance the livelihoods of rural villagers.

Arbediehtu (Inherited Knowledge) (Norway), a
project established and implemented by the Sami University
College, is documenting the traditional knowledge of the
Sami people on the management of local natural resources,
including wild foods, that support their livelihoods. The
aim is to integrate this knowledge into the management of
local biodiversity.

Research and Innovation in Family Agricultural
Production Systems in the Ngabe Buglé Region
(Panama) aims to document local biodiversity for food and
agriculture and promote its conservation and sustainable
use. Smallholders in the area are custodians of a wide
variety of maize, bean, yucca and other vegetables that
are well adapted to the local environment. The project has
collected local crop cultivars with the aim of breeding them
for characteristics such as uniform height and distributing
them to family farmers. It has evaluated biofortified varieties
for potential introduction in poor rural areas with the aim of
improving food security and nutrition. It has also promoted
the use of vermicompost in local farming systems and
achieved a marked increase in crop yields.

Mainstreaming Agro-biodiversity Conservation and
Use in Sri Lankan Agro-ecosystems for Livelihoods
and Adaptation to Climate Change (Sri Lanka), a
project implemented by the Ministry of Environment and
Natural Resources, Bioversity International and the Ministry
of Agriculture, is looking at ways in which agrobiodiversity —
including crops, forest species, livestock and pollinators — can
be directly linked to sustainable production practices that
can improve the livelihoods of local people while helping to
increase resilience to climate change.

Sustainable Livelihoods and Healthy Foods (Tonga)
is part of the country’s Agriculture Sector Plan and aims to
improve farmers’ knowledge of, and access to, technology
to promote climate-resilient, diversified crop and livestock
production and improve product marketing.

Forests Sustainably Managed for Communities,
Environment and Shock Resilience (Forest Forces
2014-2018) (Zimbabwe) was established with funding from
the European Union and FAQ to improve the food security,
livelihoods and resilience of vulnerable rural communities
through participatory forest management and valorization of
forest products to diversify livelihood strategies.

Coral Triangle Initiative on Coral Reefs, Fisheries
and Food Security (Indonesia, Malaysia, Papua New
Guinea, the Philippines, Solomon Islands and Timor
Leste) promotes the conservation of coastal and marine
ecosystems. Objectives include protecting the livelihoods of
the millions of people that depend on these ecosystems for
food and nutrition and income generation.

Mangrove Ecosystems for Climate Change
Adaptation and Livelihoods (Fiji, Samoa, Solomon
Islands, Vanuatu and Tonga) targets the conservation and
management of coastal mangrove ecosystems to reduce
the impacts of climate change and improve the livelihoods
of local communities. In addition to reducing the negative
impacts of natural disasters on livelihoods, one of the
project’s objectives is to actively seek opportunities to obtain
carbon credits for mangrove protection and reforestation in
the context of REDD+ and global carbon markets.!

A typical mangrove ecosystem in Solomon Islands. © WorldFish Solomon
Islands

Sources: Adapted from the country reports of Malaysia, Nepal, Norway,
Panama, Papua New Guinea, Solomon Islands, Sri Lanka, Tonga and Zimbabwe.
T https:/unfecc.int

THE STATE OF THE WORLD'S BIODIVERSITY FOR FOOD AND AGRICULTURE ‘ 47




OVERVIEW

PART A

are reported to participate in the latter festi-
val, which involves a range of crops and marine
species. Products are donated to village pastors
and then redistributed in equal proportions to
all villagers. The tradition reportedly encourages
local people to grow local food species that con-
tribute to healthy diets. Several countries note the
importance of micro-organisms in the preparation
of traditional foods and drinks that contribute
significantly to the livelihoods of local people
(see Section 5.7 for examples).

2.5.2 Needs and priorities

There is general agreement among reporting
countries that the contributions that BFA makes to
peoples’ livelihoods, whether in terms of income,
food security or sociocultural benefits, need to be
better documented and researched. Some coun-
tries highlight the urgency of recording associ-
ated traditional knowledge that may be at risk of
being lost. It is also widely recognized that efforts
need to be made to ensure that the biological
resources that underpin livelihoods are conserved
and used sustainably, including wild resources that
may be overexploited.

With regard to policies, some concerns are
expressed about a lack of awareness of the liveli-
hood significance of BFA among decision-makers
and a lack of attention to the need for innovation
in small-scale production systems. Some countries
mention challenges related to the need to recon-
cile conflicts between conservation-focused and
livelihood-focused policies. Policy areas identified
as having potential for further development in
support of the livelihood roles of BFA include mar-
keting - including certification schemes (e.g. fair
trade, geographic indication or organic produc-
tion) for products that can fetch premium prices,
including in export markets — and agro-ecotourism.

m Food security and nutrition

e Biodiversity for food and agriculture (BFA) contributes
to food security and nutrition in many ways, including
by enabling food to be produced in a wide range of

environments, helping to maintain the stability of

food supplies through the year and through shocks

such as droughts and pest outbreaks, supplying

a wide variety of nutritionally diverse foods and

contributing to the supply of water and fuel used in

food preparation.

Wild biodiversity is an important source of food for

many people, particularly in the poorer regions of the

world. It also provides raw material for crop breeding
programmes and contributes to the supply of many
ecosystem services that support food production.

Actions that need to be taken to strengthen the

contributions of BFA to food security and nutrition

include:

— taking steps to maintain and restore ecosystems and
habitats of importance to food and agriculture;

- promoting the sustainable use and conservation of
relevant species and populations;

— implementing breeding programmes targeting,
inter alia, nutrient content and adaptation to
environmental stresses and shocks, particularly
those associated with climate change; and

— increasing knowledge of how BFA, including
wild foods, supports the various dimensions of
food security.

Ending food insecurity and malnutrition remains
one of the most fundamental challenges facing the
world. Recent figures signal a rise in world hunger
levels, reversing a long downward trend (FAO et
al., 2018). According to the latest estimates, about
821 million people in the world are chronically
undernourished, up from 804 million in 2016 (ibid.).
Estimates using the Food Insecurity Experience
Scale, a more complex and multidimensional
measure of food insecurity, show that about
769 million people in the world faced severe
food insecurity in 2017. In the same year, nearly
151 million children under five years of age suf-
fered from stunted growth, while 50 million suf-
fered from wasting (a low weight-for-height ratio).
Over 38 million children under five were estimated
to be overweight and more than 672 million adults
to be suffering from obesity (ibid.).

