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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.

XIiX




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.

XXXiii




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/

XXXV




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,
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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).

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



INTRODUCTION

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).

THE STATE OF THE WORLD'S BIODIVERSITY FOR FOOD AND AGRICULTURE ‘ 13




OVERVIEW

PART A

“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

THE STATE OF THE WORLD'S BIODIVERSITY FOR FOOD AND AGRICULTURE ‘ 19




OVERVIEW

PART A

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

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



ROLES AND IMPORTANCE OF BIODIVERSITY FOR FOOD AND AGRICULTURE

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

THE STATE OF THE WORLD'S BIODIVERSITY FOR FOOD AND AGRICULTURE ‘ 29




OVERVIEW

PART A

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.

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


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

ROLES AND IMPORTANCE OF BIODIVERSITY FOR FOOD AND AGRICULTURE

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
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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

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



ROLES AND IMPORTANCE OF BIODIVERSITY FOR FOOD AND AGRICULTURE

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
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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

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


https://www.fhi360.org

ROLES AND IMPORTANCE OF BIODIVERSITY FOR FOOD AND AGRICULTURE

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 prod-
ucts that have improved nutrient content,
with focus on adaptation to environmental
shocks and stressors and in particular those
associated with climate change; and

e raising awareness of the importance of BFA,
with a specific focus on the significance of

local and traditional foods in food security
and the provision of nutritionally balanced,
healthy diets.

A number of country reports highlight the need
for greater recognition of the contribution that
wild foods make to global food security and nutri-
tion. However, it is clear that there are considera-
ble knowledge gaps with regard to the extent of
this contribution in quantitative terms — several
countries note the need to improve data collec-
tion on wild-food use, for example by including
wild foods in national censuses and surveys or in
ethnobiological or other scientific studies. Several
countries note that a lack of monitoring systems
for wild food species constrains the development
of conservation and management programmes
and makes it difficult to determine the effective-
ness of such programmes. Limitations in terms of
capacity development and stakeholder involve-
ment are also highlighted. Some countries identify
a need to quantify and clarify the effects of wild
food use on human health and well-being, includ-
ing in some cases not only nutritional impacts
but also effects on cultural life and the possible
stress-reduction effects of collecting wild foods.
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Drivers of change of biodiversity
for food and agriculture

¢ Analysis of country reports and recent literature
provides a rich and complex picture of the drivers
that directly or indirectly influence biodiversity
for food and agriculture (BFA) and the ecosystem
services it provides.

o BFA is affected by a range of drivers of change:
major global trends such as changes in climate,
international markets and demography give
rise to more immediate drivers such as land-use
change, pollution and overuse of external inputs,
overharvesting, and 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 strong influence on food systems, often with
negative consequences for BFA and the ecosystem
services it provides. However, such drivers are also
reported to provide opportunities to make food
systems more sustainable.

¢ 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.
Policies 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 the sustainable use and
conservation of BFA. However, policies intended to
promote the sustainable management of BFA are
often weakly implemented.

m Introduction and on wild foods. It draws principally on the
information provided in the country reports.’

This chapter discusses major drivers of change in

; ) . "
the state of biodiversity for food and agriculture Throughout this chapter, unless noted otherwise, the term “country

i . ; K reports” refers to the country reports submitted as contributions
(BFA), with a part'CUIa r focus on associated bio- to The State of the World's Biodiversity for Food and Agriculture.
diversity and the ecosystem services it provides See "About this publication” for additional information.
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Other global assessments have reviewed
drivers of change affecting biodiversity and eco-
system services in general (e.g. IPBES, forthcom-
ing, a,b, 2016a; MEA, 2005b), specific drivers such
as climate change (e.g. FAO, 2015b; IPCC, 2014),
drivers affecting various production systems and
ecosystems of importance to food and agricul-
ture (e.g. FAO's regular publication series The
State of Food and Agriculture, The State of the
World’s Forests and The State of World Fisheries
and Aquaculture, and other reports such as
Status of the World'’s Soil Resources published
by FAO and the Intergovernmental Technical
Panel on Soils [FAO and ITPS, 2015] and The First
Global Integrated Marine Assessment [United
Nations, 2017b]) and drivers affecting genetic
resources in the various sectors of food and
agriculture (e.g. FAO, forthcoming, 1997, 20073,
2010a, 20144, 2015a).

To briefly summarize the conclusions of the
sectoral assessments of genetic resources: in the
case of plant genetic resources for food and agri-
culture, land clearing, population pressure, over-
grazing, environmental degradation and chang-
ing agricultural practices are identified as major
causes of genetic erosion (FAO, 2010a). For forest
genetic resources, land-use change, particularly
forest conversion to cropland and pasture, over-
exploitation, selective harvesting, and high tree
mortality caused by extreme climatic events are
considered major threats (FAO, 2014a). Growth in
demand for animal-source foods, transformation
of production systems and inadequate policies
and breeding strategies are regarded as major
challenges to the sustainable management of
animal (livestock) genetic diversity (FAO, 2015a).
Habitat loss and degradation, pollution of
waters, the direct and indirect effects of climate
change, and the establishment of invasive species
have been identified as major drivers affecting
aquatic ecosystems and hence aquatic genetic
resources, both wild relatives and farmed types
(FAO, forthcoming).

For the current assessment, countries were
invited to report on a set of drivers of change
(Table 3.1) and to indicate whether their effects

on the supply of specific ecosystem services?
within particular production systems (Table 1.1)
during the preceding ten years had been positive,
negative or neutral. Countries were also specifi-
cally invited to report on the effects of the same
set of drivers on the availability and diversity of
wild foods and on the state of knowledge of
these resources.

Although countries were invited to report on
each driver individually, in reality the drivers
interact with each other and may operate at
different levels (i.e. some may drive others). For
example, major global trends such as changes in
international markets and demography may give
rise to changes in demand for agricultural prod-
ucts that lead to changes in land use, changes
in production methods or changes in the level
of exploitation of particular resources. These
in turn may lead to further effects such as soil
erosion, the spread of invasive alien species or
the pollution of land, air or water. As well as
giving rise to gradual changes, some drivers can
increase the risk of shocks such as climatic disas-
ters or disease outbreaks that can have a major
impact on biodiversity in a short period of time.
Opportunities created by technological innova-
tions may increase or decrease the impacts of
other drivers. Public policies can deliberately
or inadvertently affect drivers at all levels,
and may be specifically introduced in order to
reduce harmful impacts on BFA. The status of a
given component of BFA will therefore normally
depend on a range of interacting drivers operat-
ing at a range of scales. Similarly, a given driver
may give rise to both direct and indirect effects
on BFA via a number of different pathways. For
example, urbanization may lead (inter alia) to
the destruction of habitat as a result of infra-
structure development, to quantitative and qual-
itative changes in demand for food and agricul-
tural products, to changes in levels of pollution
at various scales and to population migrations
that lead to changes in the availability of labour
to work in agriculture.

2 The ecosystem services are described in Section 2.2.
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TABLE 3.1

Drivers of change explored in the country-reporting guidelines

Drivers

Population growth and
urbanization

Markets, trade and the private
sector

Changing economic, sociopolitical
and cultural factors

Climate change

Natural disasters

Pests, diseases and invasive
alien species

Advancements and innovations in
science and technology

Changes in land and water use
and management

Pollution and external inputs

Overexploitation and
overharvesting

Policies

Explanatory notes provided in the guidelines

Population — changes in population metrics (e.g. growth, fertility, composition, mortality, migration, health
and disease, including different effects on men and women)

Urbanization - for example, shifts in proportion of urban and rural populations; change in urbanization
trends, including different effects on men and women

Trade - changing terms of trade, globalization of markets, commercialization of products, retailing, the
separate capacities of men and women to commercialize products, etc.

Markets and consumption — demand-driven changes in production or practices, including the tastes, values
or ethics of consumers that may directly or indirectly impact biodiversity for food and agriculture, product
quantity or quality

Private sector — the changing role and influence of the private sector and corporate interests

Economic development — changes in economic circumstances of countries, industries, households

(e.g. change in GDP and economic growth, structural change of economy, income diversification, and the
different economic circumstances of men and women)

Changing sociopolitical, cultural or religious factors — variation in the forces influencing the decision-making
of men and women (e.g. public participation, shifts in the influence of the state vs the private sector, changes
in levels of education and knowledge, shifts in the beliefs, values and norms held by groups of people)
Participatory actions — the role of collective action towards conservation and use of biodiversity by
stakeholders

The impacts and effects of progressive climate change (alterations in precipitation regimes, temperature
changes, loss of water supply, increased variability, sea-level rise, shifts in flowering time or seasonality, etc.)

Climate shocks, extreme weather events and other natural disasters that threaten agricultural production
and the resilience of production systems (e.g. hurricanes, earthquakes, floods and fires)

New and emerging threats from pests, diseases and invasive species affecting biodiversity for food and
agriculture (shifting ranges, introductions, increased suitability, loss of predators, etc.)

Development and diffusion of scientific knowledge and technologies (e.g. advances in breeding,
improvements in mobile extension, tools for monitoring, biotechnology applications and access of men and
women to information)

Changes in use, management and practices around land and water (deforestation, fragmentation,
modification of water regimes, forest degradation, land conversion for agriculture, ecosystem restoration,
the role of women and men in land and water use and management, etc.)

Mismanaged, excessive or inappropriate use of external inputs (overapplication of fertilizer and pesticides,
excessive use of antibiotics or hormones, nutrient loading, including from use of imported feed, ocean
acidification, CO, fertilization, chemical and particulate pollutants, etc.)

Unsustainable extraction practices (overfishing, overhunting, overgrazing, logging and extractive activities
exceeding replacement rates or affecting species of uncertain and at-risk conservation status, etc.)

Policies — global, regional, national and subnational legislation and regulations (e.g. conservation
regulations, and participation and compliance with international treaties and conventions)

Economic and policy interventions — interventions that impact biodiversity for food and agriculture directly
or indirectly (e.g. taxes, subsidies, charges for resource use and payments for ecosystem services)
Intellectual property rights (IPR), access and benefit-sharing (ABS) — direct or indirect impacts of IPR and
ABS policy and regulations on biodiversity for food and agriculture

Note: The list of drivers was developed based on the findings of global assessments of genetic resources for food and agriculture
(FAO, 1997, 2007a, 2010a, 2014a, 2015a), the Millennium Ecosystem Assessment (MEA, 2005b) and Hazell and Wood (2008).

Source: FAO, 2013b.

The driver-by-driver approach taken in the
country reporting is reflected in the structure
of the chapter. After a short overview of the
findings, each driver is given its own dedicated
section, each of which provides an introduction

to the respective driver, where possible presents
a literature-based summary of global trends, and
then summarizes the information provided in the
country reports on the driver and its impacts on
BFA, ecosystem services and wild foods. Drivers
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TABLE 3.2
Reported effects of drivers of change on regulating and supporting ecosystem services,
all production systems aggregated

Ecosystem services
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Population growth and
urbanization

Markets, trade and the private
sector

Changing economic, sociopolitical
and cultural factors

Number of

Climate change ! .
countries reporting

Natural disasters 35-37
Pests, diseases and invasive alien 38-40
species

Agivancements and innovations in 41-43
science and technology

Changes in land and water use 44-45
and management

Pollution and external inputs

Overexploitation and
overharvesting

Policies

Notes: Countries were invited to report the effects (positive, negative or “no effect”) of drivers on the provision of each ecosystem
service in each production system. In this table the answers reported for different production systems are aggregated. If 50% or more
of the responses for a given combination of driver and ecosystem service indicate the same trend (positive [+], negative [-] or “no
effect” [0]) then this trend is indicated in the respective cell of the table. In other cases, mixed effects (+/-) are indicated. The colour
scale indicates the number of countries reporting any effect of the respective driver (positive, negative or “no effect”) on the provision
of the respective ecosystem service. See Section 1.5 for descriptions of the production systems and a discussion of ecosystem services.
Analysis based on a total of 91 country reports.

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

are discussed under a series of broad headings, In addition to the general discussion of the
beginning with higher-level economic and social, impacts of the various drivers on BFA and its role in
environmental and technological drivers, fol- thesupply of ecosystem services (Sections 3.2t0 3.7),
lowed by drivers at production-system level and the chapter also includes separate discussions of
finally policies. the effects of drivers of change on the involvement
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of women in the management of BFA and on the
maintenance and use of traditional knowledge
related to BFA (Sections 3.8 and 3.9, respectively).

m Overview

This section provides an overview of the country-
report responses before the individual drivers are
discussed in greater detail below. A total of 68
countries — including countries from all regions
and both OECD and non-OECD member coun-
tries — provided evaluations of the effects of at
least one of the individual drivers identified.

As noted above, countries were invited to indi-
cate whether the effects of each driver on ecosys-
tem services in each production system category
had been positive, neutral or negative during the
preceding ten years, and to provide additional
information on the effects of individual drivers.
Table 3.2 presents the reported effects of the
drivers of change for all production systems aggre-
gated. Negative impacts on ecosystem services in
production systems are more frequently reported
than positive, mixed (i.e. both positive and nega-
tive) or neutral effects for the following drivers:
changes in land and water use and management;
pollution and external inputs; overexploitation
and overharvesting; climate change; natural dis-
asters; pest, diseases and invasive species; markets,
trade and the private sector; and population
growth and urbanization. In the case of policies
and advancements in science and technologies,
positive effects are more frequently reported
than negative, mixed or neutral effects for most
ecosystem services. Responses related to changing
economic, sociopolitical and cultural factors are
more evenly divided between negative, positive,
and mixed effects, possibly reflecting the broad
range of factors potentially falling within this
category. In addition to the drivers listed in Table
3.2, countries provide information on the effects
of four other drivers, in each case either in one
or in two country reports. Three of these drivers
(migration, ethnic conflicts and acidification) are
reported to have negative impacts on the supply

of ecosystem services and one (afforestation) to
have both positive and negative impacts.

Countries were invited to report on drivers
affecting the availability and diversity of wild foods
and knowledge of these resources (Table 3.3).
In the case of the following drivers, negative
effects on the availability and diversity of wild
foods are far more frequently reported than the
combined total of positive or neutral effects:
overexploitation and overharvesting; changes
in land and water use and management; pests,
diseases and invasive alien species; population
growth and urbanization; climate change; pol-
lution and external inputs; and natural disasters.
In the case of policies and advancements and
innovations in science and technology, reports
of positive effects on availability substantially
outnumber other responses. For the remaining
drivers (markets, trade and the private sector,
and changing economic, sociopolitical and cul-
tural factors) responses are more mixed, but
with negative responses the more frequent. With
regard to knowledge of wild foods, reports of
positive impacts are more frequent than other
responses in the case of the following drivers:
advancements and innovations in science and
technology; policies; markets, trade and the
private sector; and changing economic, socio-
political and cultural factors. For diversity, the
only two drivers for which positive responses
outnumber negative are policies, and advance-
ments in science and technologies.

m Economic and social drivers

¢ Information from countries indicates that population
growth and urbanization, and associated habitat
destruction and land conversion, are having a negative
effect on biodiversity for food and agriculture (BFA)
and ecosystem services, with forests and coastal
habitats appearing to be particularly threatened.

¢ Outmigration from rural areas is tending to lead
to changes in management practices and land use,
in some cases leading to the decline of traditional,
biodiverse production systems.
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TABLE 3.3

Number of countries reporting negative, neutral and positive effects of drivers of change on the

diversity, availability and knowledge of wild foods

Negative Neutral Positive
2 & 2 & 2 &
2 3 3 2 3 3 2 3 2
Driver a < ~ (=) < ~ a < ¥
Population growth and urbanization 29 37 22 9 6 8 1 2 4
Markets, trade and the private sector 18 20 10 6 6 1" 16 21
Changing economic, sociopolitical and cultural factors 19 18 9 8 8 8 12 14 18
Climate change 31 35 13 7 5 13 3 2 2
Natural disasters 22 29 " 8 6 1 2 2 3
Pests, diseases and invasive alien species 34 40 15 6 2 9 2 2 2
Advancements and innovations in science and technology 5 8 3 9 9 6 20 24 28
Changes in land and water use and management 32 Y| 21 8 5 10 5 6 7
Pollution and external inputs 29 35 13 8 5 9 1 1 6
Overexploitation and overharvesting 36 45 18 6 4 10 1 2 5
Policies 9 9 4 " 7 8 23 34 26

Notes: The numbers in the table represent counts of country reports. Sixty-one out of 91 country reports provided information.
Source: Country reports prepared for The State of the World’s Biodiversity for Food and Agriculture.

¢ Markets and trade have a generally homogenizing
effect globally, and international trade, urbanization
and increasing regulation of markets are considered
by countries to have a largely negative effect on BFA
and ecosystem services. Locally, effects may be more
mixed, with consumer demand and market regulation
(of labelling, etc.) sometimes helping to promote
biodiversity-friendly production or harvesting practices.

¢ The effects of economic, social and cultural changes
are complex, but changes in dietary preferences have
had a largely negative effect on BFA, with an increasing
emphasis on meat-based diets and the use of a narrow
range of major cereals (maize, wheat and rice).

3.3.1 Population growth and
urbanization

It is generally agreed that population growth,

together with an increase in average per capita

incomes, will result in higher pressure on natural

resources and biodiversity (e.g. Foley et al., 2011).

Feeding, housing and meeting the other needs
of more than 9 billion people in the coming two
to three decades will exert pressures on ecosys-
tems worldwide.

People living in cities now outnumber those
living in rural areas (United Nations, 2014a).
Projections indicate that population growth
in cities and small rural towns, along with the
number of people migrating from rural to urban
areas, will continue to increase. Urban popula-
tion growth rates actually decreased from around
3 percent in the 1960s to around 2 percent in
the five years to 2016.> However, the percentage
of the world population living in urban areas
grew from 33 percent to 54 percent over the
same period, or from 1.01 billion to 4.2 billion

3 World Bank staff estimates based on the United
Nations Population Division’s World Urbanization Prospects:
2014 Revision.
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in absolute terms (United Nations, 2014a, 2018).
It has been predicted that the figure will rise to
68 percent by 2050 (United Nations, 2018). The
global rural population is now close to 3.4 billion
and is expected to rise slightly and then decline to
around 3.1 billion in 2050 (ibid.). Urban popula-
tion growth will, therefore, not mean an “empty-
ing” of the countryside in the near future, at least
at global level. At regional or local levels, however,
there are already cases of rural depopulation,
fuelled largely by outmigration to neighbouring,
or more distant, town or cities, or to other coun-
tries (e.g. Gray and Bilsborrow, 2014; Chen et al.,
2014). This often leads to increasing involvement
of women in the management of agricultural
holdings (e.g. Agarwal, 2015; FAO, 2011e) (see
also Section 3.8). Out-migration from rural areas
can be permanent or temporary, involve people
of various social strata and education levels, and
often results in an inflow of remittances to family
members who remain. The inflow of remittances
may represent up to 30 percent of gross domestic
product in some countries (World Bank, 2018).*
As noted in the introduction to this chapter,
urbanization can affect biodiversity in many ways.
Globally, urban development is a significant direct
driver of land-use change, deforestation and
habitat fragmentation (Elmquvist et al., eds., 2013).
However, it also has numerous effects on (inter
alia) lifestyles and consumption patterns, social
and political attitudes, and the organization of
production and supply chains, all of which can have
knock-on effects on biodiversity, on a range of scales
(ibid.). For example, as people move to cities they
tend to depend increasingly on purchased foods,
often from a few supermarket chains (Macfadyen
et al., 2015). They often also tend to lose ties with
rural areas and rural foods, and increasingly opt for
processed foods rather than fresh foods (Popkin,
2017). While supermarkets and other modern
retailers can make a more diverse diet available and
accessible to more people, they can also encourage

4 World Bank staff estimates for 2016 based on International
Monetary Fund balance of payments data, and World Bank and
OECD GDP estimates.

the consumption of energy-dense, nutrient-poor,
highly processed foods and reduce the ability of
marginalized populations to purchase the food
needed for a high-quality diet (Hawkes, 2008). This
often has negative consequences for nutrition (see
Section 2.6). Urban consumption patterns are also
associated with a greater proportion of food going
to waste (Parfitt, Barthel and Macnaughton, 2010).

Demand for standardized foods can lead in
turn to a decrease in the diversity of the crops and
animals raised in food and agricultural systems
(see also Section 3.3.2). However, demand from
urban consumers can also help promote “BFA-
friendly” approaches such as organic agriculture
(Seto and Ramankutty, 2016) or the maintenance
of non-mainstream species, varieties and breeds
of crops and livestock (FAO, 2013g; Lamers et al.,
2016). Moreover, trends in consumption and retail-
ing are more advanced in some countries than
others. Urban food systems in developing counties
often remain complex and diverse, with traditional
outlets such as wet markets, street and mobile
vendors still playing a major role (Crush, 2014)
and substantial amounts of food being produced
within the boundaries of cities (Orsini et al., 2013).
The impacts of dietary changes on BFA are further
discussed in Section 3.3.3.

Human population growth and the resulting
industrialization, agricultural intensification and
urbanization are considered to be among the
main global drivers of degradation of aquatic eco-
systems (Verdonschot et al., 2013). Infrastructure
development associated with urbanization affects
water quantity and quality, changes river chan-
nels, destroys habitats and habitat connectivity
and favours the spread of invasive species (Speed
et al., 2016). Pressures on aquatic ecosystems,
especially rivers, are expected to increase (ibid.).
Population growth is also driving other threats to
aquatic BFA, including overharvesting, pollution
(including sediment loading caused by coastal
development) and detrimental land and water use
associated with touristic developments (United
Nations, 2014a).

The impacts of population growth and urban-
ization on ecosystem-service provision as reported
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TABLE 3.4

Reported effects of population growth and urbanization on the provision of regulating and
supporting ecosystem services, by production system

Effects of population growth and urbanization on ecosystem services
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Notes: Countries were invited to report the effects (positive, negative or “no effect”) of this driver on the provision of each ecosystem service
in each production system. If 50% or more of the responses for a given combination of production system and ecosystem service indicate the
same trend (positive [+], negative [-] or “no effect” [0]) then this trend is indicated in the respective cell of the table. In other cases, mixed
effects (+/-) are indicated. The colour scale indicates the proportion of countries reporting the presence of the respective system that report
any effect of the driver (positive, negative or “no effect”) on the provision of the respective ecosystem service. See Section 1.5 for descriptions
of the production systems and a discussion of ecosystem services. Analysis based on a total of 91 country reports.

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

by countries are summarized in Table 3.4. In
nearly all production systems and for nearly all
ecosystem services, negative impacts are by far
the most frequently reported. Countries report
a diverse range of different impacts associated
with this driver. Some emphasize the effects of
habitat destruction linked to the expansion of
towns and cities. For example, Morocco reports
that urbanization is one of the most serious
threats to its biodiversity. It notes that the rapid
expansion of human settlements into areas that
are rich in BFA and the removal of sand and rocks
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from sites such as coastal dunes and wadi beds®
for use in construction are resulting in the loss
of habitats and the species they shelter. China
notes that since the late 1950s urbanization and
the rapid development of industry, along with
population growth, have led to ever-increasing
discharge of industrial wastes, municipal sewage
and garbage, including the disposal of garbage
and solid wastes in farmland.

> Awadiis a valley or streambed that contains water only during
the rainy season.
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A number of countries emphasize the various
ways in which population growth is driving
expansion of the agricultural frontier and
greater exploitation of natural resources. For
example, Ecuador, one of the most densely popu-
lated countries in Latin America, reports that the
high density of the rural population is increasing
local demand for resources and leading to the
occupation of land that is not suitable for use for
food and agriculture and that this is threatening
the survival of wild species. Ethiopia notes that
growth of the population has led to expansion
and intensification of land use, overutilization
of biological resources, increasing use of mar-
ginal lands and the breakdown of traditional
resource-management systems. These changes
are reported to be putting pressure on all eco-
system services and all the country’s biodiversity,
including impacts on the availability and diver-
sity of wild foods and on the maintenance of
associated traditional knowledge.® Zimbabwe
mentions that human populations have been
encroaching on previously unused habitats such
as wetlands in an effort to escape the effects of
drought, poverty and climate change and that
this has led to the degradation of the affected
ecosystems. Countries also note impacts on
aquatic ecosystems, both via the effects of the
increasing demand of growing populations for
fish and other aquatic products and via the effects
of pollution and infrastructure development.

Several countries mention the effects of migra-
tion out of rural areas. For example, Ecuador notes
that rural migration to urban centres is more
common among men than among women, and
is permanent, i.e. the migrants do not return. It
further notes that this has led to an increasing pro-
portion of women and elderly people in the rural
population and in turn to the abandonment of
cropping systems to make way for pastures and live-
stock, as these require less labour. This is reported
to have led to a decline of crop genetic diversity.
Several country reports from Europe note that the

® The report cites Kelbessa et al. (1992), Addis (2009) and Asfaw
(2009).

abandonment of farming areas can have negative
consequences for some components of biodiversity.
Norway, for example, reports that the decline of
grazing and haymaking on more marginal land is
leading to forest expansion and that this is threat-
ening a number of rare grassland species.”

Several countries report that urbanization and
population growth, and associated infrastructure
development and economic activities, are threats
to marine biodiversity and aquatic resources. For
example, Spain reports that increased coastal
development due to tourism has affected pop-
ulations of Neptune grass (Posidonia oceanica),
a key Mediterranean seagrass species. In Europe
in general, offshore wind parks, sand and gravel
extraction and gas and petroleum pipelines are
considered to be particularly damaging to marine
flora and fauna, depriving fisheries of key fishing
grounds and many species of their habitats. Among
Latin American countries, Argentina reports that
urban infrastructure development is affecting wet-
lands in its Delta region — damaging the region’s
traditional productive agroecosystems, dimin-
ishing their capacity to supply ecosystem services
such as flood control and reducing their resilience.
Mexico notes that, with a population of 123 million
growing at an average rate of 1.8 percent per
annum, demand for food will be a key source of
pressure on its fisheries and aquaculture sector,
and mentions that it will be necessary to find new
species to culture and new strategies for the sus-
tainable use of already-established fisheries.

Where wild foods are concerned, population
growth and urbanization are reported to be
exerting increasing pressure on wild plant, fish
and game populations in a number of countries,
whether via the effects of increased demand or
via habitat destruction. For example, Cameroon
reports that population growth is creating more
demand for forest products, including wild meat.
It notes that settlements are occupying land
even in protected areas and that roads through
parks are destroying habitats and disturbing wild
species. Kiribati mentions that the most notable

7 The report cites Kélas et al. (2010).
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driver affecting its wild food resources is popu-
lation pressure, resulting either from increased
urbanization or general high population growth.
It notes that a large proportion of the population
is concentrated in urban centres and that this
leads to overexploitation of some of the marine
wild food species commonly used in these areas.
These species are reported to be easily accessible
to the public, making them easy targets for unsus-
tainable exploitation. Solomon Islands notes that
in heavily populated urban and peri-urban areas
marine species are being affected by effluent dis-
charge, overexploitation and habitat destruction
caused by land clearing and reclamation.

3.3.2 Markets, trade and value chains
The way in which food systems (and their associated
markets and value chains) evolve can influence BFA
and associated ecosystem services in various ways.
Many regions in the world are undergoing waves
of economic development based on the exploita-
tion of natural resources through the expansion of
activities such as mining and fossil-energy extrac-
tion, extensive cattle ranching, tree monoculture
and production of agricultural commodities such
as soybean, palm oil and sugar cane (e.g. UNCTAD,
2012). These trends, mostly driven by the private
sector, but often with governmental support or
facilitated by a lack of adequate regulation, have
major implications for the world’s ecosystems and
biodiversity (e.g. IPBES, 2018¢, 2018d, 2018e).

Commercial harvesting of wild foods (including
fish), medicinal plants, charcoal and timber and
non-wood forest products creates the risk of overex-
ploitation (see also Section 3.6.3). The involvement
of international markets may exacerbate such risks.
As noted in Section 3.3.1, quantitative and qualita-
tive changes in consumer demand are major drivers
of change affecting BFA. However, consumption
patterns and food habits can be influenced not only
by changes in consumers’ incomes and lifestyles, but
also by changes in the value chain. For example,
increases in fish consumption are influenced by
urbanization and rising incomes on the demand
side and by improved distribution and international
trade on the supply side (FAO, 2018a).

Markets may also impose requirements in terms
of product uniformity and the timing and conti-
nuity of supply. Demands of this kind can exert
pressure on producers to continuously grow/
keep only a limited range of species, breeds and
varieties of crops, livestock, trees, fish, etc., with
both individual holdings and wider productive
landscapes thus becoming more homogeneous
in space and time in terms of their genetics and
their physical structure. Such changes will often
have negative implications for the resilience of
production systems (see Section 2.3 for further
discussion) and for their roles as habitats for bio-
diversity (Macfadyen et al., 2015). A case in point
is the development of private food standards by
supermarkets and other buyers (sometimes partly
on the grounds of aesthetics), which have helped
to steer farmers towards particular varieties and
management procedures (Dolan and Humphrey,
2000; Lang, Barling and Caraher, 2009; Stuart,
2009). International markets may be particularly
restrictive and impose specific requirements for
market entry, including for food-safety reasons
(Kahane et al., 2013). This can effectively debar
the entry into the market of minor crops from
developing countries (Davis, 2006).

Conversely, markets may also be a means of
promoting production practices that help to
protect biodiversity or the supply of ecosystem
services, for instance when regulations and cer-
tification schemes are put in place to satisfy con-
sumer demands for sustainably supplied products
(e.g. organic farming, fair trade, welfare-friendly
animal products, shorter supply chains, sustain-
able forestry or sustainable fishing practices) or
products with distinctive characteristics associ-
ated with their origin (e.g. geographical indi-
cations). The development of voluntary sustain-
ability standards — for example, those of the
Rainforest Alliance® and the Marine Stewardship
Council® - is contributing to the inclusion of
biodiversity-related variables in food standards
(Potts et al., 2017). The establishment of a value

8 https://www.rainforest-alliance.org
9 https://www.msc.org
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TABLE 3.5

Reported effects of markets, trade and the private sector on the provision of regulating and
supporting ecosystem services, by production system

Effects of markets, trade and the private sector on ecosystem services
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Notes: Countries were invited to report the effects (positive, negative or “no effect”) of this driver on the provision of each ecosystem
service in each production system. If 50% or more of the responses for a given combination of production system and ecosystem service
indicate the same trend (positive [+], negative [-] or “no effect” [0]) then this trend is indicated in the respective cell of the table. In other
cases, mixed effects (+/-) are indicated. The colour scale indicates the proportion of countries reporting the presence of the respective
system that report any effect of the driver (positive, negative or “no effect”) on the provision of the respective ecosystem service. See
Section 1.5 for descriptions of the production systems and a discussion of ecosystem services. Analysis based on a total of 91 country reports.
Source: Country reports prepared for The State of the World’s Biodiversity for Food and Agriculture.

chain for specific varieties or breeds can help to
promote continued use of these resources and
reduce their risk of extinction (e.g. FAO, 2013g;
FAO and SINER-GI, 2010; Keleman and Hellin,
2009; Vandecandelaere et al., 2018). International
trade can also facilitate the introduction of inva-
sive alien species, pests and diseases that may
affect BFA (see Section 3.4.3). For example, trade
in honey bees can contribute to the spread of
diseases around the world and lead to the infec-
tion of native wild pollinators (Furst et al., 2014).
International trade can also function as a means

of “exporting” environmental problems. For
example, the intensive animal production based
on concentrate feeds that takes place in Europe
and China affects not only the surrounding envi-
ronment, but also the environments where the
raw materials for these feeds are produced,
for instance through the expansion of soybean
production into native forests in South America
(e.g. Grau and Aide, 2008; Ran et al., 2013).
Information provided by countries on the
effects of this driver on ecosystem services is
summarized in Table 3.5. Although effects on
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ecosystem services are often reported to be
negative, in particular in the case of habitat-
provisioning services, positive effects on pest and
disease regulation are reported across production
systems, and on water purification, natural-hazard
regulation and nutrient cycling in livestock and
mixed production systems. Countries that describe
specific impacts include Peru, which notes that
growing demand for fishmeal and fish oils has led
to an increase in the number of large boats fishing
for anchovy (Engraulis ringens) and other coastal
species. This is reported to be negatively affecting
the coastal ecosystem and hence on fish species
that are important for human consumption and
underpin the livelihoods and food security of
artisanal fishers and their households. Loss of the
species captured in small-scale fisheries is leading
in turn to more consumption of imported frozen
fish nationally.

New markets for wild-food products are
reported to be emerging in various parts of the
world. Examples include llex guayusa (a tree whose
leaves are used to make a drink) in Ecuador, ota
(Diplazium esculentum and D. proliferum) (an
edible fern delicacy) in Fiji, sumac (Rhus coriaria)
(a shrub whose dried fruits are used as a spice) in
Jordan, wild mushrooms in Scotland, various wild
fish species in the Netherlands, forest foods such
as cane rat (Thryonomys swinderianus), Gnetum
spp. (a leafy vegetable), Ricinodendron spp. (a tree
that produces oily seeds) and Irvingia spp. (bush
mango) in Cameroon (in some cases for export),
and cabbage palm (Euterpe precatoria), aguaje
(Mauritia flexuosa) (a palm), brazilnut (Bertholletia
excelsa) and sacha inchi (Plukenetia volubilis) (a
source of oily seeds) in Peru.

In some cases, new markets are created when
rural populations move to cities and carry their
traditional food preferences with them. Gabon,
for example, mentions that this is the case with
urban wild-meat markets. Several countries,
however, report a revival of interest in wild
foods among long-standing urban residents. In
some cases, commercialization leads to over-
exploitation (see Section 3.6.3), but in others can
lead to more positive outcomes. For example,

China notes that development and utilization of
wild-food resources has attracted the attention
of local governments and enterprises, creating
job opportunities and incentivizing environmen-
tal protection.

Argentina mentions the potential of national
and international trade in fibres from wild species
such as the guanaco (Lama guanicoe) and the
vicufla (Vicugna vicugna) to promote the conser-
vation of these species, their habitats and the bio-
diversity and ecosystem services associated with
them. It notes that income-generating initiatives
related to this trade encourage local indigenous
communities to organize themselves into coop-
eratives and develop plans for the sustainable
use of natural resources. Argentina also men-
tions the work of the Southern Cone Grasslands
Alliance,’ an initiative involving a number of
non-governmental organizations under the
umbrella of BirdLife International,’” which cer-
tifies bird-friendly beef from the pampas and
campos grasslands of South America, including
for export to Europe, as a means of contributing
to the conservation of these ecosystems.

3.3.3 Changing economic,

sociopolitical and cultural factors
Economic and political aspects of this driver are
discussed in Sections 3.3.1, 3.3.2 and 3.7. The
focus in this section is therefore largely on cul-
tural factors.

One aspect of culture that has a significant
influence on the use of BFA is diet. As discussed
above, urbanization, globalization and a slow
but steady rise in the average purchasing capac-
ity of households are leading - in broad terms —
to a homogenization of global diets, often with
negative consequences for human nutrition (Ng
etal., 2014) (see also Section 2.6). Worldwide, the
use of three cereals (maize, wheat and rice) has
increased at the expense of local and often better
adapted and more nutritious crops such as small-
grain cereals and pulses (Khoury et al., 2014).

0 http://www.alianzadelpastizal.org/en
" www.birdlife.org
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TABLE 3.6

Reported effects of changing economic, sociopolitical and cultural factors on the provision of
regulating and supporting ecosystem services, by production system

Effects of changing economic, sociopolitical and cultural factors on
ecosystem services

Pest and disease
Water purification
and waste treatment

regulation
Natural-hazard

Pollination
regulation

Production systems (PS)

+/-

Livestock grassland-based systems
Livestock landless systems
Naturally regenerated forests
Planted forests

Self-recruiting capture fisheries

Culture-based fisheries + + + 2

Fed aquaculture + +/- +/- +/-
Non-fed aquaculture + +/- +/-
Irrigated crop systems (rice) -- +/-
Irrigated crop systems (other) --- +/-
Rainfed crop systems - /- +/- +/-
Mixed systems +/- +/- +/- BY/E
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+/-
+/- Proportion of
countries reporting
- the PS that report
any impact of the
- driver (%)
- + = = +- 9-15
+/- +- = +/- +- 16-22
- +/- - - - 23-29
EA - -+
SN A e = =
+- +/- - - +/-
+/- +/- +/- - +-

Notes: Countries were invited to report the effects (positive, negative or “no effect”) of this driver on the provision of each ecosystem
service in each production system. If 50% or more of the responses for a given combination of production system and ecosystem service
indicate the same trend (positive [+], negative [-] or “no effect” [0]) then this trend is indicated in the respective cell of the table. In other
cases, mixed effects (+/-) are indicated. The colour scale indicates the proportion of countries reporting the presence of the respective system
that report any effect of the driver (positive, negative or “no effect”) on the provision of the respective ecosystem service. See Section 1.5
for descriptions of the production systems and a discussion of ecosystem services. Analysis based on a total of 91 country reports.

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

In many developing countries people tend to
perceive traditional food crops as poor people’s
food. For example, in much of sub-Saharan Africa
maize is perceived to be a “modern” crop and is
promoted over traditional small grains by gov-
ernmental extension services or private input
suppliers (Shiferaw et al., 2011). Preference for
traditional foods may decline for other reasons,
such as their longer processing and cooking times
(Global Panel, 2017). At the same time, however,
products from some traditional varieties and
breeds are also perceived as more tasty and

hence may remain popular or provide opportuni-
ties for the development of new speciality prod-
ucts for high-value niche markets (e.g. LPP et al.,
2010). Where wild foods are concerned, similar
diverging trends — abandonment on the one
hand and revival for cultural, recreational, nutri-
tional or environmental reasons on the other -
can be observed in some developed regions such
as Europe and North America, as well as in some
urban centres in developing regions (Alexander
and Mclain, 2001; tuczaj et al., 2012; Reyes-Garcia
et al., 2015; Stryamets et al., 2015).
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As discussed in Section 3.3.1, many rural areas
are experiencing large-scale outmigration of
young people and increases in the inflow of remit-
tances. Cultural changes associated with these
developments and with the greater accessibility
of rural areas are contributing to the decline of
some traditional biodiverse production systems
as a consequence of, inter alia, lack of interest or
involvement on the part of the younger genera-
tion and loss of traditional knowledge associated
with these systems (see Section 3.9).

Information from the country reports on the
effects of changing economic, sociopolitical and
cultural factors on the supply of ecosystem ser-
vices is summarized in Table 3.6. The table indi-
cates that for many production-system/ecosystem-
service combinations the overall reported effect
of this driver is mixed (i.e. not dominated either
by responses indicating negative effects or by
those indicating positive effects). Most countries
reporting positive effects of changing economic,
sociopolitical and cultural factors refer to changes
in food habits associated with health concerns
or greater awareness of the environmental and
societal impacts of agriculture and food produc-
tion. Reported developments in this category
include growth in the consumption of organic
foods and the establishment of certification
schemes for sustainably produced foods and other
agricultural products. For example, Argentina
reports a certification scheme for goat meat from
a traditional transhumant system in northern
Patagonia that aims to promote the conservation
of the production system, the local goat breed
and the goat herders’ traditional knowledge'?
(see Sections 3.9 and 8.7 for further information
on certification schemes). Another factor noted
by a number of countries is increasing interest in
local landscapes and biodiversity — including those
associated with food and agricultural systems -
as components of national heritage. An example
from Switzerland is presented in Box 3.1.

Several countries report impacts of cultural
and/or socio-economic changes on the use of wild

12 The report cites Lopez Raggi et al. (2008).

foods. Eswatini, for example, notes that women
are increasingly active in wage labour and lack
time for collecting wild foods, and that this is
leading to the erosion of traditional knowledge.'
Nepal mentions that year-round availability of cul-
tivated vegetables means that indigenous popula-
tions no longer rely on wild foods, again resulting
in the loss of traditional knowledge. Togo reports
that use of the seeds of néré (African locust bean)
(Parkia biglobosa) and kapok (Ceiba pentandra)
trees to make mustard has been replaced by the
use of peanuts and soybeans as a consequence of
a growing dislike for the smell created by tradi-
tional mustard-production methods.

m Environmental drivers

o Climate change is considered by countries to be
having a negative effect on biodiversity for food
and agriculture (BFA) and ecosystem services in all
production systems. Coastal areas are likely to be
particularly affected.

o The distribution and phenology of important
associated-biodiversity species are expected to change
as a result of climate change, with possible negative
effects on many production systems, especially on
ecosystem services such as pollination and pest and
disease control.

* Meteorological disasters can have severe long-term
effects on BFA, with forest production systems and
coastal areas appearing to be particularly vulnerable.
Countries note negative effects on ecosystem services.

¢ Across production systems, countries note the
negative effects of pests, diseases and invasive species
on the supply of ecosystem services. Several of the
invasive species, however, are also reported under
certain circumstances to provide ecosystem services
themselves.

3.4.1 Climate change

Climate change affects BFA and ecosystem ser-
vices both directly and indirectly. Direct impacts
include those caused by changes in rainfall,

'3 The report cites Howard (2003).
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Box 3.1

Human-made grasslands as a cultural and ecological asset

Switzerland's species-rich mountain grasslands are a result
of hundreds of years of extensive agricultural activity

that maintains open and semi-open habitats below the
timberline. Without human interference, most of these
habitats would quickly revert to their natural forest state,
resulting in the loss of the existing biodiversity.

The primary function of these grasslands is to provide
fodder for domestic grazing animals. However, landscapes
and species diversity play an increasingly important role
in attracting tourists, which creates additional income
for mountain regions. With the ongoing intensification
of agriculture in the surrounding lowlands, mountain
grasslands increasingly function as refuges for species that
were once common throughout Europe.

Mountain grasslands occupy 940 000 ha, or almost a
quarter of the country's total land area, and are still actively
used. However, there is a trend towards intensification of
grassland management near mountain farms and extensive
use of marginal grasslands further away, and this is likely
to increase. In particular, increases in the level of nitrogen
input and altered grazing and/or mowing regimes have had
significant negative effects on the extent and diversity of
mountain grasslands.

temperature and the frequencies of events
such as droughts, cyclones/hurricanes, floods,
fires and early or late frosts and by changes in
plant flowering seasons and growing periods,
animal breeding seasons, the oxidation rate of
soil organic matter and the ranges and popula-
tion dynamics of invasive species, pests, pathogens
and disease vectors. Indirect impacts include those
associated with climate change adaptation and
mitigation strategies. For example, rising temper-
atures in the tropics are pushing coffee growing
towards higher elevations in mountainous areas,
leading to replacement of natural vegetation
(Laderach et al., 2017). This exposes more soil to
erosion and degradation and affects water regu-
lation, habitat provisioning and other ecosystem
services. The ranges of some important pests, such

To combat the decline of dry grasslands in general, and
mountain dry grassland pastures in particular, the Federal
Office for the Environment has established an inventory
of dry grasslands of national importance. In 2010, the
Federal Council approved a Federal Ordinance on the
implementation of the Federal Inventory of Dry Grasslands.
The inventory includes 3 000 items representing 0.5 percent
of the national territory (Federal Office for the Environment
of Switzerland, 2018).

Mountain grassland in the Val d'Hérens, Canton of Valais. © Federal Office
for Agriculture of Switzerland.

Source: Adapted from the country report of Switzerland.

as the coffee berry borer (Hypothenemus hampei),
have also extended to higher elevations — for
example in East Africa (e.g. Jaramillo et al., 2011)
- prompting coffee farmers to spray pesticides in
newly opened highland environments. Irrigation
to counter the effects of a drier climate or more
erratic rainfall may disrupt river flows and lead
to negative effects on fisheries (Cochrane et al.,
eds., 2009).

Temperature changes associated with climate
change can lead to shifts in flowering periods and
mismatches between them and the active periods
of pollinating insects, with negative consequences
both for pollinator populations and for pollina-
tion services (Kjohl, Nielsen and Stenseth, 2011),
although effects on pollination may be mitigated
by the presence of a diverse range of pollinators
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(Bartomeus et al., 2013). Other seasonal abnor-
malities such as more frequent cold or windy days
in spring can also disrupt pollination services, with
pollinator diversity again potentially playing a
buffering role (Christmann and Aw-Hassan, 2012).
Shifting climatic zones are likely to require polli-
nator species to alter their geographical ranges.
Some species may struggle to do this with suffi-
cient speed (Bedford, Whittaker and Kerr, 2012).

The effects of climate change on soil ecosys-
tems are complex and involve a large number of
interacting processes and interactions with other
drivers. Together with the diverse characteristics of
soil ecosystems themselves, this means that it is dif-
ficult to predict outcomes for soil biodiversity (Cock
et al., 2011). Temperature, moisture and carbon-
dioxide levels affect the composition of soil inverte-
brate and micro-organism communities and many
of the functions they perform, both directly and via
their effects on other components of the ecosys-
tem (e.g. plants). As climatic conditions change, the
distribution of production systems can be expected
to shift. Some existing relationships between plant
species and soil micro-organism and invertebrate
communities are likely to break down, as many soil
invertebrates are relatively immobile and those
that can move may not necessarily adapt well to
new locations even if the climate is suitable, for
example because of direct or indirect effects of
photoperiod differences (ibid.).

The impacts of climate change on aquatic ecosys-
tems include those associated with changes in the
temperatures of lakes, rivers and oceans, which may
affect species’ reproductive patterns and growth,
and their physiology, morphology and behaviour
more generally (e.g. Spalding, Ravilious and Green,
2001; Speed et al., 2016). Impacts on aquatic bio-
geochemical processes are expected to affect the
roles of aquatic ecosystems as carbon sinks or
sources (Boyd and Hutchins, 2012; Erickson et al.,
2015; Wrona et al., 2006). Ocean acidification as
a result of increased absorption of carbon dioxide
threatens marine organisms that use carbonate min-
erals to form shells and skeletons (CBD Secretariat,
2009). Climate change can also be expected to lead
to reductions in wetland areas, changes in flooding

periods, water levels, mixing regimes, water clarity
and food webs and greater risk of alien-species
invasions (Speed et al., 2016). Climate change is a
major threat to the world’s coral reefs, for example
via the effects of higher water temperatures, ocean
acidification and increasing frequency of extreme
weather events (Heron, Eakin and Douver, 2017;
Wilkinson, 2008) (see also Section 4.5.4).

Countries were invited to provide informa-
tion on cases in which associated biodiversity is
believed to be affected by climate change, indicat-
ing the severity and frequency of the effects and
the production systems in which they occur. Fifty-
five countries provided information. The follow-
ing specific threats are mentioned in the country
reports: changes in temperature (37 reports);
changes in precipitation patterns (34); droughts
(31); pests and diseases (22); floods (20); changes
in sea level (18); changes in phenology (8); soil
erosion (8); wildfires (8); changes in nutrient cycles
(7); and unspecified extreme events (6). Less fre-
quently reported threats include desertification,
strong winds and changes in snow cover. The
most frequently reported climate change-related
threats to associated biodiversity vary by region.
Figure 3.1 shows a breakdown of responses by
production system and region.