The widely used definition adopted by the
1996 World Food Summit states that food security
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Box 2.2

The Second International Conference on Nutrition Framework for Action

Recent global policy frameworks and commitments
recognize the strong link between nutrition and
sustainable food systems. In 2014, the Second International
Conference on Nutrition (ICN2) called for countries to
adopt a common vision for global action to eradicate
hunger and end all forms of malnutrition worldwide

(FAO and WHO, 2014a). The ensuing ICN2 Framework

for Action (FAO and WHO, 2014b) includes a set of

60 recommendations, nine of which are aimed at promoting
sustainable food systems and healthy diets. One of these
(Recommendation 10) calls for the “the diversification

of crops including underutilized traditional crops, more
production of fruits and vegetables, and appropriate

"exists when all people, at all times, have physical,
social and economic access to sufficient, safe and
nutritious food which meets their dietary needs
and food preferences for an active and healthy
life” (FAO, 1996a). Over the decades, food security
has increasingly come to be recognized as a mul-
tifaceted concept (FAO, 2006a). The 2009 World
Summit on Food Security identified availability,
access, utilization and stability as the four dimen-
sions of food security and also noted that “the
nutritional dimension is integral to the concept of
food security” (FAO, 2009b).

In 2014, the High Level Panel of Experts on Food
Security and Nutrition defined a sustainable food
system as a “food system that ensures food secu-
rity and nutrition for all in such a way that the
economic, social and environmental bases to gen-
erate food security and nutrition of future gener-
ations are not compromised” (HLPE, 2014b). The
same year, the Second International Conference
on Nutrition Framework of Action featured a set
of recommendations aimed at promoting sustain-
able food systems and healthy diets that included
one specifically focused on BFA (Box 2.2).

BFA is essential to all four dimensions of food
security, to nutrition and to the sustainability of
food systems.

production of animal-source products as needed, applying
sustainable food production and natural resource
management practices.”

To further reinforce commitments on nutrition, in April
2016 the United Nations proclaimed the UN Decade of Action
on Nutrition (2016-2025). The objective of this initiative is to
increase investment in nutrition and to implement policies
and programmes that improve food security and nutrition
within the framework agreed at ICN2. Led by FAO and the
World Health Organization, it brings together a wide group
of actors, and centres around six action areas, one of which,
“Sustainable, resilient food systems for healthy diets”,
reiterates the importance of diversification.

2.6.1 Availability

Although food supplies can be stored and trans-
ported to address temporary or local short-
ages, and efforts can be made to reduce food
waste, availability is ultimately dependent on
production. As noted in Section 2.4, to feed a
global population expected to exceed 9 billion
in 2050, it has been estimated that food pro-
duction will need to rise to 50 percent above
2012 levels (FAO, 2017e). The major challenge
will be to ensure that the food supply not only
meets the energy needs of the population but
also provides it with all the nutrients it requires.
Production increases will need to be achieved
without degrading the natural resources that
underpin future production and the supply of
other ecosystem services (ibid.) (see Section 2.4
for further discussion).

As discussed in Section 2.2, obtaining food
from a wide range of different environments
- terrestrial and aquatic, tropical, temperate
and boreal, mountain, lowland, forest, steppe,
desert and so on - requires a diverse range of
plants, animals, bacteria and fungi, both as
direct suppliers of food and as suppliers of the
supporting and regulating ecosystem services
that make food production possible. Increasing
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output will require (along with advances in
many other fields) the implementation of well-
planned breeding programmes in crop, tree, live-
stock and aquatic species. Genetic-improvement
programmes have been major contributors to
the increases in crop and livestock yields that
have occurred over recent decades (Evenson and
Gollin, 2003; Peng and Khushg, 2003; Leakey et
al., 2009). It may require the domestication of
additional food-producing species and increasing
the use of underutilized and neglected species.
It will certainly require efforts to ensure that the
natural resources upon which food production
depends, including all categories of BFA, are
conserved and that the ecosystem services they
provide are nurtured. For example, it has been
estimated that about 30 percent of the increase
in global production of food crops since the
1960s has come from pollinator-dependent crops
(Potts et al., 2016).

Sustainably increasing food output will depend
not only on the presence of an appropriate
range of well-adapted, food-producing plants
and animals and the associated biodiversity
that they depend on, but also on how they are
managed. As discussed in Sections 2.2 and 2.4 and
in Chapter 5, there are many ways in which diver-
sifying the range of species, varieties or breeds
within a given field, area of pastureland, forest
or aquaculture unit or across the wider landscape/
seascape — or making more effective use of com-
ponents of associated biodiversity such as pollina-
tors and soil biota - can contribute to increasing
food production.

The main themes noted in the country reports
in relation to the availability dimension of food
security are the significance of access to a wide
range of within-species genetic diversity, includ-
ing for use in breeding programmes, the signif-
icance of associated biodiversity and the eco-
system services it provides in supporting food
production and the significance of interactions
between domesticated components of BFA
(e.g. the contributions of livestock to crop pro-
duction via the supply of manure and draught
power). Countries stress the significance both of

international exchange of genetic resources and
of the use of native species, varieties and breeds
whose adaptive characteristics enable them to
produce well in local conditions. Where the contri-
butions of associated biodiversity are concerned,
Burkina Faso notes that in addition to their vital
role as pollinators of crop plants (particularly
oilseed crops), bees and other insects help to
increase yields of seeds and fruits in forest systems
and are also a direct source of honey and other
food products such as pollen. Bangladesh likewise
mentions the significance of pollination services,
noting that a substantial increase in the yield of
pollinated crops such as mustard and rapeseed
has been achieved through the deployment of
beehives. India stresses the significance of asso-
ciated biodiversity in the delivery of ecosystem
services that directly and indirectly support food
production, including (in addition to pollination)
nutrient cycling and pest regulation. The United
Republic of Tanzania mentions that higher yields
are obtained from fisheries in mangrove-fringed
coastal waters than from fisheries in coastal
waters where mangroves are absent.

2.6.2 Access

The significance of the “access” dimension of food
security lies in the need not only to ensure that
sufficient food is available at global or national
levels, but that individuals are able to acquire the
food and nutrients they need. This means that
they have to be able either to produce foods in
sufficient quantity, quality (nutrient content) and
diversity or to acquire them through purchases
or some other kind of social arrangement. This
dimension of food security is therefore depend-
ent not only on biophysical aspects of food pro-
duction, storage, processing and distribution,
but also on the broader security of livelihoods
at household and individual levels and on eco-
nomic, social, political and legal factors at com-
munity, national and international levels.