Information provided by countries on the
impact of climate change on the supply of eco-
system services is summarized in Table 3.7. In
almost all cases impacts are reported to be neg-
ative. Pest and disease regulation, natural-hazard
regulation, water cycling, habitat provisioning
and pollination are the ecosystem services most
frequently reported to be affected by climate
change. Several countries provide information on
threats affecting particular regions and ecosystems
within their national territories. For example, Peru
mentions the threat that climate change is posing
to high Andean ecosystems (vital to water- and
climate-regulation services) as a result of rising
temperatures and obstacles to altitudinal migra-
tions. In the case of the Amazonian forests, it
notes that climatic changes are predicted to lead to
“savannization”, which would affect the supply
of wild foods, including fish, medicinal plants and
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FIGURE 3.1
Reported climate change-related threats to associated biodiversity, (A) by region and
(B) by production system
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Notes: Part A of the figure shows the total number of countries that reported the respective threat for at least one production system,
broken down by region. A given country may have reported a given threat for more than one production system category. Part B of the
figure shows the total number of responses referring to the respective threat, broken down by production system. Fifty-five out of a
total of 91 reporting countries reported at least one threat.

Source: Country reports prepared for The State of the World’s Biodiversity for Food and Agriculture.
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TABLE 3.7

Reported effects of climate change on the provision of regulating and supporting ecosystem

services, by production system

Effects of climate change on ecosystem services

Pest and disease
Water purification
and waste treatment

regulation
Natural-hazard

regulation

Production systems (PS)
Livestock grassland-based systems
Livestock landless systems
Naturally regenerated forests
Planted forests

Self-recruiting capture fisheries

! ' II ! ' Pollination

Culture-based fisheries
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T

Fed aquaculture
Non-fed aquaculture -
Irrigated crop systems (rice) -
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Notes: Countries were invited to report the effects (positive, negative or “no effect”) of this driver on the provision of each ecosystem
service in each production system. If 50% or more of the responses for a given combination of production system and ecosystem service
indicate the same trend (positive [+], negative [-] or “no effect” [0]) then this trend is indicated in the respective cell of the table. In other
cases, mixed effects (+/-) are indicated. The colour scale indicates the proportion of countries reporting the presence of the respective
system that report any effect of the driver (positive, negative or “no effect”) on the provision of the respective ecosystem service. See
Section 1.5 for descriptions of the production systems and a discussion of ecosystem services. Analysis based on a total of 91 country reports.
Source: Country reports prepared for The State of the World’s Biodiversity for Food and Agriculture.

other goods, as well as regulating services such as air
purification, temperature regulation, water cycling
and flood regulation, with serious consequences
for the local population. In the case of marine eco-
systems, expected impacts of climate change are
reported to be potentially catastrophic owing to
rising temperatures and intense rains in the north
of the country: ecosystem services predicted to be
affected include climate regulation and the supply
of fish and other products, with impacts on human
nutrition, particularly among resource-poor coastal
populations. China reports that in recent decades

82

there has been a marked warming and drying of
the climate in the vicinity of Hulun Lake (a large
lake in Inner Mongolia), with a decline in the size of
the lake, deterioration of the grasslands around it,
desertification and a reduction in vegetation cover.
These changes are reported to be a severe threat to
several terrestrial species.

Numerous other countries highlight climate
change as a major threat to biodiversity in inland-
water and coastal ecosystems. Predicted effects
relate mainly to drier summers or to more intense
rainfall that may result in floods and landslides
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that affect habitats such as lakes. With regard to
marine ecosystems, the Netherlands reports that
rising sea temperatures in the southern North Sea
have resulted in changes in the fish community,
with species that prefer warmer temperatures
(e.g. sea bass) becoming more common and
those that prefer cooler waters (e.g. plaice and
cod) becoming less common or moving to deeper
water.' Similarly, Egypt reports that rising tem-
peratures will lead to northwards shifts in the
ranges of fish species, with impacts on fishery
production. Mexico notes that its fisheries sector
is considered highly vulnerable to climate change
via the effects of current and predicted changes
in water temperature, salinity, nutrient availabil-
ity and other factors that influence the number
and distribution of marine and freshwater biota.
Several countries from the Pacific region mention
the effects of coral bleaching, particularly during
El Nifio years.

A number of island nations mention the severe
threats they face from climate change. For example,
the Bahamas reports that out of all the identified
threats to biodiversity, climate change is consid-
ered to be the most serious: 80 percent of the
country’s landmass is within 1.5 metres of sea level
and 90 percent of its freshwater lenses'* are within
1.5 metres of the land surface, making ground-
water resources highly vulnerable to contamina-
tion. It further notes that it is very vulnerable to
climate-related threats such as coral bleaching,
increasingly powerful hurricanes and rising sea
levels. Saint Lucia mentions that rising tempera-
tures and changing ocean currents have led to an
increase in the quantity of Sargassum seaweed
along the eastern coasts of Caribbean islands. It
notes that marine plants and animals become
trapped and die in thick sheets of seaweed and that
under anaerobic conditions the seaweed degrades
and emits a stench that creates problems for coastal
communities. It also mentions, however, that the

4 The report cites Dulvy et al. (2008) and Ter Hofstede and
Rijnsdorp (2011).

5 A freshwater lens is a body of freshwater that has percolated
through the soil and floats on top of denser seawater below
(Bailey, Jenson and Olsen, 2009).

seaweed has increased fish populations and thus
led to larger catches for some fishers.

Aside from species targeted by capture fisher-
ies, a number of other wild foods are reported to
be threatened by climate change-related effects.
For example, Eswatini reports that altered precip-
itation patterns and erratic rainfall are predicted
to hinder the germination of wild fruits and
other wild food plants. Peru notes that changes
to fruiting seasons are expected to reduce the
availability of wild fruits such as camu-camu
(Myrciaria dubia), humari (Poraqueiba sericea)
and pijuayo (peach palm - Bactris gasipaes).
Finland notes that climate change-related threats
associated with the country’s northern position
include declines in the availability of wild mush-
rooms and berries as a result of poleward move-
ment of the coniferous zone. It also mentions
that earlier flowering when there is still a risk
of frost exposure may also negatively affect the
availability of wild berries.

3.4.2 Natural disasters

Ecosystems and food and agricultural production
are often seriously affected by natural disasters.'®
For example, a study of post-disaster needs assess-
ments covering 74 medium- to large-scale dis-
asters in 53 developing countries between 2006
and 2016 showed that agriculture accounted for
23 percent of all losses and damage incurred (FAO,
2018e). Where droughts are concerned, agricul-
ture absorbed 83 percent of the economic impact.
Overall, the crop sector was the most affected
(49 percent of all damage and losses), followed
by the livestock sector (36 percent) (see Figure 2.1
in Section 2.3). The most damaging types of disas-
ter in the crop sector were floods, in the livestock
sector droughts, in the forest sector storms, and in
fisheries floods and storms (ibid.). Data from the
International Disaster Database EM-DAT" indicate
that the number of disasters reported worldwide

16 The country-reporting guidelines invited countries to report
on “natural” disasters. The use of this term is not intended
to suggest that human actions do not contribute to many
disasters in this category.

7 http://www.emdat.be/
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FIGURE 3.2

Global trends in the occurrence of natural disasters — 1980 to 2017
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increased rapidly between the 1960s and the early
2000s before reaching a plateau (Renaud and
Murti, 2013). Figure 3.2 shows global trends in
natural disasters for the period 1980 to 2017.
Disaster risk is influenced by complex and inter-
acting drivers that affect both exposure' and
vulnerability.’ The latter is generally associated
with poor land-use planning, poverty, rapid urban-
ization and ecosystem degradation (FAO and
UNISDR, 2017; Sudmeier-Rieux et al., 2017). Several
of the drivers discussed elsewhere in this chapter
(e.g. climate change, population growth, land-use
change, overexploitation of natural resources, pol-
icies and technological innovations) are involved.
Despite the impact that disasters have on the
food and agriculture sector, their link to BFA

'8 “People, property, systems, or other elements present in
hazard zones that are thereby subject to potential losses”
(UNISDR, 2009).

19 “The characteristics and circumstances of a community, system
or asset that make it susceptible to the damaging effects of a
hazard” (UNISDR, 2009).

remains poorly understood. Disasters of various
kinds are widely recognized as threats to plant
(crop), animal (livestock), forest and aquatic
genetic resources, although the levels of threat
posed to particular genetic resources (species,
varieties, breeds, etc.) are generally not well
established (FAO, forthcoming, 2010a, 20144,
2015a, 2018e). Where associated biodiversity and
the supply of ecosystem services are concerned,
information on impacts is generally available at
the ecosystem rather than the species level. For
example, coastal and estuarine wetlands in some
areas can be threatened by hurricanes (Morton
and Barras, 2011). Sediment loss means that
affected wetlands may be unable to recover prop-
erly (ibid.). Many wetlands are subject to multiple
hazards, with flooding the most pervasive (Kusler,
2009). The roles played by BFA in reducing disaster
risk are discussed in Section 2.3.

Countries were invited to report any disasters
that had had assignificant effect on their BFA during
the preceding ten years. As shown in Table 3.8,
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TABLE 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

Type of disaster
(number of countries)

Reporting countries

Afghanistan, Angola, Argentina, Belgium, Burkina Faso, China, Croatia, El Salvador, Eswatini,
Ethiopia, Gambia, Germany, Guyana, Hungary, India, Ireland, Jordan, Kenya, Mali, Nicaragua, Niger,
Panama, Peru, Saudi Arabia, Slovenia, Spain, Sri Lanka, Syrian Arab Republic, Togo, Viet Nam, Yemen,
Zambia, Zimbabwe

Droughts and heat waves (32)

Angola, Argentina, Bangladesh, Burkina Faso, Cameroon, China, Costa Rica, Croatia, Ecuador,
Ethiopia, Germany, Guyana, Hungary, India, Ireland, Mali, Nepal, Panama, Peru, Saudi Arabia,
Slovakia, Slovenia, Spain, Sri Lanka, Sudan, Togo, United Kingdom, Viet Nam, Yemen, Zambia,
Zimbabwe

Floods (31)

Angola, Argentina, Cameroon, China, Costa Rica, Eswatini, Ethiopia, France, Jordan, Kenya, Mexico,
Niger, Panama, Saudi Arabia, Slovenia, Spain, Sri Lanka, Sudan, Syrian Arab Republic, United States of
America, Viet Nam, Zimbabwe

Fires and wildfires (21)

Oil spills, mining pollution, chemical

industrial accidents* (17) Sudan, Sri Lanka, Viet Nam

Epidemics (in animals and plants) and
pest and disease outbreaks (15)

Cyclones/typhoons/hurricanes (13)

Storms (11) Kinadom

Landslides (9)

Cold, frost and heavy snow episodes (7)
Volcanic eruptions (6)

Earthquakes (5)

Tsunamis (4)

Heavy rainfall and hail storms (4)
Avalanches (2) Nepal, Spain

Armed conflicts* (2) Lebanon, Yemen

Angola, Belgium, China, Finland, Hungary, Jordan Lebanon, Mexico, Nepal, Niger, Norway, Peru,
Belgium, Burkina Faso, China, Estonia, Germany, Niger, Peru, Poland, Saudi Arabia, Slovenia, Sudan,
Sweden, United States of America, Zambia, Zimbabwe

Bangladesh, China, Cook Islands, Costa Rica, El Salvador, Fiji, France, Grenada, India, Samoa,
Solomon Islands, Viet Nam, Yemen

Argentina, Croatia, France, Germany, Hungary, Ireland, Panama, Slovakia, Slovenia, Spain, United

Argentina, Bangladesh, Cameroon, Nepal, Panama, Peru, Spain, Sri Lanka, Viet Nam
Belgium, Croatia, Ireland, Jordan, Peru, Slovenia, United Kingdom

Argentina, Cameroon, Ecuador, El Salvador, Ireland, Solomon Islands

Costa Rica, Nepal, India, Solomon Islands, Spain

Bangladesh, India, Solomon Islands, Yemen

Ethiopia, Hungary, Slovenia, Zambia

Notes: *Although the guidelines referred to “natural disasters”, some countries reported on human-made disasters such as armed
conflicts, oil spills, mining pollution and chemical industrial accidents. Analysis based on 91 country reports.
Source: Country reports prepared for The State of the World’s Biodiversity for Food and Agriculture.

meteorological disasters are the most commonly
reported category. Many country reports note
the exacerbating effects of climate change.
Information provided on how disasters are affect-
ing the supply of particular ecosystem services is
summarized in Table 3.9. Here again, in nearly all
production systems and for nearly all ecosystem
services, negative impacts are by far the most fre-
quently reported. Given the devastating impacts
that some disasters have on the affected areas,
it is perhaps not surprising that many countries

describe multiple effects on the supply of eco-
system services. Grenada, for example, reports
that the major losses of forest species and forest
cover caused by hurricanes in 2004 and 2005 sub-
stantially reduced the supply of services such as
pollination, pest and disease regulation, and
nutrient and water cycling. It notes that effects
have been long lasting and that the impacts of
the hurricanes are still (as of 2016) being felt, with
many parts of the country continuing to suffer
from water shortages caused by these disasters.
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TABLE 3.9

Reported effects of natural disasters on the provision of regulating and supporting ecosystem

services, by production system

Effects of natural disasters on ecosystem services
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Notes: Countries were invited to report the effects (positive, negative or “no effect”) of this driver on the provision of each ecosystem
service in each production system. If 50% or more of the responses for a given combination of production system and ecosystem service
indicate the same trend (positive [+], negative [-] or “no effect” [0]) then this trend is indicated in the respective cell of the table. In other
cases, mixed effects (+/-) are indicated. The colour scale indicates the proportion of countries reporting the presence of the respective
system that report any effect of the driver (positive, negative or “no effect”) on the provision of the respective ecosystem service. See
Section 1.5 for descriptions of the production systems and a discussion of ecosystem services. Analysis based on a total of 91 country reports.
Source: Country reports prepared for The State of the World’s Biodiversity for Food and Agriculture.

Fires are another category of disaster widely
reported to be affecting BFA.?° For example, Mali
reports that human-made bushfires are one of the
most important causes of degradation of its vege-
tation and soils. It notes that fires slow the growth
of trees, reduce soil organic matter levels and have
restricted the distribution of some species. Impacts
of geological disasters are also quite widely

20 The frequency and intensity of fires are likely to increase
under climate change in several parts of the world (Barbero
etal., 2015).
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reported. Solomon Islands, for example, men-
tions that (in addition to cyclones) earthquakes,
volcanic eruptions and tidal waves have serious
impacts on its coastal environments. It notes that
in the area affected in 2007 by an earthquake and
tsunami there has been considerable loss of reefs
and seagrass beds as a result of landform lifting
and underwater landslides.

Many wild food species are reported to be vul-
nerable to drought, for example mangos in Nauru
and aguaje (Mauritia flexuosa) in Peru. Togo men-
tions losses of wild foods caused by a drought in
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Box 3.2

Links between biodiversity, biodiversity loss and disease risk

An increasing number of emerging infectious diseases in
humans, animals and plants have been reported over recent
decades (Anderson et al., 2004; Fisher et al., 2012; Jones

et al., 2008). This has been linked to rapid habitat changes
caused by urbanization and agriculture intensification
(Hassell et al., 2017). Empirical studies show that high levels
of biodiversity are associated with high levels of pathogen
diversity (Morand and Lajaunie, 2017). However, increases in
epidemics and the risk of disease emergence are associated
with decreased biodiversity (ibid.), as deforestation and
agricultural intensification increase contacts between
wildlife, domestic animals and humans, favouring the spread
of zoonotic diseases (Keesing et al., 2010).

Empirical studies have also shown that species-rich host
communities contribute to reducing the transmission of
infectious diseases, a phenomenon known as the “dilution
effect”. The effect has been observed in studies on several
vector-borne and zoonotic diseases. A meta-analysis

2013 and by a flood in 2008. Peru notes?' that
climatic events will cause long-term changes in
forest structure, composition and plant diversity
and exert additional pressure on already-reduced
terrestrial mammal populations.

3.4.3 Pests, diseases and invasive
alien species?

Pests and diseases affect food and agriculture
worldwide and can pose a threat to the supply
of ecosystem services and to the survival of some
components of BFA, particularly species or within-
species populations confined to small geographi-
cal areas. Aside from their direct effects, diseases
can also threaten BFA indirectly, for example
when their presence triggers practices such as

21 Citing Bodmer et al. (2014).

22 The term alien species has been defined as “a species,
subspecies or lower taxon, introduced outside its natural
past or present distribution” and an invasive alien species as
“an alien species whose introduction and/or spread threaten
biological diversity” (CBD, 2002).

of 90 studies on various diseases that affect humans,
wildlife, livestock or plants concluded that they provide
broad support for a negative effect of diversity on disease
transmission (Johnson, Ostfeld and Keesing, 2015). The
magnitude of the effect, however, appears to be related to
the structure of species communities and not only to species
diversity per se (Civitello et al., 2015).

Similar effects operate at the infraspecies (genetic)
level. Species that have high genetic diversity may sustain
a high diversity of pathogens, but with each pathogen
showing low transmission and rarely causing an epidemic.
In contrast, while species that have low genetic diversity
may sustain fewer pathogens, these pathogens may have
high transmissibility and the potential to cause dramatic
epidemics (Heesterbeek et al., 2015; Karvonen et al., 2016;
King and Lively, 2012).

Source: Provided by Serge Morand.

the excessive use of pesticides, fire, antibiotics or
tillage. Disease epidemiology is, in turn, affected
by a range of drivers, including climate change,
trade and changes in land use. Loss of biodiversity
can itself be a risk factor (see Box 3.2).

Invasive alien species are regarded as a major
threat to biodiversity (e.g. CBD Secretariat, 2006).
Alien species may be introduced into a new ecosys-
tem accidentally, for example as a result of trade
or travel (Wittenberg and Cock, 2001). However,
they may also be introduced deliberately as part
of various management measures, including for
biological control purposes, and later turn out
to be invasive (Myers and Cory, 2017). Ecological
changes and imbalances caused by human actions
can also contribute to invasions. For example,
shrub encroachment by invasive thorny species is
often a result of overgrazing (e.g. Kgosikoma and
Mogotsi, 2013; see also Section 3.6.3).

Invasive species have had substantial impacts on
various important components of BFA. For example,
the New Zealand flatworm (Arthurdendyus
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TABLE 3.10

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

Effects of pests, diseases and invasive alien species on
ecosystem services
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Notes: Countries were invited to report the effects (positive, negative or “no effect”) of this driver on the provision of each ecosystem
service in each production system. If 50% or more of the responses for a given combination of production system and ecosystem service
indicate the same trend (positive [+], negative [-] or “no effect” [0]) then this trend is indicated in the respective cell of the table. In other
cases, mixed effects (+/-) are indicated. The colour scale indicates the proportion of countries reporting the presence of the respective
system that report any effect of the driver(positive, negative or “no effect”) on the provision of the respective ecosystem service. See
Section 1.5 for descriptions of the production systems and a discussion of ecosystem services. Analysis based on a total of 91 country reports.
Source: Country reports prepared for The State of the World’s Biodiversity for Food and Agriculture.

triangulates) is a significant threat to earthworms
in the United Kingdom and some other European
countries (Murchie and Gordon, 2013). Invasive
plants may affect the abundance and community
structure of mycorrhizal fungi or affect the leaf litter,
and hence the habitats of litter-dwelling arthropods
and other invertebrates (Cole et al., 2006; Jordan et
al., 2012; Turbé et al., 2010). Invasive herbivores can
influence soil ecosystems via their effects on the
structure of plant communities (although not in all
cases with a negative impact on soil biodiversity)
(e.g. Bellingham et al., 2016; Stritar et al., 2010).
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Numerous invasive species have had severe
impacts on forests. For example, Hymenoscyphus
fraxineus, a fungus that causes ash dieback disease,
has been rapidly spreading across much of Europe
(Forestry Commission, 2018). Ash dieback and the
emerald ash borer (Agrilus planipennis), a beetle
that is spreading westwards across Europe, are
posing a major threat to ash tree (Fraxinus excel-
sior) populations (Thomas, 2016). Loss of the ash
would have a significant impact on biodiversity.
For example, 44 species in the United Kingdom
(4 lichens, 11 fungi and 29 invertebrates) are
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considered “obligate” ash-associated species and
a further 62 (19 fungi, 13 lichens, 6 bryophytes and
24 invertebrates) to be highly associated with the
ash (Mitchell et al., 2014).

Many aquatic ecosystems are also affected by
invasive alien species, which can cause problems,
inter alia, by preying on native species, impeding
watercourses and affecting ecological processes
such as nutrient cycling (MEA, 2005b). Major
examples include water hyacinth (Eichhornia
crassipes), a highly invasive species that covers
and chokes major waterways and lake surfaces in
many countries, negatively affecting biodiversity,
fisheries, hydroelectric production, transportation
and local economies across large parts of Africa
and Asia (CABI, 2018).

Information provided by countries on the
effects of pests, diseases and invasive alien species
on the supply of ecosystem services is summarized
in Table 3.10. The ecosystem services most often
reported to be negatively affected are pollination,
pest and disease regulation and habitat provision-
ing. Several countries report that invasive species
and/or pests and diseases are becoming more prev-
alent, with a number noting that climate change,
habitat destruction or changes in agricultural
practices are exacerbating factors (see below for
further information). Some provide specific exam-
ples of the effects of pests, diseases and invasive
alien species on associated biodiversity and the
supply of ecosystem services. For instance, Zambia
reports that invasive alien species have nega-
tively affected the habitats of some pollinators.
The Bahamas mentions that the lionfish (Pterois
volitans), an invasive species that entered the
country’s waters in recent years, is a threat both
to biodiversity and to fisheries. More specifically,
it notes that as well as feeding on the juveniles
and adults of commercially important fish species
such as grunts and snapper, the lionfish is feared
to be affecting coral reefs by predating on herbi-
vores that keep the reefs free of algae. In order to
counteract the impact of the lionfish, the country’s
Fisheries Department is introducing initiatives to
encourage the consumption of the species (see
Section 4.4 for additional information).

SriLanka reports that the clown knife fish (Chitala
ornatus), first introduced as an ornamental aquar-
ium fish, is affecting some of the county’s most
threatened endemic freshwater fish populations.
The Netherlands mentions that the Pacific oyster
(Crassostrea gigas), an invasive alien species that
has been spreading through the country’s waters
since the 1960s, is considered a serious threat to
the functions of coastal waters, including shellfish
culture and the provision of feeding areas for birds.
It notes, however, that reefs created by this species
can provide an important habitat for certain spe-
cies.?> A few countries mention the threat posed by
hybridization between invasive alien species and
native species. For example, Zambia reports that
the Nile tilapia (Oreochromis niloticus), an escapee
from fish farms, is not only competing with indig-
enous fish but also likely to be altering the genetic
composition of native cichlid species.

Countries were invited to report examples of
invasive alien species that had had a significant
effect on BFA and/or ecosystem services in the
preceding ten years. The 59 countries? that
responded reported a total of 1 077 such cases,
involving 633 distinct species and 509 distinct
genera. The most commonly reported species are
shown in Table 3.11. Half of the reported invasive
alien species are plants, 46 percent animals, and
the remaining 4 percent fungi, chromists, viruses
or bacteria (Figure 3.3). Almost 60 percent are
reported by Asian or European countries.

With regard to the causes of species inva-
sions, some country reports, as noted above,
mention a link to climate change, for example
in the case of the threat posed by Kikuyo grass
(Pennisetum clandestinum) to the paramo

2 The report cites Smaal, Kater and Wijsman (2009).

24 Angola, Argentina, Bangladesh, Belarus, Belgium, Bulgaria,
Burkina Faso, Cameroon, China, Cook Islands, Croatia,
Ecuador, Egypt, El Salvador, Estonia, Eswatini, Ethiopia, Fiji,
Finland, France, Gambia, Grenada, Guyana, Hungary, India,
Iraq, Ireland, Jordan, Kenya, Lebanon, Mali, Mexico, Nepal,
Netherlands, Niger, Norway, Palau, Panama, Papua New
Guinea, Peru, Poland, Qatar, Samoa, Saudi Arabia, Slovakia,
Slovenia, Spain, Sri Lanka, Sudan, Sweden, Switzerland, Togo,
Tonga, United Kingdom, United States of America, Viet Nam,
Yemen, Zambia, Zimbabwe.
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TABLE 3.11

Invasive alien species reported by five or more countries as present in one or more production systems

Species
(Latin name)

Eichhornia
crassipes

Lantana camara

Cyprinus carpio

Prosopis juliflora

Mikania
micrantha

Chromolaena
odorata

Oreochromis
mossambicus

Parthenium
hysterophorus

Harmonia axyridis

Salvinia molesta

Bemisia tabaci

Micropterus
salmoides

Oncorhynchus
mykiss

Oreochromis
niloticus

Common
English
name

Water
hyacinth

Largeleaf
lantana

Common
carp

Ironwood

Bitter vine

Siam weed

Mozambique
tilapia

Santa-Maria

Harlequin
ladybird

Giant salvinia

Sweet potato
whitefly

Largemouth
bass

Rainbow
trout

Nile tilapia

Number
of
countries

21

Production systems where reported
(in decreasing order of frequency)

Self-recruiting capture fisheries, culture-based fisheries,
irrigated crop systems (rice), mixed systems (livestock, crop,
forest and/or aquatic and fisheries), fed aquaculture, irrigated
crop systems (non-rice), non-fed aquaculture, livestock
grassland-based systems, naturally regenerated forests,
planted forests, rainfed crop systems

Livestock grassland-based systems, naturally regenerated
forests, irrigated crop systems (rice), planted forests, irrigated
crop systems (non-rice), mixed systems (livestock, crop, forest
and/or aquatic and fisheries), rainfed crop systems, livestock
landless systems

Self-recruiting capture fisheries, fed aquaculture

Naturally regenerated forests, livestock grassland-based
systems, irrigated crop systems (non-rice), irrigated crop
systems (rice), mixed systems (livestock, crop, forest and/or
aquatic and fisheries), planted forests, rainfed crop systems

Naturally regenerated forests, livestock grassland-based
systems, irrigated crop systems (rice), livestock landless
systems, mixed systems, planted forests, rainfed crop systems

Naturally regenerated forests, planted forests, livestock
grassland-based systems, irrigated crop systems (rice),
livestock landless systems, rainfed crop systems

Self-recruiting capture fisheries, culture-based fisheries, fed
aquaculture

Livestock grassland-based systems, naturally regenerated
forests, mixed systems (livestock, crop, forest and/or aquatic
and fisheries), planted forests, rainfed crop systems, irrigated
crop systems (non-rice), irrigated crop systems (rice), livestock
landless systems

Rainfed crop systems, irrigated crop systems (non-rice),
livestock grassland-based systems, mixed systems (livestock,
crop, forest and/or aquatic and fisheries), planted forests

Irrigated crop systems (rice), self-recruiting capture fisheries,
culture-based fisheries, fed aquaculture, mixed systems
(livestock, crop, forest and/or aquatic and fisheries), rainfed
crop systems

Rainfed crop systems, irrigated crop systems (non-rice),
irrigated crop systems (rice)

Self-recruiting capture fisheries
Fed aquaculture, self-recruiting capture fisheries

Self-recruiting capture fisheries
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TABLE 3.11 (Cont.)
Invasive alien species reported by five or more countries as present in one or more production systems

Production systems where reported Impact Impact on
(in decreasing order of frequency) on BFA ecosystem
(number of services
responses)  (number of
responses)
2 - o £ = o
Common Number 2l EIS| T B &
. i E B ® & £
Species English of 2 3 ¥ P 3 @
H . o Q [ o
(Latin name) name countries Z2 2 o 2 2 o
Self-recruiting capture fisheries, culture-based fisheries,
- Wi i 6 irrigated crop systems (nce?, m|>§ed systems (livestock, crop, 3 0 1 3 0 1
forest and/or aquatic and fisheries), naturally regenerated
forests
Tuta absoluta Tomato 6 Irrigated crop systems (non-rice), rainfed crop systems, dleli1lelali
leafminer irrigated crop systems (rice), naturally regenerated forests
- White Mixed systems (livestock, crop, forest and/or aguatic and
6 fisheries), naturally regenerated forests, livestock grassland- 31003 |00
leucocephala leadtree
based systems
Merremia peliata  Merremia 5 Naturally regeneratgd fores_ts, mlxed systems (livestock, crop, 3 0 0 1 0 0
forest and/or aquatic and fisheries)
Ambrosia Common Rainfed crop systems, irrigated crop systems (non-rice), mixed
T 5 : . o s 0 1 2 0 0
artemisiifolia ragweed systems (livestock, crop, forest and/or aquatic and fisheries)
» . Rainfed crop systems, irrigated crop systems (non-rice), mixed
Gt @piein | Wizl 2 systems (livestock, crop, forest and/or aquatic and fisheries) OO CHC
Chera)f . AUSTELER 5 Self-recruiting capture fisheries 5 0 0 2 0 O
quadricarinatus redclaw
Clarias gariepinus ’C\‘;;}?hAfncan 5 Self-recruiting capture fisheries, fed aquaculture 4 1 0o 2 2 0

Rainfed crop systems, mixed systems (livestock, crop, forest
Heracleum Giant and/or aquatic and fisheries), livestock grassland-based

mantegazzianum  hogweed e systems, irrigated crop systems (non-rice), naturally irrigated slole) 210 e
crop systems, planted forests
Paqfastacus Signal crayfish 5 Self-recrmtmg capture fisheries, fed aquaculture, culture- 3 0 0 2 0 o0
leniusculus based fisheries, non-fed aquaculture
Naturally regenerated forests, planted forests, mixed systems
. . Japanese (livestock, crop, forest and/or aquatic and fisheries), irrigated
Fellep Epenic knotweed 2 crop systems (non-rice), livestock grassland-based systems, 41010121010

rainfed crop systems

Naturally regenerated forests, irrigated crop systems (non-
Black locust 5 rice), planted forests, mixed systems (livestock, crop, forest 1 2 1 3|0 | 1
and/or aquatic and fisheries)

Robinia
pseudoacacia

Mixed systems (livestock, crop, forest and/or aquatic and
Solidago Common fisheries), rainfed crop systems, livestock grassland-based 2 2 0 3 o0 1

canadensis goldenrod e systems, irrigated crop systems (non-rice), naturally irrigated
crop systems, planted forests
Mixed systems (livestock, crop, forest and/or aquatic and
Solidago gigantea  Tall goldenrod 5 fisheries), rainfed crop systems, irrigated crop systems (non- 3 0 3 0 1

rice), livestock grassland-based systems, naturally irrigated
crop systems

Rainfed crop systems, livestock grassland-based systems,
Varroa destructor ~ Varroa mite 5 irrigated crops (other), mixed systems (livestock, crop, forest 4 0 0 2 0 O
and/or aquatic and fisheries), planted forests

Note: Analysis based on a total of 91 country reports.
Source: Country reports prepared for The State of the World’s Biodiversity for Food and Agriculture.
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FIGURE 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
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Number of responses

Notes: A “response” is a mention by a specific country of a specific component of biodiversity (species or genus). Out of 91 reporting
countries, 59 provided a combined total of 1 077 responses. A single species or genus may be reported by more than one country.
Source: Country reports prepared for The State of the World’s Biodiversity for Food and Agriculture.

ecosystem in Ecuador. Zimbabwe mentions that
heightened climatic variability, including floods
and droughts, are increasing susceptibility to inva-
sive species, with negative impacts on, inter alia,
wild foods. Mexico refers to a number of human
actions (e.g. modernization of transport systems,
mining, biological control practices and artificially
joining water bodies) and natural phenomena
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(e.g. natural disasters) as contributing to the intro-
duction of invasive species.?® Palau reports that, in
the last 20 years, land clearing, road construction
and other human activities have enabled the inva-
sive vine Merremia peltata to thrive.

25 The report cites Comité Asesor Nacional sobre Especies
Invasoras (2010).
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Advances and innovations
in science and technology

e Advances in science and technology are largely seen
as positive by countries and as ways of reducing
negative effects of other drivers on biodiversity for
food and agriculture (BFA).

e Science and technology are crucial to the generation
of knowledge related to genes, species and
ecosystems and hence to the sustainable use and
conservation of BFA.

¢ Some technologies have negative effects on BFA
and its role in the supply of ecosystem services. The
precautionary approach provides a framework that
can guide the adoption of science and technology
advances in agriculture and food production.

Advances and innovations in science and technol-
ogy can have both positive and negative effects
on BFA and associated ecosystem services, often
by increasing or reducing the impact of other
drivers discussed in this chapter. Although it can
be argued that it is how the technologies are used
rather than the fact that they exist that “drives”
impacts on BFA and the supply of ecosystem ser-
vices, there are some technologies that open major
new opportunities for more sustainable manage-
ment and others whose use on any significant
scale inevitably involves serious negative impacts
on components of biodiversity and/or substantial
homogenization of the production system.

Any technology used to control pests, weeds or
diseases that is toxic to non-target organisms is
a potential threat to associated biodiversity. For
example, unintended negative impacts of pesticide
use on soil biodiversity have been documented
(FAO and ITPS, 2015) (see also Section 3.6.2).
However, impacts on BFA can also arise because
of the ways in which a new technology influences
the broader management of the production
system. For example, in areas where genetically
modified glyphosate-resistant crop cultivars have
been adopted, for instance in parts of Argentina
and the United States of America, this has tended
to lead to a simplification of landscapes as crop
rotations decline (Schutte et al., 2017).

The adoption of a precautionary approach?®
to advances in science and technology has been
widely advocated. In the case of capture fisheries
(including species introductions), detailed guide-
lines on the application of the precautionary
approach have been elaborated (FAO, 1996b).

Technologies that have had, or could have,
positive effects on BFA include nanotechnology,
which offers multiple opportunities to improve
detection and monitoring and thus support
rational decision-making, resource-use efficiency
and precision targeting, all of which have the
potential to reduce environmental impacts. For
example, the use of nanosensors allows detec-
tion of plant diseases before symptoms become
evident, meaning that infected plants can be
removed to prevent the spread of disease and
reduce or eliminate the need to use pesticides
(Chen and Yada, 2011). Another example from
the field of crop production is the use of robotics
and nanosensors to improve mechanical weeding
and hence reduce or eliminate the need for chem-
ical herbicides (Duhan et al., 2017, Westwood
et al., 2018). In addition to developments of
this kind, advances in “nature-based” solutions
involving the deployment of components of BFA
can provide environmentally friendly means of
addressing the various challenges facing food
and agriculture. Many of these approaches are
discussed in Section 2.4 and in Chapter 5.

The impacts of developments in genetics on the
management of plant (crop), animal (livestock),
forest and aquatic genetic resources are discussed
in the respective sectoral global assessments pub-
lished by FAO (FAO, forthcoming, 2010a, 2014a,
2015a). In addition to opening new opportuni-
ties in the fields of characterization and genetic
improvement (see Chapters5 and 6 for brief

% The 1992 Rio Declaration on Environment and Development
states that “in order to protect the environment, the
precautionary approach shall be widely applied by States
according to their capabilities. Where there are threats of
serious or irreversible damage, lack of full scientific certainty
shall not be used as a reason for postponing cost-effective
measures to prevent environmental degradation” (Principle 15)
(UNCED, 1992).
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TABLE 3.12

Reported effects of advances and innovations in science and technology on the provision of
regulating and supporting ecosystem services, by production system

Effects of advancements and innovations in science and technology on
ecosystem services

=
5
c
g £E
& 5g %
c £ £y N

S 2§ 3% £5§

E c e o -

c < S 53 c©

= = 3 P 23

. © 3y Sc &Y

Production systems (PS) o 22 =25 =9
Livestock grassland-based systems + - + +
Livestock landless systems + + + +
Naturally regenerated forests + - + 45
Planted forests + -- +
Self-recruiting capture fisheries + + + +
Culture-based fisheries + + ah an
Fed aquaculture + an a +
Non-fed aquaculture + + + dh
Irrigated crop systems (rice) + - + +
Irrigated crop systems (other) + - 5 +
Rainfed crop systems + - + +
Mixed systems + + a5 +

-
[ =
g &
2 g >
= i .o S _
s 8 2 £ %5
< ® c S o R
P £S s S O35
= =5 (9} = € o
D oV - © S o
= =9 o i S8
5 =0 © = o4
z &8s = I &5
+ + + + +
+ + + + +
+ + + + + Proportion of
countries reporting
+ + - + + the PS that report
any effect of the
+ + + + + driver (%)
+ + + + + 11-18
+ + + + + 19-26
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Notes: Countries were invited to report the effects (positive, negative or “no effect”) of this driver on the provision of each ecosystem
service in each production system. If 50% or more of the responses for a given combination of production system and ecosystem service
indicate the same trend (positive [+], negative [-] or “no effect” [0]) then this trend is indicated in the respective cell of the table. In other
cases, mixed effects (+/-) are indicated. The colour scale indicates the proportion of countries reporting the presence of the respective
system that report any effect of the driver (positive, negative or “no effect”) on the provision of the respective ecosystem service. See
Section 1.5 for descriptions of the production systems and a discussion of ecosystem services. Analysis based on a total of 91 country reports.
Source: Country reports prepared for The State of the World's Biodiversity for Food and Agriculture.

discussions of developments in these fields)
genetic technologies contribute to other aspects
of BFA management such as the enforcement of
laws related to forestry and to trade in endan-
gered species (FAO, 2014a).

Information provided by countries on the
effects of advances and innovations in science and
technology on the supply of ecosystems services is
summarized in Table 3.12. In all production systems
and for all ecosystem services, positive impacts are
by far the most frequently reported. The country
reports generally indicate that technologies

are seen as a means of countering the negative
effects that other drivers are having on BFA and
the supply of ecosystem services. A wide variety
of technologies are highlighted, ranging from
those used for characterization and monitoring
of components of BFA to those used in conser-
vation, various sustainable management prac-
tices, education or awareness raising. Among
the latter, for example, Estonia mentions that
mobile phone applications have been developed
to inform people about various components of
biodiversity including mushrooms, amphibians,
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epiphyte lichens and birds. Where promoting
sustainable management is concerned, Mexico
reports advances in the development of more-
selective capture systems for fisheries that
reduce bycatch. Spain mentions that technolog-
ical advances and recent innovations in aquacul-
ture have fostered positive interactions between
aquaculture and the surrounding environment
and associated biodiversity. The United States of
America reports that the use of genetically mod-
ified crops such as Bt maize has led to a decrease
in the application of insecticides, and that the
use of herbicide-tolerant varieties has increased
levels of adoption of conservation tillage relative
to levels with conventional crops. It also notes,
however, that while the toxicity and persistence
of glyphosate, the most commonly used herbi-
cide for tolerant varieties, are lower than those
of herbicides formerly used,?’ the emergence of
glyphosate-resistant weeds may to some extent
offset the advantages of the adoption of herbi-
cide-tolerant crops as it has led farmers to raise
application rates in recent years.

Negative effects mentioned include those asso-
ciated with technologies that allow more effec-
tive harvesting of wild foods and have led to
overexploitation. Some countries note that new
technologies are contributing to the displacement
of traditional lifestyles and the loss of traditional
ecological knowledge (see also Section 3.9).

Drivers at production-system
level

¢ 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, often coupled with inappropriate
management practices, remain major drivers of loss
of biodiversity for food and agriculture (BFA) and
ecosystem services.

27 The report cites WHO (1994) and NRC (2010). It notes,
however, that recent publications have raised questions
regarding the toxicity of glyphosate.

¢ Various management practices have been identified
that can limit the harmful effects of other drivers
and may even have positive effects on BFA and
ecosystem services.

¢ Pollution, from within production systems and beyond,
remains a major cause of decline in the populations
of many important species of associated biodiversity.
Excess nutrients, pesticide residues, urban effluent,
plastics and heavy metals are among the pollutants of
most concern.

o Overharvesting, particularly in forest and aquatic
ecosystems, as well as excessive or badly managed
grazing and browsing by livestock, are substantial
threats to many components of BFA.

3.6.1 Changes in land and water use
and management

Changes in land and water use and management
encompass a wide range of effects, many of which
will influence or be influenced by other drivers
discussed in this chapter. In the context of ter-
restrial ecosystems, such changes have classically
been studied and categorized using the concept
of “land-use transitions” (e.g. Foley et al., 2005;
Mazoyer and Roudart, 2006; Ruthenberg, 1980).
According to this concept, changes in land use
follow a unidirectional pathway of succession
from the natural ecosystems of the pre-settle-
ment period, through smallholder subsistence
agriculture, to landscapes dominated by inten-
sive agriculture interspaced with urban, recrea-
tional and conservation areas. This classical view
broadly reflects the history of land-use changes
in many temperate and tropical regions of the
world, especially those where forests once dom-
inated, with the process being most complete
in parts of Europe, temperate Asia and North
America. However, changes taking place today
in locations where the land-transition trajectory
is less complete do not necessarily follow the
sequential pattern of past events elsewhere. For
example, many of the hundreds of thousands of
hectares of forest cleared in various parts of the
world each year are incorporated directly into
large-scale, commercially oriented, intensive crop
or livestock production systems without passing
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through a phase of being used by smallholders.
The following paragraphs briefly describe major
recent land-use trends in various ecosystems used
for food and agriculture.

The world’s total forest area has continued
to decline in recent years (FAO, 2018b) (see
Section 4.5.5 for further discussion of trends in
forest ecosystems). In the tropics and subtropics,
the expansion of commercial large-scale agricul-
ture accounted for 40 percent of forest loss during
the period 2010 to 2015 (FAO, 2016e). Smallholder
farming accounted for 33 percent of the loss,
urbanization and infrastructure for 10 percent each
and mining for 7 percent (ibid.). These patterns,
however, vary considerably from region to region.
For example, Hosonuma et al. (2012) estimated that
during the period 2000 to 2010 transformation
to commercial agriculture accounted for almost
70 percent of forest-area loss in Latin America,
compared to about 35 percent in Africa and Asia. In
Africa, 40 percent was lost to subsistence farming
and up to 10 percent to mining (ibid.).

In recent years, forest loss (mostly native forest)
has been partially offset by natural expansion of
forest (2.2 million ha/year during the period 2010
to 2015), often onto abandoned agricultural land,
notably in Europe and Central America, and by
forest plantations (3.1 million ha/year during the
period 2010 to 2015), particularly in parts of Asia
(FAO, 2016e).

In addition to reductions in the absolute extent
of forest area, forest fragmentation is a major
threat to biodiversity and ecosystem-service pro-
vision (Haddad et al., 2015), as is conversion from
natural forests to monoculture forest plantations
in some parts of the world (e.g. Ahrends et al.,
2015; Edwards et al., 2010; Hosonuma et al., 2012;
Warren-Thomas, Dolman and Edwards, 2015). It
has been estimated that 70 percent of the world’s
remaining forest area is within 1 km of a forest
edge (Haddad et al., 2015). Fragmentation has
implications for habitat structure and quality,
microclimate, hydrology, and wildlife recoloni-
zation and dispersal. It also increases accessibility
and thus increases pressure on wild foods and
other forms of associated biodiversity.

Land use for livestock production has tradi-
tionally involved either integrated crop-livestock
systems (see Section 5.5.1) or extensive grass-
land-based systems. In places, initially in devel-
oped regions such as Europe and North America,
but in recent decades increasingly in other regions,
mixed production has tended to give way to spe-
cialized intensive crop production systems on the
one hand and “landless” livestock systems on the
other. In the case of grassland production, tradi-
tional management systems and practices, notably
mobile pastoralism, have declined in many parts
of the world (FAO, 2009a, 2015a). Large areas
of species-rich grassland have been replaced by
croplands or high-yielding single-species grass-
lands (see Section 4.5.6). In other cases, changes
in management have contributed to grasslands
becoming overgrown with shrubs. Extensive com-
mercial grassland livestock production has also
declined in some places over recent years. For
example, expansion of soybean production in
South America is taking place on land previously
cleared of forest for livestock production (De Sy et
al., 2015) — with the soy produced going to feed
animals in an increasing number of large-scale
intensive landless livestock operations, both in
the region and elsewhere (Modernel et al., 2016).
These various changes have been accompanied by
an increase in the global population sizes of all
major livestock species, although with considera-
ble regional variations (FAO, 2015a).

Land-use changes associated with livestock pro-
duction threaten biodiversity in various ways. Direct
effects include those caused by effluents from land-
less production units or other intensive systems
escaping into waterbodies and those caused by
excessive or badly managed grazing. Indirect
effects include those associated with demand for
raw materials to produce concentrate feeds (Godde
et al., 2018). Livestock production is also one of
the main sources of greenhouse-gas emissions,
accounting for 14.5 percent of all global emissions
by some estimates (Gerber et al., 2013). The loss
and degradation of grassland areas around the
world has negative implications for many species,
including, for example, many birds (see Box 3.3).
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Box 3.3

Unsustainably managed production systems are a key threat to bird species

BirdLife International classifies the extinction risk of all the
world’s birds for the International Union for Conservation of
Nature Red List. Their 2017 assessment concluded that
1 469 species of birds (13 percent of extant species) are
globally threatened with extinction (BirdLife International,
2018). While birds provide many ecosystem services to
production systems, unsustainable management of these
systems has a negative impact on bird populations. As shown
in the figure below (on the left) the three most important
threats globally (those with the largest number of species
facing the highest level of threat) are agriculture, which
affects 911 threatened bird species (73 percent), logging and
wood harvesting, which affect 669 species (54 percent), and
invasive alien species, which affect 422 species (34 percent)
(Butchart et al., 2010).

In recent decades, both increases in the extent
of cropland (particularly marked in the tropics) and
intensification of agriculture have driven the loss of
natural habitats and increased threats to birds (BirdLife
International, 2013). For example, the European Farmland
Bird Index showed a 55 percent decline in common farmland
birds between 1980 and 2016, and the downward trend
appears to be continuing (see figure below on the right).

Expansion and intensification of agriculture
are the most important of many threats affecting
threatened bird species

1200

1000 —**

800 —

Number of species

M High/medium impact Low impact B Unknown impact

Source: Butchart et al., 2010.

Long-term trend data for Europe (1980 to 2016) are based
on national breeding-bird surveys in 28 countries collated
and synthesized by the Pan-European Common Bird
Monitoring Scheme (EBCC, 2017; Gregory et al., 2005, 2008;
Gregory and van Strien, 2010). A large body of research in
Europe has attributed the steep decline of farmland birds

to a general process of agricultural intensification, which
has adversely affected many other taxa in addition to

birds (Donald, Green and Heath, 2001; Donald et al., 2006;
Gregory et al., 2005).

Similar trends are seen in the marine environment.
Increased fishing pressure is affecting seabird numbers,
especially long-lived species such as albatrosses (Anderson
et al., 2011a). At Bird Island (South Georgia), long-term
monitoring and demographic studies have revealed steady
declines of 2 to 4 percent per year over the last few decades
for the wandering albatross (Diomedea exulans), grey-headed
albatross (Thalassarche chrysostoma) and black-browed
albatross (T. melanophrys) as a result of bycatch from longline
fisheries (Croxall et al., 1998; Pardo et al., 2017).

Source: Provided by the Royal Society for the Protection of Birds (RSPB) and
BirdLife International.
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Agriculture accounts for the largest share of
water withdrawals worldwide (approximately
70 percent of the total), although the proportions
taken by industry (approximately 20 percent) and
by domestic use (approximately 10 percent) are
increasing, as is the share taken by urban areas rel-
ative to rural areas (FAO, 2011a). This trend is more
pronounced in high- and middle-income countries
than in low-income countries, where agricul-
tural withdrawals still account for 90 percent of
the total. The area equipped for irrigation has
more than doubled worldwide over the last five
decades, from 139 million ha to 301 million ha (an
increase from 10 percent to 20 percent of the total
cultivated land area), while water withdrawal for
irrigation grew from 1540 km? to 2 710 km? per
year over the same period. About 80 percent of
this capacity is located in low- to middle-income
countries (ibid.). The consequences of irrigation
expansion for BFA are variable and context specific.
However, major irrigation infrastructure devel-
opments are often associated with the expansion
of market-oriented monocultures such as sugar
cane or cotton, while the infrastructure associated
with irrigation schemes (dams, channels, etc.) can
also affect aquatic biodiversity (e.g. Tendall et al.,
2014; Verones et al., 2012). Poorly managed irri-
gation can result in salinization, the accumulation
of water-soluble salts in the soil, which eventually
inhibits crop growth. At least a fifth of irrigated
land is believed to be salt-affected to some degree
(Pitman and Lauchli, 2002), with researchers
suggesting that half of all arable land might be
affected by 2050 (Butcher et al., 2016).

Wetlands and inland aquatic ecosystems
around the world are facing a range of expand-
ing demands, including those associated with
agriculture, urban development, flood protection,
transport and hydropower generation. These are
giving rise to a number of serious threats to fresh-
water biodiversity, including channelization of
watercourses, habitat fragmentation and loss of
riparian forests (Angelopoulos, Cowx and Buijse,
2017; Boulton, Ekebom and Gislason, 2016; Carrizo
et al.,, 2017; Speed et al., 2016). The degradation
of freshwater ecosystems and loss of their physical

and functional complexity eliminate vital compo-
nents of natural flood-control mechanisms, inhibit
the recharging of wetlands and destroy and frag-
ment habitats that support fisheries (Friberg
et al., 2016; Gleick, Singh and Shi, 2001). Weirs,
dams and other barriers have interfered with the
migratory routes of several fish and river-dolphin
species, and reduced connectivity along the length
of most large rivers (Addy et al., 2016; Pivari, Pacca
and Sebrian, 2017). The loss of riparian forests
increases the risk of seasonal flooding and results
in the loss of habitat and nursery grounds for fish
and other aquatic species (Larsen et al., 2012;
NRC, 2002). In places, however, successful efforts
have been made to improve water quality, con-
struct fish passages and restore waterway banks to
create spawning habitats and increase fish popu-
lation sizes (see Section 5.4 for further discussion).

Across production systems, much of the world'’s
soil is in a degraded and often deteriorating
state (FAO and ITPS, 2015). Key threats to soil
biodiversity and the capacity of soils to deliver
ecosystem services include land-use changes that
involve vegetation clearance or the sealing of
soils under permanent cover such as concrete, the
increasing frequency of forest fires, the spread of
inappropriate crop-production practices and over-
grazing (Turbé et al., 2010; Orgiazzi et al., eds.,
2016). Globally, 33 percent of land is moderately
to highly degraded due to erosion, salinization,
compaction, acidification and chemical pollution
of the soil (FAO and ITPS, 2015). Around a fifth
of the Earth’s vegetated surface shows persistent
declining trends in productivity, leaving 1.3 billion
people living on degrading agricultural land
(UNCCD, 2017).

The management of a crop production system
involves decisions with regard to (inter alia) what
tillage practices will be used, which crop species
or varieties will be grown, whether trees or live-
stock will be integrated into the system, how
crop residues will be managed, what and how
external inputs such as fertilizers, herbicides and
pesticides will be applied and whether hedges
and uncultivated strips will be left around fields
or plots. All these decisions will influence the
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characteristics and the diversity of the local soil
fauna and flora.

Soil biodiversity is greatly influenced by the
quantity and quality of organic matter present
in the soil. The biodiversity in overexploited soils
is less abundant, dominated by fewer species
and characterized by simpler trophic networks
(Creamer et al., 2016). Loss of soil organic matter
may lead to weaker soil structure, soil sealing,
surface crusting and/or compaction, reducing the
soil's capacity to capture and store water, buffer
its pH and regulate its salinity.

Declines in the soil’s organic-matter and nutri-
ent content are caused by misbalances between
inputs and outputs. Inputs are provided by plant
litter and by the addition of organic matter and
nutrients (e.g. in the form of manure - FAO,
2018f). Losses occur through the decomposition of
organic matter and soil erosion. Nutrients can also
be lost via leaching, volatilization and removal
in harvested products. Soil-nutrient depletion
through negative nutrient balances is widespread
throughout much of sub-Saharan Africa (Tittonell
and Giller, 2013).

Soil biodiversity will generally benefit from
management methods that increase the input of
organic matter and reduce its loss, for example
mulching, manuring and composting. Increasing
crop diversity in the form of rotations or intercrop-
ping tends to increase soil biodiversity (Tiemann
et al., 2015; Zander, Jacobs and Hawkins, 2016).
Tillage generally has a negative effect on soil bio-
diversity (e.g. Creamer et al., 2016; Nielsen et al.,
2011; Tsiafouli et al., 2015). For further discussion
of soil-management practices, and the status and
trends of their use, see Section 5.6.3.

Appropriate management of non-cultivated
areas within agricultural landscapes is also vital
to the supply of many ecosystem services. For
example, the health of pollinator populations
often depends on the floristic diversity of areas
such as field margins (Carvalheiro et al., 2010;
Holland et al., 2015; Ricketts et al., 2008). Further
information can again be found in Chapter 5.

The information provided by countries on the
effects of changes in land and water use and man-

agement on the supply ecosystem services in dif-
ferent production systems is summarized in Table
3.13. In a large majority of cases (i.e. production
system by ecosystem service combinations) reports
of negative impacts outnumber reports of posi-
tive impacts. In some production system categories
(livestock grassland-based, livestock landless, nat-
urally regenerated forests, rainfed crop and irri-
gated crop [non-rice]), this is the case for all eco-
system services. Moreover, for several vital ecosys-
tem services such as pollination, pest and disease
control and water purification, the number of
countries reporting negative effects exceeds (or at
best equals) the number reporting positive effects
across all production systems. However, for all eco-
system services there are at least some reports of
positive impacts. The most frequently reported
positive effects are on the production of oxygen
in planted forests and nutrient cycling and soil for-
mation and protection services in mixed systems.

The country reports do not always include
details of the mechanisms through which land-
or water-use changes are giving rise to the
reported changes in the supply of ecosystem
services. However, some examples are provided.
With regard to aquatic systems for instance, a
number of countries stress the negative impact
that water-management practices such as the
fragmentation of watercourses through the
creation of dams, levees, irrigation systems or
flood-protection barriers have had on aquatic
biodiversity. Several mention that dams and
hydroelectric-power schemes have led to declines
in river fish stocks. Developments of this kind are
reported to have blocked the migration routes
of commercially valuable fish species, disturbed
the spawning grounds and habitats of a range of
aquatic species, contributed to the loss of forest
trees near watercourses and negatively affected
downstream habitats including those in estuaries
and coastal areas. For example, Iraq reports that
various large-scale water-diversion projects have
degraded the Tigris—Euphrates alluvial saltmarsh
and greatly affected land use in this area. It notes
also that these effects have been exacerbated by
a decrease in rainfall in recent years.
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TABLE 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

Effects of changes in land and water use management on
ecosystem services
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Self-recruiting capture fisheries +/- = driver (%)
Culture-based fisheries +- - +/- +- - +/- +/- - + 10-17
Fed aquaculture +/- - - - +/- +/- +/- - +/- 18-25
Non-fed aquaculture 0 - +- - +- +/- +/- + +/- 26-33
Irrigated crop systems (rice) 34-42

Irrigated crop systems (other)
Rainfed crop systems

Mixed systems

Notes: Countries were invited to report the effects (positive, negative or “no effect”) of this driver on the provision of each ecosystem
service in each production system. If 50% or more of the responses for a given combination of production system and ecosystem service
indicate the same trend (positive [+], negative [-] or “no effect” [0]) then this trend is indicated in the respective cell of the table. In other
cases, mixed effects (+/-) are indicated. The colour scale indicates the proportion of countries reporting the presence of the respective
system that report any effect of the driver (positive, negative or “no effect”) on the provision of the respective ecosystem service. See
Section 1.5 for descriptions of the production systems and a discussion of ecosystem services. Analysis based on a total of 91 country reports.
Source: Country reports prepared for The State of the World’s Biodiversity for Food and Agriculture.

Several countries mention that freshwater or
marine biodiversity and related ecosystem services
have been negatively affected by wetland con-
version for use in crop, livestock or aquaculture
production or by the destruction or poor manage-
ment of forests. For example, Argentina reports
that inappropriate management of forests in the
upper stretches of river basins has led to changes in
water quality and quantity in low-lying areas and
that the conversion of forests into grasslands is
affecting the feeding and breeding grounds of fish
species targeted by artisanal and sport fisheries.

With regard to the management of marine and
coastal ecosystems, the Bahamas reports that fish-
eries are being compromised by the creation of
navigation channels and the physical destruction
of habitats such as coral reefs and mangroves for
infrastructure development (docks and piers).
Where wild foods from forests are concerned, the
type of land-use change most commonly reported
to be having an impact is deforestation, in many
cases linked to agricultural expansion and in some
to other factors such as urban expansion, mining
and infrastructure development.
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3.6.2 Pollution and external inputs
There is abundant evidence that intensification of
crop, livestock and aquaculture systems through
excessive use of synthetic inputs adversely affects
BFA and particularly associated biodiversity
(e.g. Angelini et al., 2013; Brodeur and Vera
Candioti, 2017; Van Dijk et al., 2013; Geiger et
al., 2010; Hussain et al., 2009; Pelosi et al., 2013;
White, 2017). The use of nutrient inputs in excess
of efficient levels results in pollution of soil, air
and water (e.g. Carpenter et al., 1998; van Dijk,
Lesschen and Oenema, 2016). Although nutri-
ent inputs in all forms may have negative effects
when used in excess, nutrients carried in mineral
fertilizers are particularly susceptible to ending
up as pollutants, owing to their high concentra-
tion and solubility (although not necessarily in the
case of phosphorus fertilizers), their volatility (in
some cases) and the changes they induce in the
soil ecosystem when used for an extended period
(changing the pH, promoting oxidation of organic
matter, modifying soil biota, etc.) (e.g. Barak et al.,
1997; Fonte et al., 2012; Guo, 2010; Mader et al.,
2008; Marschner, Kandeler and Marschner, 2003).
Contamination of soils with pesticide residues is
also a major concern in intensive crop-production
systems (FAO and ITPS, 2015; Rodriguez-Eugenio,
McLaughlin and Pennock, 2018).

Intensive landless and intensive grassland-based
livestock production creates large amounts of
nutrient-rich effluent and solid residue, often
containing high concentrations of antimicrobi-
als, pathogens, heavy metals and other pollut-
ants (FAO, 2006b; Maron, Smith and Nachman,
2013; Modernel, Astigarraga and Picasso, 2013).
Industrial and urban sources are also contributing
to the contamination of soils with pollutants such
as heavy metals and microplastics (Alloway, 2013;
Chae and An, 2018; Ng et al., 2018; Téth et al., 2016;
Wuana and Okieimen, 2011). Other significant soil
pollutants include persistent organic pollutants,
polycyclic aromatic hydrocarbons, radionuclides
and antimicrobial-resistant bacteria (Rodriguez-
Eugenio, McLaughlin and Pennock, 2018). Human-
induced salinity (see Section 3.6.1) and acidification
are widespread problems, the former mostly

associated with inappropriate irrigation practices
and the latter with high rates of ammonium-based
fertilizer application (FAO and ITPS, 2015).

The diversity and functions of soil invertebrates
and micro-organisms are known to be affected
by the presence of excessive nutrients and by the
use of herbicides and pesticides (Ceulemans et
al., 2014; Ewald et al., 2015; Hussain et al., 2009;
Wolmarans and Swart, 2014). However, the pro-
cesses involved are complex and a lot of uncer-
tainty remains as to how particular substances,
and combinations of substances, affect particular
organisms and how these effects are influenced
by environmental factors and by other manage-
ment practices (Lo, 2010; Goulson, 2013; Sanchez-
Moreno et al., 2015; Sebiomo, Ogundero and
Bankole, 2011; Turbé et al., 2010; Wu et al., 2014).
Although research on the impact of microplastics
in the soil is limited, there is evidence that they
affect the biophysical environment and biodi-
versity of the soil (Rochman, 2018; De Souza
Machado et al., 2018). For example earthworms
have been shown to have reduced growth rates
and increased mortality if they ingest microbeads
(Huerta Lwanga et al., 2016).

There is increasing evidence that some classes of
pesticides threaten arthropod pollinators world-
wide (IPBES, 2016a). High herbicide doses can be
deleterious to the flora within and around agri-
cultural fields (Egan and Mortensen, 2012; Gaba
et al., 2016), with knock-on effects on biodiver-
sity at higher trophic levels, for example insects
and birds. One problem associated with pesticide
use is the synergistic toxic effect that some mole-
cules have when applied in mixtures. Most active
ingredients are tested before they are released
onto the market. However, the tests are done on
the pure product in its commercial formulation
(Brodeur et al., 2014). Most farmers, however, use
such products in mixtures (e.g. a herbicide plus an
insecticide in the same water suspension), and evi-
dence obtained using biological indicators shows
that some of the most common mixtures increase
the toxicity of all active ingredients (ibid.). It is
also important to note that the toxicity of active
ingredients has increased over time, reducing the
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dosage needed to have an impact (Letourneau,
Fitzsimmons and Nieto, 2017).

A number of factors are driving increased use
of pesticides and herbicides in some areas. For
example, introduction of glyphosate-resistant
genetically modified crop cultivars in North and
South America and the Pacific led to greater use
of glyphosate, leading in turn to the emergence
of glyphosate-resistant weeds that resulted in the
application of ever higher doses of this herbicide
(Benbrook, 2012; Mortensen et al., 2012), with
possible consequences for certain soil organisms
(Van Bruggen et al., 2018; Gaupp-Berghausen et
al., 2015). Pest pressures that trigger high doses of
pesticide use appear to be increasing as a result of
climate change (Cannon, 1998; Cilas et al., 2016;
Taylor et al., 2018).

The increasing contamination of freshwater
systems with pathogens and chemical pollutants,
including nutrients, is a major global threat to
aquatic biodiversity (Dudgeon, 2012; Okano et
al., 2018). The most significant problem affecting
water quality globally is eutrophication caused by
nitrogen and phosphorus runoff from agricultural
land, flows of domestic sewage and industrial
effluents, and atmospheric inputs from fossil-fuel
combustion and forest fires (FAO and IWMI, 2018;
Russi et al., 2013; UN Environment, 2016a). Lakes
throughout the world are affected by eutrophi-
cation, and those in some regions (Scandinavia,
northeastern United States of America/eastern
Canada and China) are affected by acidification
(Gleick, Singh and Shi., 2001). Lakes and reservoirs
are particularly susceptible to the effects of pollu-
tion, as the water that flows into them carrying
sediments, dissolved nutrients and other pollutants
normally remains standing for some time, leading
to problems such as algal blooms, other species
invasions and hypoxia (Speed et al., 2016). An issue
that has recently been receiving increasing atten-
tion is nitrate accumulation in the vadose zone
(i.e. the part of the Earth’s crust situated above the
aquifers) in areas where highly intensive agricul-
ture is practised. Ascott et al. (2017) describe this
as a latent “nitrate bomb” that could cause major
damage to aquatic biodiversity if released.

It has been estimated that more than 80 percent
of wastewater globally is released into the envi-
ronment without adequate treatment (WWAP,
2017). Aquatic pollution is exacerbated when
ecosystems such as forests, grasslands and wet-
lands that provide water purification services are
destroyed or degraded and when rivers lose their
ability to self-purify due to changes in the biota
that perform this function (Ostroumov, 2005;
WWAP and UN-Water, 2018). Problems are also
caused by the operation of dams, which results in
the discharge of water with low oxygen levels into
downstream areas (WWF, 2004). Another concern
is the passage of personal-care products and
pharmaceuticals into the aquatic environment
via domestic sewage. Some of these pollutants
contain microplastics (UN Environment, 2016b)
and some are believed to mimic natural hormones
in humans and other species (UN Environment,
2008; Vilela, Bassin and Peixoto, 2018).

Seawater quality and marine and coastal bio-
diversity all around the world are also seriously
affected by pollution (FAO, 2011a). The problem
is becoming increasingly widespread near heavily
populated regions of Latin America and Southeast
Asia, threatening marine food sources and the
economic activities of coastal communities (UN
Environment, 2008, 2016¢). So-called “dead zones”
caused by excess nitrogen undermine fish pro-
duction and other ecosystem services (Halpern et
al., 2009).%% Coastal pollution is one of the many
threats facing coral reefs (see also Section 4.5.4).
For example, the Great Barrier Reef off the coast of
Australia is seriously affected by nutrient and pes-
ticide runoff from sugar-cane farming and other
types of agriculture (Queensland Government,
2017; Schaffelke et al., 2017).

An emerging threat to marine wildlife is increas-
ing pollution by microplastics. Microplastics (plastic
particles of lessthan 5 mm in diameter) are classified
into two groups. Primary microplastics are plastics

28 Such effects (and those noted above for freshwater and
terrestrial systems) are among those that led Rockstrom et
al. (2009) to conclude that the Earth may have crossed the
so-called planetary boundary (i.e. the upper tolerable limit) for
the disruption of its nitrogen and phosphorus cycles.
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TABLE 3.14

Reported effects of pollution and external input use on the provision of regulating and supporting

ecosystem services, by production system

Effects of pollution and external inputs on ecosystem services
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indicate the same trend (positive [+], negative [-] or “no effect” [0]) then this trend is indicated in the respective cell of the table. In other
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Source: Country reports prepared for The State of the World’s Biodiversity for Food and Agriculture.

directly released into the environment in the form
of particulates smaller than 5 mm, while second-
ary microplastics originate from the degradation
of larger plastic items once exposed to the marine
environment (Boucher and Friot, 2017). The global
release of primary microplastics into the ocean is
estimated at around 1.5 million tonnes per year
(ibid.). Given the large amount of plastic entering
the ocean, it is assumed that secondary microplas-
tics are far more prevalent, but because fragmen-
tation rates of plastics are largely unknown, there
are no estimates available for the amount of sec-

ondary microplastic present (Duis and Coors, 2016;
Koelmans et al., 2014; Sundt, Schulze and Syversen,
2014). Ingestion of microplastics by aquatic fauna
(fish, turtles, birds) has been shown to inhibit
hatching, decrease growth rates and alter feeding
patterns (Lonnstedt and Ekl6v, 2016).

Information from the country reports on how
pollution and external input use are driving changes
in the supply of ecosystem services in specific
production systems is summarized in Table 3.14.
Perhaps not surprisingly given the connota-
tions of the word “pollution”, negative impacts
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are far more frequently reported than positive
ones. Where positive impacts are reported and
explanations provided, they normally relate to
the benefits of using additional external inputs in
systems where use is currently very low. Countries
highlight a range of different effects. In the case
of grassland systems for example, some European
countries note that the overuse of nitrogen and
phosphorus fertilizers is directly affecting species
diversity. The report from the Netherlands, for
instance, cites a study (Melman and Van der Heide,
2011) that found that the number of grass and herb
species in unfertilized grasslands with relatively
poor soils is between 20 and 30, while in fertilized
grassland the number of species is between 5 and
15. The report further notes (citing LEI, 2015) that
although average grassland fertilization rates in the
Netherlands have declined, they still remain high.
Among examples from the crop sector, China men-
tions the problem of so-called “white pollution”,
i.e. pollution of the soil with plastic films used for
mulching, and the negative effects of excess her-
bicide use on the native flora surrounding agricul-
tural fields. Egypt notes that the excessive use of
fertilizers and pesticides has led to the decline of
important components of agricultural biodiversity
such as owls, kites and various pollinators.

Where aquatic ecosystems are concerned,
many countries report that pollutants originating
from crop and livestock production are negatively
affecting biodiversity. For example, Spain reports
that pollution from agricultural runoff has affected
the composition and abundance of aquatic micro-
organism communities and other components of
aquatic biodiversity. It also notes that this pollution
may alter the physical and chemical composition of
the marine bed, influencing, in turn, the biologi-
cal composition and structure of benthic commu-
nities. Argentina mentions that agricultural runoff
seems to be the most significant source of pollu-
tion in aquatic ecosystems, noting in particular that
soybean production is affecting wetland biodiver-
sity in surrounding areas and is leading, inter alia,
to changes in the population sizes of various aquatic
organisms, changes in the physiology and behaviour
of fish and amphibians, eutrophication of water

bodies and changes in the structure of riparian
communities. The country reports provide little spe-
cific information on pollution problems associated
with aquaculture. However, Viet Nam reports that
intensive aquaculture, in particular catfish farming
in the Mekong Delta, has significantly contributed
to eutrophication in surrounding waters.

Several countries note the impacts of pollut-
ants from mining and other industries on aquatic
ecosystems. For example, Zambia mentions that
effluents from the mines of its Copperbelt and
Northwestern provinces negatively affect the
diversity of dragonflies and other benthic inver-
tebrates in major river systems as a result of
elevated levels of redox, electrical conductivity
and turbidity.?® Zimbabwe mentions that more
than a million people are illegally panning for
gold along its rivers and that this is resulting in
the clearance of trees and digging in river beds,
which in turn cause soil erosion and landslides
that lead to the siltation of water bodies and
destruction of aquatic biodiversity. It further
notes that there has been an increase in the use
of mercury, iron and cyanide to process ore and
that this has polluted watercourses and affected
the livelihood sources of local people. Mexico
mentions that oil spills in the Gulf of Mexico
have caused tremendous damage to marine and
coastal ecosystems, biodiversity and economic
activities such as fishing and aquaculture.

3.6.3 Overexploitation and
overharvesting

Overexploitation and overharvesting are serious
threats to the world’s biodiversity in general
(Maxwell et al., 2016) and to BFA specifically.
As well as affecting target populations directly
through removal, overharvesting can affect them
indirectly by modifying their habitats. It can also
adversely affect non-targeted components of BFA
in the surrounding ecosystem. For example, over-
harvesting of woody species for fuel or timber can
lead to major changes in the local environment,
including in its microclimate and hydrology,

22 The report cites Chama and Siachoono (2015).
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nutrient-cycling processes and capacity to provide
habitat services. Overharvesting of wild species
of plants or animals can lead to misbalances
in trophic networks that affect the survival of
non-target species (e.g. Baum and Worm, 2009).

A range of factors can lead to the overharvest-
ing of wild foods. For example, 16 of the world’s 36
biodiversity hotspots are in areas where the human
population suffers from malnutrition and hunger
(Treweek, Brown and Bubb, 2006), which clearly has
the potential to place pressure on wild biodiversity
used as a source of food. Overharvesting can also
be triggered by the commercialization of species
that have previously been used exclusively for local
subsistence (Kala, 2009). Overharvesting for medic-
inal purposes can be another threat (Schippmann,
Leaman and Cunningham, 2002).

Where aquatic ecosystems are concerned, over-
harvesting of fish and other species is a threat both
to biodiversity and to the long-term sustainability
of fisheries (Speed et al., 2016). According to FAO
(2018a), 33.1 percent of marine fish stocks are
classified as overfished. The bluefin tuna of the
Northern Pacific Ocean provides an emblematic
example. By 2016, overfishing had led to a fall of
about 97 percent in its population relative to esti-
mated unfished levels; a large majority of the catch
were young fish that had not yet reached repro-
ductive age (ISC, 2018). According to WWF (2015),
more than 85 percent of fish stocks in the world’s
oceans are at significant risk of “illegal, unreported
and unregulated” fishing. Changes in fishing activ-
ities by international fleets are exerting particular
pressure in the waters of some developing coun-
tries through, inter alia, the use of “flags of con-
venience” (Ferrel, 2005; Miller and Sumaila, 2014).

Overgrazing is a particular form of overharvest-
ing in which the harvest is extracted via (mostly)
domesticated herbivores. Impacts include loss of
soil cover and consequent increases in the soil's
susceptibility to erosion and declines in its capacity
to capture and retain water, cycle nutrients, etc. As
noted above, grazing can also contribute to the
spread of woody vegetation, leading to the loss
of grassland biodiversity (including forage species
used by livestock) and potentially to a complete

transformation of the vegetation structure and
ecology of the affected area (Archer et al., 2017).
Mechanisms involved include reduced competi-
tion from grasses as a result of selective grazing,
reduced frequency of fires as a result of removal
of fine fuel, and seed dispersal by livestock (ibid.).
Overgrazed wetland soils that have lost their per-
manent surface cover often become salinized and
accumulate surface salt, especially in dry regions
(e.g. Di Bella et al., 2014; Zhang et al., 2015).

The effects of livestock grazing on grassland bio-
diversity and associated ecosystem services depend
greatly on the type of grassland involved (vegeta-
tion structure, climatic and hydrological regimes,
soil type and geomorphology) and are also affected
by the types of animals stocked and how grazing
is managed (Briske, ed., 2017). In some grassland
production systems, vegetation is more influenced
by environmental variables such as rainfall patterns
than by livestock (ibid.), and in various circum-
stances well-managed grazing can be a means of
promoting biodiversity and the supply of ecosys-
tem services (FAO, 2016f). However, it is also clear
that in many locations excessive or badly managed
grazing is an important driver of soil erosion and
biodiversity loss (e.g. FAO, 2016f; Kairis et al., 2015;
Palmer and Bennett, 2013).

Information from the country reports on the
effects of overharvesting and overexploitation on
the supply of ecosystem services is summarized
in Table 3.15. Given that this driver by definition
gives rise to adverse effects at least on the tar-
geted species, it is not surprising that that neg-
ative effects on ecosystem services are far more
frequently reported than positive effects.

Overgrazing is mentioned as a problem by
countries from most regions. For example, Spain
mentions that stocking rates on its rangelands are
higher or lower than those appropriate for local
conditions, especially in the Mediterranean region,
and that this is leading to land degradation in
several locations. This effect (in combination with
areduction in the spatial frequency of hedgerows —
often as a result of land consolidation) is reported
to be disrupting habitats and leading to the loss of
ecosystem services such as biological pest control
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TABLE 3.15

Reported effects of overexploitation and overharvesting on the provision of regulating and
supporting ecosystem services, by production system

Effects of overexploitation and overharvesting on ecosystem services

Pest and disease
Water purification
and waste treatment

regulation
Natural-hazard

regulation

Production systems (PS)
Livestock grassland-based systems
Livestock landless systems
Naturally regenerated forests
Planted forests

Self-recruiting capture fisheries

[ [ II [ [ Pollination

Culture-based fisheries
Fed aquaculture +/- - - -
Non-fed aquaculture
Irrigated crop systems (rice) - = = =
Irrigated crop systems (other) - - - -
Rainfed crop systems - - - -

Mixed systems - +/- - -

]
2 &
-] £

= c =

= © .2 o
= < a w S
s 8 2 > 6.8
S RE= S el R
] o=
= E.S > o =3
= == v = T o
Q o v - S S o
= < @ [ = e

=~ —_— - e -]
=] =% “, S v
:: o;. [] = ©
i a o

Proportion of
countries reporting
1 mE
any effect of the
- - driver (%)
12-18
19-25

26-32

.

Notes: Countries were invited to report the effects (positive, negative or “no effect”) of this driver on the provision of each ecosystem
service in each production system. If 50% or more of the responses for a given combination of production system and ecosystem service
indicate the same trend (positive [+], negative [-] or “no effect” [0]) then this trend is indicated in the respective cell of the table. In other
cases, mixed effects (+/-) are indicated. The colour scale indicates the proportion of countries reporting the presence of the respective
system that report any effect of the driver (positive, negative or “no effect”) on the provision of the respective ecosystem service. See
Section 1.5 for descriptions of the production systems and a discussion of ecosystem services. Analysis based on a total of 91 country reports.
Source: Country reports prepared for The State of the World’s Biodiversity for Food and Agriculture.

and control of water runoff. Finland mentions
that overgrazing by reindeer is negatively affect-
ing the quality and abundance of lichen pastures.
Stocking pressure is reported to have increased as
a result of the introduction of fences and supple-
mentary winter feeding, which allows larger herds
of reindeer to be kept than could be sustained by
the pastures alone. Sri Lanka mentions that over-
grazing by buffalo and cattle in protected areas
has had negative consequences for biodiversity
and the supply of ecosystem services. The United
Arab Emirates reports that overgrazing is one of

the most serious threats to its desert environment.
It notes that in the past nomadic pastoralists kept
small herds and moved them from one place to
another according to the availability of water and
natural vegetation, which provided the main source
of feed for the animals. Today, in contrast, herds
are reportedly large, managed under sedentary
systems within relatively small areas, supplied with
water and fed on imported feed. The resulting
overgrazing, which has been exacerbated in recent
years by scarcity of rainfall, has led to erosion and
the removal of natural vegetation, including a
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significant decline in some palatable plant species
such as arfaj (Rhanterium epapposum) and some-
times their replacement by poisonous plants such as
Calotropis procera and Rhazya stricta.

Impacts of the overharvesting of wild foods and
forest products of various kinds are also widely
reported. For example, Nepal reports overhar-
vesting and overexploitation of some wild foods
(e.g. mushrooms, ferns and bamboo shoots), medic-
inal plants and various other forest products, but
notes that a lack of relevant studies has prevented
assessment of the specific effects these practices
have had on ecosystem services. In most cases, the
impacts reported by countries are on the supply
of the harvested resources themselves rather
than on the wider supply of ecosystem services.
Mali reports that the removal of wood for char-
coal production empties forests and savannahs of
resources. Some species — kantakara (Combretum
glutinosum), African rosewood (Pterocarpus
erinaceus), small-leaved bloodwood (P. lucens)
and the gum arabic tree (Acacia nilotica) — are
reported to be particularly endangered because
of the calorific value of their wood. Others such as
guelé (Prosopis africana) and siri (Burkea africana)
are intensively sought after as their charcoal is
popular in local crafts.

Most European countries do not indicate that
wild foods are being affected by overharvesting.
Many reports from this region note that legisla-
tion has been put in place to protect potentially
threatened resources. In some cases, however,
commercial collection of wild food resources
results in overexploitation and/or otherwise dam-
aging the local environment. This is reported to be
the case, for example, with wild herbs in Slovenia
and locally with wild berries in Finland.

Some countries note that socio-economic factors
can influence exploitation rates. For instance,
Croatia mentions that unemployment increases
threats to wild mushroom species, as people
gather them to supplement their incomes. Jordan
reports that poverty drives the overexploitation of
wild fauna and wild edible plants and mushrooms.

Overfishing is highlighted by countries from
all regions as a threat to freshwater and marine

ecosystems and their biodiversity. Again, coun-
tries mainly note impacts on the supply of food
rather than on any other ecosystem services. For
example, Solomon Islands mentions that overex-
ploitation for both subsistence and commercial
purposes has resulted in the depletion of several
important species, including greensnails, blacklip
and goldlip shells, coconut crabs, giant clams and
sandfish (sea cucumber). Some countries specifically
note the impact of damaging fishing practices. For
example, Sudan reports that some fish popula-
tions are decreasing as a consequence of the use
of destructive fishing gear, the violation of closed
fishing periods and illegal trawling. Viet Nam
mentions that destructive fishing methods such as
fishing with poison and creating electric shocks to
stun and kill fish are widely used in both coastal
and inland waters. Use of poison is reported to be
severely threatening over 80 percent of the coun-
try’s coral reefs.

Lack of regulation is noted as an exacerbating
factor in some reports. For example, in addition to
the above-noted problems, Solomon Islands men-
tions that companies engaged in coral exports are
not monitored or supervised by any authority and
that this is leading to the decline of reef ecosystems.

Policies

¢ Policies directly addressing the management of
biodiversity for food and agriculture (BFA), and
particularly those that restrict unsustainable practices,
are considered by many countries to have positive
effects on diversity and the supply of ecosystem
services. However, negative impacts are also reported,
for example in the case of policies favouring
inappropriate mining, dam or reservoir construction
or road building.

o The impacts of policies considered favourable to BFA
or to the supply of ecosystem services have often not
been adequately assessed.

¢ Policies intended to promote the sustainable
management of BFA are often weakly implemented as
a consequence of shortages of resources, inadequate
stakeholder involvement and conflicts of interest.
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BFA can be affected both by policies that are spe-
cifically intended to promote its sustainable use
and conservation and by the impacts of other
policies. The former include policies that restrict
unsustainable practices such as inappropriate use
of fertilizers and pesticides, establish protected
areas or limit the harvesting of wild species so
as to prevent their overexploitation. Many poli-
cies of this kind have been put in place at both
national and international levels (see Chapter 1
for an overview of global policy agendas and
Chapter 8 for further discussion of BFA-related
policies in general). However, it is often difficult
to determine the extent to which such measures
are being implemented and what influence they
are having on the status of BFA. Policies that have
indirect effects on BFA and ecosystem services are
very diverse in nature and can include those influ-
encing any of the drivers discussed in this chapter.
Many of these policies have had a significant
negative effect on BFA. Examples include those
that support agricultural intensification, favour
industrial development, mining or development
of infrastructure such as roads, reservoirs or large-
scale dams in areas where there are high levels
of BFA (e.g. IAASTD, 2009; Laurance, Sayer and
Cassman, 2014; World Bank, 2008).

Information provided by countries on the
effects of policies on the supply of ecosystem
services is summarized in Table 3.16. Positive
effects on ecosystem services are more fre-
quently reported than negative effects for most
production systems and types of ecosystem
service. Countries that provide details of positive
outcomes include, for example, Estonia, which
reports that policy measures aimed at protecting
soils and the environment have benefited soil for-
mation and protection services, and Argentina,
which mentions that its export-tax policies on
soybean and export quotas for wheat and beef
have indirectly contributed to the diversification
of agricultural systems as a result of economic
decisions taken by individual farmers. Several
countries mention fisheries policies that have had
positive impacts on biodiversity. For example, the
Netherlands reports that restrictions (catch limits,

limits on the number of days when species can be
caught, regulation of fishing practices and estab-
lishment of marine protected areas) imposed by
policies at European Union and national levels
have meant that fishing practices in the North Sea
have become more sustainable. It notes that mor-
tality rates imposed by fishing have decreased by
about 35 percent since 2000 and that spawning-
stock biomass is starting to recover.>°

Some countries note that despite major policy
initiatives their BFA remains under threat. For
example, Finland reports that European Union
policies that aim to promote the utilization of eco-
system processes such as nutrient cycling and bio-
logical control to replace external inputs in food
and agricultural production have so far only been
implemented to a limited extent and notes that
the overall impact of policy may have remained
negative as a result of a focus on the economic
performance of individual farms rather than on
overall sustainability. Several European Union
member countries note that such measures are
increasingly difficult for farmers to comply with.
This is often ascribed to the high costs associated
with land and labour resources, and in some cases
to the low prices farmers receive for their produce,
which forces them to intensify production per unit
area using the cheapest available means, even if
they are not sustainable. Another issue raised in
some country reports is a lack of adequate assess-
ment of the impact of policies on BFA and the
supply of ecosystem services. For example, Finland
reports that over recent decades legislative and
voluntary measures have alleviated pressures on
natural resources caused by threats such as over-
grazing and the overexploitation of forests, for
example by promoting the establishment of ripar-
ian buffer zones and the protection of key habi-
tats. It notes, however, that the effectiveness of
such measures in terms of improving the supply of
ecosystem services remains unconfirmed. Several
countries provide examples of policies and legal
instruments that support the maintenance of
traditional knowledge (see Section 8.8.4).

3 The report cites ICES (2013).
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TABLE 3.16

Reported effects of policies on the provision of regulating and supporting ecosystem services,

by production system
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Section 1.5 for descriptions of the production systems and a discussion of ecosystem services. Analysis based on a total of 91 country reports.
Source: Country reports prepared for The State of the World’s Biodiversity for Food and Agriculture.

Countries reporting less positive outcomes
include Viet Nam, which notes that policies pro-
moting the construction of dams, reservoirs, roads
and other infrastructure have caused the degrada-
tion and fragmentation of ecosystems, destroying
habitats and creating barriers to species migra-
tions. These effects are reported to be leading
to long-term negative impacts on wildlife popu-
lations. Ecuador mentions, inter alia, its decision
to allow open-pit mining. Although the methods
to be deployed are termed low impact and envi-
ronmentally friendly, it notes most of the sites
identified for mining operations are in highly bio-

diverse ecosystems and that the projects represent
a threat to biodiversity.

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

As discussed in greater detail in Section 8.2,
women play vital roles in the management of
BFA. The country-reporting guidelines specifically
invited countries to report on drivers affecting the
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involvement of women in the maintenance and
use of BFA. Responses indicate that a number of
socio-economic and environmental changes are
transforming women's roles in the management
of BFA and are to some extent altering traditional
divisions of labour between men and women. The
factors highlighted range from improved access
to education to increasing demand for products
typically produced by women. Responses do not
always include explicit indications of how such
changes are affecting BFA, i.e. whether they have
impact in terms of promoting or constraining the
sustainable use of these resources. The focus is also
mainly on changes at production-system level, such
as increases or decreases in women'’s participation
in particular aspects of management (as opposed
to, for example, changes in levels of involvement
in policy-making, research, etc.).

Several countries mention that alternative live-
lihood opportunities for women are reducing
their roles as managers of BFA. Bangladesh, for
example, reports that such changes have led to a
decline in women'’s participation in poultry breed-
ing. On the other hand, several countries report
that changing economic conditions have provided
women with new opportunities to market the
products they have traditionally been involved
in supplying, including both wild foods (e.g.
reported by Cameroon and Sri Lanka) and crop
and livestock products (e.g. reported by Eswatini).

In some cases, women'’s participation in spe-
cific activities has been promoted by the weak-
ening of sociocultural barriers defining gender
roles. For example, Grenada notes that women'’s
greater self-reliance and independence has led
to more direct involvement in farming, with
some activities now dominated by women. For
example, over 90 percent of the country’s flower
growers are reported to be women. Similarly,
Eswatini reports that better access to markets
from which they were traditionally excluded has
led to increased participation of women in cattle
production, a traditionally male-dominated sector.
Several countries highlight women’s increasing
access to education, either as a factor facilitating
their participation in the management of BFA or

as a factor facilitating transition out of food and
agriculture-related livelihood activities.

Several countries also acknowledge that
women'’s participation in BFA management is
constrained by a lack of access to external inputs
and productive resources. Some note the signifi-
cance of increasing levels of poverty. For example,
Jordan and Zambia note that this factor has led
to higher numbers of women participating in
wild-food collection. Some mention the effects of
the so-called feminization of agriculture result-
ing from the outmigration of men from rural
areas because of poverty and lack of job oppor-
tunities. China, for example, notes that women
have increasingly been taking responsibility for
decision-making in agriculture. It mentions that
increasing workloads may have pushed women
towards more rapid adoption of unsustainable
and biodiversity-eroding practices, including the
adoption of crop varieties that require the use of
large amounts of chemical fertilizers and pesti-
cides. Women's lack of education in sustainable
agricultural practices is reported to be an exac-
erbating factor. Nepal notes that labour short-
ages, combined with flows of remittances and
the increasing availability of cheap alternative
products on local markets, have contributed to
the abandonment of local crops. High levels of
widowhood are another factor noted by some
countries. Eswatini, for example, reports that the
HIV/AIDS pandemic has on the one hand meant
that many women have lost their husbands and
are taking the lead in farm-management decisions
and on the other that women’s roles as primary
care givers limits the amount of time they have
available for agriculture.

Agricultural “modernization” is reported to be
affecting women'’s roles in some countries. For
example, Guyana notes that mechanization has
led to displacement of women from the rice indus-
try, where they used to be responsible for land
preparation, planting, weeding, harvesting and
processing. Bangladesh notes that the spread of
commercial orchard plantations growing crops
such as bananas in hilly areas has swept away local
plants that women relied on to diversify their diets.
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A number of countries note that environmental
drivers such as climate change and land degrada-
tion are compromising women'’s involvement in the
use and management of BFA. Several highlight the
particular vulnerability of women to the impacts of
climate change on agriculture and local ecosystems.
Jordan, for instance, reports that climate change is
likely to reduce the availability of wild foods and
add to the burden on women from traditional com-
munities, who are responsible for collecting wild
foods and in future will probably have to walk
longer distances to find them. Some countries note
women's vulnerability to natural disasters such as
droughts and hurricanes. Various unsustainable
management practices and changes in land and
water use are reported to be threatening women's
livelihoods via their impacts on common-property
resources such as fuelwood, fodder and wild foods,
resources upon which women are often dispro-
portionately dependent. Examples include land
conversion (Zambia), overfishing (Jamaica, Nepal),
deforestation and soil erosion (Jamaica), overgraz-
ing (Yemen) and disturbance of food webs as a con-
sequence of infrastructure development (Nepal).

Drivers of traditional
knowledge of biodiversity for
food and agriculture

Countries were invited to provide information on
the most significant drivers affecting the mainte-
nance and use of traditional knowledge relating to
BFA. The majority of drivers reported to be having
a negative effect on the maintenance of traditional
knowledge are connected to declining use of such
knowledge and therefore declining transmission
to the next generation. Many countries report that
traditional knowledge is vanishing along with the
older generation, with younger people not inter-
ested in acquiring it. Drivers widely reported to
be affecting the use of traditional knowledge
include population growth, urbanization and the
loss of traditional rural lifestyles. Many countries
report that market-driven industrialization of
agriculture and food processing is contributing

to the disappearance of traditional knowledge
by driving the decline of traditional farming prac-
tices and indigenous varieties and breeds. Loss of
components of BFA as a result of overexploitation
and overharvesting is also widely reported to be
having a negative effect on the maintenance of
traditional knowledge related to these resources.
A few countries note that traditional knowledge
is perceived to be primitive, inferior and related
to poverty. Grenada, for example, states that
colonialism instilled a belief that foreign products
are superior to local ones and that this has led to
the replacement of traditional varieties and local
foods with imported ones. Advances and innova-
tions in science and technology are reported to
have mainly negative effects on the maintenance
of traditional knowledge.

Dietary trends and changes in consumer
demands are reported to have both negative and
positive effects on the maintenance of traditional
knowledge. Some countries report that the avail-
ability of processed foods has reduced the use of
traditional foods. However, a number of European
countries note that an increased interest in tra-
ditional local foods in academia and among the
wider public is contributing to the maintenance
and use of traditional knowledge associated with
them. France, for example, notes that designated-
origin labels promote the continued use of trad-
itional foods and the conservation of knowledge
associated with their production.

Several countries report that policies have a
positive effect on the maintenance and use of
traditional knowledge (see Chapter 8 for further
information on relevant policies and legal frame-
works). Some countries mention that efforts to
record traditional knowledge in writing have
contributed to its continued use. Several report
initiatives and organizations that contribute
to the active maintenance of traditional prac-
tices through a variety of cultural activities (see
Chapter 8 for examples). A number of countries
also report that educational measures, such as
awareness raising in schools, universities, on tel-
evision and online, have had a significant impact
on the use of traditional knowledge.
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The status and trends of
biodiversity for food and

¢ Many key components of biodiversity for food and
agriculture (BFA) at genetic, species and ecosystem
levels are in decline.

¢ Evidence suggests that the proportion of animal
breeds at risk of extinction is increasing, and that -
for some species and in some areas — crop 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 classed as 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.

¢ Forests, rangelands, mangroves, seagrasses, coral
reefs and wetlands in general - key ecosystems
that deliver many essential services to food
and agriculture, including supply of freshwater,
protection against storms, floods and other hazards,
carbon sequestration and provision of habitat for
countless species — are declining rapidly.

m Introduction

Approaches to monitoring the status and trends
of biodiversity to food and agriculture (BFA) vary
across sectors and across categories of biodiversity,
depending, inter alia, on what data are considered
useful for management purposes, how difficult
such data are to collect, and the extent to which

agriculture

¢ Assessment and monitoring of the status and trends
of BFA at national, regional and global levels are
uneven and often limited. While declining trends are
clear, lack of data often constrains the planning and
prioritization of effective remedial measures.

e Priorities for improving the monitoring of the status
and trends of BFA include:

- addressing the knowledge and data gaps that
exist across all categories of BFA;

— establishing or strengthening monitoring
programmes for BFA and providing these
programmes with the resources needed to
operate over the long term;

— improving methods for recording, storing and
analysing data on changes in the status of
species and habitats in and around production
systems, and making them accessible to those
that need them; and

— addressing skill gaps, such as shortages of trained
taxonomists, and exploring innovative options for
improving knowledge of status and trends, such
as involving non-specialist “citizen-scientists” in
monitoring some components of BFA.

the relevant resources and capacity are available.
A range of different aspects of diversity can poten-
tially be monitored. For example, ecosystems can be
monitored based on their geographical extent, but
also on various measures of their quality. Species
and within-species groups, such as varieties and
breeds, can simply be counted (i.e. “richness” can
be monitored), but it is also possible to establish
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extinction-risk categories to which species (or
within-species populations) can be assigned and
to monitor movements between categories. Risk
categorization, in turn, can be based on more or
less complicated methods, depending on the avail-
ability of data on population sizes, structures and
trends, geographical distributions, threats and
other factors. If population data are available, it is
also possible to calculate statistics based on the dis-
tribution of the individual organisms within a pop-
ulation across species (or breeds, varieties or other
categories) and to monitor how these change over
time. Aside from measures based on units such as
species, breeds or varieties, it is also possible simply
to count the number of individual organisms or
measure the amount of biomass within a particular
category of biodiversity (see for example Box 4.3).

This chapter presents an overview of the status
and trends of BFA category by category, begin-
ning with short discussions of plant (crop), animal
(livestock), forest and aquatic genetic resources
(further details for each can be found in the
respective FAO global assessments — [FAO, forth-
coming, 2010a, 2014a, 2015a]). The next section
provides an overview of the status and trends of
associated biodiversity' involved in the supply of
particular categories of regulating and supporting
ecosystem services. It also presents an overview of
trends in the supply of the services themselves. This
is followed by sections on the status and trends of
wild foods and a number of ecosystems reported
by countries to be of particular importance to food
and agriculture. Finally, key needs and priorities for
improving the state of knowledge on the status
and trends of BFA are presented.

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

o While more than 6 000 plant species have been
cultivated for food, fewer than 200 make substantial

' See Section 1.5 for further information on the various
categories of BFA.

contributions to global food output, with only nine
accounting for 66 percent of total crop production in
2014. Although it is not possible to make definitive
statements about global trends in the erosion of
on-farm crop diversity, evidence suggests that, overall,
the diversity present in farmers’ fields has declined
and that threats to diversity are getting stronger.

e The world's livestock production is based on about 40
animal species, with only a handful providing the vast
majority of global output of meat, milk and eggs. As of
2018, 7 745 out of 8 803 reported livestock breeds are
classed as local (i.e. reported to occur in one country
only); 594 of these breeds are extinct. Among extant
local breeds, 26 percent are classed as being at risk of
extinction, 7 percent as not at risk and 67 percent as
being of unknown risk status.

o The number of trees species in the world is estimated
to be about 60 000. Globally, more than 700 species
are now included in tree-breeding programmes. There
is no systematic global monitoring system in place for
intraspecific diversity in tree species.

e Countries report the farming of 694 aquatic species
and other taxonomic groups. In 2016, global capture
fisheries harvested over 1 800 species of aquatic animal
and plants. Within these thousands of species there are
numerous genetically distinct stocks and phenotypes.
As of 2015, 33 percent of fish stocks were estimated to
be overfished, 60 percent to be maximally sustainably
fished and 7 percent to be underfished.