As discussed in Section 2.5, food production at
household level (or the supply of products and ser-
vices that can be sold for cash that is used to pur-
chase food) generally requires the use of genetic

50 ‘ THE STATE OF THE WORLD'S BIODIVERSITY FOR FOOD AND AGRICULTURE



ROLES AND IMPORTANCE OF BIODIVERSITY FOR FOOD AND AGRICULTURE

resources that are well adapted to the local envi-
ronment, particularly in areas where the environ-
ment is harsh and when the household is unable
to access inputs (fertilizer, pesticides, veterinary
medicines, supplementary livestock feed, etc.) that
might ameliorate production conditions. The eco-
system services (pest regulation, nutrient cycling,
etc.) provided by the associated biodiversity
present in and around local production systems
are also vital. Again, these may be particularly
important for households that are unable to sub-
stitute them with purchased inputs. As also noted
in Section 2.5, particular components of BFA may
also play roles in social and cultural life that help
to build ties that can be crucial in obtaining food
in times of need.

Wild foods found in the local area are an impor-
tant source of food for many households. For
example, Poverty and Environment Network surveys
conducted in selected forest-dependent commu-
nities in Asia, Africa and Latin America between
2004 and 2010 found that over 53.5 percent of
households consumed at least one type of forest
food (Rowland et al., 2017). In traditional rice-
production systems, farm households can access
edible aquatic animals such as snails, crabs, cray-
fish, frogs and fish from their fields (Balzer et al.,
2006; Halwart, 2006, 2008; Pingali and Roger, eds.,
1995). See Section 2.6.6 for further discussion of
the significance of wild foods in food security and
nutrition. Wild resources also provide a range of
food and non-food products (timber, fuelwood,
medicinal products, etc.) that can be sold to obtain
cash that can then be used to buy food.

Access to food can also be affected by the prac-
ticalities of transport, storage and processing.
Problems are particularly likely to arise in remote
areas, in emergency situations or in other cir-
cumstances where relevant equipment or facil-
ities (trucks, fridges, stoves, etc.) are difficult
to access or use. BFA can contribute in various
ways to addressing problems of this kind. For
example, certain micro-organisms, referred to
as “protective cultures”, can be used to increase
the shelf-life of food and protect it from spoilage
by other micro-organisms and reduce the risk of

contamination with mycotoxins (Alexandraki et
al., 2013; Beed et al., 2011). In many countries,
pack and draught animals continue to play an
important role in transporting food, particularly
in remote and inaccessible locations (FAO, 2015a).

Access can also be an issue in urban areas. For
non-food producers, urban or otherwise, income
is the main determinant of access. However,
the access of urban populations to food is par-
ticularly dependent on food outlets, whether
retailers, street-food vendors or restaurants. In
certain countries, the access of urban populations
to food is highly dependent on the decisions of
relatively few food traders and supermarkets
(IPES-Food, 2017; Lang, Barling and Caraher,
2009; Vorley, 2003). Open “wet” markets are
declining as sources of food in low- and middle-
income countries and are being replaced by
supermarkets (Gémez and Ricketts, 2013). Many
places have become “vacuums” of fresh products,
which are increasingly being replaced by cheap,
processed foods (Hawkes, Chopra and Friel,
2009). Recent food-consumption data show that
people are consuming more and more processed
foods at the expense of diverse fruits and vege-
tables (FAO, 2017e). The spatial distribution of
food outlets in cities, especially in lower-income
areas, can exacerbate this effect (Mozaffarian et
al., 2012). Changes in marketing and retailing are
also making it more difficult for small-scale pro-
ducers to directly access growing urban markets
(see also Chapter 3).

2.6.3 Utilization

“Utilization” refers to the way in which food
is used in order to create a state of nutritional
well-being (FAO, 2006a). This involves, inter
alia, selecting a nutritionally balanced diet and
storing, processing and preparing foods safely.
A healthy diet will require a range of different
foods and hence a range of different plants and
(in many cases) animals. Studies have shown
that dietary diversity is a good predictor of diet
quality, particularly in the case of children’s diets
(Kennedy etal., 2007; Moursi et al., 2008; Parlesak,
Geelhoed and Robertson, 2014; Rah et al., 2010).
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See Section 2.6.5 for further information on the
contributions of BFA to nutrition.?*

Appropriate utilization requires knowledge
of foods and how to process, store and prepare
them. As discussed in Chapter 3, traditional
knowledge related to many components of BFA,
including on how to process and cook traditional
food products, is being lost. Access to various non-
food inputs, such as clean water and fuel, is also
essential. In some circumstances, again particu-
larly in remote areas and for poorer people, these
inputs will depend on provisioning (e.g. supply of
fuelwood) and regulating (e.g. water purification)
ecosystem services supplied by the biodiversity in
and around local production systems. Storage can
depend on the use of micro-organisms for fermen-
tation (see Section 5.7 for further details).

The country reports provide a number of exam-
ples of how BFA helps provide more balanced diets.
Burkina Faso, for example, mentions that various
crops with specific nutritional and therapeutic
virtues are used as dietary supplements, includ-
ing red and white sorghum, moringa (powdered
leaves of Moringa oleifera), soybean and spirulina
(certain species of blue-green algae). It further
notes the key role of non-wood forest products in
the supply of nutritionally balanced diets and also
the significance of honey produced by domesti-
cated bees. Nepal mentions that various minor fish
and other aquatic species that were once regarded
as a “nuisance” are increasingly being recognized
for the diversity of their nutrient contents and
hence their potential dietary significance. India
notes the significance of livestock as a source of
products that can help to overcome deficiencies
in protein and various vitamins and minerals. A
number of countries mention the importance of
crop varieties that contain high concentrations
of particular nutrients. Some specifically note

24 FAO and Bioversity International have produced guidelines on
assessing biodiverse foods in dietary intake surveys (FAO and
Bioversity International, 2017). FAO and USAID’s Food and
Nutrition Technical Assistance Ill Project (FANTA), managed by
FHI 360 (https://www.fhi360.0rg), have published a guide to
measuring minimum dietary diversity for women (FAO and
FHI 360, 2016).

the significance of breeding programmes that
improve the nutritional quality of staple foods.
For example, Zambia mentions vitamin A-rich vari-
eties of maize and sweet potato, and iron- and
zinc-rich varieties of beans.