4.2.1 Plant genetic resources for food
and agriculture
Globally, there are approximately 382 000 species
of vascular plants (RBG Kew, 2017), out of which
a little over 6 000 have been cultivated for food
(IPK, 2017). Of these, as of 2014, fewer than
200 species had significant production levels
globally,? with only nine (sugar cane, maize, rice,
wheat, potatoes, soybeans, oil-palm fruit, sugar
beet and cassava) accounting for over 66 percent
of all crop production by weight (FAO, 2017j).
The genetic diversity within crop species can be
broad. However, the precise extent of such diversity

2 This refers to the number of species for which production
statistics are recorded in FAOSTAT.
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is difficult to quantify. A widely applicable indi-
cator for monitoring within-species diversity has
yet to be developed. Important dimensions of
concern are genetic erosion and genetic vulner-
ability at within-species level. Genetic erosion
within species has been defined as “the loss of
individual genes and the loss of particular com-
binations of genes (i.e. of gene complexes) such
as those manifested in locally adapted landraces”
(FAO, 1997). The term is sometimes used in a
narrow sense, i.e. referring to the loss of genes
or alleles, and sometimes in a broader sense, i.e.
referring to the loss of varieties. Genetic vulner-
ability has been defined as “the condition that
results when a widely planted crop is uniformly
susceptible to a pest, pathogen or environmen-
tal hazard as a result of its genetic constitution,
thereby creating a potential for widespread crop
losses” (FAO, 1997).

Indicators of genetic erosion would ideally
focus on changes in the frequency of alleles of
importance to crop production (and give them
more weight than less important ones), provide
a measure of the extent of potential loss (e.g. by
estimating the fraction of genetic diversity at risk
relative to the total diversity) and allow assess-
ment of the likelihood of loss over a specific
time period in the absence of intervention (FAO,
2010a). Indicators for genetic vulnerability could
be based on a number of different population-
level attributes, for example differences in levels
of resistance to, or tolerance of, actual and poten-
tial major pests and diseases or abiotic stresses
(ibid.). In the absence of data that can serve as
more accurate indicators of genetic vulnerabil-
ity, a simple proxy is the extent to which single
varieties dominate over large areas of land. This
is based on the assumption that genetic vulnera-
bility is higher when large areas are cropped with
one (or only a few) varieties.?

3 See, for example, Indicator 42 of the monitoring framework for
the Second Global Plan of Action for Plant Genetic Resources
for Food and Agriculture: “The least number of varieties that
together account for 80% of the total area for each of the five
most widely cultivated crops” (FAO, 2016m).

The evidence presented in the country reports*
prepared for The Second Report on the State of
the World’s Plant Genetic Resources for Food and
Agriculture (Second SoW-PGRFA) (FAO, 2010a)°
indicates that, overall, the diversity present in
farmers’ fields has declined and that threats to
diversity are increasing (although the situation
varies greatly depending on the country, loca-
tion, type of production system, etc.). There is
considerable consensus that, overall, the shift
from traditional production systems utilizing
farmers’ varieties/landraces to “modern” pro-
duction systems depending on officially released
varieties® is leading to genetic erosion. Many
farmers’ varieties/landraces are reported to have
disappeared or to have become rarer. However,
the situation is complex. For example, it appears
that many farmers who plant modern varieties
also continue to maintain traditional varieties.
Studies of trends in genetic diversity within
released varieties also indicate a complex situa-
tion, with some reporting no reduction, or even
increases in diversity over time. Newly adopted
varieties can add genetic diversity to an agricul-
tural system. However, in some cases they may
completely substitute the original ones. The
balance of diversity is therefore difficult to assess.
It is also difficult to make definitive statements
about trends in genetic vulnerability. However,
more than half the country reports prepared for
the Second SoW-PGRFA indicate the presence of
significant genetic vulnerability.

The diversity of crop wild relatives has decreased
in some areas and appears to be particularly threat-
ened in places where the climatic conditions are
changing but species migration is prevented by
ecogeographical barriers.

4 Note that elsewhere in this chapter, unless indicated otherwise,
the term “country reports” refers to the country reports
submitted as contributions to The State of the World's
Biodiversity for Food and Agriculture. See " About this
publication” for additional information.

> Unless otherwise indicated, the material presented in this
subsection is based on this report.

5 In other words, varieties developed and made available by
breeding programmes.
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4.2.2 Animal genetic resources for
food and agriculture
The number of animal species domesticated for
use in food and agriculture is relatively small. The
Global Databank for Animal Genetic Resources,
hosted by FAO, records data on 38 species.” At
global level, the status and trends of animal
genetic resources for food and agriculture are
assessed largely on the basis of summary statis-
tics on breed risk status, i.e. the proportions of
the world’s breeds that are categorized as being
at risk, not at risk, extinct or of unknown risk
status according to the classification system used
by FAO.® Since 1993, FAO has published global
data of this kind in a number of reports, the most
recent being Status and trends of animal genetic
resources — 2018 (FAOQ, 2018g).° The approach has
some limitations in that it treats all breeds equally
regardless of their significance to the overall
diversity of the species (or significance in terms of
other possible conservation criteria). It also only
registers changes when breeds move from one
risk-status category to another. Lack of regularly
updated data on the size and structure of breed
populations is a major practical constraint to the
monitoring of risk status in many countries, par-
ticularly in the developing regions of the world."®
Sustainable Development Goal Indicator 2.5.2
is “Proportion of local breeds classified as being
at risk, not-at-risk or at unknown level of risk of

7 Some of these are in fact groups of species (e.g. deer) or fertile
interspecies crosses (e.g. dromedary x Bactrian camel crosses).
8 Breeds are assigned to risk categories on the basis of the size,
structure and trends of their populations. Data are drawn
from the Global Databank for Animal Genetic Resources, the
backbone of FAO’s Domestic Animal Diversity Information
System (DAD-IS). Countries are responsible for entering data on
their breed populations into the system.
9 Unless otherwise indicated the data presented in this
subsection are taken from this report.
In 2013, the Commission on Genetic Resources for Food and
Agriculture adopted the following indicators for the diversity
of animal genetic resources: the number of locally adapted
breeds; the proportion of the total population accounted for by
locally adapted and exotic breeds; and the number of breeds
classified as at risk, not at risk and unknown. The indicators
have not (as of 2018) been fully put into operation because the
necessary classification of breeds as locally adapted or exotic
has not been completed.

5

extinction.” As of March 2018, 7 745 breeds out
of the 8 803 breeds recorded by FAO were classed
as local breeds (i.e. reported present in only one
country). A total of 594 local breeds were extinct.
Among extant local breeds, 26 percent were clas-
sified as being at risk of extinction, 7 percent as
not at risk and 67 percent as being of unknown
risk status. A comparison of data from 2006 and
2014 shows a slight decrease (29 to 26 percent) in
the proportion of local breeds classified as being
at risk of extinction.'> However, the apparent
trend needs to be interpreted with caution given
the above-mentioned limitations in the state of
reporting. Over the same period, the proportion
of local breeds with unknown status increased
from 62 percent to 67 percent. If all breeds are
considered, regardless of whether or not they are
classed as local, 59 percent are classed as being
of unknown risk status, 10 percent as not at risk,
24 percent as at risk and 7 percent as extinct.
Among the extant species regarded as having
been the wild ancestors of major livestock
species, the most seriously at risk according to The
International Union for Conservation of Nature
Red List of Threatened Species™ (The IUCN Red
List)'3 are the African wild ass (Equus africanus)
and the wild Bactrian camel (Camelus ferus), both
of which are classified as Critically Endangered.
The wild water buffalo (Bubalus arnee) and
the banteng (Bos javanicus) are classified as
Endangered. The Indian bison (Bos gaurus), wild
yak (Bos mutus), mouflon (Ovis orientalis), wild
goat (Capra aegagrus) and swan goose (Anser cyg-
noides) are classified as Vulnerable. The European
rabbit (Oryctolagus cuniculus) is classified as Near
Threatened.' Overall, it appears that a higher
proportion of livestock wild relative species are
threatened with extinction than mammalian and

Breeds are considered to be of unknown risk status if no
population data have been reported to FAO during the
preceding ten years.

Both sets of figures were calculated on the basis of the data
recorded in DAD-IS as of March 2018.

The IUCN Red List of Threatened Species. Version 2018-1.
This refers to the status of the wild rabbit in its natural range.
Outside its natural range, the species is widespread and often
considered a pest.

=
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bird species in general. As of 2010, 25 percent of
species in order Galliformes (chicken relatives),
83 percent of species in tribe Bovini (cattle rela-
tives), 44 percent of species in subfamily Caprinae
(sheep and goat relatives) and 50 percent of
species in family Suidae (pig relatives) were classi-
fied as threatened (McGowan, 2010).

4.2.3 Forest genetic resources

The total number of extant tree species in the
world remains uncertain. However, it is estimated
to be about 60 000 (Beech et al., 2017). The country
reports submitted for The State of the World’s
Forest Genetic Resources (SoOW-FGR) list nearly
8 000 species of trees, scrubs, palms and bamboo,
of which about 2 400 are actively managed for the
products and/or services they supply (FAO, 2014a).
Globally, more than 700 species are now included
in tree-breeding programmes.

The status and trends of forest genetic resources
are monitored at ecosystem, species and intra-
specific levels. However, these efforts are ham-
pered by many methodological and other con-
straints. Most countries face difficulties in assess-
ing their primary forest area. Forest degradation,
forest restoration and species composition are also
difficult to monitor precisely. Monitoring of the
risk status of tree species is currently not compre-
hensive globally, although a number of countries
are able to monitor the status of all their tree
species. The Global Tree Assessment,'® an initiative
led by Botanic Gardens Conservation International
and the IUCN/Species Survival Commission Global
Tree Specialist Group, aims to provide conserva-
tion assessments for all the world's tree species by
2020 (Newton et al., 2015a).

Globally, forest genetic resources are being
threatened and eroded by conversion of forests
to agriculture, unsustainable harvesting of trees
for wood and non-wood products, grazing and
browsing, climate change, forest fires and inva-
sive species (FAO, 2014a). In many parts of the
world, vast areas of land once covered by forests
have been converted to other land uses, with

5 https://www.bgci.org/plant-conservation/globaltreeassessment/

much of this change having occurred during the
twentieth century. Forests still cover 30.6 percent
of the world’s land area and, while global forest
area, and — while global forest area continues to
shrink — the rate of annual net loss of forests has
decreased significantly over recent decades (FAO,
20169) (see Section 4.5.5 for further information).

There is no systematic global monitoring system
in place for intraspecific diversity in tree species.
The SOoW-FGR provides an overview of the state
of knowledge in this regard. Schemes for genetic
monitoring of forest trees have been proposed at
global (Namkoong et al., 1996, 2002) and regional
levels (e.g. Aravanopoulos et al., 2015). However,
they have not yet been implemented, and only
a very few countries have tested such schemes
in practice (e.g. Konnert et al., 2011). Loss of
intraspecific diversity in economically important
tree species has been a major concern in forest
management for decades. Forest management
practices can have genetic impacts on tree pop-
ulations. However, they need to be assessed on
a case-by-case basis. The extent of the impact
depends on the management system and the
stand structure, as well as on the demography,
biological characteristics and ecology of the
species (Wickneswari et al., 2014). In temperate
forests, for example, silvicultural interventions,
such as the thinning of stands, usually have limited
genetic consequences (Lefevre, 2004), and many
silvicultural systems maintain genetic diversity in
tree populations rather well (Geburek and Muiller,
2005). However, if forest management practices
change evolutionary processes within tree popu-
lations, this can have a more profound impact on
the genetic diversity of subsequent generations of
trees (Lefévre et al., 2014).

4.2.4 Aquatic genetic resources for
food and agriculture

Globally, there are more than 31 000 species
of finfish, 52 000 species of aquatic molluscs,
64 000 species of aquatic crustaceans and
14 000 species of aquatic plants (Balian et al., 2007;
Chambers et al., 2008; Lévéque et al., 2008; WoRMS,
2018). In 2016, global capture fisheries harvested
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over 1800 species, including finfish, crustaceans,
molluscs, echinoderms, coelenterates and aquatic
plants (FAO, forthcoming). Within these thousands
of species there are numerous genetically distinct
stocks and phenotypes.

Fisheries and aquaculture data submitted to
FAO by its member countries provide valuable
information on various aspects of aquatic BFA.
However, information is not always reported at
the species level. This is especially problematic for
inland fisheries, where over half of all production
is not designated by species (Bartley et al., 2015).
In the case of aquaculture, available data suggest
that more species are now being farmed than ever
before, especially as more marine fishes are being
bred in captivity (Duarte, Marba and Holmer, 2007;
FAO, 2016h). Country reports prepared for The
State of the World’s Aquatic Genetic Resources
for Food and Agriculture (FAO, forthcoming)
report the farming of 694 species and other tax-
onomic groups. As of 2016, FAO had recorded
data on about 598 species used in aquaculture:
369 finfish species (including hybrids); 104 mollusc
species; 64 crustacean species; 7 amphibian and
reptile species (excluding alligators, caimans or
crocodiles); 9 other aquatic invertebrate species;
and 40 species of aquatic algae (FAO, 2018a).

The level of monitoring of species and popula-
tions harvested in marine and inland fisheries and
raised in aquaculture varies substantially across
these subsectors and across the world. Monitoring
of diversity at intraspecies level is relatively undevel-
oped in the aquatic sector as compared to the terres-
trial livestock and crop sectors (FAO, forthcoming).

The state of the world’s marine fisheries is
assessed by FAO through the analysis of over
400 stocks of fish. Species targeted by marine fish-
eries are classified according to whether they are
overfished (fished at biologically unsustainable
levels), maximally sustainably fished (fished at bio-
logically sustainable levels) or underfished. As of
2015, 33.1 percent of fish stocks were estimated to
be overfished, 59.9 percent to be maximally sus-
tainably fished and 7.0 percent to be underfished
(FAO, 2018a). The share of fish stocks within bio-
logically sustainable levels (maximally sustainably

fished or underfished) declined from 90 percent in
1974 to 66.9 percent in 2015 (ibid.). FAO does not
provide an equivalent analysis for inland fisheries.
The state of inland capture-fishery resources is
more difficult to monitor for a number of reasons,
including the diffuse character of the sector, the
large number of people involved, the seasonal
and subsistence nature of many small-scale inland
fisheries, the fact that much of the catch is con-
sumed locally or traded informally, and the fact
that populations can be greatly affected by activ-
ities other than fishing, including stocking from
aquaculture and diversion of water for other uses
such as agriculture and hydroelectric development
(FAO, 2012b). While there is no dedicated FAO pro-
gramme addressing the state of inland fisheries,
the Thirty-second Session of the FAO Committee
on Fisheries recommended “the development of
an effective methodology to monitor and assess
the status of inland fisheries, to underpin their
value, to give them appropriate recognition and
to support their management ... [and] requested
that FAO develop this assessment methodology,
including broader ecosystem considerations that
impact inland fisheries” (FAO, 2016h).

Top-level carnivores are reported to have
declined in many marine and inland fisheries
(Pauly et al., 1998). This is referred to as “fishing
down the food web"” and can indicate overfishing
(ibid.). In such cases, the productivity of a fishery
remains high, especially in inland waters, as lower
trophic-level species increase in abundance in the
absence of larger predators; however, the value of
the fish drops as the large, more-valuable species
disappear (Welcomme, 1999).

The status of many aquatic species is assessed
by conservation and trade organizations. The
IUCN Red List'® classifies over 1 300 marine species
(including plants, fish, molluscs, crustaceans and
other invertebrates) and over 5 200 wetland species
as Endangered, Threatened or Vulnerable."”” Among
freshwater fish (not the wider range of biodiversity
mentioned above), out of 5 785 species that had

e http://www.iucnredlist.org/
17 The IUCN Red List of Threatened Species. Version 2017-3.
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been assessed for The IUCN Red List at the end of
2011, 60 were considered extinct, 8 Extinct, 8 Extinct
in the Wild and 1679 (29.3 percent) threatened
(Carrizo, Smith and Darwall, 2013). If it is assumed
that the 1 062 species classified as data deficient are
threatened in the same proportion as species for
which data are available, the proportion of threat-
ened species would amount to 36.1 percent of the
total (ibid.). However, not all the fish species assessed
by IUCN are used for food and agriculture. The
Convention on International Trade in Endangered
Species of Wild Fauna and Flora (CITES)'® maintains
information on the status of aquatic species that
are traded internationally. Several species used in
fisheries and aquaculture (e.g. sturgeons, tunas and
sharks) are on the CITES Appendices."

m Associated biodiversity

e Across all production systems, over 450 species are
reported by countries to be managed to promote
the supply of ecosystem services supporting food
production and agriculture, with a vastly higher number
of unmanaged species also essential to these services.
¢ 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 species of associated biodiversity are reported
by countries to be under threat from habitat alteration
and loss, overexploitation, pollution, pests, diseases
and invasive species, and agriculture intensification.
Reports of bee-colony losses are on the rise; 16.5 percent
of vertebrate pollinator species are threatened with
global extinction (rising to 30 percent for island species).
Declines in wild-pollinator populations are reported by
several countries, with the major threats reported to
include habitat loss and fragmentation, use of pesticides,
decline in the diversity of landscapes and plant
communities, and climate change.

©

https://www.cites.org/eng
The CITES Appendices are lists of species afforded particular
types or levels of protection from overexploitation. For further
information, visit the relevant page of the CITES website
(https:/Awww.cites.org/eng/app/index.php).

s

¢ Many countries report declines in the populations of
birds, bats and insects that contribute to pest and
disease regulation. Habitat loss and unsustainable
management practices in the food and agriculture
sector are noted as particular threats.

¢ Soil biodiversity is under threat in all regions of the world.
Many indicators point to declines in soil health, and
ecosystem services provided by soils are at severe risk.

¢ The provision of water-related ecosystem services,
hazard regulation, habitat provisioning, and air-quality
and climate-regulation services is closely tied to the
health and integrity of seagrass beds, mangroves,
coral reefs, wetlands, forests and rangelands, all of
which are in decline globally.

This section discusses the status and trends of com-
ponents of associated biodiversity, i.e. the biodi-
versity present in and around production systems
that contributes to the supply of supporting and
regulating ecosystem services.?’ While ecosystem
services generally rely on the healthy functioning
of whole ecosystems, some species play particu-
larly significant roles in the supply of particular
services.?! Some of these species are specifically
managed for ecosystem services that support food
production and agriculture.

The first section below introduces the compo-
nents of associated biodiversity reported by coun-
tries to be specifically managed to promote the
supply of ecosystem services. The second provides
an overview of the state of information systems
and monitoring programmes for associated
biodiversity. The third provides an overview of
countries’ responses on the status and trends of
associated biodiversity. The next seven discuss
the status and trends of associated biodiversity
involved in the supply of particular categories of
ecosystem services, based on information from
the country reports and other sources. They also
discuss what countries reported on trends in the
supply of the services themselves.

20 See Section 1.5 for further discussion.

21 See Section 2.2 further discussion of the roles of BFA in the
supply of ecosystem services and Section 4.5 for discussion
of the status and trends of a number of important ecosystem
categories.
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4.3.1 Associated-biodiversity species
managed for ecosystem services

The country-reporting guidelines specifically
invited countries to list species (or subspecies)
of associated biodiversity that are in one way or
another managed in production systems to help
provide regulating or supporting ecosystem ser-
vices. Sixty-eight countries provided responses,
referring to a total of 462 distinct terrestrial and
aquatic species, including micro-organisms, inver-
tebrates, birds, mammals, and trees and other
plants. The ecosystem service for which the largest
number of species are reported to be managed is
pest and disease regulation, followed by habitat
provisioning, soil formation and protection, nutri-
ent cycling and pollination. The western honey bee
(Apis mellifera), which is managed for pollination
purposes, is the species most frequently mentioned
(Table 4.1). Several countries also mention manag-
ing ecosystems and landscape features to improve
the delivery of ecosystem services, including the
management of forests, wetlands, lakes, riparian
buffer zones and hedgerows (see for example
Sections 4.3.7, 4.3.8, 4.3.9, 4.3.10 and 4.5).

Among the species and genera managed in pro-
duction systems for the delivery of regulating or
supporting ecosystem services, 16 are reported to
be managed for more than one service (Table 4.2).
These include nine tree and seven non-tree plant
species and genera. Acacia spp. are reported
to be managed for the largest number of distinct
ecosystem services supporting food and agricul-
ture (eight).

The number of species of associated biodiversity
that are reported to be managed for ecosystem
services is particularly large in rainfed crop systems
(413 species), followed by mixed systems (307),
naturally regenerated forests (298), livestock
grassland-based systems (256), planted forests
(249) and irrigated crop (other than rice) systems
(191). Several of these species are reported to be
managed in production systems in more than one
sector of production (Figure 4.1).

In forest, livestock and mixed production
systems, the ecosystem services for which the
largest numbers of species are reported to be

managed are soil formation and protection and
habitat provisioning (Figure 4.1). In crop produc-
tion systems, pest and disease regulation is the
most frequently targeted ecosystem service, with
many countries referring to the use of biological
control agents and to the management of invasive
species. The use of cover crops to promote nutri-
ent cycling and soil formation, or for habitat pro-
visioning through the creation of riparian buffer
zones, is also mentioned. In rainfed systems in
particular, a considerable number of associated-
biodiversity species are reported to be specifically
managed for pollination. In aquatic production
systems, habitat provisioning is the most commonly
reported ecosystem service for which associated-
biodiversity species are being managed. For
example, mangrove species are noted to provide
spawning grounds for fish and other aquatic
species. Several countries mention planting trees,
shrubs and grasses as windbreaks and to protect
coastal and other areas against various hazards.
Some, for example, mention planting trees such
as the Mediterranean cypress (Cupressus semper-
virens) around forests for fire-control purposes.

Overall, the large number of associated bio-
diversity species managed in various production
systems and the multiplicity of ecosystem services
they supply reflect their enormous value and
their great potential to support food and agri-
cultural production.

4.3.2 Information and monitoring

systems on associated biodiversity
Countries were invited to report on national
information systems on associated biodiversity.
Fifty-seven country reports indicate the presence
of at least one such information system (247 are
reported in total). An additional four reports?? spe-
cifically indicate the absence of any such systems.
Over 40 percent of the systems reported are in
European countries. Several examples of informa-
tion and monitoring systems are described in the
“state of knowledge” subsections of Sections 4.3.4
to 4.3.10 and in Boxes 4.6 and 8.8.

22 Those from the Gambia, Slovakia, Sri Lanka and Suriname.
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TABLE 4.1

Examples of species and genera reported by countries to be managed for regulating or supporting
ecosystem services in production systems

Ecosystem service (number
of distinct species reported)

Pest and disease regulation (144)

Habitat provisioning (125)

Soil formation and protection (111)

Nutrient cycling (76)

Species or genus

Acorus calamus

Aphelinus mali
Azadirachta indica

Bacillus thuringiensis
Cecidochares connexa
Ctenopharyngodon idella
Cryptolaemus montrouzieri

Habrobracon hebetor

Neochetina bruchi,
N. eichhorniae

Trichoderma harzianum
Typhlodromus pyri
Brassica oleracea

Khaya senegalensis
Mangifera sylvatica
Platycladus orientalis
Tamarindus indica
Chrysopogon zizanioides
Leucaena leucocephala
Panicum turgidum

Pinus sylvestris

Prosopis juliflora
Rhizobium leguminosarum
Secale cereale

Swietenia humilis,
S. macrophylla

Bradyrhizobium elkanii,
B. japonicum

Eisenia fetida

Faidherbia albida
Hordeum vulgare

Lens culinaris

Leucaena leucocephala
Lumbricus rubellus
Rhizobium leguminosarum
Secale cereale

Vicia sativa

Common name

Flagroot

Woolly aphid parasite
Neem tree

Bt

Gall fly

Grass carp

Mealybug destroyer

Chevroned water hyacinth
weevil, mottled water hyacinth
weevil

Wild cabbage
African mahogany
Nepal mango
Chinese arborvitae
Tamarind
Khuskhus vetiver
White leadtree
Merkba

Scots pine

Ironwood

Rye

Mexican mahogany

Tiger worm
Winter thorn
Barley
Common lentil
White leadtree

Red earthworm

Rye

Common vetch

Countries

Nepal

Nepal, Peru, Syrian Arab Republic, Yemen
Jordan, Nepal, Niger

Ecuador, India, Peru

Palau, Papua New Guinea

Fiji, Syrian Arab Republic

India, Jamaica, Syrian Arab Republic

Niger, Syrian Arab Republic
Papua New Guinea, Sri Lanka, Sudan

Bangladesh, India, Nepal
Croatia, France, Syrian Arab Republic
Ireland, United Kingdom
Chad, Togo

Bangladesh

China

Chad, Ecuador, Yemen
Jamaica, Zimbabwe
Brazil, Mexico

Yemen

Ireland, Slovenia

Brazil, Yemen
Bangladesh

Ireland, United Kingdom

Mexico

Brazil

Bulgaria, Jamaica

Burkina Faso

Sweden, United Kingdom
Jordan, Yemen

Brazil, Zimbabwe
Bulgaria

Brazil, Nepal

Sweden, United Kingdom

Jordan, Yemen
(Cont.)
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TABLE 4.1 (Cont.)
Examples of species and genera reported by countries to be managed for regulating or supporting
ecosystem services in production systems

Ecosystem service (number Species or genus Common name Countries
of distinct species reported)

Bangladesh, Belgium, Bhutan, Burkina
Faso, Cameroon, Ecuador, Eswatini, Gambia,
Germany, Hungary, Jamaica, Lebanon,

Apis meflifera Western honey bee Nepal, Netherlands, Niue, Norway, Panama,
Peru, Poland, Spain, Sweden,
Switzerland, Yemen, Zambia, Zimbabwe
Apis cerana Eastern honey bee Bhutan, Sri Lanka
Bombus terrestris Buff-tailed bumble bee zelglum,SGer(Tany, Hungary, Netherlands,
Pollination (49) orway, sweden
Other_Bombys SPP- (8 . Belgium, Brazil
canariensis, ignites, morio)
Eidolon helvum Straw-coloured fruit bat Burkina Faso
Heterotrigona itama Malaysia
Osmia spp. (O. bicornis, Mason bees (red mason bee, Germany, United States of America
0. lignaria) blue orchard bee)
Malus sylvestris Crab apple Slovenia
Alnus acuminata Alder Ecuador
Khaya senegalensis African mahogany Niger, Togo
Producpon of oxygen/gas Robinia pseudoacacia Black locust China
regulation (30)
Tectona grandis Teak Nepal, Togo
Coffea arabica Arabica coffee Panama
Phragmites australis Common reed Jordan, Lebanon, United Kingdom, Yemen
Avicennia germinans Black mangrove Mexico
Water purification and waste g
- Sorghum halepensis Johnson grass Jordan, Yemen
Panicum virgatum Old switch panic grass United States of America
Eisenia fetida Tiger worm Nepal
Alnus glutinosa European alder Slovenia
Avrcenma spp. (A. alba, Black mangrove (api-api, white Bangladesh, Yemen
A. marina) mangrove)
Bauhinia rufescens Niger
Natural hazard regulation (27) Cenchrus purpureus Napier grass Bhutan
Chrysopogon zizanioides Khuskhus vetiver Jamaica
Cupressus sempervirens Mediterranean cypress Jordan
Picea abies Norway spruce Switzerland
Atriplex halimus Mediterranean saltbush Jordan, Yemen
Andropogon gayanus Bluestem grass Niger
Water cycling (25)
Leucaena leucocephala White leadtree Brazil
Oncorhynchus mykiss Rainbow trout Finland

Note: Analysis based on 91 country reports.
Source: Country reports prepared for The State of the World’s Biodiversity for Food and Agriculture.
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TABLE 4.2
Species and genera most frequently reported to be managed for multiple supporting and regulating
ecosystem services
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Speciesor  Common
genus name Number of countries Countries

Angola, Burkina Faso,
Chad, China, Jordan,
Acacia spp. Acacias 3 1 2 2 2 3 2 1 16 Mexico, Nepal, Niger,
Saudi Arabia, Sudan,
Yemen, Zimbabwe

China, Ireland, Mexico,

VS ST Hioes E 2 U t L & 2 Peru, Slovakia, Slovenia
) . Bulgaria, Ireland, Jordan,
Brassica spp.  Brassicas 1 1 1 1 3 1 8 United Kingdom, Slovakia
o Bulgaria, Ireland, Jordan,
Trifolium spp.  Clover 1 4 1 1 1 8 Norway, Slovakia, Sweden
Eucalyptus Eucalyptus 1 1 1 1 ) 1 7 Cameroon, Ecuador, Peru,
SPp- Senegal, Sudan
Crotalaria Showy ;
spectabilis rattlebox L U L L L L S bl
é‘g;d’cag" Medick 1 3 1 1 6  Bulgaria, Jordan, Yemen
Finland, Ireland, Jordan,
Populus spp.  Aspen 2 1 3 6 St e
Bauhinia 1 1 1 1 1 5 Niger
rufescens
Can_ava//a Jack bean 1 1 1 1 1 5 Brazil
ensiforms
Cajanus cajan  Pigeon pea 1 1 1 1 1 5 Brazil
loveem | Wil 1 2 R 5 Brazil, Mexico, Zimbabwe
leucocephala  leadtree
Tithonia Tree ;
diversifolia marigold ( L L L L 2 e
Hordeum By 1 ) 1 1 4 qudan, Sweden, United
vulgare Kingdom
Tamar'ndus Tamarind 3 1 1 3 Chad, Ecuador, Yemen
indlica
Khaya African 2 1 2 3 Chad, Niger, Togo

senegalensis  mahogany

Note: Analysis based on 91 country reports.
Source: Country reports prepared for The State of the World’s Biodiversity for Food and Agriculture.
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FIGURE 4.1
Regulating and supporting ecosystem services for which associated biodiversity is reported
to be managed, by sector of production

Pollination

Pest and disease regulation

Water purification and waste treatment
Natural-hazard regulation

Nutrient cycling

Soil formation and protection

Water cycling

Habitat provisioning

Production of oxygen/gas regulation
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200
Number of responses
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I Aquatic sector [ Crop sector [l Forest sector [l Livestock sector [l Mixed systems Other/not specified
Notes: A “response” is an indication by a country that a particular species or other taxonomic group is managed within a particular
production system to promote the supply of a particular ecosystem service. Several of the 462 distinct species that featured in the
responses were mentioned by more than one country and/or for more than one production system. The total number of responses
is 1 228. For presentation purposes, production systems are grouped by sector of production. Analysis based on 91 country reports.

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

600

In most countries, the reported information
systems were developed in the context of envi-
ronmental monitoring programmes and not
because the monitored species are considered of
importance to food and agriculture. For example,
most countries have established “red lists” that
summarize the status and trends of native flora
and fauna species and the threats affecting them.
These lists are usually based on a methodology
similar to that used for The IUCN Red List (Box 4.1)
and are reviewed at regular intervals.? In addition

N
b

The IUCN Red List allows species to be grouped according
to the types of ecosystems in which they occur, including
agricultural, forest and marine ecosystems. However, it does
not allow this to be done for particular roles, or assumed roles,
in the supply of regulating or supporting ecosystem services
(pollination, pest control, etc.) within these ecosystems.

to databases of species risk status, the systems
reported include a variety of sources of informa-
tion on associated biodiversity, including newslet-
ters, national reports on the state of biodiversity
produced by relevant ministries (e.g. forestry or
environment), radio and television programmes,
Internet resources, institutes, universities, labora-
tories, museums and encyclopaedias. More infor-
mation can be found in the regional synthesis
reports prepared as part of the reporting process
for The State of the World'’s Biodiversity for Food
and Agriculture.?

The reported information systems are used
to monitor a range of different components of

24 The regional synthesis reports will be made available at
http://Awww.fao.org/cgrfa/en/
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Box 4.1

The International Union for Conservation of Nature Red List of Threatened Species™

The International Union for Conservation of Nature Red
List of Threatened Species™ (The IUCN Red List) is the
world's most comprehensive source of information

on species extinction risks, and contains a wealth of
information on factors affecting species survival, including
on distribution ranges, population trends, ecology,
conservation actions, threats and trade and use. As of
November 2018, more than 96 500 species were included,
over 26 500 of which were threatened with extinction,
including 40 percent of amphibians, 34 percent of conifers,
33 percent of reef-building corals, 25 percent of mammals
and 14 percent of birds.

Source: The IUCN Red List version 2018-2.
Note: For further information, see https:/www.iucnredlist.org

Box 4.2
Birds as indicator species

Avian species can act as valuable indicators of
environmental change and complex shifts in ecosystem
dynamics that may be detrimental to food and agriculture.
For example, seabirds are excellent indicators of climate
change thanks to their behavioural, social and life-history
traits and the vast amount of long-term data available on
them (Grémillet and Boulinier, 2009). Seabirds generally
have highly specialized diets and rely on just a few

prey species, whose abundance and distribution can

shift dramatically in response to abrupt environmental
changes (BirdLife International, 2009). Rising sea-surface
temperatures in Antarctica have led to a reduction in

the abundance of Antarctic krill (Euphausia superba), a
key prey species for many seabirds, and an increase in

the abundance of less favourable food. This has affected
several seabird populations, including emperor penguins
(Aptenodytes forsteri) in Terre Adélie, whose population
declined by 50 percent during a period of abnormally warm
temperatures and poor krill production (Barbraud and

Increase in the number of species assessed for
The IUCN Red List (2000-2018)
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Weimerskirch, 2001). When pieced together, such trends and
warning signs demonstrate where, and how much, climate
change is affecting the ecosystems that industries such as
fishing depend upon.

Seabird numbers can also be a direct indication of fish-
stock depletion. A study on sardine fisheries in the Gulf
of California demonstrated (taking El Nifio influences into
account) that a declining proportion of sardines in the
diets of three seabird species (the California brown pelican
[Pelecanus occidentalis], Heermann's gull [Larus heermanni]
and the elegant tern [Thalasseus elegans]) gave a reliable
forecast of diminishing catch per unit effort in fisheries
landings in subsequent years. This allowed successful
mitigation or reduced-catch measures to be implemented,
helping to stabilize fisheries income (Velarde, Ezcurra and
Anderson, 2013).

Source: Provided by the Royal Society for the Protection of Birds (RSPB) and
BirdLife International.
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associated biodiversity, including particular ecosys-
tem categories (e.g. forests, grasslands or aquatic
ecosystems), protected areas, individual species,
species in general (e.g. via the above-mentioned
red lists), rare or endangered species, specific tax-
onomic groups (e.g. amphibians and reptiles, bats,
bees, birds, butterflies, freshwater and marine
fish, fungi, lichens or mosses) or other catego-
ries such as crop pests and their natural enemies.
Several European countries mention monitoring
efforts for micro-organisms (including bacteria,
viruses and protists) and fungi, including groups
that are of importance to food and agriculture,
such as mycorrhizal fungi, soil microbes, plank-
tonic microbes and rumen microbes. Despite these
various initiatives, however, countries generally
make it very clear that there are many gaps and
weaknesses in monitoring programmes and infor-
mation systems for associated biodiversity. Even
where demographic data on components of asso-
ciated biodiversity are collected, it often remains
unclear how these relate to the geographical dis-
tribution of production systems, which makes it
more difficult to draw conclusions regarding pos-
sible effects on food and agriculture.

Lack of capacity is widely reported by countries
to be a significant constraint to the monitoring
of associated biodiversity. Some countries indicate
that much of the monitoring work that does take
place is done by (expert or non-expert) volun-
teers. For example, Finland reports that initiatives
of this kind account for approximately 70 percent
of all its biodiversity-related monitoring work.
Monitoring of butterflies and birds is largely
volunteer-based in most countries in Europe.
Efforts are also being made to develop method-
ologies based on indicator species that can be
used even where capacity is limited. For example,
the Belau National Museum, in cooperation with
the Palau Conservation Society and the Palau
International Coral Reef Centre, is reported to
have completed preliminary studies aimed at iden-
tifying bird species that could be used as indicators
for near-shore environmental quality and ecosys-
tem health. See Box 4.2 for further information on
birds as indicator species.

TABLE 4.3
Risk status of associated biodiversity for which a
significant threat of extinction or loss is reported

Risk status Responses Distinct species
Extinct (EX) 17 17
Extinct in the Wild (EW) 1 1
(CC”Rt;C&Hy Endangered 154 151
Endangered (EN) 811 766
Vulnerable (VU) 304 300
Data Deficient (DD) 13 13
Near Threatened (NT) 65 63
Least Concern (LC) 36 38
Threatened 362 336
Not known 34 34
Not specified 277 261
Total 2074 1900

Notes: A “response” is a mention by a specific country of a
specific component of biodiversity (species or higher taxonomic
group). The “threatened” category encompasses all responses
indicating that a species is threatened but without further
specification of the degree of threat according to the IUCN Red
List Categories and Criteria. The figures refer to the risk statuses
assigned to species in the country reports. Analysis based on 91
country reports.

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

4.3.3 Overview of status and trends
Countries were invited to list any components
of associated biodiversity for which there is evi-
dence of a significant threat of extinction or loss
of important populations, to specify the degree
of the threat according to the classification system
in use in the country or following the Categories
and Criteria of The IUCN Red List, and to provide
a description of the threat. The responses are
summarized in Table 4.3. Seventy-nine percent
of the responses indicate Critically Endangered,
Endangered, Vulnerable or Threatened status,
and 82 percent of distinct species mentioned fall
into these categories.

A total of 2 074 responses, from 48 countries and
covering 1 900 distinct species, were provided. More
than half of these responses come from three coun-
tries, Bangladesh, Mexico and Panama. The groups
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FIGURE 4.2
Reported threats to associated biodiversity, by region

Number of responses

Africa 297
Asia 505
Europe and Central Asia 212
Latin America and the Caribbean 779
Near East and North Africa 293
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M Changes in land use

Overexploitation
M Pests, diseases and invasive species
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Deforestation M Water-cycle alteration
M Habitat alteration and loss Other

I Hunting and poaching ™ Not reported

Notes: A “response” is a mention by a specific country of a specific component of biodiversity (species or higher taxonomic group).
No data are available for North America or the Pacific. Analysis based on 91 country reports.
Source: Country reports prepared for The State of the World’s Biodiversity for Food and Agriculture.

of species that feature most frequently in countries’
responses are plants, followed by birds, fish and
mammals. Plants account for 1 032 (63 percent) of
the responses referring to species that are classed
as Critically Endangered, Endangered, Vulnerable
or Threatened, birds for 180 (11 percent), fish for
125 (8 percent), mammals for 83 (5 percent), fungi
for 74 (5 percent), reptiles for 61 (4 percent), arthro-
pods?*® for 37 (2 percent), molluscs for 22 (1 percent),
amphibians for 13 (1 percent) and sea cucumbers for
4 (less than 1 percent).

The species most frequently mentioned, for
any risk category, include the western honey
bee (Apis mellifera), the green turtle (Chelonia
mydas), the hawksbill sea turtle (Eretmochelys
imbricate), the loggerhead sea turtle (Caretta
caretta), the West African ebony (Diospyros
mespiliformis), the Himalayan yew (Taxus wal-
lichiana), the baobab (Adansonia digitata), the
Eurasian skylark (Alauda arvensis), the European

% Arthropod species mentioned include insects, spiders
and crustaceans.

eel (Anguilla anguilla), the Palmyra palm (Borassus
aethiopum), the European roller (Coracias gar-
rulus), the leatherback sea turtle (Dermochelys
coriacea), Duvalia sulcate (a succulent plant),
Globularia arabica (a low shrub), the house finch
(Haemorhous mexicanus), the hippopotamus
(Hippopotamus amphibius), the African mahog-
any (Khaya senegalensis), the ocelot (Leopardus
pardalis), the olive ridley sea turtle (Lepidochelys
olivacea), the pomegranate (Punica granatum),
the clapper rail (Rallus longirostris), the white-
headed vulture (Trigonoceps occipitalis), biznau-
gita (Turbinicarpus schmiedickeanus) (a cactus)
and the thirsty thorn (Vachellia seyal).

For the majority of species listed by countries,
no specific indication is provided that they are
being deliberately managed for their contribu-
tions to the supply of ecosystem services to food
and agriculture. Countries made extensive use
of national red lists as sources of information.
In some cases, ecosystems included in red lists
were matched with the production-system cat-
egories used in the country-reporting process
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FIGURE 4.3
Reported trends in associated biodiversity, by production system

Number of
Production system Micro-organisms Invertebrates countries
Livestock grassland-based 40
Livestock landless 22
Naturally regenerated forests 38
Planted forests 37
Self-recruiting capture fisheries 33
Culture-based fisheries L 16

Fed aquaculture 23

Non-fed aquaculture 14
Irrigated crops (rice) 18

Irrigated crops (other) L] 36
Rainfed crops L] 41

Mixed 34

Vertebrates Plants

Livestock grassland-based L : 40
Livestock landless L ! || 22

Naturally regenerated forests L ! | 38
Planted forests | 37
Self-recruiting capture fisheries ! 33
Culture-based fisheries || | 16

Fed aquaculture | 23

Non-fed aquaculture L | 14
Irrigated crops (rice) ! e 18

Irrigated crops (other) ! L] 36
Rainfed crops ! 4

Mixed | L] 34

0% 50% 100% 0% 50% 100%

M Decreasing [ Stable M Increasing Not known/reported

Notes: The figures refer to the ten-year period prior to the preparation of the country reports. “Number of countries” refers to the
number of countries — out of 91 providing reports — that reported trends for the four categories of associated biodiversity in the
respective production system. “Not known/reported” refers to cases where no response is provided or where the information is
indicated to be not known or not applicable. Analysis based on 91 country reports.

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

(see Section 1.5) and all species included in the
respective red lists considered to be associated-
biodiversity species, i.e. there was an assumption
that each of these species plays a role in the func-
tioning of the respective ecosystem.

The main threats reported are habitat altera-
tion and loss (490 responses), deforestation (547),
overexploitation (286), pollution (134), hunting
and poaching (86), change in land use (52), pests,
diseases and invasive species (49), agricultural
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intensification and expansion (19), water-cycle
alteration (14) and climate change (5). Figure 4.2
provides a regional breakdown.

Figure 4.3 summarizes the information
reported by countries on trends over the last
ten years in the status of various categories of
associated biodiversity (micro-organisms, inver-
tebrates, vertebrates and plants).?® It presents
an overview of number of countries reporting
information on trends and a proportional break-
down of this information by production-system
category and type of organism.

Overall, for all production systems and all types
of associated biodiversity combined, 33 percent of
responses indicate decreasing trends, 15 percent
stable trends and 19 percent increasing trends;
33 percent indicate that information is unknown
or not applicable. The breakdown presented in
Figure 4.3 highlights the generally limited amount
of information available on micro-organisms in
production systems, in particular in forest produc-
tion systems. Trends in invertebrate, vertebrate
and plant species providing supporting and reg-
ulating ecosystem services in various production
systems are better assessed.

Countries were invited to report on changes
in regulating or supporting services detected in
specific production-system categories over the
preceding ten years,?’ to describe the trends
reported and, if possible, to provide information
on baseline levels, measurements and indicators
used, extent of change, likely cause(s) and ref-
erences to sources of information (Table 4.4). A
total of 46 countries (51 percent of those that
provided country reports), including countries
from all regions, provided information on trends
in at least one ecosystem service. For individual
categories of ecosystem services, the numbers

% Specifically, countries were invited to provide qualitative
assessments of trends (strongly increasing, increasing, stable,
decreasing and strongly decreasing) or to indicate that
information was not known or not applicable.

Specifically, countries were invited to provide qualitative
assessments of trends (strongly increasing, increasing, stable,
decreasing and strongly decreasing) or to indicate that
information was not known or not applicable.

of countries reporting ranged from 36 (natural-
hazard regulation) to 43 (habitat provisioning).
The next seven sections discuss the status and
trends of associated biodiversity involved in the
supply of particular categories of ecosystem ser-
vices, based on information from the country reports
and other sources. They also discuss what countries
reported on trends in the supply of the services
themselves. With regard to the trends in the latter, it
should be noted that relationships between BFA and
the supply of ecosystem services are complex and
that trends in the diversity or distribution of com-
ponents of BFA will often not be reflected straight-
forwardly in trends in the supply ecosystem services.

4.3.4 Associated biodiversity for
pollination

Introduction

Nearly 90 percent? of all flowering-plant species,
including the vast majority of those in tropical
forests, savannah woodlands, mangroves and
temperate deciduous forests, depend, to some
degree, on animal pollination (other means of
pollen transfer include self-pollination and pol-
lination by wind and water) (Bradbear, 2009;
Ollerton, Winfree and Tarrant, 2011).2° Thirty-
five percent of the world’s total crop production
by volume comes from species that are, at least
in part, pollinated by animals (Klein et al., 2007).
Levels of pollinator dependence vary significantly
among crops, with the highest levels found mainly
in fruits, vegetables and nuts (ibid.). Potts et al.
(2016) report a figure of USD 235-577 billion for
the annual value of the enhancements that animal
pollinators make to global crop output.>®

28 This ranges from 78 percent in temperate-zone communities
to 94 percent in tropical communities (IPBES, 2016a; Ollerton,
Winfree and Tarrant, 2011).
Pollination also occurs in aquatic environments. While until
recently it was thought that animal pollination does not
contribute to pollination under water, it has been found that
marine invertebrates contribute to the pollination of the
seagrass Thalassia testudinum (Van Tussenbroek et al., 2016).
3 The figure (inflated to 2015 USD value) is based on the work
of Lautenback et al. (2012), who used production and price
figures for 2009.

it
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TABLE 4.4

Reported trends in the state of provision of regulating and supporting ecosystem services

in production systems
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Notes: Countries were invited to report trends (increasing, stable or decreasing) in the state of provision of each ecosystem service in
each production system. If 50% or more of the responses for a given combination of production system and ecosystem service indicate
the same trend (increasing, decreasing or stable) then this trend is indicated in the respective cell of the table. In other cases, mixed
trends are indicated. The empty cells correspond to cases in which fewer than five countries provided a response. The colour scale
indicates the proportion of countries reporting the presence of the respective system that report any trends in the state of the respective
ecosystem service (increasing, stable or decreasing). See Section 1.5 for descriptions of the production systems and a discussion of

ecosystem services. Analysis based on 91 country reports.

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

Animal pollination in crop production systems is
largely supplied by managed and wild bee species.
However, there are important pollinators among
other groups of insects, including flies, butterflies,
moths, wasps and beetles, as well as among bats,
birds and rodents (FAO, 2018i, IPBES, 2016a).>" For
example, it has been estimated that bats play some
part in the pollination of at least 500 Neotropical
species from 96 genera (Vogel, 1969). The role of

31 More than 90 percent of the leading global crop types are visited
by bees and around 30 percent by flies. Each of the other animal
pollinator taxa visits less than 6 percent of the crop types.

birds as pollinators is discussed further in Box 4.5.
Some species of pollinators are specialists (i.e. visit
only one or a few plant species), while others
are generalists (i.e. visit a wide range of species).
Similarly, there are specialist plants, pollinated by a
small number of species, and generalist plants, pol-
linated by a broad range of species (IPBES, 2016a).

State of knowledge

Scientific studies, citizen-science projects and
indigenous and local knowledge all help to build
up understanding of the economic, environmental
and sociocultural values of pollination, threats to
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pollinator populations, and the status and trends
of wild and managed pollinators, pollinator-
dependent crops and wild plants at various
scales. At global level, the thematic assessment
of pollinators, pollination and food production
published in 2016 by the International Panel on
Biodiversity and Ecosystem Services (IPBES, 2016a)
remains, as of 2018, the latest major assessment
conducted on the topic.

The availability of data on the status and
trends of pollinators varies significantly by region,
country and type of pollinator. Data are more
complete in Europe and North America than
elsewhere in the world. Within these regions,
managed pollinator species are better docu-
mented than wild pollinators, because they are (i)
recognized as economically important, (ii) easier
to monitor (they are kept in boxes) and (iii) their
taxonomy is relatively well understood (IPBES,
2016a; NRC, 2007). A report on the status of pol-
linators in North America (NRC, 2007) notes that
despite constraints associated with a lack of capac-
ity in taxonomy and identification, quite a large
amount of information is available on pollinator
population trends. However, the quality of this
information, and hence the state of knowledge
on status and trends, varies from taxon to taxon
(ibid.). The IUCN Red List of Threatened Species
assessment covers 58 out of the 130 common
crop-pollinating bee species in Europe and North
America (IPBES, 2016a).