2.6.4 Stability

The significance of the “stability” dimension of
food security relates to the fact that food secu-
rity depends on adequate food being available
to all individuals at all times, for example with
no seasonal shortages or shortages in years when
harvests are poor (FAO, 2006a). Diversity is signif-
icant to stability, whether at household level or
at larger scales, in that the presence of a range
of different food-producing species, varieties and
breeds that have different life cycles and different
adaptive characteristics helps to maintain food sup-
plies through the seasons of the year and through
inter-year variations in rainfall, temperature,
disease challenge, etc. In the case of food or non-
food products raised or harvested for sale (in this
context to obtain cash that can be used for food
purchases), diversity can also help to maintain sta-
bility of income in the face of market-related risks.

Associated biodiversity contributes to stability
by helping to reduce the impacts of disruptive
events (floods, droughts, disease and pest out-
breaks, etc.) that may affect food production, dis-
tribution or storage (see Sections 2.2 and 2.3). Use
of micro-organisms in food preservation can help
to overcome seasonal variations in food supply.
Wild foods can also be important to stability in
that access to them potentially serves as a means
of maintaining food intakes in the event of shocks
that affect food output from domesticated species
or otherwise affect access to food (e.g. because of
reduced cash income) (Pattanayak and Sills, 2001;
Thondhlana and Muchapondwa, 2014).

The country reports provide numerous examples
of how BFA contributes to the stability dimension
of food security. Several note the significance of
diversified production systems in this regard. For
example, Kiribati mentions that integrated farming
of milkfish, sandfish, sea cucumber and seaweed
has proved to be an effective means of securing
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production and income in fluctuating weather
conditions, as one or the other of the components
of the system is always producing food. India again
notes the significance of livestock, which it men-
tions can act as a buffer against crop failure. Both
Zambia and Zimbabwe report that smallholders
have responded to persistent drought by adopting
more resilient crops such as sorghum, millet, sweet
potato and cassava and by diversifying their pro-
duction systems. Where livestock are concerned,
the same two countries mention increasing use
of small ruminants as a response to the effects
of drought and disease on cattle herds. Further
reported examples of the contributions of BFA to
the stability of food production are provided in the
discussion of resilience in Section 2.3.

2.6.5 Nutrition and food systems

Taking a cue from the above-mentioned defini-
tion of sustainable food systems, FAO regards food
systems as consisting of four functions, roughly
corresponding to the four stages of a food supply
chain: food production; food handling, storage
and processing; food trade and marketing; and
consumer demand, food preparation and pref-
erences (FAO, 2017g). The interface between the

Box 2.3

food system and the consumer (the availability,
affordability, convenience and desirability of foods)
is referred to as the “food environment” (ibid.).
More generally, recent years have seen
growing interest in the links between biodiver-
sity and nutrition (FAO, 2013d). In 2006, the CBD,
FAO and Bioversity International jointly estab-
lished the Cross-cutting Initiative on Biodiversity
for Food and Nutrition (CBD, 2006). Further
developments have included the formulation of
nutrition indicators for biodiversity (FAO, 2008b,
2011d). In 2010, FAOQ, in collaboration with the
International Network of Food Data Systems
(INFOODS), published the first version of the
FAO/INFOODS Food Composition Database for
Biodiversity, with updates published in 2011,
2012, 2016 and 2017 (FAO, 2017h). The current
version holds 10 156 entries (ibid.). In 2015,
the Commission on Genetic Resources for Food
and Agriculture adopted Voluntary Guidelines
for Mainstreaming Biodiversity into Policies,
Programmes and National and Regional Plans of
Action on Nutrition (FAO, 2016f) (see Box 2.3).
The background to these developments has
been a concern about the fact that, although
the proportion of the world population that is

Voluntary Guidelines for Mainstreaming Biodiversity into Policies, Programmes and National and

Regional Plans of Action on Nutrition

The Voluntary Guidelines for

@z = 4
Mainstreaming Biodiversity into
-~ 9 v )
v &_{ Policies, Programmes and National
‘x’w&y 2 and Regional Plans of Action on

v Nutrition (FAO, 2016d) were endorsed
! by the Commission on Genetic

Resources for Food and Agriculture

at its Fifteenth Regular Session, in

2015. The objective of the guidelines is “to support countries
in the integration of biodiversity into all relevant policies,
programmes and national and regional plans of action
addressing malnutrition in all its forms, and specifically to
promote knowledge, conservation, development and use of

varieties, cultivars and breeds of plants and animals used as
food, as well as wild, neglected and underutilized species
contributing to health and nutrition.”

The guidelines provide examples of how mainstreaming
could be implemented, in accordance with countries’ needs
and capabilities. They are divided into three main elements:
research; implementation; and awareness. The Commission
stressed that implementation of the guidelines should be
based on scientific evidence and consistent with relevant
international obligations.

Note: The voluntary guidelines can be viewed at http://www.fao.org/3/a-
i5248e.pdf
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undernourished has declined over recent decades,
reductions in food-energy deficits have often not
been accompanied by equivalent improvements
in other aspects of dietary quality, particularly the
intake of micronutrients (FAO, 2015c¢). Problems
of this kind are sometimes exacerbated by a
decline in dietary diversity and the replacement of
micronutrient-rich local or traditional foods with
more mainstream globally traded alternatives
(Johns and Eyzaguirre, 2006). The significance
of non-mainstream crops - and wild foods - in
the diets of (in particular) poor rural people has
tended to be overlooked (Heywood, 2013). To
some degree, this has been due to the strong
attention given in the past decade to agricultural
research on staple grains (mainly wheat, maize
and rice), to the detriment of other cereals and of
pulse, root and oil crops (Khoury and Jarvis, 2014).

Driven in part by the actions of the global
food industry (Moodie et al., 2013), many parts
of the world are in transition towards a so-called
“Western” diet, dominated by high intake of
refined carbohydrates, added sugars, fats and (ter-
restrial) animal-source foods (Popkin, Adair and
Ng, 2012). This trend has been implicated in the rise
of obesity — 39 percent of the world’s adult pop-
ulation was overweight as of 2016 (WHO, 2018) —
cardiovascular disease, diabetes, autoimmune dis-
eases and some cancers (Murray et al., 2013).