The country reports indicate that, across all
regions, bees are the most widely monitored group
of pollinator species. Honey bees are the most fre-
quently mentioned, but some countries also refer
to monitoring of bumblebees, stingless bees and
other (wild) bee species. Relevant initiatives men-
tioned in the country reports include the bee
monitoring framework developed in the United
Kingdom as part of England’s National Pollinator
Strategy (DEFRA, 2014). Numbers of beehives are
widely monitored.3? Ethiopia, for example, notes
that despite a general lack of information on

32 See, for example, the country data provided in FAO’s statistical
database FAOSTAT (http://www.fao.org/faostat/en/#home).

managed associated biodiversity, its annual inven-
tory of beehives provides a form of “indirect” mon-
itoring. A number of countries mention that — as
an alternative to gathering data on pollinating
animals themselves — monitoring plant reproduc-
tive success or pollen-deposition deficits may be
an effective means of measuring pollinator trends.
However, this approach will only work if the effects
of other influences, such as climate and floral her-
bivory, can be accounted for (FAO, 2008a).

Butterfly monitoring, where it occurs, is
reported to be largely conducted on a voluntary
basis by experts and enthusiasts. For example,
Germany notes that volunteers conduct weekly
walks along set routes (transects), recording all
species of diurnal butterflies, year after year.®* The
population data obtained are used to track trends
in butterfly populations at local, subnational and
national levels. Butterflies are also among the
groups of species reported to be monitored by
the Dutch Network Ecological Monitoring3* pro-
gramme in the Netherlands.?®> Again, these data
are mostly collected by volunteers. The results
are published by, among others, the Netherlands
Environmental Assessment Agency and Statistics
Netherlands. Around 16 000 volunteers are
reported to be active in the programme’s various
monitoring networks.>® Ireland also mentions the
establishment of butterfly and bumblebee moni-
toring programmes.3’

Information on the status and trends of other
pollinators is generally limited. The IUCN Red List
provides information on the global status of many
vertebrate pollinators (e.g. humming birds and bat
species). The migratory habits of species belonging
to these groups sometimes require that monitoring
work is done on a multicountry scale (FAO, 2008a).
Mexico and the United States of America are col-
laborating in several initiatives of this kind (ibid.).

See, for example, http:/Awww.tagfaltermonitoring.de
(in German).
http://www.netwerkecologischemonitoring.nl/home
There are also networks for mammals, birds, reptiles,
amphibians, fish, dragonflies, flora and mushrooms.
3 The country report cites De Groot (2014).
3 http://www.biodiversityireland.ie

®
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Data on fly populations (Diptera) are limited (FAO,
2008a). However, some evidence can be gleaned
from case studies (see below). Overall, the risk
status of most of the world’s insect pollinator
species has not been assessed (IPBES, 2016a).

Status and trends

Status and trends of pollinators
Data from FAQ's statistical database, FAOSTAT,
show that the number of managed western hon-
ey-bee hives is increasing globally. In 1961, coun-
tries reported fewer than 50 million hives. In 2016,
they reported more than 90.5 million hives, pro-
ducing nearly 1.8 million tonnes of honey annu-
ally. IPBES (2016a), however, notes that, despite
the overall upward trends globally, important sea-
sonal colony losses are known to occur in some
European countries and in North America (data
for other regions of the world are largely lacking).
Concerns about colony losses are reflected in
some of the country reports. For example, the
report from the United States of America notes
that honey bees have been in serious decline for
decades: there were approximately 5.7 million
managed honey-bee colonies in the country in the
1940s and approximately 2.74 million colonies in
2015. It further notes that sharp colony declines
occurred following the introduction of the mite
Varroa destructor®® in 1987, and again around 2006
with the first reports of colony collapse disorder.®
The number of managed honey-bee colonies in the
country seems to have stabilized in recent years,
but this is reported to have required increased
efforts by the beekeeping industry.*® Since 2006,

38 An external parasite that attacks honey bees and spreads
viruses among them.

39 The term colony collapse disorder describes a complex set
of interacting stressors, including exposure to pesticides and
other environmental toxins, poor nutrition (resulting in part
from decreased availability of high-quality and diverse forage),
exposure to pests (e.g. Varroa mites) and disease (viral, bacterial
and fungal) that cause high colony losses (USDA, 2012).

40 When overwintering colony losses are high, beekeepers
compensate for these losses by “splitting” one colony into two
and supplying the second colony with a new queen bee and
supplementary food in order to quickly build up colony strength.

the average seasonal loss of honey bees in the
United States of America has reportedly averaged
around 31 percent, far exceeding the 15 percent to
17 percent loss rate that commercial beekeepers
consider to be an economically sustainable aver-
age.’’ A few country reports from northwestern
Europe mention that the state of insect colonies
in general, and of bee colonies in particular, is cur-
rently below the optimal threshold for pollination
of flowering plants in arable land and grassland.

With regard to wild pollinators, IPBES (2016a)
concludes that they “have declined in occurrence
and diversity (and abundance for certain species)
at local and regional scales in North West Europe
and North America” and notes that while a lack
of data precludes general statements about other
regions, local declines have been recorded. In
Europe, 9 percent of bee and butterfly species
are threatened, and populations are declining
in 37 percent of bee and 31 percent of butterfly
species (excluding data deficient species, which
include 57 percent of bee species [ibid.] ).*> Trends
of this kind are reflected in the country reports
from Europe. The report from the United Kingdom,
for example, refers to work showing that among
216 bee species monitored nationally, 70 percent
showed a decline in distribution between 1980
and 2010. With regard to the country’s butterfly
populations, the report indicates that recent years
(2008 to 2013) have seen no overall change, but
that long-term figures (1976 to 2013) show that
the populations of 50 percent of butterfly species
have decreased. Several country reports from the
region, including those from Ireland, Norway,
Poland and Switzerland, refer specifically to a
decline in bumblebees. Serious declines in two
bumblebee species, the great yellow bumblebee
(Bombus distinguendus) in Europe and Franklin’s
bumblebee (B. franklini) in the western United
States of America, are highlighted by IPBES (2016a).
In both cases, effects on production systems have
yet to be examined (ibid.).

41 The country report cites Steinhauer et al. (2015).
4 Data for other regions are currently insufficient to draw
general conclusions.
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Box 4.3

Monitoring total flying insect biomass over 27 years in protected areas in Germany

Insects play a central role in the supply of several ecosystem
services, including pollination, biological control and nutrient
cycling, and provide a food source for a wide range of species,
including many birds, mammals and amphibians (Noriega et
al, 2018). A decline in insect numbers therefore has serious
implications for ecosystem functioning, dynamics and integrity.

Based on long-term insect-trapping results from
63 nature-protection areas in Germany, Hallmann et al.
(2017) concluded that over the period 1989 to 2016 flying-
insect biomass underwent a seasonal decline of 76 percent
("seasonal” refers to the period 1 April to 30 October) and a
mid-summer decline of 82 percent.

The fact that all sampling sites were within nature-
protection areas makes the decline even more alarming.
The authors note that the presence of the effect

Among countries from other regions, Brazil
reports that its 1 173 species of fauna classified as
being threatened with extinction include 85 bird
species, 63 lepidopteran species, 29 beetle species,
7 bat species and 4 bee species that can be con-
sidered pollinators. Some other countries report
anecdotal indications of trends. For example,
Grenada mentions that farmers frequently
comment on falling numbers of butterflies and
other insects in their fields, but notes that no spe-
cific studies have been conducted to confirm this
perceived change or to identify possible causes.

As noted above, data on population trends in
insect pollinators other than bees and Lepidoptera
are generally limited. However, some studies
provide insights into local trends or drivers of
change among relevant taxonomic groups. For
example, Lagucki, Burdine and McCluney (2017)
report negative effects of urbanization on flies
(Diptera), among other groups of flying arthro-
pods. Hallmann et al. (2017) report severe declines
in total flying-insect biomass over recent decades
at sites in Germany (see Box 4.3).

Where vertebrate pollinators are concerned,
IPBES (2016a) estimates, based on data from

throughout the season and across all habitat types studied
suggests that large-scale factors must be involved, but
that analysis of data on climate, land use and local habitat
characteristics indicates that changes in these factors
cannot explain the decline. They mention that agricultural
intensification “(e.g. pesticide usage, year-round tillage,
increased use of fertilizers and frequency of agronomic
measures)”, although not incorporated into their analysis,
may be a plausible cause (almost all the study sites were
close to agricultural fields). They also note that the effect
“must have cascading effects across trophic levels and
numerous other ecosystem services.”

Following this and other similar studies, Germany
initiated an Action Programme for Insect Protection (see
https://lwww.bmu.de/insektenschutz/).

The IUCN Red List, that 16.5 percent of species
are threatened with global extinction (increas-
ing to 30 percent for island species), with a
trend towards more extinctions. Regan et al.
(2015) report that among 1 089 bird species and
343 mammalian species identified as pollinators,
18 of the former and 15 of the latter moved into
a higher IUCN Red List risk-status category during
the period 1988 to 2012 (with two mammalian
species moving in the opposite direction). The
most serious threats to vertebrate pollinators
in terms of the number of species affected are
reported to be habitat loss caused by unsustaina-
ble agriculture (seriously affecting both bird and
mammalian pollinators), hunting and trapping
(a threat to mammals in particular) and inva-
sive alien species (a threat to birds in particular)
(ibid.). Key drivers of change affecting pollinators
are further discussed in Chapter 3.

Status and trends of pollinator-dependent crops
A study undertaken by Aizen et al. (2009) using FAO
data concluded that the global economic impor-
tance of pollinator-dependent crops relative to
pollinator-independent crops increased significantly
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between 1961 and 2006. Yield growth and stabil-
ity in pollinator-dependent crops have, however,
been lower than in pollinator-independent crops
(Aizen et al., 2009; IPBES, 2016a). The reasons for
this have not been clearly established. However,
many studies at local scales show that crop pro-
duction is higher in fields with diverse and abun-
dant pollinator communities than in fields with
less-diverse pollinator communities (Garibaldi et
al., 2016). Pollinator density and diversity depend,
in turn, on the characteristics of the local environ-
ment (e.g. the quality and quantity of food and
nesting resources) and on management practices in
agriculture. For example, Klein et al. (2007) report
case studies for nine crops on four continents that
indicated that agricultural intensification jeopard-
izes wild-bee communities and their stabilizing
effect on pollination services at the landscape scale
(see Section 5.6.7 for further information on links
between management practices and pollinator
diversity and pollination services).

Status and trends of pollination

Countries’ responses on trends in the supply
of pollination services in particular production
systems are summarized in Table 4.4. In livestock
grassland-based systems, reports of decreasing
trends predominate. In crop, forest and mixed
systems, trends are mixed (i.e. neither positive nor
negative nor stable trends predominate). Some
countries report perceived declines (quantitative
data are generally lacking) in the state of polli-
nation services in agriculture without specifying
which production systems are affected.

Where explanations for reported trends are pro-
vided, they often apply to more than one production
system. Many countries identify the use of pesticides,
human-induced habitat loss and fragmentation
and climate change as major causes of declines in
pollinator abundance across production systems.
Several countries report that the availability of
food sources for pollinators in agricultural produc-
tion systems is being jeopardized by a decline in
the diversity of landscapes and plant communities.
Nepal, however, notes that crop diversification in
its rainfed crop systems has increased pollination

levels. Several European countries mention that the
establishment of flower strips in and around fields
(incentivized through agri-environmental schemes)
may have led to an increase in the number of pol-
linators in surrounding areas. In the case of rainfed
and irrigated crop (non-rice) systems, some coun-
tries (e.g. Zambia and Switzerland) report that
invasive plant species are replacing plant species
that pollinators depend on for food.

With regard to grassland-based livestock systems,
Zambia reports that wild pollinators are among
the components of BFA that have been negatively
affected by a recent decline in the number of live-
stock herds (caused by disease outbreaks). Norway
notes that the gradual abandonment of extensive
grazing is leading to the disappearance of habi-
tats that benefit pollinators. Conversely, Argentina
reports that overgrazing in grassland systems is
reducing pollinator habitat. Loss of habitat in natu-
rally regenerated forests is reported to be affecting
pollinators in a number of countries. Some coun-
tries, however, mention that forest area, particu-
larly planted forest area, is increasing and that this
is creating habitat for pollinators. Logging and the
overharvesting of non-wood forest products (specif-
ically plants) are reported to be among the causes
of loss of pollinator habitat in forests. Grenada
mentions that natural disasters such as hurricanes
have disturbed forest ecosystems, with deleterious
effects on pollinators.

Several countries report that efforts to raise
awareness of the importance of pollinators have
had positive effects. Poland, for example, reports
that growing awareness of the importance of
honey bees in increasing crop yields, along with
growing demand for pollination services in large
plantations of insect-pollinated crops, is expected
to lead to increasing interest in beekeeping and
an increase in the honey bee population.

4.3.5 Associated biodiversity for pest
and disease regulation

Introduction
Pest, disease and weed regulation is a crucial eco-
system service for food and agriculture. The direct
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providers of this service are a vast category of
associated biodiversity known as biological control
agents (BCA). Non-BCA biodiversity contributes
indirectly to the creation of a pest-suppressive
environment by, inter alia, providing alternative
food sources and shelter for BCAs (e.g. Settle et al.,
1996). BCAs can be deliberately introduced (aug-
mentative and classical biological pest control) or
managed indirectly by manipulating the local envi-
ronment and wider landscape to promote their
presence (conservation biological control). See
Section 5.6.6 for further information on the roles
of BCAs in integrated pest management.

BCAs are taxonomically diverse and include
many species of bacteria, fungi, invertebrates
and vertebrates. The most significant functional
groups of BCAs are parasitoid insects, predators,
herbivores, entomopathogenic organisms (bacte-
ria, fungi, nematodes and viruses) and antifungal
fungi (Box 4.4). The roles of birds in the supply
of ecosystem services, including pest and disease
regulation, are discussed in Box 4.5.

Relationships between the status of BCA pop-
ulations and the supply of pest-control services
are complex. The presence of more than one
BCA species that preys on a given pest may not
always add to the effectiveness of regulation
services (Martin et al., 2013; Rafikov, Balthazar
and von Bremen, 2008; Straub, Finke and Snyder,
2008). Generally speaking, however, so-called
functional redundancy is considered likely to
increase the resilience of pest-control services by
reducing the risk that all BCAs for a particular
pest will be lost (e.g. because of climate change)
(Beed et al., 2011; Cock et al., 2011). An increase
in the abundance and species richness of BCAs
can sometimes lead to antagonistic relation-
ships such as superpredation (predation of pred-
ators) and hyperparasitoidism (parasitoidism
of parasitoids) (Griffin, Byrnes and Cardinale,
2013; Holland et al., 2012; Landis, Wratten and
Gurr, 2000; Martin et al., 2013). These kinds of
trophic relationships among BCAs, and hence
potentially the supply of pest-control services,
are affected in turn by the characteristics of the
local landscape. For example, Martin et al. (2013)

found that negative interactions among natural
enemies constrained pest control as landscapes
became more complex. However, other studies
have found increasing landscape complexity to
be correlated with increased diversity and effec-
tiveness (timing) of BCA activity (e.g. Dominik et
al., 2017; Settle et al., 1996).

The country reports list many associated bio-
diversity species as being actively managed to
provide pest- and disease-regulating services,
whether directly or indirectly (e.g. via habitat pro-
visioning for BCAs) (see Section 4.3.1). The major-
ity are predatory and parasitoid invertebrates
associated with crop production.

State of knowledge

The country reports indicate varying levels of
knowledge on the status and trends of species
that provide pest and disease control services.
Anumber of countries report extensive monitoring
of relevant components of associated biodiversity.
Examples include Switzerland (agro-environment
monitoring programmes implemented by the
Federal Office for Agriculture), the United Kingdom
(Bees, Wasps and Ants Recording Society;
Farmland Bird Indicator), the United States of
America (National Invertebrate Genetic Resources
Program) and Germany. Some countries report
that monitoring activities are implemented on a
less systematic basis. For example, Croatia men-
tions that some monitoring of natural enemies
(spiders and mites) is done under its Reporting
and Early Warning System in Agriculture. Guyana
notes that although it does not have monitor-
ing programmes for associated biodiversity
in its rice production systems, natural-enemy
populations are recorded as part of pest-
monitoring activities. Some countries note that
some information on the status and trends of
BCAs is obtained via individual research projects.
Moreover, even among countries that make no
specific reference to the monitoring of BCAs or
other components of biodiversity that contrib-
ute to pest and disease control services, some
of these species are probably covered by moni-
toring programmes reported to be undertaken
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Box 4.4

The main functional groups of biological control agents

Parasitoids. Species belonging to this group spend part of
their life cycles (usually the larval stage) inside or on the
surface of a host, killing it in the process. Approximately
10 percent of known insect species are parasitoids (Godfray,
1994). Parasitoid biological control agents are used in
agricultural systems on a large scale in augmentative,
classical and conservation biological control (Heimpel and
Cock, 2018; Jonsson et al., 2008; Van Lenteren et al., 2018).
Examples include wasps of the suborder Apocryta and
several families of flies, for example the Tachinidae family.
Predators. This group includes many arthropod species
—including members of the Acari (mites), Araneae (spiders),
Opiliones (harvestmen), Odonata (dragonflies), Hemiptera
(e.g. assassin bugs), Thysanoptera (thrips), Neuroptera
(lacewings), Coleoptera (beetles), Diptera (flies) and
Hymenoptera (ants, bees and wasps) (Cock et al., 2011) -
as well as a number of vertebrates (amphibians, birds, fish,
mammals and reptiles). Predators help to control a wide
range of pest species, although some may feed on useful
species as well. Subcategories of this functional group
include aerial, aquatic (subsurface- and surface-dwelling),
vegetation-dwelling and ground-dwelling predators
(Holland et al., 2012). The first group have good dispersion
ability and can predate on pests in the air. Examples include
many species of flying insects (e.g. families within the orders
Odonata, Hymenoptera and Diptera) and insectivorous birds
and bats. Aquatic predators include many species of insects,
in both larval and adult forms. Aquatic predators used
specifically as control agents include fish species in
rice-field systems (e.g. common carp [Cyprinus carpio] and
Nile tilapia [Oreochromis niloticus]), Labridae (wrasses)
employed as removers of sea lice in salmon cages, and a
number of carnivorous species (e.g. bronze featherback
[Notopterus notopterus]) used to control tilapia breeding by
predating on their young. Ground predators are associated
with the soil surface and the upper layer of the soil.
Predatory mites of the family Phytoseiidae, for instance,
play an important role in augmentative, classical and
conservation biocontrol of pest mites and insects in open-
field and greenhouse crops (Calvo et al,, 2015; Maoz et al.,
2014; Yaninek and Hanna, 2003). Other examples include
ground and rove beetles. Predatory amphibians include

toads and frogs, although the importance of their role (as
well as that of reptiles) in biological control remains poorly
understood (Hocking and Babbit, 2014).

Entomopathogenic fungi. This group comprises
members of the Fungi Kingdom that invade arthropod
tissues and reproduce in them, killing the host. Several
species (e.g. Beauveria bassiana and Metarhizium
anisopliae) are important in the control of grasshoppers and
locusts (Jaronski and Goettel, 1997).

Antifungal fungi. This group comprises members of the
Fungi Kingdom that limit the development of fungal disease
in plants by killing or competing with the disease-causing
fungi or by promoting plant resistance. Examples include
Trichoderma spp. (John et al., 2010; Zeilinger et al., 2016).

Entomopathogenic nematodes. These nematodes
invade the tissues of many types of insects (including
Lepidoptera, Coleoptera and Diptera). Important examples
include Steinernema spp. and Heterorhabditis spp. (Cock
etal,2011).

Entomopathogenic bacteria. An important species
in this category is the bacterium Bacillus thuringiensis,
which synthesizes a compound (Bt) that is toxic to insects.

Entomopathogenic viruses. Although a number of
virus families are known to infect arthropods, baculoviruses
stand out within this group because of their ability to
kill insects with high specificity. These viruses are commonly
used as biopesticides against lepidopteran pests
(e.g. the Anticarsia gemmatalis nuclear polyhedrosis virus
used to control the velvetbean caterpillar on soybean
and the Helicoverpa armigera nuclear polyhedrosis virus
used to control the cotton boll worm [Reid, Chan and
van Oers, 2014]).

Weed- and algae-damaging herbivores. Herbivores
such as Curculionidae (weevils) and Chrysomelidae (leaf
beetles) help control weeds in croplands (Cock et al., 2011).
Fish such as the grass carp (Ctenopharyngodon idella) are
used in irrigation systems to control aquatic weeds (Halwart
and Gupta, 2004). Rabbitfish (Siganus spp.) and scats
(Scatophagus spp.) help control fouling epiphytic algae in
marine fish cages.
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Box 4.5

The roles of birds in the supply of supporting and regulating ecosystem services

Pest control: Pest predation by birds enhances crop yields
in many regions. More than 50 percent of bird species are
primarily insectivores (Wenny et al.,, 2011).

The European pied flycatcher (Ficedula hypoleuca) has
been shown to be a major suppressor of insects harmful
to forest vegetation, especially destructive moths and
caterpillars. Because of these benefits, plantation owners
actively encourage the presence of pied flycatchers by
providing them with nest-boxes (BirdLife International,
2015). The success of such schemes means the use of
nest-boxes for flycatchers and tits has become a standard
management tool throughout European forests (ibid.).

A study in a cacao agroforesty system in Central
Sulawesi, Indonesia, found that exclusion of insectivorous
birds and bats increased insect-herbivore abundance, despite
the presence of other insectivorous predators, an effect
that decreased the final crop yield by 31 percent, equating
to a loss of USD 730 per ha per year (Maas, Clough and
Tscharntke, 2013). A study in Costa Rica on the effect of bird
predation on the coffee berry borer (Hypothenemus hampei),
a pest that often devastates coffee crops, demonstrated
that infestations nearly doubled when birds were excluded
from foraging on coffee shrubs (Karp et al., 2013). Similarly,
the findings of a study on a coffee farm in Jamaica led
researchers to conclude that the value of coffee berry borer
removal by birds equated to 12 percent of the total crop
value (Johnson, Kellermann and Stercho, 2010).

Pollination: Birds are thought to be particularly
important as pollinators in circumstances where the density
and activity of pollinating insects is limited, for example in
cold, high-rainfall or dry conditions or on isolated islands
with poor insect colonization (Cronk and Ojeda, 2008).

Anderson et al. (2011b) demonstrated that seed
output of the bird-pollinated shrub New Zealand gloxinia
(Rhabdothamnus solandri) was 84 percent lower and shrub
regeneration 55 percent lower at sites in New Zealand that
had lost two out of three major avian pollinator species
than at sites where all three species were present. Studies
have demonstrated strong relationships between birds and
the plants they pollinate: often the role of the bird species
cannot be substituted by other pollinators such as insects
(Nabhan and Buchmann, 1997).

Seed dispersal: Vertebrates, including birds, are the
main seed dispersers for flowering and woody plants
(Sekercioglu, 2006). Nearly 33 percent of bird species
disperse seeds, primarily through fruit consumption, but
also through scatter-hoarding of nuts and conifer seeds.
Seed dispersal benefits plants by increasing the likelihood
that seeds will colonize areas with favourable germination
conditions.

Removing carrion: Vultures fulfil an extremely
important ecological role as scavengers, helping to keep
the environment free of carcasses and waste that spread
disease among people and livestock. Vultures in South Asia
have declined drastically over recent decades. For example,
the abundance of the Indian vulture (Gyps indicus) and
the slender-billed vulture (Gyps tenuirostris) declined by
96.8 percent between 1992 and 2007 (Prakash et al., 2007).
This is largely because of widespread use of the
anti-inflammatory drug “diclofenac” in livestock (Ogada,
Kessing and Virani, 2012). The drug is highly toxic to
vultures, which ingest it when feeding on livestock
carcasses. Declines in vulture populations meant that
carcasses became more prevalent, which in turn led to
increases in feral dog populations, and hence increased
the risk to humans of contracting rabies via dog bites
(Markandya et al., 2008). Based on the costs of commercial
carcass-disposal plants, the value of a single vulture
has been estimated at about 600 000 Indian rupees
(approximately USD 9 200) (IUCN, 2016a). India, Nepal and
Pakistan banned the use of diclofenac as a veterinary drug
in 2006, and surveys suggest that vulture populations have
stabilized, although numbers still remain too low across the
region (e.g. Prakash et al., 2012).

Source: Provided by the Royal Society for the Protection of Birds (RSPB) and
Birdlife International.
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TABLE 4.5

Examples of associated-biodiversity species or species groups that contribute to pest and disease

regulation reported to be under threat

Country Species/group Degree of threat Main threat(s)
Argentina Insectivorous birds Moderate Loss of habitat in production zones, agrochemicals
Alauda arvensis (Eurasian skylark) 0 Intensive agriculture
Perdix perdix (grey partridge) VU
Belgium
Emberiza citrinella (yellowhammer) Threatened
Miliaria calandra (corn bunting) Threatened
Burkina Faso Bats High Poaching, habitat destruction, pesticide susceptibility
Collocalia sawtelli (Atiu swiftlet) EN
Acrocephalus kerearako (Cook Islands
EN
reed warbler)
Cook Islands Pomarea dimidiata (Rarotonga -
monarch)
Aplonis cinerascens (Rarotonga
EN
starling)
Changes in use of arable land (e.g. drainage, changes
Coracias garrulus (European roller) CR in mechanization, changes in crops), disappearance of
dead, hollow and dry trees, pollution, acidification
Forestry, disappearance of dead, hollow and dry trees,
Estonia Cucujus cinnaberinus (flat bark beetle) ~ CR changes in tree species in forests, changes in the age
structure of forests, disappearance of old forests and/or
big trees, clear-cutting
Calosoma inquisitor (lesser searcher R Forestry
beetle)
Guyana Sy(zallag(/s kollari (hoary-throated EN
spinetail)
EN: 2 species
reland Scﬁe%r]east)a (damselfly and dragonfly WUl 2 s
P NE: 9 species
Carduelis carduelis (European Loss of habitat (mainly caused by fires), climate change,
Lebanon . EN h . :
goldfinch) illegal hunting, pollution
Spider species in livestock EN: 3 species L .
s SySETE Wil 25 spedies Habitat loss due to land-use change, pollution
Spider species in rainfed crop systems ~ VU: 8 species
Norway ; i .
fCen'upede SRdES () SEAT-AEE VU: 5 species Habitat loss due to land-use change
orests
EN: 3 species

Spider species in semi-natural forests

for other purposes or for which the purpose is
not specified. It is also likely that the status of
managed BCAs is at least to some degree moni-
tored, although this is often not stated explicitly
in the country reports. Monitoring programmes
for pests and diseases themselves exist through-
out the world. Notwithstanding these various

VU: 23 species

(Cont.)

strands of reporting, however, many country
reports note major weaknesses in monitoring
programmes for BCAs.

Status and trends
While, as described above, the state of knowledge
remains very far from complete, the country reports
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TABLE 4.5 (Cont.)
Examples of associated-biodiversity species or species groups that contribute to pest and disease
regulation reported to be under threat

Country

Panama

Slovenia

Sri Lanka

Switzerland

Species/group
Tinamus major (great tinamou)
Crypturellus soui (little tinamou)
Crax rubra (great curassow)

Nothocercus bonapartei (highland
tinamou)

Pharomachrus mocinno (resplendent
quetzal)

Odontophorus gujanensis (marbled
wood-quail)

Geotrygon chiriquensis (Chiriqui
quail-dove)

Alauda arvensis (Eurasian skylark)
Crex crex (corncrake)

Otus scops (Eurasian scops owl)
Jynx torquilla (Eurasian wryneck)
Lanius minor (lesser grey shrike)
Lanius collurio (red-backed shrike)

Lullula arborea (woodlark)

Spider species

Bat species

Odonata (damselfly and dragonfly
species)

Carabidae (ground beetle and tiger
beetle species)

Chrysopidae (lacewing species)

EN
EN
EN

EN

EN

EN

EN

VU
EN
EN
VU
7
VU
EN

Degree of threat Main threat(s)

Habitat loss

Threatened: 100 species

EN
CR

NT:
On

1 40 species Habitat loss, excessive use of pesticides
: 21 species

Renovation and reassignment of historic buildings,
7 species (23%) intensive agriculture and forestry practices, land-use
Swiss Red List: 15 changes, use of pesticides. Habitat fragmentation due

species (50%) to the presence of infrastructure (e.g. communication

routes, lights)

EX: 2 species (3%)

CR: 12 species (16%) )

EN: 7 species (10%) Habitat loss (e.g. fragmentation, drainage)
VU: 5 species (7%)

On Swiss Red List: 148 Habitat loss (e.g. draining of moors), intensive
species (29%) agriculture

On Swiss Red List: 21

species (18%)

Loss of habitat for larvae

Notes: Countries followed the IUCN Red List Categories and Criteria (IUCN, 2012) (CR [Critically Endangered]; EN [Endangered]; EX
[Extinct]; NT [Near Threatened); VU [Vulnerable]) except where stated otherwise. The numbers in the “Degree of threat” column
indicate the numbers of species in the respective risk category and the percentages indicate the proportion of the evaluated species in
the respective taxonomic group falling within the respective risk category. See Cordillot and Klaus (2011) for more information on the
Swiss Red List classification system. Analysis based on 91 country reports.

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

provide a number of indications of the status of in spiders and predatory insects in crop fields.
individual BCA species, groups of BCAs or species Nepal mentions a general decline in the diver-
categories that include substantial numbers of  sity of the natural enemies of pests. The United
BCAs. For example, Bangladesh reports a decline  Kingdom reports that its indicator for farmland
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birds (many of which are insectivorous)* declined
by 55 percent between 1970 and 2013. Similarly,
the United States of America reports a decline
of almost 40 percent in its grassland bird index
between 1968 and 2014. India notes the decline
of parasitoid wasps (Ichneumonidae, Braconidae
families) and parasitoid flies (Tachinidae). Table 4.5
presents examples from the country reports of the
reported risk status of components of associated
biodiversity that contribute to pest and disease
control, along with (where available) the main
reported threats to these species.

Countries’ responses on trends in the supply of
pest- and disease-regulation services in particular
production-system categories are summarized in
Table 4.4. Reports of decreasing trends predom-
inate in all three crop production-system catego-
ries, while increasing trends predominate in mixed
systems. In all other production-system categories,
trends are mixed (i.e. neither positive nor negative
nor stable trends predominate). Many countries
report factors that are threatening BCAs in and
around production systems, including the use of
agrochemicals (particularly pesticides), habitat
loss and fragmentation, overexploitation and
climate change. For further discussion of drivers
of change, see Chapter 3.

4.3.6 Associated biodiversity for
soil-related ecosystem services

Introduction

This section addresses the status and trends of
components of BFA involved in soil formation and
protection and in nutrient cycling. The biota of
the soil itself is highly diverse (Orgiazzi et al., eds.,
2016). Components include micro-organisms (e.g.
fungi, bacteria, algae, nematodes and protozoa),
mesofauna (invertebrates ranging from 0.1 mm to
2 mm in length, and including mites, springtails
and molluscs) and macrofauna (larger animals such

&

Eleven out of 19 species are predominantly insectivorous
during the spring and summer and therefore have a potential
role in controlling insect pests (DEFRA, 2017). However, little is
known about the effectiveness of these species as pest control
agents (ibid.).

as earthwormes, ants, beetles, termites, spiders and
moles) (see Figure 4.4 and Table 4.7). These organ-
isms are vital to a range of processes that build
and maintain the capacity of the soil to support
plant growth, regulate water flows and store
carbon (Balvanera etal., 2016; FAO and ITPS, 2015;
Beed et al., 2011; Okoth, Okoth and Jefwa, 2013)
(see Table 4.6 for a summary). All these functions
depend on complex webs of interactions between
different functional and taxonomic groups of soil
organisms. Plants and above-ground animals
also contribute, for example by supplying nutri-
ent inputs or protecting the soil against erosion
(Angers and Caron, 1998b; Graham, Grandy and
Thelen, 2009; Vanni, 2002).

Aquatic organisms are vital to the formation
of pond sediments, the accumulation of depos-
its in flood plains and river beds, and nutrient
cycling within these sediments and deposits and
in the wider aquatic environment (Hauer et al.,
2016; Palmer et al., 2000). More information on
biodiversity that contributes to nutrient cycling
in aquatic ecosystems is provided in Section 4.3.7.

State of knowledge

The role of soil biota in the supply of ecosystem
services has become a key focus for soil science over
the last few decades (FAO and ITPS, 2015), and soils
and soil biodiversity in general have been receiv-
ing increasing attention. Recent milestones have
included the launch of the Global Soil Biodiversity
Initiative in 2011, the establishment of the Global
Soil Partnership in 2012, and the inauguration of
World Soil Day in 2013.% The first major global
assessment of soils and how they are changing, The
Status of the World's Soil Resources (FAO and ITPS,
2015), was published in 2015. The following year
saw the publication of the Global Soil Biodiversity
Atlas (Orgiazzi et al., eds., 2016), which provided
the first comprehensive overview of the geograph-
ical and temporal distribution of soil biodiversity in
both natural and managed ecosystems. A number
of regional soil-biodiversity surveying initiatives

4 In December 2013, the 68th UN General Assembly declared 5
December as the World Soil Day.
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FIGURE 4.4
The soil food web

A simplified soil food web
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Primary producers Decomposers, litter Shredders
and soil organic matter  Predators
feeders Grazers
Mutualists

Pathogens and parasites
Root feeders

Source: Orgiazzi et al., eds., 2016. © European Union, 2016.

have also been established, including the African
Soil Microbiology Project and activities under the
Environmental Assessment of Soil for Monitoring
Project,* as have various national initiatives, for
example in several European countries (Gardi et
al., 2009) (see also Box 4.6).

The country reports generally indicate that
knowledge of the biodiversity that contributes
to soil formation and protection and to nutrient
cycling in production systems is limited and that
trends in the status of these resources are not mon-
itored. Among the 91 reporting countries, eight

4 https://esdac.jrc.ec.europa.eu/projects/envasso

Mycorrhizal fungi

EARTHWORMS

3rd TROPHIC LEVEL:

MESO- AND
MACROFAUNA
- — (e.g. arthropods)
MESO- AND Predators
MACROFAUNA
(e.g. arthropods)
Shredders
BIRDS
MICROFAUNA
(e.g. nematodes)
Predators
MICROFAUNA
(e.g. nematodes)
Predators
PROTISTS

MAMMALS

4th TROPHIC LEVEL:
Higher-level predators

5th and higher
TROPHIC LEVEL:
Higher-level predators

indicate that they have a monitoring system in
place explicitly for organisms that play a role in soil
function. The level (sampling frequency and type
of analysis) and coverage (number of species mon-
itored) of these systems vary greatly from country
to country. Some countries describe monitoring
efforts focused on a particular component of soil
biodiversity. For example, Estonia notes that its
Agricultural Research Centre monitors the diversity
and distribution of earthwormes. Sri Lanka mentions
monitoring activities for soil biodiversity in specific
production systems: arthropod diversity in paddy
fields and microbial diversity in various farming
systems. Other countries mention more-general
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TABLE 4.6

The functions of soil organisms

Type of soil organism

Primary producers

Decomposers

Mutualists

Pathogens and parasites

Root feeders

Bacterial feeders

Fungal feeders

Ecosystem engineers

Shredders

Higher-level predators

Plants, algae, bacteria

Bacteria, fungi

Bacteria, fungi

Bacteria, fungi, nematodes,
micro-arthropods

Nematodes, macro-arthropods
(e.g. cutworm, weevil larvae,
symphylans and white grubs)

Protozoa, nematodes

Nematodes, micro-arthropods

Earthworms, termites, ants

Macro-arthropods

Nematode-feeding nematodes,
larger arthropods, mammals,
birds, other vertebrates

Major functions

Capture energy
Use solar energy to fix carbon dioxide
Add organic matter to soil

Break down organic residues

Immobilize (retain) nutrients in their biomass

Create new organic compounds (cell constituents, waste products) that are
sources of energy and nutrients for other organisms

Produce organic compounds that help bind soil into aggregates

Enmesh and bind soil aggregates with fungal hyphae

Convert nitrogen into plant-available, leachable or gaseous forms (nitrifying
and denitrifying bacteria)

Compete with or inhibit disease-causing organisms

Enhance plant growth

Protect plant roots from disease-causing organisms

Fix nitrogen (some bacteria)

Form mycorrhizal associations with roots and improve access and delivery of
key nutrients (e.g. phosphorus) and water to the plant (some fungi)

Potentially cause disease
Consume roots and other plant parts, causing disease
Parasitize nematodes or insects, including disease-causing organisms

Consume plant roots
Potentially cause significant crop yield losses

Graze on bacteria
Release plant-available nitrogen and other nutrients when feeding on bacteria

Graze on fungi
Control many root-feeding or disease-causing pests
Stimulate and control the activity of fungal populations

Maintain soil structure
Enhance soil aggregation by passing soil through their guts

Break down residue and enhance soil structure
Process organic residue into smaller fragments
Shred plant litter as they feed on bacteria and fungi

Control populations

Control populations of lower trophic-level predators

Larger organisms improve soil structure by burrowing

Larger organisms carry smaller organisms over long distances

Source: Based on Tugel, Lewandowski and Happe-vonArb, eds. (2000).

monitoring systems. The Netherlands, for example,
reports a nationwide monitoring programme for
soil biodiversity (see Box 4.6). China indicates that
it has developed a national biodiversity monitoring
network and drafted monitoring guides for, inter
alia, soil-dwelling animals. Information on monitor-
ing activities conducted by France’s Observatory of
Agricultural Biodiversity is provided in Box 8.8.
Some countries indicate that while they have
no systematic national monitoring programmes

in place for soil biodiversity, relevant activities
are sometimes conducted within the framework
of individual projects. For example, Norway men-
tions the Living Topsoil project, under which soil
biodiversity and health are assessed and farmers
are then encouraged to modify their manage-
ment practices to improve soil health. The United
Kingdom reports a pilot project that is identify-
ing and characterizing soil-organism communi-
ties using genetic barcoding and metabarcoding
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TABLE 4.7

Typical numbers of soil organisms in healthy ecosystems

Agricultural soils

Bacteria 100 million to 1 billion

=

-; Several yards
Fungi S (dominated by vesicular-

—  arbuscular mycorrhizal fungi)

=

S Several thousand flagellates and
Protozoa 8 amoebae, one hundred to several

@ hundred ciliates

j<

& Ten to twenty bacterial-feeders
Nematodes A few fungal-feeders

Few predatory nematodes

Arthropods § Up to one hundred

g)

5

= . .

2 Five to thirty
Earthworms 3 More in soils with high organic

matter

Prairie soils
100 million to 1 billion
Tens to hundreds of yards

(dominated by vesicular-
arbuscular mycorrhizal fungi)

Several thousand and amoebae,
one hundred to several hundred
ciliates

Tens to several hundred

Five hundred to two thousand

Ten to fifty
Arid or semi-arid areas may have
none

Note: 1 foot = 0.3048 m; 1 yard = 0.9144 m; 1 mile = 1.609344 km.
Source: The table is included in the country report of the United States of America (also published in Tugel, Lewandowski and Happe-
vonArb, eds. [2000] and online in the Soil biology primer of the National Resources Conservation Service available at https://www.nrcs.

Forest soils

100 million to 1 billion

Several hundreds of yards in
deciduous forests

One to forty miles in coniferous
forests (dominated by
ectomycorrhizal fungi)

Several hundred thousand
amoebae, fewer flagellates

Several hundred bacterial- and
fungal-feeders
Many predatory nematodes

Ten to twenty-five thousand
Many more species than in
agricultural soils

Ten to fifty in deciduous
woodlands
Very few in coniferous forests

usda.gov/wps/portal/nrcs/detailfull/soils/health/biology/?cid=nrcs142p2_053860).

approaches. Denmark mentions a study of the
effects of the herbicide glyphosate and nitro-
gen fertilizer on small terrestrial biotopes such
as hedgerows and field margins, which meas-
ured, inter alia, impacts on biodiversity and func-
tional traits in soil fauna.*® The United States of
America reports an example of indirect monitor-
ing, noting that using data from the National
Resource Inventory (a survey conducted once
every five years) and other studies, trends in soil-
management practices can be monitored as a
proxy for soil health — with a focus on soil carbon,
soil erosion, adoption of reduced-tillage practices,
adoption of crop rotations and adoption of cover
crops. Countries also report a number of other
initiatives that, while not strictly focused on mon-
itoring of soil biodiversity, nonetheless contribute
to the accumulation of knowledge on their soil
resources. For example, Norway reports a “soil
mapping” initiative that involves surveys of soil

% The country report cites Damgaard et al. (2016).

properties in predetermined areas of the country
(about 40 km? are surveyed each year). The data
collected provide a basis for identifying trends in
soil texture and health.

Status and trends
A summary of the regional trends in soil biodi-
versity loss as identified by FAO and ITPS (2015)
is presented in Table 4.8. Among the ten factors
identified as major threats to the continued pro-
vision of soil ecosystem services, the loss of soil
biodiversity is listed as the fourth most important,
after soil erosion, organic-carbon decline and
nutrient imbalance. As the table shows, although
information is limited, there are grounds for
serious concern about the status of soil biodiver-
sity in all regions of the world. Many indicators of
soil health are in decline and ecosystem services
provided by soils are under severe threat (ibid.).
Figure 4.5 shows the outcome of the first attempt
to map soil biodiversity at global scale (Orgiazzi
et al., eds., 2016). It combines two datasets:
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FIGURE 4.5
Map of the Soil Biodiversity Index
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FIGURE 4.6
Map of potential threats to soil biodiversity
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distribution of microbial biomass, as a proxy for soil
micro-organism diversity (Serna-Chavez, Fierer and
Van Bodegom, 2013); and distribution of 14 groups
of soil macrofauna, as a proxy for soil-fauna diver-
sity (Orgiazzi et al., eds., 2016). The two datasets
were harmonized on a 0 to 1 scale and summed to
generate an index. Due to the current lack of data,
important groups of soil organisms such as nema-
todes, collembolans and mites are not included the
index. There is thus a need for significantly more
research and data collection.

Figure 4.6 shows a first global map of the distri-
bution of potential threats to soil organisms. A risk
index was generated by combining eight potential
stressors of soil biodiversity: loss of above-ground
diversity; pollution and nutrient overloading; over-
grazing; intensive agriculture; fire; soil erosion;

Box 4.6

desertification; and climate change. Specific
proxies were chosen to represent the spatial distri-
bution of each threat (Orgiazzi et al., eds., 2016).
All datasets were harmonized on a 0 to 1 scale and
summed, with total scores categorized into five
risk classes (very low to very high). Some potential
threats, such as soil sealing and salinization, were
not included due to a lack of data. The exercise
indicated the need for better data collection that
will allow the development of conservation actions
specifically for soil-dwelling organisms.

As noted above, the majority of country reports
do not include detailed information on the status
and trends of components of associated biodiversity
involved in soil formation and protection and
nutrient cycling. Some countries, however, provide
partial or tentative statements in this regard. For

The Netherlands’ soil biological monitoring programme

In the Netherlands, the nationwide soil biological monitoring
programme BISQ (Biological Indicator of Soil Quality) was
developed with the aim of collecting data that would enable
policy-makers to assess the quality and resilience of soil
ecosystem services. BISQ is considered to rank among the
most advanced soil-monitoring systems in the world.

BISQ links soil functioning to soil biodiversity. First,
the most important life-support functions of the soil were
identified: decomposition of organic matter; nutrient cycling;
soil-structure formation; plant—soil interactions;
and ecosystem stability. Next, ecological processes linked
to these functions were described. Finally, the dominant
soil-organism groups and ecological-process parameters
were determined and combined into an indicator system
(see table below).

About 300 locations, with different combinations of land
use and soil type, were selected, and from 1999 onwards
samples were collected from about 60 locations (farms,
natural areas and urban sites) and analysed for soil-
biological characteristics. Because of budget constraints, soil
sampling was discontinued in 2014, but the data obtained
so far continue to be used for policy formulation. Sampling
may restart when budget becomes available again.

In general, the abundance of soil organisms was found
to be higher in the soil of dairy farms than in that of arable
land. Earthworms, especially, appeared to be scarce in
arable land, and were virtually absent in mixed forests and
heathlands. Nematode abundance was highest in dairy
farms on peat and lowest in the mineral layer of mixed
forest on sand.

Data from BISQ have been used to develop benchmarks
for ten combinations of soil type and land use. For each of
these combinations, a limited number of monitoring sites
were selected that were considered to be well managed
and to represent relatively good-quality soil ecosystems.
The average of the BISQ parameters for these sites was
taken as a benchmark for a good-quality soil ecosystem.

In agriculture, these benchmarks can serve to help farmers
improve soil quality and establish more-sustainable farming
practices. In nature conservation, the benchmarks can guide
managers of protected areas in their efforts to restore
former agricultural lands.

The main lesson learned from the programme is that
biological soil monitoring, with measurements carried out
for more than 15 years on a semi-routine scale, is feasible.

(Cont.)
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The Netherlands’ soil biological monitoring programme

The BISQ indicator framework

Life support
functions

Decomposition of
organic matter

Nutrient cycling

Soil-structure

formation

Plant-soil
interactions

Ecosystem stability

After Rutgers et al., 2009.

Ecological processes

Fragmentation

Transformation of organic substrate

Carbon and nitrogen mineralization

Microbial activity

Predation microfauna

Bioturbation and formation of soil
aggregates

Uptake of N, P, H,0 and heavy metals
Nitrification
Feeding on plant roots

Trophic links; loops and cascade
effects

Dominant soil-organism
groups and ecological process
parameters

Earthworms, enchytraeids, mites,
wood-related fungi

Bacterial degradation routes
Litter- and dung-related fungi
Genetically diverse microflora

Trophic interactions
Micro-organisms

Protists
Nematodes
Springtails
Mites

Earthworms
Enchytraeids
Mycelium hyphae

Mycorrhizal macrofungi
Nitrifying bacteria

Nematodes and fungal pathogens

Structure of community

Indicators

Taxonomic diversity per trophic level

Taxonomic diversity per trophic level
Bacterial DNA polymorphism
Model-derived nitrogen production

Concentration, biomass, thymidine
incorporation

Active/inactive cysts
Maturity index
Functional diversity
Maturity index

Functional diversity
Number of organisms
Biomass

Functional diversity
Nitrate production from NH,*
Plant parasitic index

Food-web structure; food-web
pyramid

Source: Provided by Martin Brink, drawing on British Ecological Society (2016), CBS, PBL and WUR (2016), Rutgers et al. (2014, 2009) and personal communication
with Michel Rutgers (National Institute for Public Health and the Environment, the Netherlands), 24 November 2016.

example, the United States of America notes that
the above-mentioned soil-related monitoring
activities indicate positive trends in the implemen-
tation of the management practices considered
potential proxies for the status of soil biodiversity.
Other countries that indicate at least some positive
trends include Ethiopia, which reports that the
planting of trees that symbiotically fix nitrogen
has had a positive effect on soil micro-organism
diversity in planted forest systems. Countries
reporting unfavourable developments include
El Salvador, which notes large-scale soil erosion
associated with loss of forest cover and mentions
that this has been accompanied by loss of soil
invertebrates and micro-organisms. Zambia

mentions negative trends among grassland inver-
tebrates and micro-organisms. These effects
are attributed to a decline in livestock numbers
(caused by disease outbreaks) that has disrupted
soil-formationprocesses, although the report also
mentions that overstocking and overgrazing in
communal areas have negatively affected soils
and their capacity to supply water-related eco-
system services. Grenada notes that farmers have
reported a decline in earthworm numbers.
Countries’ responses on trends in the supply of
soil-related ecosystem services (i.e. nutrient cycling
and soil formation and protection) in particular
production systems are summarized in Table 4.4.
Where nutrient cycling is concerned, reports
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TABLE 4.8

Summary of regional extent, trends and uncertainties of soil-biodiversity loss presented in the Status

of the World'’s Soil Resources

Region

Sub-Saharan
Africa

Asia

Europe and
Eurasia

Latin America
and the
Caribbean

Near East and
North Africa

North America

Southwest
Pacific

Condition and trend Confidence
c
5 3 2
= -]
3 S T 2
> 5 = 8 = 8 £
7] o s [} o) b
Summary > a o [} > £ £

Sub-Saharan Africa suffers a high

rate of deforestation. The areas most

affected are those in the moist areas of

West Africa and the highland forests

of the Horn of Africa. Cultivation, N
introduction of new species, oil

exploration and pollution reduce the

population of soil organisms, thus

reducing faunal and microbial activities.

Limited information is available for soil
biodiversity in Asia. Some reports show
high microbial biodiversity in the soils
of organic farming lands.

a4

Loss of biodiversity is expected in the

most urbanized and contaminated

areas of the region. However, there are N
almost no qualitative estimations of

the biodiversity loss in soils.

Loss of soil biodiversity is suspected to
occur in deforested and overexploited a4
agricultural areas.

The extent of loss of soil biodiversity
due to human impact is largely
unknown in the Near East and North
Africa region. More studies need to be
undertaken to understand the scope of
the problem.

The extent of loss of soil biodiversity
due to human impact is largely
unknown in North America. The effects
of increasing agricultural chemical use,
especially pesticide use, on biodiversity
are a major public concern. Known
level of carbon loss suggests similar
loss in biodiversity.

a4

Rates of loss were most likely highest

during the expansion of agriculture,

particularly over the last 100 years,

and this may have slowed. However, 44
information on baselines and trends

is lacking in nearly all districts and

countries.

Source: FAO and ITPS, 2015.
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of downward trends predominate in livestock
grassland-based systems, irrigated crop systems
and culture-based fisheries. In most other systems,
trends are mixed (i.e. neither positive nor nega-
tive nor stable trends predominate). In the case
of soil formation and protection services, reports
of negative trends predominate in livestock
grassland-based systems and in all categories of
crop system. Reports of positive trends predomi-
nate for planted forest systems (possibly reflecting
increasing areas of planted forestsinsome countries)
and landless livestock systems. Trends are mixed
(i.e. neither positive nor negative nor stable
trends predominate) for naturally regenerated
forests. While, as in the case of other ecosystem
service categories, levels of reporting are low, the
substantial proportion of countries that report
negative trends in major food-producing systems
reinforces the concerns that have emerged from
the global assessments described above.

A few country reports provide information
linking trends in soil-related ecosystem services
to management practices in specific production
systems. For example, the report from Panama
mentions that in grassland systems the use of her-
bicides and antiparasitic livestock drugs is leading
to contamination of the soil, affecting soil inverte-
brates and inhibiting soil-formation and nutrient-
cycling services. Similarly, Bangladesh reports that
soil formation and protection are being hampered
in areas where soil micro-organism diversity is
affected by the use of pesticides and fertilizers.
Further information on trends in management
practices that are considered beneficial to soil
biodiversity can be found in Section 5.6.3.

4.3.7 Associated biodiversity for
water-related ecosystem services

Introduction

Water is vital to all species and to all ecosystem
functions and services. While much of the Earth’s
estimated 1.4 billion km?® of water is in long-term
storage in oceans, ice caps and aquifers, about
41 000 km? circulates between the atmosphere, the
surface of the land, subsurface zones, freshwater

bodies and the ocean (Acreman, 2004). Ecosystems
and the living organisms within them influence the
hydrological cycle and hence the amount of water
available at particular locations at particular points
in time: for example, whether or not there is suffi-
cient water to meet the needs of plants during the
growing season in a cropping area or whether or
not a vulnerable area is hit by flooding.

Vegetation and soils are vital to the control of
water flows in terrestrial ecosystems. Vegetation
promotes the infiltration of water into the soil,
thus helping to recharge underground aquifers
and lowering flood risk (Acreman, 2004). Soil
biota — plants, micro-organisms and invertebrate
and vertebrate animals — modifies the structure
of the soil and affects the pathways and rates of
water infiltration, influencing the capacity of the
soil to hold water (BIO Intelligence Service, 2014;
Sans and Meixner, 2016) (see Section 4.3.4 for
further information on the status and trends of
associated biodiversity contributing to soil-related
ecosystem services). Plants also return water to the
atmosphere through transpiration (Acreman et
al., 2014; Stewart, 1977) and in some cases influ-
ence the amount of precipitation that falls in the
local area (Spracklen, Arnold and Taylor, 2012;
Wright et al., 2017) (see Box 4.7).

As well as influencing the quantity of water
available, biodiversity also influences water
quality, including by cycling nutrients within
waterbodies and between them and other ecosys-
tems. Nutrient-cycling services are essential to the
health of aquatic ecosystems. On the one hand,
aquatic organisms clearly need to be able to access
sufficient quantities of nutrients to allow them
to grow and reproduce. On the other, however,
waterbodies can become overloaded with nutri-
ents, for example in agricultural areas where there
is a heavy use of fertilizers, and this can have neg-
ative impacts on biodiversity and the supply of
ecosystem services (see Chapter 3).

A myriad of interconnected physical, physio-
chemical, chemical and biological processes
contribute to water-purification and nutrient-
cycling services in aquatic ecosystems (Cardinale,
2011; Ostroumov, 2002, 2005). Some species
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Box 4.7

Paramos - a vital provider of water-regulating services under threat

What are paramos?
Paramos are high-altitude ecosystems found mainly in a
discontinuous belt stretching along the Andean mountain
range from the Cordillera de Merida in the Bolivarian Republic
of Venezuela to the Huancabamba depression in northern
Peru, passing through Colombia and Ecuador (Buytaert et al.,
2006; IUCN, undated). There are separate paramo complexes
in Costa Rica and in the Sierra Nevada de Santa Marta,
Colombia (Hofstede, Segarra and Mena, 2003).

Paramo ecosystems extend from the upper tree line to
the perennial snow border (3 200 to 5 000 metres above sea
level) (IUCN, undated). It is estimated that they host around
5 000 different plant species, a high proportion of which are
endemic (i.e. found nowhere else) (Buytaert et al., 2006).
Species that occupy the paramos have developed remarkable
adaptations to harsh physiochemical and climatic conditions
such as low atmospheric pressure, intense ultraviolet radiation
and the drying effects of the wind (ibid.).

How do paramos contribute to water regulation?
Paramos play a key role in regulating water flows (Buytaert
et al., 2006): rainfall is high and may be supplemented by
fog condensation; water consumption is low as the leaves of
the tussock grasses are protected against radiation and dry
air by accumulated dead leaves and because the herbaceous
vegetation consists of xerophytic species (plants adapted

to a lack of water); the tussock grasses and dwarf shrubs
protect the soil and reduce evaporation. The soils themselves

Paramos ecosystem on the foothills of Puracé National Park in the Andes,
Colombia. © Nigel Dudley.

have extraordinary water-retention capacity (ibid.). Many

of the largest tributaries of the Amazon basin have their
headwaters in paramo ecosystems, which thus help sustain
the lives and livelihoods of millions of people, providing
water for domestic, agricultural and industrial consumption
and for use in generating hydropower (Buytaert et al., 2006).

Why are paramos under threat?

The country reports mention several threats to the paramos
and the ecosystem services they provide. For example, the
report from Peru states that the country’s paramos are
undergoing a process of transformation, desertification
and erosion, mainly as a result of overgrazing, extractive
activities, intensive agriculture and pollution. It notes

that this is directly affecting the ecosystem’s capacity to
moderate extreme events, prevent erosion, maintain soil
fertility and maintain genetic diversity. Ecuador mentions
that the invasive alien species Kikuyu grass (Pennisetum
clandestinum) represents a threat to paramos, as it could
outcompete native species and, given its value as a fodder,
promote more livestock grazing in mountain areas. Costa
Rica reports that, according to a scenario study, climate
change will lead to altitudinal shifts in life zones that will
potentially result in the disappearance of the country’s
paramos in the coming decades.

Sources: Country reports of Costa Rica, Ecuador and Peru (plus the references
cited in the text).

spp., C ly known as frailej
paramos ecosystems. © Nigel Dudley.
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play particularly prominent roles. For example,
some plant species, such as the water hyacinth
(Eichhornia crassipes), duck weed (e.g. Lemna
spp.), aquatic ferns (e.g. Azolla spp.), cattails
(Typha spp.) and reeds (Phragmites spp.), are
recognized for their ability to remove toxic sub-
stances such as heavy metals from waterbodies
(Ramsar Convention, 2011a).*’ Filter-feeding
animals, such as ascidians (sea squirts), cirripeds
(barnacles), bryozoans (colony-forming inverte-
brates sometimes referred to as moss animals),
bivalves (e.g. clams, oysters, mussels and scallops),
polychaetes (bristle worms) and sponges, play a
conspicuous “cleaning” role in the ecosystem as
they remove suspended particles from the water
(Ostroumov, 2005). However, virtually all the
species in an aquatic ecosystem are involved in
water-purification and nutrient-cycling processes,
either directly (e.g. by trapping, transforming,
accumulating and/or translocating pollutants via
their behavioural activities and physiological pro-
cesses) or indirectly (e.g. by releasing oxygen into
the water, mixing the water column, influencing
the physical and chemical properties of the water
by contributing organic matter, or influencing the
behaviour of other organisms such a prey species)
(Ostroumoyv, 2002, 2005; Vanni, 2002).

In addition to processes occurring within
waterbodies themselves, water-purification ser-
vices are provided by other ecosystems through
which water flows (forests, grasslands, etc.) (FAO,
2007d; Oregon State University, 2008; Ostroumoyv,
2005). As with water-cycling services, the capac-
ity of these ecosystems to purify water is greatly
affected by the state of the vegetation and the
soils within them - and in turn on a wide range
of components of biodiversity that contribute to
soil health or help maintain plant communities.*

In response to a question about species
managed specifically to promote water-related
ecosystem services, countries mention approx-
imately 80 species. Examples include willows

47 1t should be noted that some of those species are invasive in
some regions of the world.

4 See Section 4.5 for further discussion of the status and trends
of rangelands, forests and wetlands.

(Salix spp.), cattails (Typha spp.), the oyster
mushroom (Pleurotus ostreatus) and bamboos
(Bambusa spp.) (see Section 4.3.1). Trees are par-
ticularly widely mentioned, as is the importance
of soils, wetland ecosystems, forests and riparian
areas. For example, the United States of America
highlights the importance of the soil as a filter that
improves water quality, and also notes the role
played by riparian buffers in reducing the amount
of fertilizer and other agricultural chemicals
passing from farmland into waterways. Countries
also note a number of marine and coastal eco-
systems as important suppliers of water-purifica-
tion services. For example, Norway mentions kelp
forests and Solomon Islands mentions coral reefs,
mangroves, seagrass beds and intertidal mud
ecosystems. Several groups of aquatic species are
noted as contributors to marine water-purifica-
tion services, including shellfish and micro-organ-
isms (Mexico) and microalgae (Peru).

State of knowledge

As described above, a wide range of taxonomic
and functional groups of organisms, across a
range of different ecosystems, contribute to
water-purification and water-cycling services.
However, although the processes involved may be
broadly understood, in many cases little is known
about the underlying ecological mechanisms that
keep them in operation or about the relationships
between the diversity and distribution of BFA
and provision of these services (Cardinale, 2011;
Harrison et al., 2014; Ostroumoy, 2005).

Water quality itself has not yet been assessed
comprehensively at global scale. In 1978, the
Global Environment Monitoring System for
freshwater (GEMS/Water) was established under
the auspices of the United Nations Environment
Programme, the United Nations Educational,
Scientific and Cultural Organization, the
World Health Organization and the World
Meteorological Organization (UN Environment,
2016¢). The GEMS/Water Data Centre maintains
the Global Water Quality database and infor-
mation system (GEMStat), which stores data
received from a global network of national
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focal points (ibid.). A global assessment of water
quality (Meybeck et al., 1989; UNESCO, WHO and
UN Environment, 1996) was published in 1988.
However, inconsistencies in spatial and tempo-
ral coverage and differences in the ranges of
variables reported meant that the assessment
relied on sources other than the GEMS/Water
database (UN Environment, 2016¢). In 2016, UN
Environment published A snapshot of the world’s
water quality: towards a global assessment (ibid.),
a prestudy aiming to provide some of the building
blocks of a global assessment and to provide a
preliminary estimate of the state of water quality
in freshwater ecosystems, with a focus on lakes
and rivers in Africa, Asia and Latin America.

The status of relevant ecosystems and groups
of species are assessed and monitored under a
number of global initiatives. For example, IUCN
monitors the conservation status of marine and
freshwater invertebrates and how they are being
affected by environmental changes (Collen et
al., 2012). The IUCN Species Programme Marine
Biodiversity Unit assesses extinction risks for
marine vertebrates, plants and selected inverte-
brates, including those in important ecosystems
such as coral reefs, mangroves and seagrass beds
(GMSA, 2017). The Global Census of Marine Life,*®
conducted between 2000 and 2010 to assess and
explain the diversity, distribution and abundance
of marine life, resulted in the creation of a global
marine-life database (see Chapter 6 for more
information). More information on relevant eco-
system assessments can be found in Section 4.5.

Regional and national initiatives within
the framework of The IUCN Red List have pro-
vided detailed reviews of the status of par-
ticular groups of aquatic species. For instance,
the European Red List of Non-Marine Molluscs
(Cuttelod, Seddon and Neubert, 2011) provides
information on the state of freshwater bivalves
and gastropods. A study of African freshwater
biodiversity (Darwall et al.,, 2011) addresses the
state, diversity, distribution and conservation
of, inter alia, freshwater molluscs and plants in

4 http://www.coml.org/

a range of ecosystems, including river and arte-
sian basins, ancient, montane and crater lakes,
saline lagoons, salt-marshes and mangroves.
Other examples include studies of the status of
freshwater biodiversity in the Eastern Himalaya
(Allen, Molur and Daniel, 2010), Western Ghats
(Molur et al., 2011) and Indo-Burma biodiversity
hotspots (Allen, Smith and Darwall, 2012).

In as far as the country reports mention research
or monitoring programmes addressing the role
of biodiversity in the delivery of water-cycling
and water-purification services, it is generally to
note a lack of knowledge or a lack of studies on
relevant components of biodiversity (e.g. micro-
organisms), on the capacity of particular ecosys-
tems to deliver these services or on trends in the
supply of these services. Finland does, however,
mention water purification among the ecosystem
services for which there has been a rapid growth
of research in recent decades.

Status and trends

As discussed above, while water-related support-
ing and regulating ecosystem services depend to
a large degree on the extent, distribution and
general health of relevant ecosystems and on a
very wide range of different organisms, some
species play particularly prominent roles. In the
case of water purification services, these include
aquatic plants and various groups of aquatic inver-
tebrates. The risk status of species in these cate-
gories is, in general, relatively poorly monitored,
as compared to that of vertebrates, for example.
Data from The IUCN Red List for some relevant
taxa — Maxillopoda (crustaceans such as barnacles
and copepods), Holothuroidea (sea cucumbers),
Bivalvia (e.g. clams, oysters, mussels and scallops)
and Polychaeta (bristle worms) — are summarized
in Figure 4.7, disaggregated by class.

Countries’ responses on trends in the supply
of water-purification, waste-treatment, water-
cycling and nutrient-cycling services in particular
production systems are summarized in Table 4.4.
Where water-purification and waste-treatment
services are concerned, trends are mixed (i.e.
neither positive nor negative nor stable trends
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FIGURE 4.7

Global risk status of invertebrates in the classes Bivalvia, Holothuroidea, Maxillopoda

and Polychaeta
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Note: EX (Extinct); CR (Critically Endangered); EN (Endangered); VU (Vulnerable); DD (Data Deficient); NT (Near Threatened) and

LC (Least Concern).
Source: The IUCN Red List version 2017-2.

predominate) in all production systems except live-
stock grassland-based and irrigated crop systems,
where reports of negative trends predominate.
In the case of water-cycling services, reports of
positive trends predominate in planted forest, fed
aquaculture and irrigated (non-rice) crop systems.
Although few responses are provided for these
production systems, reports of stable trends pre-
dominate for non-fed aquaculture and decreas-
ing trends for irrigated rice systems. In all the
remaining production systems trends are mixed.
Few countries provide information on trends in
nutrient-cycling services in aquatic production
systems. In the case of fed aquaculture systems,
increasing trends predominate. Decreasing
trends predominate for culture-based fisheries.
For other aquatic systems, trends are mixed. The
various reports of positive trends in aquaculture
systems may relate to the proactive introduction
of management techniques and strategies aimed
at addressing concerns about the environmental
impacts of these systems.

Reasons for negative trends are indicated in a
number of country reports. The most frequently
mentioned drivers include deforestation, expan-
sion of the agricultural frontier and increased
livestock grazing in riparian or coastal areas.

China reports that water-purification services in
the Miyun Reservoir watershed in Beijing have
declined substantially as a result of the expan-
sion of construction and other land-use changes.
Finland mentions that recent milder winters may
have disrupted the water-purification function of
vegetation on land surrounding waterbodies, an
effect reported to have arisen because soils are
increasingly unfrozen during the non-vegetative
period when plants are less able to intercept
eroded matter. Panama lists water-purification
services among those predicted to decrease as
a result of a net loss of forest area. The Gambia
notes that changes in land use are diminishing the
capacity of forests to provide water-purification
and waste-treatment services. The Cook Islands
mentions that the removal of trees from littoral
forests may be increasing algal growth and sedi-
mentation in some lagoon areas. Switzerland, in
contrast, provides a more positive assessment of
trends in water-related ecosystem services, noting
that the capacity of lakes and rivers to purify
water has probably increased as a result of resto-
ration efforts. The capacity of the country’s forests
to provide water-purification services is reported
to have been secured for decades through appro-
priate forest management.
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4.3.8 Associated biodiversity for
natural-hazard regulation

Introduction

Natural-hazard regulation is defined in the
guidelines for the preparation of country reports
as the “capacity of ecosystems to ameliorate
and reduce the damage caused by natural dis-
asters.” Numerous mechanisms can contribute
(see Section 2.3) and it is difficult to distinguish a
clearly defined subset of associated biodiversity
that contributes to hazard regulation. Services of
this kind are often provided by whole ecosystems
or landscapes. However, within these systems
some species (wild or domesticated), or func-
tional groups of species, may play a particularly
direct or significant role in hazard regulation,
and some of these may be managed specifically
in order to promote these roles. The country
reports mention a number of species or groups
in this regard (see Section 4.3.1). A large majority
of these are trees managed for storm protection
and as wind breaks, including mangroves for pro-
tection of coastal areas. Tree, grass and fodder
species that help to protect riverbanks and limit
landslides are also mentioned. Jordan reports
planting cypresses (Cupressus sempervirens) and
carob trees (Ceratonia siliqua) around forests
for fire-control purposes. Further discussion and
examples of the roles of BFA in natural-hazard
regulation can be found in Section 2.3. The
impacts of disasters on BFA are discussed in
Section 3.4.2.

Several types of ecosystem that are used in
food and agricultural production and/or provide
habitats for associated biodiversity and wild food
species are noted for their major contributions
to hazard regulation. For example, evidence
from many countries indicates the important
role of forests in flood prevention, and there is
also growing interest in their roles in mitigating
other hazards such as avalanches and rock falls
(UN Environment, 2010). The roles of wetland
and coastal ecosystems such as mangroves, coral
reefs and salt-marshes in flood control, shoreline
stabilization and storm protection are also widely

recognized, as is the importance of peatlands,
grasslands and floodplains in flood protection
(Bravo de Guenni et al., 2005; Ferrario et al.,
2014; GEAS, 2013; Narayan et al., 2016; Ramsar
Convention, 2011b, 2011¢, 2015a). Soil biodiver-
sity plays a particularly significant role in resil-
ience to droughts and floods, via its influence
on the soil’s capacity to absorb and hold water
(FAO, 2011a). More information on the status
and trends of relevant ecosystems, and of soil
biodiversity, is provided in Sections 4.5 and 4.3.4,
respectively.

The frequency and intensity of many types
of natural disasters are expected to increase
as a result of climate change (IPCC, 2012). The
roles played by BFA in carbon sequestration (see
Section 2.2), and hence in climate change mitiga-
tion, thus also make an important contribution to
hazard regulation.

State of knowledge

A number of monitoring systems for natural disas-
ters are in operation at global level, including the
Global Disaster Alert and Coordination System,>°
the International Disaster Database (EM-DAT)!
and climate- and weather-related information
systems operated by the World Meteorological
Organization.”? Many countries have national
monitoring and assessment programmes for
various kinds of natural hazards. Generally,
however, these global and national initiatives do
not involve any particular focus on components
of BFA (or biodiversity in general) that provide
hazard-regulating services.

There are also a number of global and national
information systems devoted to ecosystems asso-
ciated with food and agriculture that are rec-
ognized as playing an important role in hazard
regulation. In the case of forests, for example,
FAO’s CountryStat system>? makes available data
from the Global Forest Resource Assessment,
a five-yearly assessment of about 90 variables

0 http://gdacs.org

1 https://www.emdat.be

%2 https:/public.wmo.int/en

3 http://countrystat.org/default.aspx
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covering the extent, condition, uses and values
of forests and other wooded land (FAO, 2016i).
Where wetland ecosystems are concerned, the
GEO-Wetlands Initiative 2017-2019, a global
partnership coordinated by the University of
Bonn (Germany), Wetlands International and
the Ramsar Convention Secretariat, is working
to establish a Global Wetlands Observing System
(GEO BON Secretariat, 2016). Further discussion
of relevant information systems can be found in
Section 4.5.

Status and trends

As discussed above, the role of BFA in natural-
hazard regulation depends largely on the status
of whole ecosystems rather than on that of indi-
vidual species. Global trends in the status of rele-
vant ecosystem categories are often negative (see
Section 4.5 for further discussion).

Countries’ responses on trends in the supply
of hazard-regulation services are summarized
in Table 4.4. Reports of upward trends predomi-
nate in the case of fed aquaculture systems, while
reports of stable trends predominate in livestock
and irrigated rice systems. For most production
systems, however, trends are mixed (i.e. neither
positive nor negative nor stable trends predomi-
nate). Few countries provide further details on the
reported trends. It is possible that in some cases
reported upward trends indicate an increase in
the need for natural-hazard regulation rather
than an improvement in the capacity of ecosys-
tems to deliver this service.

The limited extent to which countries were
able to provide information on the status and
trends of hazard regulation services in food and
agricultural systems reflects a general lack of
information on trends in this ecosystem service.
For example, as of 2010, trends in natural-hazard
regulation in most of the ecosystems in Europe
were reported to be unknown (EEA, 2015).
Delivery of this service in Europe was reported to
be in a mixed state in wetlands and in a degraded
state in lakes and rivers, with trends reported to
be stable in both cases (ibid.).

4.3.9 Associated biodiversity for
habitat provisioning

Introduction

As discussed in Chapter 2, the survival of any
species in the wild depends on its access to suf-
ficient suitable habitat, i.e. to environments that
allow members of the species to meet their phys-
iological needs, protect themselves from hazards
and reproduce. A habitat is typically created
and maintained via a wide range of interactions
among and between abiotic structures and pro-
cesses (climate, geology, etc.) and components of
biodiversity. Habitat services are thus to a large
extent products of whole ecosystems rather than
of specific components within them. Some species
may, however, play a particularly significant role
in the supply of particular habitat services, either
because they play a key role in shaping and main-
taining the overall characteristics of the ecosys-
tem or because they are a key component of the
habitat of a specific species, for example providing
an animal species with a major source of food or
a nesting site. In turn, some habitats are particu-
larly significant, for example because of the excep-
tional richness of the biodiversity they support
or because of their role in supporting species at
key points in their life cycles, for example during
migration (TEEB, 2010).

The country reports note the importance of
various components of BFA, mainly at ecosystem
level, in habitat provisioning. Most frequently
mentioned are forests, followed by marine and
coastal ecosystems, such as mangroves and coral
reefs, non-marine wetlands (including waterbod-
ies such as lakes and rivers), mountains, grasslands
and deserts. A few countries also mention crop
systems and specific components within them (e.g.
field margins) as important habitats. Countries
also report a number of species of associated bio-
diversity as being actively managed for the pro-
vision of habitat services. These are mostly tree
species, for example tamarind (Tamarindus indica),
acacias (Acacia spp.), eucalyptuses (Eucalyptus
spp.), African mahogany (Khaya senegalensis) and
whitebeams (Sorbus spp.) (see also Section 4.3.1).
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The status and trends of several key ecosystem
services, including wetlands, forests, coral reefs,
mangroves, seagrass beds and rangelands, are dis-
cussed in Section 4.5.

State of knowledge
Trends in the extent of various key ecosystems
of importance to food and agriculture that serve
as vital habitats for large numbers of species are
monitored at global, regional or national levels.
These monitoring efforts increasingly include
the use of satellite technologies/remote sensing
(Bunce et al., 2008; Committee on the Peaceful
Uses of Outer Space, 2015; Lucas et al., 2015). For
example, the EU-funded project BIOdiversity mul-
ti-Source monitoring System: from Space to Species
(BIO_SOS) has developed the Earth Observation
Data for HAbitat Monitoring (EODHaM) system,
a standardized framework for habitat mapping
and monitoring (Lucas et al., 2015). The system
has been applied successfully to Natura 2000
sites and their surroundings in a few European
countries, but also at other locations in Europe
and beyond, and is expected to be more widely
adopted by the managers of protected sites (ibid.).
Weaknesses in habitat-monitoring programmes
are widely recognized in the country reports.
However, a range of monitoring activities tar-
geting relevant ecosystems are reported (again
further discussion can be found in Section 4.5).
Several countries mention national habitat-mon-
itoring schemes or refer to institutions that keep
track of the status of important habitats at national
or subnational levels. For example, Norway men-
tions that the Norwegian Biodiversity Information
Centre®® undertakes habitat risk assessments, dis-
seminates information on the state of habitats
and manages the country’s Red List for habitat
types. The United States of America reports that
the databases of the State Natural Heritage
Programs operated by The Nature Conservancy,®®
a non-profit conservation organization, contain

 http://ec.europa.eu/environment/nature/natura2000/index_en.htm
* http://www.biodiversity.no
% http://www.nature.org

information on the occurrences of rare species
and their habitats. It notes that the databases list
species, natural communities and ecosystems in
need of protection and contain information on
the vegetation structure and composition, succes-
sion patterns, natural disturbances, distribution
and rarity of specific community types throughout
their geographic ranges. China mentions using a
habitat-quality index to evaluate the biodiversity
maintenance function of habitats. A number of
countries also mention habitat-monitoring activ-
ities implemented in the context of specific pro-
jects, particularly in the field of conservation.

Status and trends
Countries’ responses on trends in the supply of
habitat services in particular production systems
are summarized in Table 4.4. Reports of positive
trends predominate in forest production systems.
In all fisheries and aquaculture systems, trends
are mixed (i.e. neither positive nor negative nor
stable trends predominate). Reports of negative
trends predominate in crop and livestock systems,
reflecting both the analysis of trends in major eco-
system categories presented below in Section 4.5
and the analysis of drivers of change presented
in Chapter 3. Many countries highlight ongoing
habitat degradation or destruction, or note the
continued precariousness of many habitats despite
the introduction of conservation programmes. For
example, China reports that its above-mentioned
habitat-quality indexes show that for the period
2000 to 2010 a large proportion of studied ecosys-
tems were estimated to be of low habitat quality
and that the extent of ecosystems with higher
habitat quality was declining. Switzerland men-
tions that almost half of its habitats are listed as
threatened on its red lists and notes that “nega-
tive developments outweigh the positive develop-
ments in terms of the area and quality of habitats
that merit special conservation efforts.” The find-
ings of the European Union’s monitoring activi-
ties for a number of habitats relevant to food and
agriculture are discussed in Box 4.8.

Figure 4.8 presents the risk status of species
included on The IUCN Red List, broken down by
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Box 4.8

Trends in the state of habitats in the European Union

The European Union's Habitats Directive, adopted in 1992,
aims to protect biodiversity by promoting the conservation
of habitats and wild flora and fauna. Member states are
required to report every six years on their implementation of
the directive. The most recently completed round of reporting
covered the 2007 to 2012 period. Findings were published

in 2015. The conservation status and trends of major habitat
groups are summarized in the following figure.

Only 16 percent of all habitat assessments undertaken in
this round of reporting indicated a “favourable” status. Most
found the status of ecosystems to be either “unfavourable —
inadequate” (47 percent) or “unfavourable — bad”

(30 percent). Unfavourable assessments were particularly

Conservation status of habitat types
by main habitat group

Dunes habitats
Coastal habitats

Grasslands

Bogs, mires
and fens

Forests

Freshwater
habitats

Heath and scrub

Sclerophyllous
scrub

Rocky habitats
0% 20%

40%

60% 80%

M Favourable Unknown

Unfavourable — inadequate M Unfavourable — bad

Source: European Commission, 2015.

habitat type.>” Habitats of particular interest to
food and agriculture include artificial aquatic
(which includes aquaculture ponds, irrigated land,
seasonally flooded agricultural land, mariculture
cages and mari/brackishculture ponds), artificial

N

More information on the Habitats Classification Scheme
(version 3.1) is available at http:/Awww.iucnredlist.
org/technical-documents/classification-schemes/
habitats-classification-scheme-ver3

common in the case of dunes, grasslands, coastal habitats
and wetlands.

Where trends are concerned, 30 percent of all assessed
habitats fell into the “unfavourable — deteriorating”
category and 33 percent into the “unfavourable — stable”
category. Only 4 percent were classified as “unfavourable —
improving”. Wetland habitats, followed by grasslands,
were the categories for which the highest proportion of
assessments indicated negative trends.

" Council Directive 92/43/EEC of 21 May 1992 on the conservation of natural
habitats and of wild fauna and flora (available at http:/ec.europa.eu/
environment/nature/legislation/habitatsdirective/index_en.htm).

Conservation status trends of
habitat types by main habitat group

:

100% 0%

20%

40%

60%

80% 100%

M Favourable Unfavourable — improving
M Unfavourable — unknown trend Unknown
Unfavourable — stable B Unfavourable — declining

terrestrial (which includes arable land, pasture-
land, plantations and rural gardens), forests, grass-
lands, marine coastal, marine intertidal (which
includes mangroves), marine neritic (which includes
macroalgal/kelp habitats, coral reefs and seagrass
habitats), savannahs, shrublands and wetlands. Of
these, the habitats with the highest proportion
of species classed as Extinct, Extinct in the Wild,
Critically Endangered, Endangered or Vulnerable
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FIGURE 4.8

Global risk status of species included in The IUCN Red List of Threatened Species, by habitat

Number of species

Artificial - aquatic 3214

Artificial - terrestrial 10 037
Caves and

subterranean habitats 753

Desert 1355

Forest 31850

Grassland 8 060

Marine coastal 1834

deep ocea'xl?lrt:i)r:)?' 1461

Marine intertidal 2 365

Marine neritic 8 660

Marine oceanic 2148
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Savannah 4950

Shrubland 12512

Wetlands 24 331

Other 314

Unknown 2185
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Notes: EX (Extinct); EW (Extinct in the Wild); CR (Critically Endangered); EN (Endangered); VU (Vulnerable); DD (Data Deficient);
NT (Near Threatened) and LC (Least Concern). Species can be assigned to more than one habitat.

Source: The IUCN Red List version 2017-3.

are forests (29 percent of species), marine coastal
habitats and wetlands (both 22 percent).

4.3.10 Associated biodiversity for
air-quality and climate regulation

Introduction
As discussed in Chapter 2, BFA plays a significant role
in air-quality regulation. Plants, and in particular

trees and shrubs, are the direct providers of this
service, as they are able to trap particulate and
gaseous pollutants from the surrounding air.
Capacity to do this varies from species to species
depending on characteristics such as leaf structure,
size and growth rate, evergreen versus deciduous
character, and pollution tolerance (Bar¢6 et al.,
2014; Smith, 2012; Yang et al., 2005). A wider range
of species contribute indirectly, for example the
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pollinators and soil organisms that plants depend
upon in order to reproduce and grow. The supply of
this service is particularly significant in urban areas,
where pollution levels tend to be high and where
large numbers of people are potentially exposed to
harmful effects (e.g. Gupta, Chaudhari and Wate,
2008; Nowak et al., 2014; Yang et al., 2005b).

Climate-regulating services operate at both
global and local levels. Ecosystems such as forests,
grasslands, wetlands and aquatic ecosystems —
both marine and freshwater — play a key role in
the Earth’s carbon cycle and hence in controlling
the levels of greenhouse gases in the atmosphere.
Complex mechanisms and interactions, involving a
wide range of different components of biodiver-
sity, govern the uptake and release of carbon in
these ecosystems (Beed et al., 2011; Cock et al.,
2011; Laffoley and Grimsditch, 2009; Nellemann
et al., 2009; Pullin and White, 2011). For further
discussion, see Section 2.2.

The country reports mention a number of
species that are actively managed for the provision
of air-quality and climate-regulation services (see
Section 4.3.1). The species in question are almost
exclusively trees. The vast majority of reporting
countries also mention forest ecosystems as major
carbon sinks, in some cases (e.g. Cameroon and
the United Arab Emirates) referring specifically
to the role of mangroves. A number of countries
highlight the contributions of grasslands, and/or
marine or freshwater ecosystems. A few examples
of the roles of individual species other than trees
are mentioned. For example, Finland and Panama
mention the potential significance of the role of
dung beetles in reducing the release of green-
house gases from bovine excreta (for further
information on this effect, see for example Piccini
et al., 2017 and Slade et al., 2016). Spain men-
tions the role of alfalfa (Medicago sativa) in crop
systems, noting that crop rotations that include
forage legumes reduce the use of fertilizers and
therefore limit greenhouse-gas emissions. The
United States of America notes that the pollina-
tion activities of native wild bees maintain plant
communities that provide valuable ecosystem ser-
vices, including carbon sequestration.

State of knowledge

As noted above, climate-regulation services are
normally regarded as the outcome of complex
processes within ecosystems such as forests, grass-
lands, wetlands and oceans (or within subcom-
ponents such as soils) that involve the combined
effects of many different species and taxonomic
and functional groups of organisms. The state
of knowledge on the status and trends of rele-
vant ecosystems is discussed in Section 4.5 and on
the status and trends of biodiversity contribut-
ing to the formation and maintenance of soils in
Section 4.3.6.

The availability of high-resolution satellite
imagery means that it is becoming easier to monitor
changes in the extent of tree cover, including in
urban areas, where air-quality regulation services
are particularly significant (e.g. McGee et al.,
2012). Air quality and atmospheric greenhouse-
gas concentrations are monitored under various
national and international initiatives. For
example, the 2016 version®® of the World Health
Organization’s Global Ambient Air Pollution
Database®® records annual mean concentrations
of particulate matter from over 3 000 human set-
tlements, mostly cities, in 103 countries (WHO,
2016). Real-time air-quality data collected by
environmental-protection agencies at more
than 10 000 stations®® in 1 000 major cities in
80 countries can be accessed via the World Air
Quality website®' (World Air Quality, 2018). The
United States of America’s National Oceanic and
Atmospheric Administration’s Global Greenhouse
Gas Reference Network®? measures the atmos-
pheric distribution and trends of carbon dioxide,
methane and nitrous oxide, as well as carbon
monoxide, an important indicator of air pollu-
tion (Global Greenhouse Gas Reference Network,
2017). Clearly, however, changes in air-quality indi-
cators do not necessarily correspond to changes in

%8 The latest version available as of October 2018.

 http://www.who.int/phe/health_topics/outdoorair/databases/
cities/en/

% As of September 2018.

' http://aqgicn.org/here/

2 https://www.esrl.noaa.gov/gmd/ccgg/
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Box 4.9

Soil carbon assessment initiatives — examples from the United States of America

Soils act as either a sink or as a source of atmospheric
carbon dioxide, depending on their use and management.
Soil properties such as texture, mineralogy, drainage class
and depth affect how much carbon is retained and released.
The Rapid Carbon Assessment project was developed to
obtain statistically reliable estimates of current carbon
stocks in soils in the United States of America, taking into
consideration ecosystem properties, soil type with respect to
carbon retention, land cover and agricultural management.
Approximately 32 500 soil profiles have been sampled at
6 500 locations to develop the largest soil-carbon dataset in
the world. Reports are available for total carbon stocks for
cropland, Conservation Reserve Program land, forestland,
pasture, rangeland and wetland. The data will be valuable
for calibrating models such as COMET (see below) and
quantifying land-management impacts on soil carbon for
environmental markets.

The CarbOn Management Evaluation Tool (COMET)
is an online tool developed through a partnership between

the capacity of ecosystems to provide regulating
services. They are also affected by emissions levels
and by climatic effects.

The country reports provide little indication that
efforts are being made to evaluate the impact of
population trends in specific components of BFA
on the supply of air-quality or climate-regulation
services. With regard to the above-mentioned
dung-beetle example, Finland notes that although
50 percent of its dung-beetle species are red-
listed, it has not been determined whether their
decline has affected climate regulation or nutri-
ent cycling in pastures. More generally, it notes
that data on population changes in many func-
tionally important species in agricultural and
forest systems are unavailable. Several countries,
however, mention initiatives related to the mon-
itoring of carbon stocks in forest and agricultural
systems. For example, Zambia reports the estab-
lishment of a national forest-monitoring system
that, inter alia, keeps track of changes in forest

the National Resources Conservation Service and Colorado
State University. It helps farmers and ranchers understand
and assess the impacts of changes in land management.
The latest version, COMET-FARM™, is a whole-farm/ranch
carbon and greenhouse-gas accounting and reporting
system that can estimate the " carbon footprint” for all or
part of a farm/ranch operation and allows users to evaluate
different options for reducing greenhouse-gas emissions
and sequestering more carbon. As it uses detailed spatially
explicit data on climate and soil conditions for specific
locations, and allows farmers and ranchers to enter detailed
information on their field and livestock operations, it is able
to produce accurate estimates tailored to specific situations.

Source: Adapted from the country report of the United States of America,
with additional information from the COMET-Farm website (http:/
cometfarm.nrel.colostate.edu/Home).

Note: For further information on the Rapid Carbon Assessment, see the
project website (https:/www.nrcs.usda.gov/iwps/portal/nres/detail/soils/
survey/2cid=nrcs142p2_054164).

carbon stocks. Some examples from the United
States of America are presented in Box 4.9.

Status and trends

The status and trends of various ecosystems that
play a major role in the supply of services in this
category (particularly climate regulation) are dis-
cussed in Section 4.5.

Countries’ responses on trends in the supply
of air-quality and climate-regulation services in
particular production systems are summarized in
Table 4.4. Reports of downward trends predom-
inate in livestock systems and upward trends in
planted forest systems, irrigated crops (non-rice)
and non-fed aquaculture. Trends are mixed for
other production systems (i.e. neither positive nor
negative nor stable trends predominate). Several
countries note the significance of trends in forest
area to the supply of air-quality and climate-
regulation services. For example, Burkina Faso
mentions that its net carbon emissions from the
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“land use, land-use change and forestry” sector®
are negative thanks to forest protection and
reforestation efforts. Malaysia mentions that its
policy of retaining at least 50 percent of its land
under permanent forest cover in perpetuity has
contributed to reducing greenhouse-gas emis-
sions and maintaining and enhancing carbon
sequestration.

m Wild foods

e The country reports refer to over 2 800 distinct wild
species as being used for human food. The IUCN Red
List of Threatened Species contains over 9 600 wild
species reported to be used for this purpose.

¢ Close to 20 percent of the species recorded in The
IUCN Red List of Threatened Species as sources of
human food are classed as threatened.

¢ The main threats to wild foods reported by countries
are overexploitation, habitat alteration or loss,
pollution and change in land use.

According to the definition provided in Section 1.5,
wild foods are food products obtained from
non-domesticated species. However, the dis-
tinction between wild and domesticated foods
is not clear cut: wild foods lie “along a contin-
uum ranging from the entirely wild to the semi-
domesticated, or from no noticeable human
intervention to selective harvesting, transplant-
ing, and propagation by seed and graft” (Harris,
1989). Wild food products are obtained from
a variety of sources including plants, bacteria,
animals and fungi. They may be harvested (gath-
ered or hunted) from within cultivated production
systems or from natural or semi-natural ecosys-
tems. As noted in Section 2.6.6, capture fisheries
in marine and freshwater ecosystems are proba-
bly the largest example of the human use of wild
foods, providing a total of 90.9 million tonnes of
aquatic animals and plants in 2016 (FAO, 2018a).

% A greenhouse gas inventory sector that covers emissions and
removals of greenhouse gases resulting from direct human-
induced land use, land-use change and forestry activities”
(UNFCCC, 2017a).

In discussions of wild foods, a distinction is
sometimes drawn between subsistence and com-
mercial fishing. In the case of forests, wild foods
are often referred to as a category of non-wood
forest products, and include plants, mushrooms,
wild meat, and insects and other invertebrates.

Contrary to what is often assumed, evidence
demonstrates that a significant proportion of
wild food comes from areas used for crop and/
or livestock production, or from around the home
(Powell et al., 2014). In crop and mixed produc-
tion systems, a large variety of wild herbs, insects,
fish (e.g. in rice fields), weeds and unmanaged
plants are often harvested for food: see Bharucha
and Pretty (2010) and Halwart (2006) for example.
Because of the relative abundance of food sources,
several game species thrive in habitat mosaics of
swiddens and forest, and can serve as valuable
sources of protein (Parry, Barlow and Peres, 2009).
The contribution of wild foods to food security
and nutrition is discussed in greater detail in
Section 2.6.6.

4.4.1 State of knowledge

Information on the use, state and conservation of
wild foods remains limited, as few assessments of
wild foods are conducted at national, regional or
global levels, even though these foods represent an
important part of the global food basket (Bharucha
and Pretty, 2010). Information on non-wood forest
products is available to varying degrees in national
databases, depending on the importance of such
products to the respective country (Sorrenti, 2017).
However, as wild foods are often collected infor-
mally, they are usually overlooked in invento-
ries and economic assessments (Schulp, Thuiller
and Verburg, 2014). Commercial fisheries are an
exception. However, fisheries may not be moni-
tored closely when they are conducted as artisanal,
subsistence or recreational activities.

Information on wild foods often comes from
ethnobiological/ethnobotanical inventories,
usually carried out by universities or research
institutes. Many such assessments are conducted.
However, they tend to be localized and one-off
studies. Other sources of information include

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



THE STATUS AND TRENDS OF BIODIVERSITY FOR FOOD AND AGRICULTURE

scientific literature from other fields of research
(e.g. nutrition), game-bag statistics from national
organizations, and local cookbooks (which can be
used to identify wild food species and their uses).

Although wild-food use may not be particularly
high in the Europe and Central Asia and North
America regions, the status and trends of wild food
resources are better monitored in these regions
than elsewhere. Fish and game species seem to be
systematically monitored in most of the reporting
countries in these regions. Monitoring levels for
fungi, wild berries, medicinal plants and herbs
vary from country to country.

Several country reports refer to sources of infor-
mation on the use of wild foods. The United States
of America, for example, mentions data on partici-
pation in hunting and fishing, the value of capture
fisheries and the value of various other commer-
cially harvested wild foods such as mushrooms,
maple syrup, blueberries, ginseng, herbs, and kelp
and other seaweed. Data on some wild foods are
included in national statistics in some countries,
for example on the hunting of small game and
deer and on catches of wild fish in Norway and
on marketed wild mushrooms, berries, other fruit
and medicinal plants in Belarus. Data may also be
kept by organizations such as angling associations
(as reported by Poland). Data on wild-food use do
not, however, necessarily provide a good indi-
cation of the status of the targeted species. For
example, Slovenia notes that trends in data on the
harvesting of wild mushrooms do not significantly
reflect changes in the environment but rather
indicate changes in market prices and interest in
trading fungi; year-to-year changes may reflect
specific conditions for fructification.

The IUCN Red List flags species that are con-
sumed (or have any parts or products that are
consumed) by humans in any part of the species’
geographic ranges. However, not all described
species have been assessed for The IUCN Red List,
and, among those that have, not all those that
are utilized for food will necessarily be flagged as
such in the dataset. Global inventories and assess-
ments have been undertaken for wild edible
fungi (Boa, 2004) and edible insects (van Huis

et al., 2013). Regular assessments are conducted
for key commercial marine fish stocks (FAO's
biennial assessment The State of World Fisheries
and Aquaculture). However, no equivalents exist
from the many smaller-scale fisheries and minor
stocks present in marine and freshwaters. Global
overviews of the status, trends and use of wild
foods are provided in the Millennium Ecosystem
Assessment (MEA, 2005b) and in a number of
other recent reports (Bioversity International,
2017; WHO and CBD, 2015; HLPE, 2017a; Vinceti
etal., 2013).%4

4.4.2 Status and trends

Wild-food diversity

Providing definitive figures on the number of wild
species used for food worldwide is challenging for
several reasons, including difficulties in the iden-
tification of the species in question. In many cul-
tures, and even from one village to the next, more
than one common or vernacular name is used for
the same species (Powell et al., 2014). Nonetheless,
thousands of wild species used for food have been
documented and recorded. For example, studies in
Asia, the Near East and Africa, conducted at various
locations and at levels ranging from communities to
entire countries, have recorded the use of between
6 and 800 wild food species, with an average of 90
to 100 species recorded in the community-level and
other below country-level studies (Bharucha and
Pretty, 2010). A total of 1 154 species and genera of
wild mushrooms used for food have been recorded
from 85 countries (Boa, 2004). An inventory of
the literature conducted in 2017 enumerated
2 111 edible insect species worldwide (Jongema,
2017). As noted in Section 4.2.4, over 1 800 species
items feature in FAO capture-fisheries data, includ-
ing fish, crustaceans, molluscs, echinoderms, coe-
lenterates and aquatic plants, most of them used
as food or feed (FAO, forthcoming, 2018i). As of
December 2017, 9 627 species on The IUCN Red

® 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).
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FIGURE 4.9

Number of wild food species reported, by type and region
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Notes: A “response” is the report of a given wild food species by a given country. Analysis based on 91 country reports.
Source: Country reports prepared for The State of the World’s Biodiversity for Food and Agriculture.

List (11 percent of the total) were recorded as
being used for human food. Almost half of these
species (4 617) were bony fishes. Large numbers of
bird (1 646) and mammal (1 237) species were also
recorded as being used for food.

In their reports prepared for The Second State
of the World’s Plant Genetic Resources for Food
and Agriculture (FAO, 2010a), several countries
included lists of wild species used for food and
other purposes. At least 800 unique species (from
55 countries) were explicitly mentioned as being
used for food.