It is important to note that changes in diet have
been caused not only by changes in supply, but also
by changes in demand: urbanization, women'’s entry
into the labour market, higher incomes in some
countries and longer hours worked away from
home have led to a shift in food demand towards
more-convenient, processed foods (Kennedy, Nantel
and Shetty, 2004). The challenge is therefore to
make diverse, fresh foods more available, afforda-
ble and appealing. For this to occur, action needs to
be taken not only at production level, for example
by increasing agricultural research funds for diverse
foods (Khoury and Jarvis, 2014), but also throughout
the food system. Relevant measures could include
increasing levels of public- and private-sector invest-
ment in transport, storage and market development
for diverse non-staple foods and taking steps to

reduce the transaction costs of smallholder integra-
tion into these markets (Pingali, 2015).

Significant intraspecific differences in nutri-
tional content have been documented in most
plant-source foods (Burlingame, Charrondiere and
Mouille, 2009; FAO, 2013f). These differences are
sufficiently large to mean that eating one variety
rather than another can make a significant dif-
ference in terms of the nutritional adequacy of
the diet. They also provide opportunities to breed
cultivars that combine higher nutrient content
with other desirable characteristics, such as higher
productivity or disease resistance. Within-species
differences in the nutritional quality of animal
products have been relatively little studied, and
there are difficulties involved in distinguishing
differences caused by genetics from those caused
by management factors such as feeding. However,
evidence suggests that there are some nutrition-
ally significant differences between products
obtained from different breeds (FAO, 2015a).

Where wild and underutilized species are con-
cerned, detailed studies of nutritional significance
are not common (Powell et al., 2015). However, evi-
dence from various production systems in various
parts of the world indicates that such species make
important contributions to local diets. Asian rice
fields, for example, harbour a wide range of
animals and plants, many of which are important
sources of food for local people, often providing
essential micronutrients that are not found (or
found in limited quantities) in rice, as well as addi-
tional sources of protein (Halwart, 2006; Halwart
et al., eds., 2016). Traditional rice diets are often
deficient in the amino acid lysine, but this can be
compensated for by eating fish and other aquatic
animals foraged from rice fields. A study of the
diets of mothers and children in a small-scale
farming system in the East Usambara Mountains
of the United Republic of Tanzania found that wild
foods, mostly obtained from agricultural land,
provided 31 percent of the vitamin A, 19 percent
of the iron and 16 percent of the calcium content
of the diet, with the contribution being greatest
during the wet (more food-scarce) season (Powell
et al., 2013). An assessment covering 21 African
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countries (Ickowitz et al., 2014) found a positive
relationship between children’s dietary diversity
and tree cover, an indication of the important
contributions that non-wood forest products
make to food and nutrition security in the region.
A study in a community in rural northeastern

Box 2.4
The Biodiversity for Food and Nutrition Project

Brazil, Kenya, Sri Lanka and Turkey are home to a vast
array of traditional and/or neglected native edible species,
both wild and cultivated, that are of enormous nutritional
value but are also (like similar resources in most countries)
threatened by environmental pressures or lack of use.

The Biodiversity for Food and Nutrition Project” has
placed the conservation of this diversity on a much stronger
footing by building national capacity to generate nutrition
data for 189 underutilized species (primarily plants)
across the four countries and to collect information on the
sociocultural significance and market value of these species.
This evidence base is gradually being made available in
national databases and is expanding global knowledge of
food biodiversity via the FAO/INFOODS database.?

Countries have used the data to strategically target
national policies promoting local and indigenous biodiversity
for food and nutrition. Actions include promoting diverse,
healthy native foods in dietary guidelines (Brazil) (see
Box 2.5 and Box 8.21), supporting smallholder farmers in the
production of biodiverse foods and linking them to school-
meals programmes (Kenya), linking with the private sector to
create markets for biodiverse foods (Turkey) and prioritizing
food biodiversity in relevant national strategies/action plans
and in agricultural and nutrition policies (Sri Lanka).

Social and cultural attitudes to these species, which
are often perceived as “food for the poor”, particularly by
younger generations, are also changing thanks to increased
awareness of their value. Collaboration with celebrity chefs,
food fairs and increased media attention have raised the
profile of neglected and underutilized biodiversity and are
creating interest among consumers.

Much of the project’s experience in promoting the
conservation and sustainable use of biodiversity for food and
nutrition and mainstreaming it into different sectors is captured

Madagascar showed that removing access to wild
meat would induce a 29 percent increase in the
number of children suffering from anaemia and
a tripling of anaemia cases among children in the
poorest households (Golden et al., 2011). Details
of a project that has (inter alia) supported the

Food festivals and fairs organized in the project countries provide
opportunities to raise awareness and promote orphan crops and species.
In this gastronomic event in Sri Lanka, women take part in a cooking
competition using traditional species. © Bioversity International/D. Hunter.

in an online course® and in a mainstreaming toolkit aimed
at policy-makers, academic coordinators, university students,
extension workers and others studying or working in nutrition,
agriculture, public health or socio-economic development.

For further information, visit the Biodiversity for Food and
Nutrition website.*

" The project is funded by the Global Environment Facility and led by
Brazil, Kenya, Sri Lanka and Turkey. It is coordinated by Bioversity
International with implementation support from FAO and the United
Nations Environment Programme. Additional resources were received
from the Australian Centre for International Agricultural Research, the
Vanguard Charitable Trust and the MacArthur Foundation for the school
feeding programme in Kenya and from FAO Kenya for the analysis of the
nutritional content of local varieties and species and the development of
an updated food composition table that will include local biodiversity.
The project contributes to the implementation of the CBD's Cross-Cutting
Initiative on Biodiversity for Food and Nutrition.
http://www.fao.org/infoods/infoods/tables-and-databases/faoinfoods-
databases/en

* http://www.b4fn.org/e-learning
* http:/iwww.bafn.org/

(Cont.)
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Box 2.4 (Cont.)
The Biodiversity for Food and Nutrition Project

Traditional vegetables

A. Banana flower (Musa spp.)

B. Eggplant (Solanum melongena) — multiple varieties (ela-batu, wam-batu, tib-batu)

C. Yardlong bean (Vigna unguiculata var. sesquipedalis) and
okra (Hibiscus esculentus)

D. Bitter gourd and wild bitter gourd (Momordica charantia)

E. Spiny gourd (Mormordica dioica)

F. Hyacinth bean (Lablab purpureus)

G. Sword bean (Canavalia gladiata)

H. Winged bean (Psophocarpus tetragonolobus)

I. Bottle gourd (Lagenaria siceraria)

J. Cooking melon (Cucumis melo)

K. Chilli pepper (Capsicum annuum)

L. Tabasco pepper (Capsicum frutescens)

M.Bonnet pepper (Capsicum chinense)

N. Asamodagam (Trachyspermum roxburghianum)

© Bioversity International/D. Hunter.