The country-reporting guidelines® invited coun-
tries to provide information on wild foods known
to be harvested, hunted, captured or gathered.
The 4 323 responses (from 69 countries) feature
over 2 822 distinct species.®® The number of wild

5 This refers to the country-reporting guidelines for The State of
the World'’s Biodiversity for Food and Agriculture.

% Additionally, 205 distinct genera were reported without the
species being indicated.

foods reported in each region is presented, by
type, in Figure 4.9. In addition to these responses,
several countries provided information on the use
of wild foods without indicating individual species
by their scientific names. For example, the report
from the United States of America mentions that
astudy in the state of Maine found that the target
population, which included Native Americans, uti-
lized 55 different types of wild foods from forests,
including blueberries, cranberries, chives, fiddle-
head ferns, young dandelion leaves and beaked
hazelnuts. Spain mentions that 138 crop wild rel-
atives have been identified as being used for food.

The number of wild foods reported by coun-
tries does not reflect the full global picture. For
example, more than 2 000 species of insects are
known to be used as human food worldwide (van
Huis et al., 2013), while only 21 species are reported
by countries. Reasons for this include the fact that
a number of country reports (22 out of the 91
submitted) provide no information on wild foods
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TABLE 4.9
Selected examples of wild food species and genera reported by countries
Type (number of species Examples
reported)

Adansonia digitate, Allium spp., Amaranthus spp., Annona spp., Artocarpus altilis, Capparis spp., Colocasia
esculenta, Cordia spp., Crataegus spp., Dioscorea spp., Diospyros spp., Ficus spp., Garcinia spp., Grewia spp.,

Plants (1955) Moringa oleifera, Morus spp., Opuntia spp., Passiflora spp., Portulaca oleracea, Prosopis spp., Prunus spp., Rosa
spp., Rumex spp., Rubus idaeus, Sclerocarya birrea, Solanum spp., Sorbus spp., Syzygium spp., Tamarindus
indica, Vaccinium spp., Vachellia spp., Vitellaria paradoxa, Ximenia americana, Ziziphus mauritiana

) Armillaria spp., Boletus spp., Cantharellus spp., Craterellus spp., Hydnum repandum, Lactarius spp., Leccinum

Fungi (117) ; . )
spp., Lentinus spp., Morchella spp., Russula spp., Termitomyces spp., Tricholoma spp., Tuber spp.
Alces spp., Axis axis, Capra spp., Capreolus spp., Cervus spp., Cuniculus spp., Dama spp., Dasypus

Mammals (187) novemcinctus, Hystrix cristata, Lepus spp., Mazama spp., Odocoileus spp., Oryctolagus spp., Ovis spp., Pecari
spp., Pteropus spp., Sus spp., Sylvilagus spp., Syncerus caffer, Tragelaphus spp.
Alectoris spp., Anas spp., Anser spp., Aythya spp., Callipepla spp., Coturnix spp., Ducula spp., Francolinus spp.,

Birds (156) Lagopus spp., Mareca spp., Meleagris spp., Numida meleagris, Ortalis spp., Patagioenas spp., Phasianus spp.,
Scolopax spp., Streptopelia spp., Struthio camelus

Insects (21) Apis spp., Atta laevigata, Brachytrupes membranaceus, Gonimbrasia belina, Gryllus bimaculatus, Olethrius
tyrannus, Parides alopius, Raphia spp., Rhynchophorus phoenicis, Samia cynthia, Vespa cincta
Birgus spp., Cardisoma spp., Farfantepenaeus duorarum, Homarus gammarus, Litopenaeus vannamei,

Crustacea (30) Macrobrachium spp., Nephrops spp., Pacifastacus leniusculus, Pandalus spp. , Palinurus spp., Procambarus

clarki, Scylla spp.

Molluscs (38)

Achatina achatina, Anadara spp., Anadara tuberculosa, Archachatina spp., Helix spp., Mytilus spp., Octopus
spp., Ostrea edulis, Perna viridis, Potadoma spp., Scutellastra flexuosa, Sepia spp., Tivela stultorum

Acanthocybium solandri, Anquilla spp., Aphareus rutilans, Barbus spp., Carasobarbus luteus, Channa spp.,

Fish (262)

Tilapia spp.
Reptiles and amphibians (45)
Others (5)

Note: Analysis based on 91 country reports.

Clarias spp., Coptodon spp., Coryphaena hippurus, Epinephelus spp., Gadus morhua, Heteropneustes fossilis,
Labeo spp., Prochilodus lineatus, Salmo spp., Siganus spp., Sorubim lima, Tenualosa ilisha, Thunnus spp.,

Crocodylus spp., lguana iguana, Melanochelys trijuga, Varanus spp.

Holothuria atra, Isostichopus fuscus, Loxechinus albus, Spirulina platensis

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

and others do not provide an extensive inventory,
in some cases because wild foods are not seen
as contributing significantly to food security and
nutrition in the respective countries. There is also a
bias in the distribution of reporting countries across
the regions of the world. For example, many more
countries from the Europe and Central Asia region
contributed country reports than countries from
the Asia or the Near East and North Africa regions.
The reported figures therefore clearly need to be
interpreted with caution.

Several countries report very high numbers
of wild food species. For example, Peru alone
reports 523 species of edible fruits, of which only
66 are domesticated. Nicaragua reports a series of
studies that provide information on some 150 wild

and domesticated plant species, found mostly in
well-conserved forests and used mainly by indige-
nous communities and by communities of African
origin living on the country’s Caribbean coast.

The 12 genera most frequently reported by
countries are all plants — Ficus (64 mentions), Rubus
(47), Dioscorea (45), Amaranthus (39), Prunus (39),
Grewia (36), Solanum (35), Ziziphus (30), Annona
(29), Vaccinium (27), Garcinia (26) and Sorbus (26).
Anas (a genus of ducks) is also frequently reported
(25 mentions). Examples of species reported are
listed in Table 4.9. Photos of some examples of wild
foods are presented in Figure 4.10.

The production systems and environments
from which the reported wild food species are
harvested are not known or not specified for
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FIGURE 4.10
Examples of wild plants reported to be used for food
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Notes: 1. Fernaldia pandurata (ioroco) (Source: Country report of El Salvador, © Eduardo Funes); 2. Vaccinium vitis-idaea (cowberry)
(Source: NIBIO, © Michael Angeloff); 3. Aronia melanocarpa (black chockeberry) (Source: Country report of Belarus, © Institute of Food
Growing of the National Academy of Sciences of Belarus); 4. Salacca affinis (Source: Country report of Malaysia, © Mohd Norfaizal
Ghazalli); 5. Spondias pinnata (wild mango) (Source: Country report of Malaysia, © Mohd Norfaizal Ghazalli); 6. Ficus roxburghii
(Source: Country report of Malaysia, © Mohd Norfaizal Ghazalli); 7. Musa sp. (Source: Country report of Malaysia, © Mohd Norfaizal
Ghazalli); 8. Garcinia hombroniana (Source: Country report of Malaysia, © Salma Idris); 9. Baccaurea polyneura (Source: Country report
of Malaysia, © Khadijah Awang); 10. Irvingia gabonensis (African mango) (Source: Country report of Cameroon, © Oben); 11. Gum
product from Senegalia senegalensis (qum acacia) (Source: Country report of Niger, © Idrisa Noma); 12. Dioscorea hispida (intoxicating
yam) (Source: Country report of Malaysia, © Mohd Norfaizal Ghazalli).

40 percent of the responses.’” Among the remain-  are reported to be obtained from forest produc-
ing 2 530 responses, the largest numbers of species  tion systems (including planted and naturally

regenerated forests) (26 percent), capture fisher-
& A “response” is the report of a given wild food by a given country.  ies, aquaculture and other aquatic environments
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FIGURE 4.11

Production systems and environments in which wild food species are present and harvested, by type
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system. Analysis based on 91 country reports.

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

(rivers, canals, ponds, etc.) (9 percent), multiple
production systems (9 percent), other environ-
ments (roadsides, home gardens, etc.) (7 percent),
crop production systems (6 percent), mixed pro-
duction systems (1 percent) and livestock produc-
tion systems (1 percent) (Figure 4.11).

Trends in the status of wild foods

Countries were invited to provide information
on trends in the status of the wild foods they
reported. In 60 percent of the 4 323 reported
cases, trends are either not reported or not known
(Figure 4.12). In 24 percent of cases, the respec-
tive wild food is reported to be decreasing in
abundance. Abundance is reported to be stable
in 8 percent of cases and increasing in 7 percent
of cases. Asia is the region with the highest
proportion of cases (46 percent) in which abun-

dance is reported to be decreasing, followed by
the Pacific (44 percent) and Africa (33 percent).
The taxonomic groups with the highest number
of cases in which abundance is reported to be
decreasing are plants (714), followed by fish
(126). The highest proportions of cases of declin-
ing abundance are reported among crustaceans
(44 percent), fish (37 percent), molluscs and insects
(both 28 percent) (Figure 4.13). Among produc-
tion systems and environments, forests have the
highest proportion of cases in which abundance is
reported to be decreasing (49 percent), followed
by aquatic production systems and environments
(36 percent).

Countries were also invited to report on wild
food species for which there is a significant threat
of extinction or loss of important populations,
using the categories and criteria of The IUCN Red
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FIGURE 4.12
Reported trends in the status of wild food species, by region

Number of responses
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Notes: A “response” is the report of a given wild food species, by a given country. Analysis based on 91 country reports.

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

FIGURE 4.13
Reported trends in the status of wild food species, by type

Number of responses
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Notes: A "response” is the report of a given wild food species, by a given country. Analysis based on 91 country reports.
Source: Country reports prepared for The State of the World’s Biodiversity for Food and Agriculture.
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FIGURE 4.14
Risk categories of wild foods for which a significant threat of extinction or loss is reported, by region

Number of responses
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Notes: Countries reported according to the IUCN Red List Categories and Criteria: EX (Extinct); EW (Extinct in the Wild); CR (Critically
Endangered); EN (Endangered); and VU (Vulnerable); NT (Near Threatened) and LC (Least Concern). The DD (Data Deficient) category
includes cases where risk status is not reported or not known. In addition, several species were reported to be to be “threatened”,
without further specification of the IUCN Category. Not represented in the figure are data from the country reports of the United
States of America, which noted five populations of salmon that have been listed as endangered under the Endangered Species Act and
23 populations listed as threatened, and the countries of the Pacific region, which reported a total of 12 species, all of unknown risk
status. Analysis based on 91 country reports.

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

List (IUCN, 2012) as reference. Overall, 34 country
reports provide a total 725 assessments of the
risk status of wild food species, representing
648 distinct species (some of which are reported
by more than one country). Four responses indi-
cate Extinct status, 64 Critically Endangered status,
70 Endangered status, 168 Vulnerable status, 244
Threatened status without further specification
of the IUCN category, 74 Near-Threatened status,
45 Least-Concern status and 56 Data-Deficient or
unknown status. The responses are summarized,
by region, in Figure 4.14. The largest numbers
of threatened wild food species are reported by
countries from Latin America and the Caribbean,
followed by those from Asia and Africa. These
figures can be expected to differ from global
figures based on IUCN data, such as those pre-
sented in Figure 4.16, as the latter apply to species
across their entire ranges rather than to national
populations, are not restricted to the 91 reporting
countries, and do not focus specifically on species
considered to be under threat.

Several countries that list wild foods do not
explicitly report any of them as being threatened.
At the other end of the spectrum, Cameroon
reports that most of its wild foods are threatened
with extinction. It indicates that this applies mostly
to species that are found in locations that do not
have protected-area status and are affected by
agriculture, hunting, grazing and other human
activities. Bangladesh notes that a number of
wild animals, such as the swamp deer (Cervus
duvaucelii), the Indian rhinoceros (Rhinoceros
unicornis) and the wild water buffalo (Bubalus
arnee), that were once abundant and used as food
have become extinct in the country.

The main threats to wild foods reported by
countries are summarized in Figure 4.15. Together,
overexploitation (27 percent), habitat alteration or
loss (17 percent), pollution (9 percent) and change
in land use (9 percent) account for 62 percent of
the threats reported.

Figure 4.16 shows the risk status of species
recorded on The IUCN Red List as being used for
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FIGURE 4.15
Reported threats to wild foods species
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Notes: Percentages are calculated on a total of 1 214 mentions of threats for 648 distinct species. More than one threat from more than
one country may be reported for the same species. Analysis based on 91 country reports.
Source: Country reports prepared for The State of the World’s Biodiversity for Food and Agriculture.

human food. Although the number of species
assessed is low in the first two categories, rep-
tiles and mammals have the highest proportion
of species classified as Critically Endangered,
Endangered or Vulnerable. Overall, 62 percent of
species are classified as being of Least Concern,
13 percent as Data Deficient, 9 percent as
Vulnerable, 6 percent as Endangered, 6 percent
as Near Threatened, 4 percent as Critically
Endangered and 1 percent as Extinct. It should be
noted that insects and other terrestrial inverte-
brates, whether used for food or not, are poorly
represented in The IUCN Red List.

As discussed above, capture fisheries are a
major commercial industry, and as such are
subject to relatively comprehensive monitoring.
As noted in Section 4.2.4, as of 2015, 33 percent
of fish stocks were estimated to be overfished,
60 percent to be maximally sustainably fished
and 7 percent to be underfished (FAO, 2018a).
Compared to the situation in the 1970s, this
is a clear deterioration, although there have
been some improvements at regional scales
(ibid.). For other types of wild foods, evidence

for trends in rates of exploitation and for
their impacts on biodiversity is generally limited.
As noted in Section 4.4.1, some data are avail-
able on other commercially used wild foods.
In other cases, there are anecdotal indications
or sometimes surveys of relevant stakeholders.
A range of other drivers of change, including
land-use change, climate change, natural disas-
ters and invasive alien species, are recognized
as threats to wild food species (see Chapter 3
for further discussion). However, knowledge of
the extent of such impacts is generally limited.
Relevant examples from the country reports are
provided below.

The country reports indicate that recent
decades have seen a decline in the availability and
diversity of a range of wild foods. For example,
Nepal reports that the status of its wild edible
plant species is believed to have deteriorated as
a result of the (often cumulative) effects of land-
use changes (e.g. expansion of agriculture and
infrastructure development), habitat destruction
(resulting from timber harvesting, fuelwood
collection and forest fires), overharvesting,
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FIGURE 4.16
Number of species classified as used for human food on The IUCN Red List of Threatened Species,
by type and risk category
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Note: EX (Extinct); EW (Extinct in the Wild); CR (Critically Endangered); EN (Endangered); VU (Vulnerable); DD (Data Deficient);
NT (Near Threatened) and LC (Least Concern).
Source: IUCN, 2017a.

overgrazing andinvasive species. Atthesametime, improving access to remote areas. Yemen men-
land-use changes, such as infrastructure devel- tions that, although it difficult to assess losses
opment, are reported to have contributed to accurately, its wild food species are believed
increasing the availability of wild foods by to be declining as a result of overharvesting,
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overgrazing, deforestation and woodland deg-
radation. Oman reports that the supply of wild
foods, such as figs and berries, from forest trees
has declined over time. It indicates that this has
probably occurred because of the loss of pollina-
tor populations (driven in turn by extreme heat
associated with climate change) and the effects
of pests and diseases.

Invasive species are reported to be affecting
wild food stocks in a number of countries. For
example, the United States of America notes that
data from the 1990s and 2000s show 44 native
species of fish to be threatened or endangered
by invasive alien species. It also refers to a further
27 native fish species negatively affected by intro-
ductions.®® Invasive mussels, such as zebra mussels,
are reported to compete with native mussels,
clams and snails, and to reduce oxygen availability
for fish and other aquatic species.

Saint Lucia reports that it does not depend
greatly on wild foods or hunting, but mentions
that anecdotal information indicates that the
supply of wild meat from animals such as agoutis,
opossums and wild pigs declined as a result of
the effects of hurricane Tomas. It further notes,
however, that populations of wild pigs and red-
rumped agoutis (Dasyprocta antillensis) have
recovered to such extent that they are disrupt-
ing production on farms. Efforts are being made
to domesticate the agouti and control the pigs.
Another example from Saint Lucia of how over-
abundance of a wild food species can be problem-
atic is the case of the lionfish (Pterois volitans), an
invasive alien species that grows and reproduces
quickly and feeds predominantly on reef species
such as snappers, parrotfish and grunts. Its only
known natural predator is the grouper fish. The
lionfish has become common in local waters and
the country’s Fisheries Department is now promot-
ing its consumption.

Some countries, Switzerland for example,
indicate that no declines in the availability of
wild foods that have affected the livelihoods of
those that depend on them have been recorded

% The country report cites Pimentel, Zuniga and Morrison (2005).

in recent decades. Other countries, however,
report that declines in the availability of wild
foods have had significant impacts. The Gambia,
for example, mentions that massive losses of
wild foods have obliged communities to turn to
alternatives (often industrially produced foods)
to supplement their diets. Finland notes that the
collapse of freshwater populations of native sal-
monids has meant that food from these sources
has been replaced by imported farmed salmon.
Similarly, wild berries harvested from farmlands
and forests have been replaced by commercially
produced cultivars and imports. In Cameroon, the
impacts of the loss of wild foods are reported to
be numerous: (i) local communities lose income
from the sale of wild food products, as well as val-
uable nutritional benefits; (ii) migration increases
among these populations as they can no longer
make a livelihood from the wild food products;
(iii) population movements may lead to problems
with land acquisition and co-existence with local
communities, and may cause intertribal conflicts;
(iv) loss of income sources may lead to poverty,
misery and crime; (v) people may have difficulty
adapting their diets and lifestyles to the loss of
traditional products.

Many countries express the need for an inven-
tory of their wild food species and for the devel-
opment of plans and strategies that ensure these
species are conserved and used sustainably. This
will require technical skills and equipment, as well
as financial resources, all of which are currently
in short supply in this field. Bangladesh mentions
that, while wild food species have been used by
rural communities across the region for centu-
ries, there are still no organized programmes or
projects that highlight, for example, the value of
crop wild relatives and edible wild plants to food
security and nutrition, both in normal times and
in times of food crisis. It reports that, with a large
number of wild edible plant species disappearing
as a result of the expansion of agricultural land,
development projects and other factors, there
is a need to develop breeding programmes and
activities that will help to maintain and sustaina-
bly use these species.
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Ecosystems of importance to
food and agriculture

o Ecosystems provide countless services that are
essential to food and agriculture, for example
providing habitats for a wide range of species that
contribute to production, maintaining flows of
freshwater, removing pollutants from water supplies
and providing protection against hazards.

¢ Most key ecosystems of importance to food and
agriculture are in decline globally.

¢ Inland and coastal wetlands are declining rapidly.
Recent years have seen massive losses of corals. The
global area covered by seagrass beds is contracting.
The world's mangrove area decreased by an estimated
20 percent between 1980 and 2005; although the rate
of loss has slowed, these vital ecosystems remain
widely threatened.

o Global forest area continues to decline, although the
rate of loss decreased by 50 percent between the
periods 1990-2000 and 2010-2015.

¢ Rangelands cover at least 34 percent of global land
area. They are often among the ecosystems most
affected by land-use changes and land degradation.

As discussed in the sections above, the supply of
ecosystem services is often more affected by trends
in the extent and quality of whole ecosystems
than by trends in the status of individual species or
groups of species. This section is intended to com-
plement those above by providing overviews of
the status and trends of the ecosystem categories
most frequently reported in the country reports to
be important to the supply of ecosystem services.
The overviews are based on the wider literature.
Information from the country reports on the sig-
nificance of ecosystems and their status and trends
to the supply of particular ecosystem services is
presented in the sections above.

4.5.1 Wetlands

Introduction

As defined by the Convention on Wetlands (Ramsar
Convention), wetlands are “areas of marsh, fen,
peatland or water, whether natural or artificial,

permanent or temporary, with water that is static
or flowing, fresh, brackish or salt, including areas
of marine water the depth of which at low tide
does not exceed six metres” (Ramsar Convention,
2016). It is estimated that inland and coastal wet-
lands cover more than 12.1 million km? globally,
54 percent of which is permanently inundated
and 46 percent seasonally inundated (Ramsar
Convention, 2018).

Wetlands are vital to food production. For
example, wetland habitats such as mangroves,
seagrass beds and coral reefs (these three eco-
system categories are discussed in more detail
in Sections 4.5.2, 4.5.3 and 4.5.4, respectively)
provide critical habitats for species targeted by
small-scale fisheries that provide food and jobs for
millions of people worldwide. Wetlands underpin
the supply of rice, one of the world’s major staple
food crops and a particularly significant source
of food in many low-income and lower-middle-
income countries (GRISP, 2013). Wetlands also
maintain flows of freshwater, remove pollutants
from water supplies, store carbon and provide
protection against flooding (Kumar et al., 2017;
Russi et al., 2013; Ramsar Convention, 2015b;
Mitsch and Gosselink, eds., 2015; WWF and [ES,
2004). Coastal wetlands act as frontline defences
against natural disasters, resist erosion by wind
and waves, and provide physical barriers that slow
storm surges and tidal waves (UNEP-WCMC, 2014).

Wetlands provide habitat for a wide range of
species. For example, freshwater wetlands are home
to more than 125 000 species, almost 10 percent
of all the world’s described species (Strayer and
Dudgeon, 2010). Wetlands underpin the annual
migrations of vast numbers of birds, providing them
with critical stopover habitats that offer food and
protection (Ramsar Convention, 2015a).

Status and trends

Wetlands are in serious decline globally. Davidson
(2014) estimates that between 64 percent and
71 percent of wetlands have been lost since
the beginning of the twentieth century. Both
inland and coastal natural wetlands are declin-
ing. Between 69 percent and 75 percent of the
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former and between 62 percent and 63 percent
of the latter are estimated to have been lost
over this period (ibid.). The rate of loss of natural
wetlands is estimated to have increased from
between 0.68 percent and 0.69 percent a year
between 1970 and 1980 to between 0.85 percent
and 1.60 percent a year since 2000 (Ramsar
Convention, 2018).

Land-use change for commercial development,
drainage schemes, extraction of minerals and
peat, overfishing, tourism, siltation, pesticide
discharges from intensive agriculture, toxic pol-
lutants from industry, and the construction of
dams and dykes (often in an attempt to improve
flood protection) are major global threats to wet-
lands (Adams, 2012; Ramsar Convention, 2015a;
UNCCD, 2017). Climate change threatens wetlands
via changes in water levels, increases in tempera-
ture and the effects of abnormal weather patterns
(Adams, 2012; IPCC, 2014). In many places, the
amount of water being taken from aquifers far
exceeds replenishment rates (Ramsar Convention,
2015a). Water demand is now greater than supply
in many parts of the world and this is expected to
be the case in many more areas in the near future
(Burek et al.,, 2016; Mekonnen and Hoekstra,
2016). Hundreds of thousands of hectares of wet-
lands have been drained for agriculture. Globally,
agriculture accounts for 70 percent of the total
water withdrawal on Earth (FAO, 2016j). Along
with other industries such as paper making, agri-
culture is often very wasteful and inefficient in its
use of water (WWF International and Institute for
Environmental Studies, 2004).

Although almost 2.5 million km? of wetlands (as
of 2018) are protected as Ramsar Sites (Davidson
and Finlayson, 2018), additional wetland areas are
protected under other mechanisms, and various
wetland restoration activities are under way
in Asia, Europe and North America (Ramsar
Convention, 2015¢; Mitsch and Gosselink, 2015),
coverage is still inadequate and many wetlands
remain threatened (Leadley et al., 2014; Ramsar
Convention, 2018). Loss and degradation of wet-
lands are often caused or exacerbated by a lack of
strong land-protection frameworks, inadequate

land-planning policies and insufficient enforce-
ment of existing policies (Mediterranean Wetlands
Observatory, 2012).

4.5.2 Mangroves
Mangroves are a group of woody plants found
mainly in intertidal environments in tropical and
subtropical areas (Spalding, Kainuma and Collins,
2010). They have developed a number of physi-
ological and morphological characteristics that
enable them to survive in these environments,
including aerial roots, propagules adapted for tidal
dispersal, rapid rates of canopy production, highly
efficient nutrient-retention mechanisms, and
the ability to cope with salinity and maintain an
appropriate water and carbon balance (Hogarth,
2015; UNEP-WCMC, 2014). The term mangrove
is also applied to the ecosystems in which these
plants grow. Mangrove habitats are highly pro-
ductive and biodiverse areas that provide shelter
and feeding grounds for a large number of inver-
tebrate, fish and bird species, many of which are
in danger of extinction (FAO, 2003b; UNEP-WCMC,
2014). Mangroves are found in 123 of the world’s
countries (Spalding, Kainuma and Collins, 2010).
Their global distribution is shown in Figure 4.17.
Mangroves make enormous contributions to
food security and livelihoods. The litter that falls
from the mangrove plants, estimated to amount
to 10 tonnes/hal/year, decomposes in the water
into small particles of organic matter (Ezcurra,
Aburto and Rosenzweig, 2009). Along with the
sediments trapped by the root system and the
fauna and epiphytic flora that flourish in this part
of the ecosystem, these particles are consumed by
marine invertebrates such as lobsters, crabs, clams
and oysters and by fish such as tarpon, snook,
catfish and snapper and many other species valued
in industrial and artisanal fisheries (Badola and
Hussain, 2005; Daru et al., 2013; Ezcurra, Aburto
and Rosenzweig, 2009; Nagelkerken et al., 2008).
Many of these species find shelter in mangrove
systems as juveniles before migrating to seagrass
beds in deeper water and finally to rocky and coral
reefs (Figure 4.18). Mangrove-supported aquatic
food production (fishes, shrimps, crabs and
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FIGURE 4.17
Global distribution of mangroves
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Source: Bunting et al., 2018.

FIGURE 4.18
Interconnectivity between coastal ecosystems
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molluscs) sustains the nutrition and livelihoods of
millions of poor people, contributing immense
amounts of protein to diets (UNEP-WCMC, 2014).
For many people, hand collecting of aquatic
products, hunting and wood harvesting in man-
groves are the only available sources of livelihood
support. UNEP-WCMC (2006) estimated that the
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Stabilizes and binds sediments, absorbs pollutants and excess nutrients
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annual value of commercial fish harvests from
mangroves ranged from USD 62/hain the United
States of America to USD 600/ha in Indonesia.
Mangrove forests, together with seagrass
meadows (see below) and salt-marshes, are among
the most effective ecosystems on Earth at carbon
capture and storage, and for this reason are
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sometimes referred to as “blue carbon ecosystems”
(Alongi et al., 2016; McLeod et al., 2011; Pendleton
et al., 2012). They not only store large amounts of
carbon in their living biomass, but also sequester
it long term in the soil (Spalding, Brumbaugh and
Landis, 2016). It has been estimated that man-
groves store up to four times more carbon than
other major types of forest (Donato et al., 2011).
Preventing mangrove loss and degradation is thus
an important component of efforts to mitigate
climate change (Murdiyarso et al., 2015; UNEP-
WCMC, 2014). Mangroves also provide water-
purification and erosion-prevention services,
protect coastal areas against storms, and offer
opportunities for educational and recreational
activities, including ecotourism (Barbier et al.,
2011; UNEP-WCMC, 2014). They provide a poten-
tial refuge for corals threatened by rising tempera-
tures and ocean acidification. A study carried out in
the United States Virgin Islands (Yates et al., 2014)
found more than 30 species of coral thriving among
mangroves in an area where nearby reefs had been
seriously affected by bleaching. Costanza et al.
(2014) estimated that the economic value of eco-
system services provided by mangroves and tidal
marshes amounted to USD 194 000/ha/year.

State of knowledge

Over recent years there have been a number
of efforts to assess the global status and trends
of mangrove ecosystems. The World Mangrove
Atlas, the first global assessment of the state of
the world’s mangroves, was published in 1997
and updated version published in 2010 (Spalding,
Blasco and Field, eds., 1997; Spalding, Kainuma and
Collins, 2010). The increasing availability of openly
accessible high spatio-temporal resolution data has
allowed the emergence of a systematic approach to
mangrove mapping that reduces uncertainties and
promotes consistency in the reporting of status and
trends (see examples and references below).

Status and trends

Global mangrove area declined markedly during
the late twentieth and early twenty-first centu-
ries, with an estimated 20 percent loss during

the period between 1980 and 2005 (FAO, 2007e).
Losses continue in many regions, although at
a slower rate globally (Hamilton and Casey,
2016; Strong and Minnemeyer, 2015). Numerous
attempts have been made over recent decades to
estimate the total global area covered by man-
groves. Results have varied due to the multiplic-
ity of different datasets used and methodologies
applied. Using the highest spatio-temporal reso-
lution data available, Hamilton and Casey (2016)
found a global mangrove area of 81 849 km? in
2012 and projected a figure of 81 485 km? for
2014. The same authors report a loss of 1 646 km?
globally over the period 2000 to 2012, which
amounts to 1.97 percent of the estimated global
total at the start of this period. The region with
the greatest rate of loss is Southeast Asia, where
an estimated 3.58 percent of mangrove area was
lost over the same period (ibid.).

Mangrove losses are driven by high levels of
human pressure, including from coastal develop-
ment, agriculture, fishing, aquaculture, timber
extraction, water diversion and overexploitation
(FAO, 2007e; Van Lavieren et al., 2012; UNEP-
WCMC, 2014). Valiela, Bowen and York (2001) esti-
mated that aquaculture accounted for 52 percent
of mangrove loss globally during the 1980s and
1990s, with shrimp farming alone accounting for
38 percent. However, faced with the social and
environmental problems associated with inten-
sive shrimp farming, and with growing interest
in the carbon-sequestration and protective roles
of mangroves and the other ecosystem services
they supply, many countries are now receptive
to adopting integrated mangrove-aquaculture
systems (Ahmed, Thompson and Glaser, 2018). This
provides real opportunities to reforest abandoned
shrimp farms and other degraded mangrove areas
so that they can again support productive coastal
fisheries and aquaculture. For example, under
the so-called Tambak Tumpangsari system in
Indonesia, mangroves supply nutrients to plank-
ton in aquaculture ponds and also reduce the
vulnerability of the ponds to strong winds and
tidal floods during at least part of the life cycle
of the aquaculture venture (Van Lavieren et al.,
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2012). Climate change is also a threat, as rising sea
levels, erosion and increased frequency of storms
all have serious impacts on mangrove ecosystems
(Blankespoor, Dasgupta and Lange, 2017; Mumby
et al., 2004).

The most recent available review (Polidoro et
al., 2010) indicates that 11 out of the 70 man-
grove species assessed for The IUCN Red List are
classed as Threatened - two of these are classed
as Critically Endangered (Sonneratia griffithii,
found in parts of India and Southeast Asia, and
Bruguiera hainesii, found in fragmented loca-
tions in Indonesia, Malaysia, Myanmar, Papua
New Guinea, Singapore and Thailand), three as
Endangered and six as Vulnerable. A further seven
species are considered Near Threatened or Data
Deficient (ibid.).

4.5.3 Seagrasses
Seagrasses are submerged flowering plants found
in shallow nearshore marine and estuarine waters
in almost every part of the world except Antarctica
(Green and Short, 2003). Seagrass beds support
high rates of production in valuable commercial
and artisanal fisheries, including those targeting
finfish such as snappers, emperors, rabbitfish,
surgeonfish and flounder, molluscs such as conch,
oysters, mussels, scallops and clams, crustacea such
as shrimp, lobster and crab, and echinoderms such
as starfish, sea urchins and sea cucumbers (Barbier
et al., 2011; Green and Short, 2003; Nordlund et
al., 2018; Saenger, Gartside and Funge-Smith,
forthcoming). A global-scale review of the contri-
bution of seagrass ecosystems to commercial, arti-
sanal and recreational fisheries (Nordlund et al.,
2018) concludes that most fishing in these ecosys-
tems is small scale and thus that they are of major
importance to livelihoods in many coastal com-
munities in developing countries. According to
Jackson et al. (2015), seagrass-associated species
contribute 30 to 40 percent to the value of com-
mercial fishery landings in the Mediterranean.
Declines in fish production following the loss of
seagrass beds have been recorded, for example in
Australia (Coles et al., 2007). However, there have
been cases in which loss of seagrass did not lead

to a loss of fishery yield (Saenger, Gartside and
Funge-Smith, forthcoming). For example, large-
scale losses of common eelgrass (Zostera marina)
meadows in Europe and North America in the
1930s, attributed to a slime mould parasite, did
not cause a decline in fish catches as the loss of
the eelgrass led to the exposure of rocky substrate
that was colonized by macro-algae that served as
an alternative habitat (Heck, Hays and Orth, 2003).

Seagrass beds contribute to nutrient cycling
and water purification, help to protect coastal
areas by stabilizing sediments, sequestrate carbon
and serve as key habitats for marine biodiversity
(Barbier et al., 2011; Coles et al., 2007; Green
and Short, 2003; Saenger, Gartside and Funge-
Smith, forthcoming). According to Fourqurean et
al. (2012), the global loss of seagrasses since the
beginning of the nineteenth century has resulted
in a decrease in carbon sequestration of between
6 million and 24 million tonnes of carbon per
year, with current rates of seagrass loss annually
exposing soils containing an estimated 63 million
to 297 million tonnes of carbon. Costanza et al.
(2014) estimated that as of 2011 a hectare of
seagrass or algae bed delivered ecosystem ser-
vices worth USD 28 916 per year on average,
which amounted to an estimated global total of
USD 6.8 trillion per year.

State of knowledge

A number of initiatives are helping to build knowl-
edge of the status and trends of the world’s sea-
grass ecosystems. For example, UN Environment
World Conservation Monitoring Centre’s (UNEP-
WCMC's) Global Distribution of Seagrasses dataset
was used to compile the World atlas of seagrasses
(Green and Short, 2003), the first official global
assessment of the distribution, status and trends
of seagrasses and the threats affecting them. The
latest dataset®® can be viewed in mapped form
via UNEP-WCMC's Ocean Data Viewer.”® National
and subnational assessments are also published
(e.g. Coles et al., 2007 and McKenzie et al., 2017).

% At the time of writing, version 6, dated November 2018.
70 http://data.unep-wcmc.org
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FIGURE 4.19
Global distribution of seagrasses

Source: UNEP-WCMC and Short, 2017.

The international monitoring programmes Seagrass
Watch”' and Seagrass Net’? keep track of the status
of seagrass resources at sites around the world
(335 sites in 19 countries and 122 sites in 33 coun-
tries, respectively).”?> Both programmes involve
contributions from coastal communities, academia,
NGOs, research institutions and national and local
government. Improving knowledge of the status
and trends of seagrass ecosystems will require
better standardization of sampling and monitor-
ing methods (Duarte et al., 2008; Orth et al., 2006;
Short et al., 2011). There is also a great need for
more detailed research on specific seagrass habi-
tats, their links to other ecosystems such as man-
groves and their influence on fisheries (Saenger,
Gartside and Funge-Smith, forthcoming).

Status and trends

Seagrass beds cover an estimated 344 958 km?
across 128 countries and territories globally
(Figure 4.19) (UNEP-WCMC and Short, 2017;

71 www.seagrasswatch.org

72 www.seagrassnet.org

73 Figures from the respective programme websites as of
November 2018.

Weatherdon et al., 2017). There is a general con-
sensus that the global extent of seagrass beds is
contracting and that a range of human activities
and natural factors are driving this process (Coles
et al., 2007; Green and Short, 2003; Orth et al.,
2006; Waycott et al., 2009). However, changes
in the extent of seagrass habitat are well docu-
mented only in areas such as Europe, the United
States of America and Australia and a few specific
locations in Africa, Asia and South America (Duarte
et al., 2008; Duarte, 2017). It has been estimated
that the area covered by seagrass has declined by
29 percent in the last 100 years (Waycott et al.,
2009), with the lost seagrass beds being replaced
by naked mud and sandy soils or in some cases by
algae beds (Fourqurean et al., 2012; Heck, Hays
and Orth, 2003). Waycott et al. (2009) report that
there have been some increases in seagrass area at
local scales in recent decades, but that these seem
to be small relative to global losses.

Where individual seagrass species are con-
cerned, out of 70 assessed by IUCN, 7 are classed as
Vulnerable and 3 as Endangered. Of the remain-
der, 48 are classed as being of Least Concern, 5 as
Near Threatened and 7 as Data Deficient (IUCN,
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2017a). Twenty-two of the assessed populations
show a decreasing trend, 3 an increasing trend
and 31 a stable trend. Trends for the remaining
14 are unknown.

Climate change is considered to be the main
threat to seagrass ecosystems globally: changes in
temperature and rainfall are reducing seagrasses’
access to light and hence affecting their growth
and their role as primary producers (Coles et
al., 2007). Extreme climate events such as hurri-
canes can destroy seagrass beds. Threats such as
eutrophication, turbidity and sediment discharge
are often being exacerbated by poor land-use and
water-use practices, including watershed deforest-
ation, clearing of coastal forests, inappropriate
management of fertilizers, dredging and destruc-
tive fishing practices (Ocean Health Index, 2018;
Waycott et al., 2009). Aquaculture can give rise to
threats such as invasive-species escapes, eutroph-
ication, shading and excessive influxes of organic
matter (Duarte et al., 2008; Green and Short, 2003;
Waycott et al., 2009). Loss of predators as a result
of overfishing can cause a cascade through the
food web that leads to the loss of herbivores that
cleanse seagrasses of fouling algae (Waycott et
al., 2009). Disease outbreaks such as the “wasting
disease” and stand diebacks that affected sea-
grasses in North America and Europe in the last
century are another threat (Duarte et al., 2008;
Green and Short, 2003; Waycott et al., 2009).

4.5.4 Coral reefs

Coral reefs are highly diverse aquatic ecosystems
that host vast numbers of species of algae, inver-
tebrates, fish and reptiles (Karr et al., 2015). Corals
themselves are colonial animals consisting of
merged fleshy polyps that live in symbiotic associa-
tion with algae known as zooxanthellae: the polyp
protects the algae and provides them with some
essential nutrients and the algae provide food and
oxygen to the polyp (Buddemeier, Kleypas and
Aranson, 2004; Kemp et al., 2012). The structure of
a coral reef consists of calcium carbonate secreted
by certain coral species (referred to as reef-building
or hermatypic corals) to provide themselves with
a protective exoskeleton (Dubinsky and Stambler,

eds., 2011). Reefs come in three main types: atoll
reefs (ring-shaped reefs surrounding lagoons);
barrier reefs (separated from the mainland by a
channel of deep water); and fringing reefs (sepa-
rated from the shoreline only by shallow waters)
(Spalding, Ravilious and Green, 2001).

Corals are found in all the oceans of the world,
from the tropics to polar regions, but form reefs
only in waters with temperatures above 18 °C,
which generally limits the distribution of reefs
to latitudes below 30°. It has been estimated
that coral reefs cover approximately 250 000 km?
globally (Burke et al., 2011), less than 0.1 percent
of the Earth’s surface or 0.2 percent of the ocean
surface, and that reefs protect around 150 000 km
of shoreline in 100 countries and territories (ibid.).

The value of the ecosystem services provided by
coral reefs is enormous. They provide vital habitat
for 25 percent of the world’s known marine
species (Cesar, Burke and Pet-Soede, 2003; Karr
et al., 2015). Many marine fish and invertebrates
targeted by commercial and artisanal fisheries
(including groupers, snappers, sharks, sea cucum-
bers and lobsters) use reefs for feeding, repro-
duction and breeding (Burke et al., 2011; Jackson
et al., 2014; Del Monaco et al., 2010). Coral reefs
also protect shorelines, coastal communities and
coastal ecosystems such as mangroves and sea-
grass beds that serve as nurseries for a wide range
of species (Buddemeier, Kleypas and Aranson,
2004; Ferrario et al., 2014; Saenger, Gartside
and Funge-Smith, forthcoming). Reef fisheries
are fundamental to the nutrition of millions of
people in coastal areas in developing countries
(Cesar, Burke and Pet-Soede, 2003). It has been
estimated that one-eighth of the world’s popu-
lation live within 100 km of a coral reef (Burke et
al., 2011). Costanza et al. (2014) estimated that,
if all categories of ecosystem services are taken
into account, the total value of coral reefs’ con-
tributions to humanity amounts to approximately
USD 350 000/halyear.

State of knowledge
A number of global initiatives contribute to mon-
itoring and reporting on the state of the world’s
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coral reefs. For example, the International Coral
Reef Initiative,”* an informal partnership of gov-
ernments, non-governmental organizations and
international organizations, published five Status
of the Coral Reefs of the World reports between
1998 and 2008, drawing on data and information
provided by a large number of experts around
the world (e.g. Wilkinson, 2008). It has also pub-
lished several reports on the status of coral reefs
at regional or subregional levels (e.g. Chin et al.,
2011; Jackson et al., 2014) and on the impacts of
various threats and drivers of change (e.g. Salvat
and Allemand, 2009).

The Reefbase information system’® features
a global database of country-level information
on coral-reef resources, their status, threats
affecting them, and the status of management
activities such as monitoring programmes and
the establishment of protected areas. Its Online
Geographic Information System (ReefGIS) allows
coral reef-related information (e.g. locations of
protected areas, areas covered by monitoring
programmes, bleaching events, disease outbreaks
and threats such as coastal developments and
marine pollution) to be displayed on interactive
maps. The Millennium Coral Reef Mapping Project
Seascape, a global coral-reef database compiled
from a number of sources by UNEP-WCMC and
the WorldFish Centre, in collaboration with
the World Resources Institute and The Nature
Conservancy, records the global distribution of
tropical and subtropical coral reefs (UNEP-WCMC,
2010). Global Reef Record’® makes available high-
definition imagery shot along transects at numer-
ous coral-reef sites around the world by the XL
Catlin Seaview Survey.”” The Ocean Health Index’®
has been assessing oceans globally every year since
2012 by synthesizing data on a range of compo-
nents, including coral reef area and condition
,to provide index scores for 220 coastal nations
and territories (Halpern et al., 2012, 2017). The

74 https://iwww.icriforum.org

75 www.reefbase.org

76 www.globalreefrecord.org

77531 transects from 305 reefs available as of December 2018.
78 http://www.oceanhealthindex.org

Global Ocean Acidification Observing Network”®
monitors, and makes data available on, variables
related to ocean acidification and the responses
of ecosystems to this process (GOA-ON, 2016;
Newton et al., 2015b). Data on various catego-
ries of biodiversity are targeted, including data
specifically on the state of coral-reef biodiversity,
for example on changes in the biomass of corals,
coralline algae and other photosynthesizers in
coral reefs, changes in the population structure
of corals and other components of reef biodiver-
sity, and changes in reef ecosystem processes and
habitat quality (ibid.).

Significant national initiatives include the
Coral Reef Information System (CoRIS),® the
information portal of the United States of
America’s National Oceanic and Atmospheric
Administration’s (NOAA's) Coral Reef
Conservation Program, which provides access to
the organization’s coral reef information and
data products. NOAA's coral reef-related activities
include mapping, monitoring and assessment,
along with natural and socio-economic research
and modelling (NOAA, 2018). The Australian
Research Council’s Centre of Excellence for
Integrated Coral Reef Studies®' has, since 2005,
been undertaking integrated research support-
ing the sustainable use and management of coral
reefs in Australia (ARC, 2018).

Status and trends

Recent decades have seen massive losses of corals
globally. Declines are attributed to anthropo-
genic pressures, particularly the effects of climate
change, coastal developments and misuse of
fishing gear (trawlers) (Buddemeier, Kleypas and
Aranson, 2004; Jackson et al., 2014). Rising tem-
peratures affect the symbiosis between corals
and zooxanthellae (see above): a prolonged
increase of at least 1 °C affects the algae’s ability
to photosynthesize, which causes bleaching and
subsequent death of the corals (Heron, Eakin and

7 http://goa-on.org/home.php
80 https://www.coris.noaa.gov/
8 www.coralcoe.org.au

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


https://www.icriforum.org
http://www.globalreefrecord.org
http://www.oceanhealthindex.org
https://www.coris.noaa.gov/
http://www.coralcoe.org.au

THE STATUS AND TRENDS OF BIODIVERSITY FOR FOOD AND AGRICULTURE

Douver, 2017). Temperature variations are also
associated with higher frequency of hurricanes
(Bender et al., 2010; Holland, 2012), which can
negatively affect corals by increasing the amount
of sediment in the water (Cesar, Burke and Pet-
Soede, 2003). Overfishing, illegal fishing and
destructive fishing practices such as the use of
explosives and cyanide pose a threat in some
parts of the world (Cesar, Burke and Pet-Soede,
2003). Declines or shifts in fish populations can
affect the ecological balance of reef communi-
ties, compromising their dynamics and processes
(Burke et al., 2011). For example, a decrease in
the number of herbivores can allow an increase
in the growth of macro-algae, which have a neg-
ative effect on corals (ibid.). A dramatic example
of this effect occurred in the 1980s, when a
collapse (due to overfishing) in the numbers of
parrotfish, one of the most important grazers of
Caribbean reefs, coincided with the disappear-
ance of another grazing species, the long-spined
sea urchin Diadema antillarum (Buddemeier,
Kleypas and Aranson, 2004; Jackson et al., 2014;
Mumby et al., 2006). Other threats include coastal
pollution, invasive species, coral harvesting and
mining (Buddemeier, Kleypas and Aranson, 2004;
Jackson et al., 2014)

The precise extent of historical losses is dif-
ficult to estimate as records are incomplete.
Wilkinson (2008) concluded that the world had
lost 19 percent of its original coral-reef area
and that a further 35 percent was under threat
of loss in the coming decades. In some regions,
even greater losses appear to have occurred.
For example, based on data from 88 locations
in the Caribbean, covering the periods 1970 to
1983, 1984 to 1998, and 1999 to 2011, Jackson
et al. (2014) concluded that coral cover declined
from 34.8 percent in the first of these periods to
19.1 percent in the second and 16.3 percent in
the third, i.e. a decline of more than 50 percent
overall. Burke et al. (2011) rated 60 percent of the
world’s coral reefs as being under immediate and
direct threat from local effects (overfishing, pol-
lution, etc.) and rated 75 percent as threatened
if thermal stress is also taken into account. These

FIGURE 4.20
Global status of reef-building corals
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Source: The IUCN Red List version 2018-2.

authors also estimated that by 2050, 95 percent
of reefs globally would be experiencing thermal
stress sufficient to cause severe bleaching in most
years (ibid.). Since these studies were published,
the world’s oceans haves experienced the longest
and most severe coral-bleaching event on record
(2014 t0 2017) (Hughes et al., 2017, 2018). A 2017
assessment of coral-reef World Heritage Sites
concluded that all 29 such sites would cease to
exist as functioning coral reef ecosystems by the
end of the twenty-first century under a “busi-
ness as usual” carbon-emissions scenario (Heron,
Eakin and Douver, 2017).

Where the risk status of reef-building coral
species themselves is concerned, data from IUCN
(IUCN, 2018) indicate that out of 868 species
of corals assessed, 1 percent (6) are classed
as Critically Endangered, 3 percent (26) as
Endangered and 23 percent (202) as Vulnerable (a
further 19 percent are classified as Data Deficient)
(Figure 4.20). Human assisted-evolution efforts to
restore coral reefs are discussed in Section 5.9.6.
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4.5.5 Forests

Introduction

The contributions of forests to the well-being of
humankind are extraordinarily vast and far reach-
ing (FAO, 2016q). Forests are the world’s largest
repository of terrestrial biodiversity. They also
play a vital role in climate change mitigation and
contribute to soil and water conservation in many
fragile ecosystems. They make many significant
contributions to food security, livelihoods and
poverty alleviation. Millions of people depend on
food from forests and from trees located outside
forests to increase the nutritional quality and
diversity of their diets. This is particularly impor-
tant during seasonal food shortages, extreme
climatic events and conflicts. Employment in the

Box 4.10
FAO global definition of forest

FOREST

Land spanning more than 0.5 ha with trees higher than

5 m and a canopy cover of more than 10 percent, or trees
able to reach these thresholds in situ. It does not include
land that is predominantly under agricultural or urban
land use.