Source: Provided by Teresa Borelli, Danny Hunter, Daniela Moura de Oliveira
Beltrame, Victor W. Wasike, Gamini Samarasinghe and Hasan Gezging.

generation of nutritional data on traditional and/
or neglected species in Brazil, Kenya, Sri Lanka and
Turkey are provided in Box 2.4. The contributions
that wild foods make to food security and nutri-
tion are explored in greater detail below.

2.6.6 Contribution of wild foods

Wild foods?® contribute to food security both via
direct consumption (on a regular basis or as an
emergency measure in times of scarcity) and by
being sold to provide income that is reinvested in
food purchases (see Section 2.5 for more informa-

25 See Section 1.5 for a definition of this term.

Traditional fruits

A. Mango (Mangifera indlica)

B. Soursop (Annona muricata)

C. Mandarin (Citrus reticulata)

D. Passion fruit (Passiflora sp.)

E. Governor's plum (Flacourtia indica)
F. Dan (Syzygium caryophyllatum)

G. Velvet tamarind (Dialium cochinchinense)
H. Velvet apple (Diospyros discolor)

1. Star fruit (Averrhoa carambola)

). Papaya (Carica papaya)

K. Guava (Psidium guajava)

L. Cacao (Theobroma cacao)
M.Custard apple (Annona squamosa)
N. Banana varieties (Musa spp.)

0. Avocado (Persea americana)

P. Star gooseberry (Phyllanthus acidus)

© Bioversity International/D. Hunter.

tion on the livelihood roles of wild foods). Many
wild foods are rich in micronutrients (Bharucha
and Pretty, 2010; Grivetti and Ogle, 2000; Grubben
and Denton, 2004; Yang and Keding, 2009; van
Huis et al., 2013), some containing more than their
cultivated counterparts (Kobori and Rodriguez
Amaya, 2008; Smith et al., 1996). Eating them can
alleviate micronutrient and/or protein deficiencies
and thus make diets more nutritious and balanced
(Broegaard et al., 2017; Kuyper, Vitta and Dewey,
2013). In addition to regular assessments pro-
vided in FAO's reports on The State of the World
Fisheries and Aquaculture, several recent publi-
cation have reviewed the contributions of wild
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Box 2.5
Food-based dietary guidelines as a tool to promote biodiversity

Food-based dietary guidelines (FBDGs) are a set of
evidence-based, easily understood, behaviourally focused
messages that constitute a government’s recommendation
to its population on healthy (and sometimes explicitly
sustainable) eating (Gonzalez Fischer and Garnett, 2016).

The Voluntary Guidelines for Mainstreaming Biodiversity
into Policies, Programmes and National and Regional
Plans of Action on Nutrition (FAO, 2016d — see Box 2.3)
recommend the incorporation of biodiversity considerations
into FBDGs. There are many potential links between
biodiversity and human nutrition, including those related
to increasing dietary diversity and quality, improving
income, enhancing resilience and promoting the
maintenance of genetic resources for future adaptation
(Berti and Jones, 2013; Frison, Cherfas and Hodgkin, 2011;
Heywood, 2013; Toledo and Burlingame, 2006). However,
the practicalities of integrating biodiversity-focused advice
into FBDGs can be chaIIenging. Venezuelan food spinning top.

Recommending the consumption of foods produced in
ways that conserve and make sustainable use of
biodiversity is one approach that can be used to promote
biodiversity in FBDGs. For example, Sweden's FBDG
recommends choosing eco-friendly products, such as those
from sustainable fishing or organic agriculture.! Likewise,
Brazil's Dietary Guidelines for the Brazilian Population
(Ministry of Health of Brazil, 2016) explicitly promote
biodiversity as part of “socially and environmentally
sustainable food systems” that provide healthy diets.
However, as FBDGs can have a significant influence on
public procurement and food-provision programmes, the
inclusion of such recommendations often gives rise to
opposition from special interest groups.

Most national FBDGs recommend eating a variety of foods
(Dwyer, 2012). However, this often refers to eating foods from
different food groups, for instance combining rice and beans,
or varying the foods within a group, for instance eating apples
one day and pears the next. Short and simple messages of
this kind comply with the principles of good communication.
However they are too general to address the utilization

-
9

lan food spinning top for i people.

' https://www.livsmedelsverket.se/globalassets/english/food-habits-health-
environment/dietary-guidelines/kostrad-eng.pdf?id=8140

(Cont.)
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Box 2.5 (Cont.)

Food-based dietary guidelines as a tool to promote biodiversity

of “food biodiversity” in the sense of a range of different
varieties and breeds of plants and animals, or wild, neglected
and underutilized species. Components of biodiversity at these
levels are often unique to specific local areas and may have
particular significance in the food-production and culinary
traditions of specific sections of the population.

Some countries have sought to bridge the gap between
national policy and local realities by adapting their national
FBDGs for use in different subnational contexts. For example:

e Canada has produced a version of its national food
guide adapted for use by First Nations, Inuit and Métis
peoples,2 which provides advice, inter alia, on how
foods such as wild plants and seaweed, bannocks
(a type of bread), fish with bones, shellfish and nuts
can help provide the nutrients needed by people who
do not consume milk products.

e The Bolivarian Republic of Venezuela has adapted its
national “food spinning top” for use by indigenous
people (see images on preceding page).’

¢ Japan has adapted its national spinning top food
guide for each of its prefectures.*

foods to food security and nutrition (Bioversity
International, 2017; WHO and CBD, 2015; HLPE,
2017a, 2014; Vinceti et al., 2013).2° All raise con-
cerns about the sustainability of use of wild foods
(see Chapter 3 for further discussion).

It is difficult to quantify the global contribu-
tions of wild foods to diets. For example, data on
wild-food consumption are generally excluded
from national statistics (Bharucha and Pretty, 2010;
MEA, 2005a).?” Other constraints include a lack
of information on the nutritional composition of

% In addition, the draft of a first evaluation of the scale and
drivers of subsistence and commercial harvesting of wild
terrestrial vertebrates for food in tropical and subtropical
regions was submitted to CBD SBSTTA 21 (Coad et al., 2017).
Sorrenti (2017) provides a systematic review of non-wood forest
products in the existing international classification systems used
for the collection and dissemination of data on production, trade
and economic activities, with the aim ultimately of improving
data collection on non-wood forest products.

N~
N

Efforts to localize guidance can face a number of
challenges and pitfalls. For example, attention needs to be
paid to the health of the ecosystems that supply the foods
targeted, as success in promoting an individual food may
lead to overexploitation to meet demand. There is also a risk
that initiatives may be hijacked for commercial purposes.
Nonetheless, locally adapted FBDGs have the potential
to be an important means of promoting consumption of
diverse and underutilized locally available foods. Integrating
these efforts with existing initiatives aimed at promoting
biodiversity and linking them to the development of cooking
skills and gastronomy helps to make them more effective
and enjoyable, and also to minimize the above-noted risks
associated with promoting single foods.

Source: Provided by Maryam Rahmanian and Ana Islas Ramos.
https://www.canada.ca/en/health-canada/services/food-nutrition/canada-food-
guide/eating-well-with-canada-food-guide-first-nations-inuit-metis.ntml
http:/www.fao.org/nutrition/education/food-dietary-guidelines/regions/
countries/venezuela/en/

For example: http:/www.pref.hokkaido.lg.jp/hf/kth/kak/tkh/framepage/
dbaransugaido.htm (in Japanese).

wild foods (Bharucha and Pretty, 2010; Colfer, Sheil
and Kishi, 2006; Grivetti and Ogle, 2000; Powell et
al., 2015), the variability of nutritional composi-
tion within species (Stadlmayr et al., 2013; Toledo
and Burlingame, 2006) and inconsistent or incor-
rect nomenclature in published results (Nesbitt et
al., 2010). For further information on the state of
knowledge of wild foods, see Section 4.4.

While definitive global data are lacking, estimates
are available for specific sectors, regions or types
of wild food. Capture fisheries provided a total of
90.9 million tonnes of fish?® in 2016 (FAO, 2018a).
In 2015, aquatic products supplied 17 percent of
the global population’s intake of animal protein
(nearly half of fish for human consumption

28 “Fish" here refers to fish, aquatic crustaceans, aquatic molluscs
and other aquatic animals other than mammals and reptiles (it
also excludes seaweeds and other aquatic plants).
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FIGURE 2.3
Types of wild-food use reported by countries

Non-OECD

Regular use of wild foods

Regular use by
specific population groups

Use in times of scarcity

Use as supplementary
food sources

Use of selected species
Commercial use

Recreational use

\ \ \
40%  60%

Cultural use

M Countries reporting use

80%

60%

80%

20%

100% 0% 40% 100%

Countries not reporting use

Notes: Values refer to the number of countries. Some countries reported more than one type of use. OECD = Organisation for Economic

Co-operation and Development.

Source: Country reports prepared for The State of the World’s Biodiversity for Food and Agriculture.

was supplied from capture fisheries) (ibid.).?> Wild
forest foods contribute to the diets of many mil-
lions of people, particularly in terms of micronu-
trients (Rowland et al., 2017; Sunderland, 2011).
Food obtained from forests has been estimated to
contribute about 0.6 percent of the global supply
of dietary energy (FAO, 2014d).3° Recent analy-
sis of data from communities living in or close to
forests in 24 countries in Latin America, Africa and
Asia revealed that 77 percent of such households

2 These statistics on fish consumption are based on the Food
Balance Sheets calculated by the Statistics and Information
Branch of the FAO Fisheries and Aquaculture Department as of
March 2016. Consumption data for 2013 should be considered
preliminary. Food Balance Sheet data refer to “average food
available for consumption”, which, for a number of reasons
(e.g. waste at the household level), is not equal to average
food intake or average food consumption. Production from
subsistence fisheries, as well as cross-border trade between
some developing countries, may be incompletely recorded and
might therefore lead to an underestimation of consumption.

30 These figures are likely to be a major underestimate of the
total consumption of food from forests because information
about production (and consumption) of these products is far
from complete.

collected wild food from forest and non-forest
environments (Hickey et al., 2016). It is estimated
that insects are regularly eaten by at least 2 billion
people worldwide (van Huis et al., 2013). According
to Coad et al. (2017), estimates of per capita wild-
meat consumption from studies conducted in trop-
ical areas where wild meat is eaten range from
0.05 to 0.28 kg/person/day.

Country-report analysis

Countries were invited to report the proportion
of their respective populations that consumes
wild food on a regular basis, as well as to supply
other information such as the proportion of the
diet that is collected from the wild in normal
times and in times of scarcity and the degree to
which wild foods are used for various purposes.!
The numbers of countries reporting various
types of wild-food use are shown in Figure 2.3.

31 Countries were also invited to report on gender differences in
the patterns of use, management and consumption of wild
foods. The information provided is discussed in Section 2.5
and Section 3.8.
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Each category is further discussed in the following
subsections.

Regular use of wild foods

Sixteen percent of all respondents (15 coun-
tries, all non-members of the Organisation for
Economic Co-operation and Development [OECD])
report that regular use of wild foods is wide-
spread nationally. Nine countries provide quanti-
tative data indicating that at least a third of their
respective populations use wild foods.3? In some
cases, the figures are substantially higher: Eswatini
and Gabon both report that approximately two-
thirds of their population consume wild foods
regularly. Ethiopia reports that the proportion of
the population consuming wild plants varies from
30 or 40 percent in some regions to as much as
56 percent or 67 percent in others. It also men-
tions that over 50 percent of the population in its
Gambella region consumes wild meats. Burkina
Faso reports that non-wood forest products are
eaten by 43 percent of its households.

Several Pacific countries report high levels
of dependence on seafood. For instance, Palau
reports that an estimated 80 percent of its pop-
ulation eats wild foods, mainly aquatic species.
Niue reports that 60 percent of households hunt
coconut crabs and 62 percent engage in fishing,
with an average fresh-fish consumption estimated
at 31.1 kg per person per year.> Kiribati reports
that in its Line and Phoenix Islands the propor-
tion of wild food in the diet can at times reach
100 percent.

Regular use by specific population groups

Twenty-nine percent of respondents (25 percent
of OECD and 30 percent of non-OECD respond-
ents) indicate regular use of wild foods by spe-
cific segments of the population, such as indig-
enous peoples, nomadic groups, remote rural
populations or forest or highland communities.

32 Burkina Faso, Cameroon, Eswatini, Ethiopia, Gabon, Kiribati,
Niue, Palau and Zambia.

* The country report indicates that the figures are from
Niue’s Agricultural Census of 2009 and its Food Security
Assessment of 2011.

For example, the Gambia, Nepal, Rwanda and
Sri Lanka report widespread use of wild foods
among communities living near forests. Nepal
mentions that wild foods are especially impor-
tant for some tribal groups (namely the Chepang,
Raji, Bankariya and Raute), with wild foods con-
stituting approximately 25 percent of their diets.*
Angola mentions the importance of wild foods
to Khoisan nomads, who collect approximately
30 percent of their food from the wild under
normal conditions.

Some OECD countries note that although
wild-food consumption is generally low it makes
a substantial contribution to the diets of some
population groups. For instance, Finland reports
that the indigenous Sami population continues
to depend on wild fish and meat for a significant
portion of its diet. The United States of America
mentions that wild-food use is highest in Alaska,
where 86 percent of rural households consume
wild meat.®

Use in times of scarcity

Fifteen percent of respondents (14 countries,® all
non-OECD) report that wild-food consumption
increases during times of scarcity, such as “the
hungry gap” shortly before harvest when food
stores are depleted or periods following natural
disasters, crop failures or conflicts. For instance,
Kiribati mentions that in times of emergency or
when there are shortages of imported food (usually
rice) consumption of wild staple foods, such as
giant swamp taro and breadfruit, increases.

Use of wild foods as supplementary

food sources

This category of use refers to the addition of wild
foods to a predominately non-wild food diet
to add diversity and/or increase the quantity of
minerals, vitamins or other nutrients consumed.
Twelve percent of respondents (15 percent of

3 The country report cites Thapa (2013).

3 The country report cites Titus, Haynes and Paragi (2009).

3 Burkina Faso, Chad, China, El Salvador, Eswatini, Ethiopia,
Kiribati, Nauru, Nepal, Panama, Sudan, United Republic of
Tanzania, Zambia and Zimbabwe
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OECD and 11 percent of non-OECD respondents)
report this kind of use, with reported frequency
ranging from occasional to daily. A few coun-
tries provide specific nutritional information for
key wild foods used to supplement the diet. For
example, China notes that wild fish are impor-
tant sources of unsaturated fatty acids, protein,
calcium, phosphorus and vitamins A, D, B1 and B2
in highly bioavailable form. It also mentions that
wild insects are high in protein, unsaturated fatty
acids and a range of other nutrients including
calcium, iron, magnesium, phosphorus, zinc and
selenium, and that amphibians and reptiles serve
as supplementary sources of protein. The Gambia
mentions that some wild food species that serve
as sources of food supplements (e.g. the African
locust bean or néré tree [Parkia biglobosa]) have
become increasingly rare and that their contribu-
tions to livelihoods have declined.

Use of selected species

Eighteen percent of respondents (60 percent of
OECD and 6 percent of non-OECD respondents)
indicate selective use of wild food species (i.e. use
only of a small number of particularly sought-
after wild food species). In many European
countries and in the United States of America,
consumption of various mushrooms, berries and
game species falls into this category. Elsewhere
in the world, Fiji reports that the edible fern
ota (Diplazium esculentum and D. proliferum)
is a popular delicacy among the local popula-
tion and is also exported to meet demand from
Fijians living overseas. Jamaica reports that
among Maroon indigenous groups, root drinks
and tonics made from selected wild plants are
consumed for their medicinal properties.

Commercial use

Twenty-nine percent of respondents (40 percent
of OECD and 25 percent of non-OECD respond-
ents) mention commercial use of wild foods.
Specific types of products mentioned include
fish, wild meat, berries and other fruits, vegeta-
bles, mushrooms and invertebrates. For example,
Burkina Faso notes the importance of non-wood

forest products as a source of income and employ-
ment for rural households. Gabon mentions a
rapidly growing market for wild meat, with con-
sumption estimated to be between 20 000 and
30 000 tonnes annually, up from an estimated
12 000 tonnes in 2008. A number of OECD coun-
tries mention substantial commercial harvesting of
wild foods (i.e. in addition to the very frequently
mentioned commercial capture fishing industry).
For example, Finland notes that commercial har-
vesting of its most popular wild mushroom species
(Lactarius spp., Boletus spp. and Chanterelle
spp.) totalled approximately 299 200 kg in 2013.
Belarus mentions that exports of snails brought
in more than USD 3.8 million over the five years
preceding the preparation of the country report
(submitted in 2016).

Recreational use

Eighteen percent of respondents (65 percent of
OECD and 4 percent of non-OECD respondents)
mention recreational harvesting of wild foods.
Hunting, angling, mushroom gathering and
berry picking are among the commonly reported
activities. For example, the United States of
America reports that 6 percent of its population
over the age of 16 participated in hunting as of
2011.37 Angling is widely mentioned as a popular
pastime in Europe and North America. Germany,
for example, reports that it has 1.6 million anglers.

Cultural use

Even where wild foods are not vital for food secu-
rity, they may still be valued for cultural reasons
and play central roles in festivities and celebra-
tions. Use of this kind is reported by 9 percent
of all respondents (15 percent of OECD respond-
ents and 7 percent of non-OECD respondents).
Grenada, for example, mentions that wild meat
is regarded as a delicacy and is consumed at
fetes and festivals. The United States of America
mentions the evergreen huckleberry (Vaccinium
ovatum) and the American matsutake mushroom
(Tricholoma magnivelare) as wild food species

3 The country report cites USFWS (2011).
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used by Native Americans for a variety of culinary
and cultural purposes. It also notes the key signif-
icance of the salmon in the diets and culture of
some Native American peoples.

2.6.7 Needs and priorities

Priorities reported by countries in terms of sup-
porting the contribution of BFA to food security
and nutrition included the following:

e supporting ex situ and in situ conservation
and sustainable use of relevant components
of BFA, including by promoting biodiverse
production systems and sustainable manage-
ment practices and by promoting consump-
tion of biodiverse products so as to increase
market demand for them;

e supporting breeding activities targeting
the development of improved varieties
and breeds, including ones providing <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>