Explanatory notes

1. Forest is determined both by the presence of trees and
the absence of other predominant land uses. The trees
should be able to reach a minimum height of 5 m in situ.

2. Includes areas with young trees that have not yet
reached but which are expected to reach a canopy cover
of 10 percent and tree height of 5 m. It also includes
areas that are temporarily unstocked due to clear-cutting
as part of a forest management practice or natural
disasters, and which are expected to be regenerated
within five years. Local conditions may, in exceptional
cases, justify that a longer time frame is used.

3. Includes forest roads, firebreaks and other small open
areas; forest in national parks, nature reserves and other
protected areas such as those of specific environmental,
scientific, historical, cultural or spiritual interest.

production of forest goods and services provides
a source of income for many (FAO, 2014a). Around
one-third of the world’s population, or about
2.4 billion people, use wood as a source of energy
for basic needs such as cooking, boiling water and
heating (FAO, 2018b).

FAO has a long tradition of monitoring the
world’s forests. It periodically collects and analy-
ses data on forest resources through several well-
established processes, including the Global Forest
Resources Assessment (FRA) (FAO, 2012¢, 2017k).
Many countries conduct national assessments
of their forest areas and other forest variables,
increasingly using remote sensing to complement
ground-level forest inventories. The data generated
by such assessments are reported periodically to the
FRA. The FRA has contributed greatly to improving

4. Includes windbreaks, shelterbelts and corridors of trees
with an area of more than 0.5 ha and width of more
than 20 m.

5. Includes abandoned shifting cultivation land with a
regeneration of trees that have, or are expected to reach,
a canopy cover of 10 percent and tree height of 5 m.

6. Includes areas with mangroves in tidal zones, regardless
whether this area is classified as land area or not.

7. Includes rubber-wood, cork oak and Christmas tree
plantations.

8. Includes areas with bamboo and palms provided that
land use, height and canopy cover criteria are met.

9. Includes areas outside the legally designated forest land
which meet the definition of “forest”.

10. Excludes tree stands in agricultural production systems,
such as fruit-tree plantations, oil-palm plantations,
olive orchards and agroforestry systems when crops
are grown under tree cover. Note: Some agroforestry
systems such as the “Taungya” system where crops are
grown only during the first years of the forest rotation
should be classified as forest.

Source: FAO, 2018].
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TABLE 4.10
Global forest area change (1990-2015)

Annual net change

Year Forest (thousand ha) Period Area (thousand ha) Rate? (%)
1990 4128 269

2000 4055 602 1990-2000 -7 267 -0.18
2005 4032743 2000-2005 -4 572 -0.11
2010 4015673 2005-2010 -3414 -0.08
2015 3999 134 2010-2015 -3308 -0.08

Note: @ Calculated as the compound annual growth rate.
Source: FAO, 2016g.

concepts, definitions and methods related to the
assessment of forest resources (FAO, 2012c¢).

Results from the FRA show a steady decrease
in the rate of forest loss globally. Other sources
have, however, reported that the rate of forest
loss is increasing. The discrepancy in the findings
is explained mainly by the fact that FAO defines
forest as a combination of tree cover and land
use (see Box 4.10), while some define forest only
in terms of tree cover. Datasets based solely on
remote-sensing sources such as Landsat imagery
cannot differentiate between tree cover in agri-
cultural production systems (oil-palm plantations,
coffee plantations, etc.) and tree cover on land
that is not predominantly under agricultural or
urban land use. In addition, areas with tree cover
that has been temporarily removed as part of a
forest-management scheme or temporarily lost
through natural disturbances are still considered
forest according to the FAO definition, while a
remote-sensing analysis of tree cover will interpret
these areas as forest loss. Moreover, newly estab-
lished forest cannot easily be detected by remote
sensing (FAO, 2016g).

Status and trends

Forests and forest management have changed sub-
stantially over the past 25 years. Overall, this period
has seen a number of positive developments.
For example, although the extent of the world’s
forests continues to decline as human populations
continue to grow and demand for food and land

increases, the rate of net forest loss fell by over
50 percent between the periods 1990 to 2000 and
2010 to 2015 (Table 4.10) (FAO, 20169).%? Globally,
natural forest area is decreasing and planted forest
area is increasing. However, the bulk of the world’s
forest is natural forest, with reported natural forest
area accounting for 93 percent of the total global
forest area, or 3.7 billion ha, in 2015. The annual
net loss of natural forest area declined from
10.6 million ha per year during the period 1990 to
2000 to 6.5 million ha per year during the period
2010 to 2015.

Forest designated primarily for biodiversity con-
servation accounts for 13 percent of the world’s
forest area, or 524 million ha, with the largest
areas reported in the United States of America and
Brazil. This area has increased by 150 million ha
since 1990, although the rate of increase slowed
during the 2010 to 2015 period. Over this latter
period, Africa, Asia and South America each
reported an increase of about 1 million ha per
year of area designated for the conservation of
biodiversity, while Europe, North and Central
America and Oceania together reported an
increase of about 600 000 ha.

Seventeen percent of the world'’s forest area is
located within legally established protected areas,
accounting for a total of 651 million ha. South

82 The description of status and trends presented here draws
on FAO (20169). Except where otherwise indicated, all the
statistics presented are taken from this source and refer to the
state of forest resources as of 2015.
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FIGURE 4.21
Annual change in forest area (1990-2015)
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Source: FAO, 2015d.

America has the highest proportion (34 percent)
of protected forest, largely because of the contri-
bution of Brazil, where 42 percent of forest area is
located within the protected areas network. The
area of forest within protected areas increased by
200 million ha between 1990 and 2015, but the rate
of increase slowed during the 2010 to 2015 period.
The increase in the area of forest within protected
areas was particularly evident in the tropics, where
an additional 143 million ha of forest were put
under protection between 1990 and 2015.
The forest-area changes summarized
Table 4.9 amounted to a decline in forest area
from 31.6 percent of global land area in 1990 to
30.6 percent in 2015. Such figures, however, do not
fully reflect the complicated nature of deforesta-
tion or forest conversion to other land use. Forest
gains and losses occur continuously, and while
deforestation can be easily detected with remote
sensing, forest gains are difficult to monitor even

in

with high-resolution satellite imagery and require
a long time period to assess reliably. Changes in
forest area, by country, for the period 1990 to
2015 are summarized in Figure 4.21.

There are also differences between the
impacts of large-scale commercial agriculture
and those of subsistence agriculture as deforest-
ation drivers. An analysis of national data for
46 tropical and subtropical countries represent-
ing about 78 percent of the forest areas in these
domains (Hosonuma et al., 2012) revealed that
large-scale commercial agriculture is the most
prevalent driver of deforestation, accounting
for 40 percent. Local subsistence agriculture was
found to account for 33 percent of deforestation,
urban expansion for 10 percent, infrastructure for
10 percent and mining for 7 percent. Moreover,
although it may bring other economic benefits
and enhance global food security, the large-
scale, export-focused commercial production
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of agricultural commodities may contribute little
to food security at the local or national level.
Hosonuma et al. (2012) note that, in some cases,
land-use change was preceded by forest degra-
dation, for example caused by unsustainable or
illegal wood removal.®3

Natural forest expansion may occur when agri-
cultural land is abandoned, for example when a
rural population declines, when land becomes so
degraded that it becomes unproductive as agricul-
tural land or when more productive agricultural
land becomes available elsewhere. Forest policies
may be put in place to encourage tree planting
with the aim of meeting anticipated future needs
for forest goods and environmental services. The
impact on forest area of “reverse drivers” such
as afforestation policies is particularly evident in
high-income countries such as the United States of
America and those in western Europe, where net
deforestation bottomed out many decades ago.
However, there is now evidence of a similar trend
in some developing countries.

In the period 1990 to 2015, 93 countries
recorded net losses in forest area (totalling
242 million ha), while 88 countries recorded net
gains (totalling almost 113 million ha) (FAO,
2016e). In Asia, 24 countries experienced a net
increase in forest area over this period, amounting
to 73.1 million ha, mainly a result of large-scale
afforestation programmes in China. In Europe,
35 countries recorded a net increase in forest
area, totalling 21.5 million ha. Thirteen countries
in Africa, eight in Oceania, six in North and Central
America, and two in South America also recorded
net increases in forest area over this period.

Although there have been significant advances
in recent years in the capacity of countries to
monitor their forests, and an unprecedented
increase in the availability of satellite imagery
and monitoring tools, there are still important
gaps and needs in forest monitoring. For example,
there is still no agreed operational global defini-
tion of forest degradation, and consequently no

8 This and the following two paragraphs are adapted from FAO
(2016e).

established methods for measuring and monitor-
ing this indicator. Status and trends in forest bio-
diversity are still difficult and costly to monitor, as
this requires substantial fieldwork, and countries
lack the necessary financial resources. Similarly,
data on the socio-economic aspects of forests, for
example on their contribution to livelihoods and
food security, are scarce.

4.5.6 Rangelands
Rangeland has been defined in many ways,
usually based on land cover or land use (Lund,
2007). According to the Society for Range
Management, rangelands are “lands on which
the indigenous vegetation (climax or natural
potential) is predominantly grasses, grass-like
plants, forbs, or shrubs and is managed as a
natural ecosystem. If plants are introduced,
they are managed similarly. Rangelands include
natural grasslands, savannas, shrublands, many
deserts, tundras, alpine communities, marshes
and meadows” (Society for Range Management,
1998). Rangelands are found from the Asian
steppes to the Andean regions of South America
and from the mountains of western Europe to the
African savannahs. Land-cover types or biomes that
can be classified as rangelands make up between
6.4 billion ha (if deserts and other barren lands
are included) and 4.5 billion ha (without barren
lands) globally,® amounting to 49 percent and
34 percent of global land area, respectively. Many
of the world’s grazing systems, including those in
African savannahs, North American prairies and
Asian steppes, were established in natural grass-
lands or open woodlands long grazed by large
herds of wild ungulates (hoofed animals). Most
European grasslands were developed from forests
many centuries ago.

Livestock production is the major land use in
the world’s grasslands. Grasses and leaves consti-
tute the most important livestock feed resources

84

8 For a compilation of definitions of rangelands see Lund (2014).

8 Calculated from FAOSTAT land cover data for 2015, including
the following categories: grassland; shrub-covered areas;
shrubs and/or herbaceous vegetation, aquatic or regularly
flooded; and sparsely natural vegetated areas.
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FIGURE 4.22

Global distribution of ruminant livestock production systems
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Source: Robinson et al., 2018.

globally, making up between 46 percent and
50 percent of the livestock diet (Herrero et al.,
2013; Mottet et al.; 2017). Figure 4.22 shows the
global distribution of livestock production systems.
However, not all rangelands are used for grazing.
Alkemade et al. (2013) estimate that the pro-
portion lies between 10 percent and 60 percent,
depending on the biome. Even the FAO land-
use classification “permanent grasslands”, which
accounts for about 3.5 billion ha globally (2016
figures), includes about 1.5 billion ha of very mar-
ginal rangelands and shrubby ecosystems that
host no livestock (Mottet et al., 2017).

Today’s rangeland production systems include
both traditional pastoralist systems and fenced-in
ranching systems. Rangelands provide a livelihood
for more than 600 million people (FAO, 2011a).
Pastoralism is the only feasible agricultural
strategy in many dry areas (Davies et al., 2010).
Pastoralists in some of these areas operate mobile
systems in which herds are moved, sometimes

over long distances, to track changes in the avail-
ability of vegetation and other resources (ibid.).
Precise figures for the number of nomadic and
transhumant pastoralists are hard to come by,
partly because of the difficulties involved in
defining these categories and tracking them
in national censuses. A figure of 100 to 200
million people globally is often cited (e.g.
IUCN, 2011). Grassland-based systems (includ-
ing grazed tree-covered areas), which harbour
37 percent of all the world’s cattle, contrib-
uted 22 percent of global beef production and
16 percent of global milk production in 2005,
respectively (MacLeod et al., 2013). In Africa and
the Near and Middle East, arid and semi-arid
grassland-based systems accounted for around
20 percent of the ruminant-meat production in
2000 (Herrero et al., 2014). Output from grazing
systems in developing countries, especially in
arid regions is low, due to limitations in feed
availability and quality and, consequently, low
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livestock growth rates. However, food and
income from livestock play a crucial role in sup-
porting livelihoods in pastoral and other exten-
sive livestock systems (Herrero et al., 2013).

In addition to food, rangelands provide fibre,
fuel and other ecosystem services, including
carbon sequestration, control of water cycles and
provision of habitats for wildlife (FAO, 2011a,
2014c; Sala et al., 2017). Marshall et al. (2018)
found that the nutrient diversity and increased
spatial heterogeneity created by Neolithic pas-
toralists enriched and diversified African savan-
nah landscapes over three millennia. Many
of today’s rangeland areas offer potential for
increasing the supply of supporting and regu-
lating ecosystem services. However, when they
are not managed appropriately, rangelands are
prone to loss of biodiversity, stored carbon and
water-retention capacity and declines in produc-
tivity (FAO, 2011a).

Globally, there are about 780 genera and 12 000
species of grass (Christenhusz and Byng, 2016).
Rangelands are not only rich reservoirs of grasses,
shrubs and trees, but also important for many
kinds of fauna. For example, grasslands contain
11 percent of the world’s Endemic Bird Areas®®
(White, Murray and Rohweder, 2000) and contrib-
ute to the maintenance of pollinators and other
insects that have important regulating functions
(FAO, 2005a). The importance of grasslands for
biological diversity is evident from the biological
distinctiveness index developed by WWF, which
considers species richness, species endemism, rarity
of habitat type and ecological phenomena, among
other criteria. For North America and Latin America,
respectively, 10 out of 32 and 9 of 34 regions rated
as “globally outstanding” for biological distinctive-
ness are in grassland ecosystems (WRI et al., 2000).
Grasslands provide ecosystem services estimated
to be worth USD 18.4 trillion per year globally
(Costanza et al., 2014). Grasslands are also the

8 An Endemic Bird Area (EBA) is “an area which encompasses
the overlapping breeding ranges of restricted-range species,
such that the complete ranges of two or more restricted-range
species are entirely included within the boundary of the EBA”
(Stattersfield et al., 1998).

locations of origin of many domesticated livestock
breeds and many of the world’s cultivated plants,
including wheat, maize, rice, rye, millet and
sorghum, as well as of forage species, for which
they remain important genetic reservoirs.

Although a figure of 10 percent to 20 percent
rangeland degradation is often cited, there is no
scientific consensus about the definition or the
extent of rangeland degradation (Sayre et al.,
2017). A review by Gibbs and Salmon (2015) found
that global estimates of total degraded area vary
from less than 1 billion ha to over 6 billion ha.
IPBES (2018a) notes that rangelands are among
the ecosystems most affected by land degradation
and that, in many rangelands, livestock stocking
density is at or above the land’s long-term carry-
ing capacity, leading to long-term declines in plant
and animal production. It concludes that “the
capacity of rangelands to support livestock will
continue to diminish in the future, due to both
land degradation and loss of rangeland area.” The
effects of climate change, including greater cli-
matic variability, are exacerbating these problems
and can be expected to add to future pressures on
rangelands (ibid.).

Herrero et al. (2013) note that grasslands are
often at the epicentre of land-use change pro-
cesses, and conclude that detailed studies on the
role and fate of grasslands as a multifunctional
resource require urgent attention. One key area
in this regard is Latin America, where forest con-
version into human-made grasslands has been
widespread in recent years. Globally, the extent
of rangeland area changes over time due to
conversion of forests into grassland, the conver-
sion of rangeland into cropland and improved
grasslands, and the replacement of abandoned
rangeland with forests. Between 2000 and 2016,
the global land area under permanent meadows
and pastures declined by 4 percent (FAOSTAT).
The rates of land conversion and the intensity
of rangeland use are likely to continue changing
over the coming decades. Mottet et al. (2017) esti-
mated that of the 2 billion ha of grassland cur-
rently used for grazing, 1 billion ha can be consid-
ered non-convertible into cropland because they
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FIGURE 4.23

Global grasslands suitable and unsuitable for crop production and share of land use
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Ml Grassland unsuitable for crops, with animals (1 082 million ha)

Grassland unsuitable for crops, without animals (758 million ha)

Grassland percentage per cell

Notes: Threshold of 25% ratio of actual/potential yield used for suitability, as defined by IIASA and FAO (2012). Livestock distribution

based on Gridded Livestock of the World (Robinson et al., 2014).
Source: Mottet et al., 2017.

are too arid or otherwise marginal (Figure 4.23).
For some of the remaining 1 billion ha, the eco-
logical costs of conversion would be prohibitive
(Searchinger et al., 2015). These areas thus offer
potential for biodiversity conservation.

Although approximately 9 percent of drylands
are under formal protection, these areas are not
representative of all dryland subtypes. For example,
deserts are disproportionately represented, while
temperate grasslands have among the lowest levels
of protection of all biomes (4 to 5 percent). To some
extent, this is because, traditionally, areas with the
lowest economic value were the ones designated
as protected areas. Large areas of drylands are
protected informally by local communities either
consciously (e.g. as sacred sites) or as a by-product
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of traditional sustainable management practices
(e.g. as seasonal grazing reserves). This indigenous
protection is rarely recognized by government
and is often undermined by government policies
(Davies et al., 2012).

m Needs and priorities

Across all categories of BFA, the country reports
and/or the previous global assessments of genetic
resources make it clear that there are substan-
tial knowledge gaps with respect to status and
trends. The extent and character of these gaps
vary from category to category of BFA. In the
case of domesticated species and those that are
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widely harvested from the wild, species inven-
tories are largely complete and the range of
within-species populations (breeds, varieties,
etc.) is also often well documented, although to
varying degrees across the regions of the world.
In contrast, many associated biodiversity species,
particularly micro-organisms and invertebrates,
have never been documented. An inventory of
the world’s tree species also remains to be com-
pleted. Population trends are relatively well doc-
umented for some taxonomic groups (particularly
vertebrates), but in others knowledge is almost
non-existent at species level and very limited even
in general terms. Where associated-biodiversity
species are monitored, data are often not linked
to spatial data on the distribution of production
systems, and hence their potential significance to
particular categories of production can be diffi-
cult to evaluate. In many cases, the contributions
of specific components of BFA to the supply of
ecosystem services are poorly understood, as are
the effects of particular drivers (including climate
change) on population sizes and distributions and
on the ecological relationships that underpin the
supply of ecosystem services.

The main need and priority identified in the
country reports is improving the availability of
data in all the above fields. Also significant is the

need to strategically plan data-collection efforts
so that they provide the data needed to support
management decisions that support the sustain-
able use and conservation of components of BFA
and promote their roles in the supply of ecosystem
services in food and agricultural systems. More spe-
cific priorities noted include improving method-
ologies for recording, storing and analysing data
on changes in the abundance and distribution of
species and the distribution of ecosystems (includ-
ing geographic information system facilities)
and increasing the supply of skilled taxonomists.
Establishing or strengthening relevant research,
education, capacity-building and cooperation
programmes (including cooperation between the
public sector and other stakeholders) is widely
emphasized (see Chapter 8 for further discus-
sion of needs and priorities in all these fields). As
noted in some of the sections above, certain types
of associated biodiversity are monitored through
citizen-science projects and a number of countries
note the potential benefits of expanding activities
of this kind. Many countries emphasize the point
that effective monitoring requires systematic and
long-term commitment, noting in some cases the
need to clarify responsibilities including, where
relevant, establishing national bodies to organize
or oversee monitoring activities.
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The state of use of biodiversity
for food and agriculture

o The sustainable use and conservation of biodiversity
for food and agriculture (BFA) calls for approaches
that involve the integrated management of genetic
resources, species and ecosystems in the context of
production systems and their surroundings.

¢ A wide range of management practices and
approaches make use of various components of BFA
and thus potentially contribute to its sustainable
use. However, in most cases it is difficult to evaluate
the extent to which these practices and approaches
are being used owing to the variety of scales and
contexts involved and the absence of data and
appropriate assessment methods.

¢ Eighty percent of reporting countries indicate
that one or more of the BFA-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. Seventy-five percent of countries report
the adoption of one or more types of ecosystem,
landscape or seascape approach.

¢ Countries indicate that there is an upward trend
in the adoption or use of all the BFA-focused

m Introduction

This chapter considers the state of use of bio-
diversity for food and agriculture (BFA). Use is
here taken to comprise the various actions that
can be undertaken to maintain or enhance the
capacity of BFA to supply ecosystem services of

practices and approaches on which they were
invited to report.

o Although countries generally indicate that the
impacts of the BFA-focused practices on biodiversity
are perceived to be positive, they emphasize the
need for more research in this regard, even for
practices where research on management issues is
well established.

¢ Many BFA-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.

¢ A number of management practices targeting
micro-organisms used in food processing and
agro-industrial processes, or found in the rumens
of livestock species, contribute to improving
food security and nutrition while reducing the
environmental footprint of food production.

one kind or another. It encompasses activities at
many levels, including the ecosystem, landscape
and seascape, the farm (or forest, livestock or
aquaculture holding), the plot (or pond, green-
house, etc.), the biological community and the
population (at species or within-species level).
Conservation (i.e. actions specifically focused
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on preventing the loss of BFA) and characteri-
zation (activities specifically focused on improv-
ing knowledge of BFA) are discussed separately
(Chapters 6 and 7), although they are clearly
often closely linked to use. The policy, legal
and institutional frameworks (including fields
such as education and training, research, coop-
eration and the implementation of incentive
measures) for use (and other aspects of BFA
management) are discussed in Chapter 8. The use
of BFA in building resilient production systems
and livelihoods, promoting food security and
nutrition, and sustainably intensifying produc-
tion is discussed in Chapter 2. Inevitably, there
is some overlap in the scope of these various
chapters. For example, many of the methods and
approaches described in this chapter are relevant
to in situ conservation. Policy and legal frame-
works related to specific management practices
are also mentioned at several points. Similarly,
there are many linkages and overlaps between
the various approaches and practices discussed in
the sections of this chapter.

The chapter is structured as follows. Section 5.2
presents a short overview of the information
provided by countries on the implementation of
the various practices and approaches on which
they were invited to report. Section 5.3 discusses
approaches at ecosystem, landscape and seascape
scales. Section 5.4 discusses restoration practices
in terrestrial and aquatic ecosystems. Section 5.5
considers diversification (in terms of the range
of species, breeds, varieties, etc. raised) at farm
level (or at the level of equivalent holdings or
operations in other sectors). Section 5.6 consid-
ers a number of specific management practices
and approaches at farm or within-farm level (or
equivalent levels in other sectors) that favour or
involve the use of BFA. Section 5.7 discusses the
use of micro-organisms in food processing and
agro-industrial processes. Section 5.8 discusses
rumen microbial diversity. Section 5.9 discusses
the management of populations at genetic level
(domestication, breeding programmes, etc.).
In line with the rest of the report, particular
attention is paid to associated biodiversity and

to presenting the information provided in the
country reports."

Overview of management
practices and approaches

This section provides an overview of the infor-
mation provided by countries on their implemen-
tation of the various management practices and
approaches that are further discussed in the other
sections of the chapter. Countries were invited to
report on the extent of use of a range of man-
agement practices and approaches considered to
favour or involve the use of BFA and on trends
in their use over the preceding ten years. Out of
the 91 country reports, 73 (80 percent) refer to
the implementation of one or more of the man-
agement practices and approaches in one or more
production systems. The remaining 18 (20 percent)
do not make any explicit reference to any of the
practices or approaches. Some countries report as
many as 21 different practices and approaches.
Findings are summarized by region in Table 5.1.
The table should, however, be interpreted with
caution as variations in the levels of detail pro-
vided in the country reports mean that the figures
probably underestimate the actual frequencies of
adoption. It should also be noted that the figures
do not take into account the levels of adoption
(importance in terms of land area or production
output) within countries, i.e. a country with a
low but non-zero level of adoption in only one
production-system category is counted in the
same way as a country with a high level of adop-
tion across many production-system categories.
Bearing the above caveats in mind, general
highlights from Table 5.1 are that a large pro-
portion of countries globally (75 percent) report
one or more types of ecosystem, landscape or
seascape approach. More than half report some

' Throughout this chapter, unless noted otherwise, the term
“country reports” refers to the country reports submitted as
contributions to The State of the World's Biodiversity for Food
and Agriculture. See " About this publication” for additional
information.

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



5

THE STATE OF USE OF BIODIVERSITY FOR FOOD AND AGRICULTURE

(‘u0d)

[z st w8 ¥t L ol L 0 0 ) Z s ¥ & oL g€ T4 S saruodenbezainynafjod
w 8 4 6 Or 60 OF e [oor | | e v 8 9 6€ 6 | 95 S €S ol Ansaiojoiby
ve 1€ € 9 S ST 0T z 0 0 [ e g 0€ L 95 S w8 suapJeb awoH
vv Oy | € 7L 66 8  0f € ool L le v 8 9 8y Ll /49 9 v 6 (UehE:allINENq
sw)sAs uondNPo.d ul UoIedIISIBAIQ

vw Oy | 8 €l 8 [z Ol L oo L ) z 8 9 19 vl | 9§ S 85 | Il sadjpoeid uopelo}say
mwu_uuma uollelolsay

w0t e 9 6l vl 0 0 0 0 24 € 95 6 44 S L L L 4 ABojods016y

ainyndenbe

(014 9¢ vL vl L€ [44 0¢ 4 00l l 8 L LE S S9 Sl 95 S LE L pue saLiaysiy 01 yoeoidde wialsAsod]

44 0z 9 S 1z Sl (o]} l 0 0 0 0 74 14 0€ L [44 14 143 9 JusWabeuBw 152104 3|qeuleISNS
4% Ll 0 0 Sl L 00l oL 0 0 0 0 0 0 0 0 0 0 S l Buiuue|d asn-iz3em pue -pue| pajeibaiu|
194 6& 6L Sl €€ 24 ol l 00l l 134 € 8¢ 9 S9 Sl 144 14 Ly 6 Juswabeuew adedspuer

yoeoidde

SL 89 ¥8 9l (4 4 00L oL 0 0 8¢ S SL 4 JA] 0¢ 8L L VL vl adedseas Jo adedspue| ‘walsAsodd Auy

Juswabeuew adedseas pue adedspue| ‘waysAsod3

% u % u % u % u % u % u % u % u % u 9 u saydeosdde pue sadndeld
16 6L (44 (113 l €l 9l €T 6 6l sa1unod buiiodal Jo saquiny
ueaqqued eisy
ey ay) pue |esyua)
e)IBWY  YJON pue  eduswy pue
PI1OM asio ad>30-uoN dlded YyioN 1sej JesN uneq adoung eisy ey

parebaibbe swaysAs uondnpoud |je ‘saydeoidde pue sed13oeid Juswabeuew pa1da|as jo uondope jo s|ans| parioday
1'G 31avL

THE STATE OF THE WORLD'S BIODIVERSITY FOR FOOD AND AGRICULTURE ‘ 193



*24n}[n21iby pue poo 1oj A}IsIaAIpOIg S,Pl10/A Y1 JO d1e1§ ay ) Joy pasedaud spodas Anunod :a24nos
'spiodas A13unod g uo paseq siskjeuy "yoeoidde Jo ad11de.d SY) 110dal $31U1UNOD BY) JO SJoW 4O JUIad 05 YdIYM Ul S958D 31edIpul
5|]92 pa4nojod-an|g ‘sa110bHa1ed> walsAs-uoidnpoud aiow Jo suo ul yoeoudde Jo ad1peud aadadsal ayy buiniodas salunod Jo (sbeiusdiad pue) Jaquinu ay) a1edipul saunbiy sy sa10N

STATE OF MANAGEMENT

PART C

G € | € 0l le w0t z 0 0 24 € L€ S &7 0L | /9 9 43 9 buiuspeoiq aseg
€€ 0 | €& 0l 8 o0z Ol L 0 0 Sl 4 14 4 S o0l | /9 9 LE L uopedsaWoq
Juswanoidwy d13RUID

6 97 8 sz 8l oL L 0 0 8 L 14 14 & ol €€ € LE L Buibboj 1oedwi padnpay
Ve le L€ L € vz ol L 0 0 L€ 12 8€ 9 3 8 9 S LE L Bupueld Juauwiyuug
Ve e | €9 7 9 6l 0 0 | o0l | %4 € 4 L 6 U €€ € 9 q Judwabeueul uoreu|od
67 9% 6L Gl w 0€ 0€ € 00l | 8¢ S 0S 8 G9 Gl L9 9 L€ L Juswabeuew 1s3d pajesbalul
9% T | wL vl 6€ 8  0C z | 00l l 34 € 0S 8 9 Gl 95 S w 8 Juawabeuew yustinu jueld pajelbaiy|
or 9 T 8 6 8C 0L L 0 0 LE v 95 6 6€ 6 4 4 Ly 6 ainynoLbe uoieAIdsu0)
0 Lz 9 S e ol L 0 0 34 € 14 4 9 9 95 S 44 8 swisiueb10-oiul JO Judwabeue|y
€& 66 | €9 7l 8 [z Ol I 00l l € € 9 6 8y Ll | 9§ S Ly 6 juawabeuew [0S 3|qeuleIsns
9 €€ Ly 6 €€ vz ol L 0 0 L€ 14 Le S 8y Ll | 9§ S LE L ainynoube indul [eusixe Mo
¢S v | ¥8 9l & lg  O€ € | 00l L L€ 14 0S 8 8. 8l | /9 9 LE L ainynoLbe Jiuebio
saypeoidde uonanpoud pue sedideid Juswabeue|y

% u % u % u % % % % % u % % u saydeosdde pue sadideld
16 L oL l 9l €T sa113unod bunsodal Jo Jaquiny
ueaqquie) eisy
ey ay} pue |esua)
eduswy YLION pue  eduswy pue
PHOM a’io @d30-uoN  dyped YuioN jseg JeaN uneq adoing elsy ey

pa1ebaibbe swaysAs uononpoud jje ‘saydeosdde pue sadideld yuswabeuew payds|es jo uondope Jo s|aAd)] parioday
(uod) |'s 319Vl

STATE OF THE WORLD'S BIODIVERSITY FOR FOOD AND AGRICULTURE

194 |



THE STATE OF USE OF BIODIVERSITY FOR FOOD AND AGRICULTURE

implementation of organic agriculture in one of
more production-system categories. Overall, there
is a marked difference in reporting between coun-
tries that are members of the Organization for
Economic Co-operation and Development (OECD)
and those that are not. With the exception of
integrated land- and water-use planning, home
gardens and management of micro-organisms,
for which more non-OECD countries report imple-
mentation, every practice or approach is reported
by a higher proportion of OECD countries. A few
practices are reported by more than half the report-
ing countries in a particular region. For example,
all countries from the Pacific region report imple-
mentation of integrated land- and water-use
planning, 67 percent of Asian countries report
adoption of diversification practices, 56 percent of
countries from Latin America and the Caribbean
report agroecological approaches, and 65 percent
of European countries report implementation of
landscape management.

Qualitative assessments provided by countries?
on trends in the use of management practices and
approaches over the preceding ten years are sum-
marized in Table 5.2. Here again, the table should
be interpreted with caution, as variations in the
levels of detail provided in the country reports
mean that the figures probably underestimate
the actual frequencies of adoption. Reports of
increasing trends outnumber reports of negative
or stable trends in almost every combination of
management practice/approach and production
system. The status and trends of the adoption of
the management practices and approaches fea-
tured in Table 5.1 and Table 5.2 (among others)
are further discussed in the remaining sections
of this chapter, drawing on information from the
country reports and other sources.

Countries were also invited to report on the
effects the various management practices and
approaches are having on BFA. Responses are sum-
marized in Figure 5.1. Impacts are largely perceived

2 More specifically, countries were invited to provide qualitative
assessments of trends (strongly increasing, increasing, stable,
decreasing and strongly decreasing) or to indicate that
information was not known or not applicable.

to be positive. However, countries very clearly
express the need to improve understanding of the
impacts of different management practices and
approaches, at various scales from local to global,
on BFA and the supply of ecosystem services, as a
basis for better decision-making among relevant
stakeholders. Integrated pest management, inte-
grated plant nutrient management, management
of micro-organisms, sustainable soil management
and landscape management are the practices with
the highest proportions of responses specifically
indicating that impacts on BFA are not known.

Although for presentation purposes this
chapter devotes a separate section to each of
the main management practices and approaches
that countries were invited to report on, in reality
these practices and approaches do not exist in
isolation from each other. In order to implement
them effectively, attention needs to be given to
any potential synergies, complementarities and
trade-offs that may exist between them. Given
the current gaps in knowledge on the nature of
these linkages, the multiple scales on which they
operate and the many different stakeholders that
may benefit or lose out, this is a substantial chal-
lenge. Adoption or further development of all
the various approaches and practices discussed
below requires producers, and often also other
stakeholders, to change how they operate. Such
changes normally require overcoming a number
of obstacles and involve a degree of risk. In many
cases, there may be conflicts of interest.

The need to develop and share knowledge on
specific techniques and to build capacity to imple-
ment them, where appropriate, is recognized as a
priority across all the practices and approaches dis-
cussed below. Successfully implementing them will
generally require addressing knowledge gaps at all
levels, from identifying relevant research questions,
through identifying appropriate support and advice
to be delivered by national programmes and exten-
sion workers, to addressing specific constraints to
adoption faced by producers in different contexts.
Little information is generally available on strat-
egies for transitioning to more sustainable man-
agement at farm (or other holding), community
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TABLE 5.2
Reported trends in the adoption of selected management practices and approaches,
by production system

Production systems (PS)
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practices and [ g =9 § =£ = - S 2 25 = x
approaches S 5 =28 = &8 O £ 2 :E =L = =
Landscape management A A A A A A A A
Ecosystem approach to
fisheries A Z A
Restoration 2 7 2 7 2 2 7 V. Proportion
of countries
Diversification A A A A A A A A A A - reporting the PS
that report any
Home gardens 2 & A A A A A A trends (%)
Agroforestry A A A A 2 A A A 0-9
Polyculture/aquaponics A A 10-19
Organic agriculture A A A A L4 A A A 20-29
Low external input 30-39 -
agriculture AL 2 2 2 2 A AL 2
Sustainable soil
management Z 2 A 2 2 A 2 2
Management of micro-
organisms 2 A 2 2 Z A Z 2 € Stable
A Increasing
Conservation agriculture A A A A A A N Decreasing

d Y
Integrated plant nutrient 71 Miceg
ntegrated plant nutrien trend
Integrated pest
management Z A A A A A

d 2 2

Pollination management A A A A
Enrichment planting A A d
Reduced impact logging A 2
Domestication A L v A A A A A A
Base broadening 2 2 ¢ A A A A A

Notes: Countries were invited to report trends (increasing, stable or decreasing) in the adoption of selected management practices and
approaches in each production system in the past ten years. If 50% or more of the responses for a given combination of production system
and practice or approach indicate the same trend (increasing, decreasing or stable) then this trend is indicated in the respective cell of

the table. In other cases, mixed trends are indicated. The empty cells correspond to cases in which fewer than five countries provided a
response. The colour scale indicates the proportion of countries reporting the presence of the respective system that report any trends in
the state of the respective practices and approaches (increasing, stable or decreasing). See Section 1.5 for descriptions of the production
systems and Sections 5.2 to 5.9 for a discussion of the management practices and approaches. Analysis based on 91 country reports.
Source: Country reports prepared for The State of the World’s Biodiversity for Food and Agriculture.
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FIGURE 5.1

Perceived impacts on biodiversity for food and agriculture of various management practices

and approaches

Number of responses

Landscape management 90
Ecosystem approach to fisheries 62
Restoration practices 70
Diversification 1M
Home gardens 61
Agroforestry 68
Polyculture/aquaponics 36
Organic agriculture 1111
Low external input agriculture 69
Sustainable soil management 92
Management of micro-organisms 39
Conservation agriculture 67
Integrated plant nutrient management 91
Integrated pest management 105
Pollination management 50
Enrichment planting 35
Reduced impact logging 27
Domestication 57
Base broadening 57
Total 904

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

M Negative [ Neutral [ Positive [ Not known [l Not reported

Notes: A “response” is the report of an impact by a country for a given combination of practice and production system. Countries were
invited to indicate the extent of use of each practice and approach, by production system. For production systems where a given
practice or approach is implemented, countries were invited to indicate its perceived effects on BFA. This figure shows the distribution
of impacts reported for all combinations of practices and production systems. Analysis based on 91 country reports.

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

or country level. Approaches such as farmer field
schools are being used to promote shared learn-
ing on some of the practices and approaches
discussed below (see also Section 8.4). Creating

greater opportunities for cross-sectoral learning by
promoting closer links and greater collaboration
among the actors involved in implementing the
various practices and strategies discussed is another
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widespread priority. The importance of compre-
hensive stakeholder involvement in planning
implementation activities is, likewise, common
across nearly all the approaches and practices (and
is among the defining features of ecosystem, land-
scape and seascape approaches). The significance
of adopting a more cross-sectoral approach at
policy level as a means of promoting linkages at
the more practical level is also widely recognized.
Another theme common to several of the practices
and approaches discussed is the need to address
constraints related to land-tenure issues.

Ecosystem, landscape and
seascape approaches

¢ Ecosystem, landscape and seascape approaches have
been adopted in many countries around the world,
at various scales, to improve livelihoods, sustain or
enhance ecosystem services, ensure the supply of
food and other products, and promote efficient and
sustainable use of resources.

* Seventy-five percent of reporting countries indicate
the adoption of one or more types of ecosystem,
landscape or seascape approach. Positive trends in
the adoption and implementation of landscape and
ecosystem approaches are reported. However, the
extent of use of these approaches and their effects on
biodiversity for food and agriculture remain unclear.

¢ Indicators show that adoption and application
of sustainable forest management is increasing.

The global area under forest management plans

has increased steadily in recent decades, reaching

2.1 billion ha in 2010. The forest area covered by
international certification schemes has also increased.

e Among the 127 countries that reported on their
progress in the implementation of the Code of
Conduct for Responsible Fisheries in 2018, 77 percent
indicated that they had started to implement the
ecosystem approach to fisheries.

e Although estimates of the state and trends of
implementation of agroecological practices at global
level are lacking, an increasing number of countries
(28 as of July 2018) have introduced laws, regulations
and policies in support of agroecology.

¢ Information and knowledge gaps, lack of cross-
sectoral institutional frameworks, lack of financial and
political commitment, and a lack of skilled personnel
in public institutions are among reported constraints
to the adoption and implementation of landscape,
seascape and ecosystem approaches.

Interactions between people and the natural
environment shape the characteristics of terres-
trial and aquatic production systems and their
surroundings. Within these areas, a wide range
of ecosystem components, both biological and
physical, interact with each other across a range
of scales. This means that planning the use and
management of one component — or one rela-
tively small area of land such as a single farm —in
isolation may lead to negative impacts on other
components or to missed opportunities to benefit
from positive interactions. Effects of this kind
mean that management decisions will normally
affect the interests of a range of stakeholders,
including in potentially conflicting ways.

Awareness of the importance of taking a more
holistic approach to the management of ecosys-
tems and landscapes has been increasing, and has
led to the development and adoption of a range
of integrated, multiscale approaches that aim to
allow the interests of multiple stakeholders to be
taken into consideration, synergies identified and
trade-offs negotiated (CGIAR, 2016).

This section begins by presenting an overview
of ecosystem, landscape and seascape approaches
and then provides a more detailed description of
the specific approaches most frequently referred
to in the country reports as having been adopted
in food and agricultural production systems. For
each approach, the reported status and trends of
adoption are presented and gaps and priorities in
terms of adoption and implementation discussed.

5.3.1 Overview

The ecosystem approach has been defined in
various ways, both in the literature and in inter-
national agreements. In 2000, the Parties to the
Convention on Biological Diversity (CBD) officially
defined the ecosystem approach as “a strategy for
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Box 5.1

The Convention on Biological Diversity’s principles and operational guidelines for

the ecosystem approach

The ecosystem approach is the primary framework for
action under the Convention on Biological Diversity (CBD).
At its fifth meeting, held in Nairobi, Kenya, in 2000, the
Conference of the Parties to the CBD endorsed the following
twelve interlinked principles, first identified during a
workshop held in Lilongwe, Malawi, in 1998:

1. The objectives of management of land, water and
living resources are a matter of societal choices.

2. Management should be decentralized to the lowest
appropriate level.

3. Ecosystem managers should consider the effects
(actual or potential) of their activities on adjacent
and other ecosystems.

4. Recognizing potential gains from management,
there is usually a need to understand the ecosystem
in an economic context. Any such ecosystem-
management programme should: (a) reduce those
market distortions that adversely affect biological
diversity; (b) align incentives to promote biodiversity
conservation and sustainable use; and (c) internalize
costs and benefits in the given ecosystem to the
extent feasible.

5. Conservation of ecosystem structure and functioning,
in order to maintain ecosystem services, should be a
priority target of the ecosystem approach.

6. Ecosystems must be managed within the limits to
their functioning.

7. The ecosystem approach should be undertaken at the
appropriate spatial and temporal scales.

the integrated management of land, water and
living resources that promotes conservation and
sustainable use in an equitable way.” As the term
ecosystem can refer to any functioning unit - it
could, for example, be a grain of soil, a pond, a
forest, a biome or the entire biosphere - the eco-
system approach can be applied at various scales
(CBD, 2000a). In 2000, the Parties to the CBD also
formally adopted the approach, together with
twelve governing principles (also referred to as

8. Recognizing the varying temporal scales and lag-
effects that characterize ecosystem processes,
objectives for ecosystem management should be set
for the long term.

9. Management must recognize that change is
inevitable.

10. The ecosystem approach should seek the appropriate
balance between, and integration of, conservation
and use of biological diversity.

11. The ecosystem approach should consider all forms
of relevant information, including scientific and
indigenous and local knowledge, innovations and
practices.

12. The ecosystem approach should involve all relevant
sectors of society and scientific disciplines.

The fifth meeting of the Conference of the Parties to the
CBD also endorsed following five operational guidelines for
the ecosystem approach:

1. Focus on the functional relationships and processes

within ecosystems.

2. Enhance benefit-sharing.

3. Use adaptive management practices.

4. Carry out management actions at the scale
appropriate for the issue being addressed, with
decentralization to lowest level, as appropriate.

5. Ensure intersectoral cooperation.

Source: CBD, 2000a.

the Malawi Principles) and five operational guide-
lines, as the primary framework for action under
the Convention (see Box 5.1). Both before and
after 2000, a number of more specific ecosystem
approaches targeting (or relevant to) particular
sectors of food and agriculture were also devel-
oped, for example sustainable forest management,
integrated coastal management and integrated
water resources management. The application of
such approaches has been particularly effective in
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FIGURE 5.2
The ten principles that characterize
the landscape approach
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Source: van Oosten (2015) based on Sayer et al. (2013).

forestry and fisheries (see Sections 5.3.2 and 5.3.3)
and in specific fields such as integrated pest man-
agement (see Section 5.6.6) (FAO, 2007f). At the
ninth meeting of the Conference of the Parties to
the CBD, in 2008, it was noted that “global assess-
ments suggest that the ecosystem approach is not
being applied systematically to reduce the rate
of biodiversity loss, but there are many examples
of successful application at the regional, national
and local scales which should be widely promoted
and communicated. Most of these examples can
be considered as positive outcomes for both bio-
diversity and human well-being” (CBD, 2008a).3
Although the term “landscape approach” has
come to be widely used, it remains difficult to
define it precisely or to distinguish it clearly from
the range of other landscape-scale management
methodologies and frameworks that have emerged
under various names in recent years (Reed,
Deakin and Sunderland, 2015; Scherr, Shames and
Friedman, 2013). The term “landscape” itself has

3 The global assessments referred to in the quote are CBD
(2007a) and CBD (2007b).

numerous connotations, but in the field of land-
use management typically refers to an area of land
that can be regarded as a “whole” composed of a
number of interlinked components. For example,
Forman (1995) defines a landscape as a “heteroge-
neous land area composed of a cluster of interact-
ing ecosystems that is repeated in similar form.”

In the context of (terrestrial) food and agricul-
tural production systems, the landscape is taken
to include not only the fields, pastures and agro-
forests themselves, but also managed or unman-
aged fallow and wild land in and around them
(Brookfield, 2002; Kremen and Merenlender,
2018; Landis, 2017). Generally speaking, landscape
approaches intended to support the maintenance
and use of BFA aim both to balance diverse, and
often competing, land uses within the landscape
and to manage the biodiversity associated with
each of these individual land uses (ibid.).

Itis possible to distinguish three basic character-
istics of landscape approaches:

e Multiple objectives: landscape approaches
provide a framework for allocating and
managing land in areas where land uses such
as agriculture, forestry and mining compete
with environmental and biodiversity goals
(Sayer et al., 2013).

e Multiple stakeholder engagement and dia-
logue within and beyond the landscape: man-
agement goals need to be negotiated among
those with a stake in the landscape (e.g.
farmers and their communities, businesses,
civil society and government agencies) and
build on their experiences, knowledge and
aspirations (Scherr, Shames and Friedman,
2013). At national and institutional levels,
cross-sectoral collaboration in policy devel-
opment is essential.

e Adaptive management: landscapes them-
selves are dynamic, and hence landscape
approaches also need to be flexible and
dynamic (Reed, 2014).

Figure 5.2 shows a more detailed guiding
framework for the landscape approach, consisting
of ten complementary and interlinked principles,
developed by the Center for International Forestry
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Research (CIFOR) and partner institutions (Sayer
et al., 2013).

To date, there is very little information avail-
able on where, or how effectively, landscape
approaches have been implemented in practice.
CIFOR has been trying to address this knowledge
gap through a systematic mapping exercise using
aggregated data from published scientific liter-
ature (Reed, Deakin and Sunderland, 2015). As
well as geographically mapping where and how
such approaches are being implemented in the
field, the review is aiming to document evidence
of positive and/or negative effects of landscape
approaches in practice on social, agronomic, envi-
ronmental or economic outcomes (ibid.).

As the word “landscape” implies a terrestrial
focus, the term “seascape” or “oceanscape”
approach is sometimes used to describe a similar
approach in marine environments. Seascape
approaches are often referred to in the context of
efforts to manage marine and terrestrial areas in
an integrated way, for example the Pacific Ridge
to Reef initiative® or the Source to Sea approach.’

Based on the descriptions of ecosystem®
and landscape’ approaches provided in the
country-reporting guidelines, 75 percent of the

4 https://www.pacific-r2r.org

°  http://www.fao.org/land-water/water/watergovernance/
source-to-sea/en

5 "An ecosystem approach is generally understood to encompass
the management of human activities, based on the best
understanding of the ecological interactions and processes,
so as to ensure that ecosystems structure and functions are
sustained for the benefit of present and future generations.
Ecosystem approaches include the Convention on Biological
Diversity's Ecosystem Approach, Integrated Land Use Planning,
Integrated Water Resource Management, Sustainable Forest
Management, Code of Conduct for Responsible Fisheries, [and
the] Ecosystem approach to fisheries management.”

7 "Alandscape approach means taking both a geographical and
socio-economic approach to managing the land, water and
forest resources that form the foundation — the natural capital
— for meeting our goals of food security and inclusive green
growth. By taking into account the interactions between these
core elements of natural capital and the ecosystem services
they produce, rather than considering them in isolation from
one another, we are better able to maximize productivity,
improve livelihoods, and reduce negative environmental
impacts.” (wording taken from World Bank [2012]).

91 reporting countries indicate that ecosystem,
landscape and/or seascape approaches have
been adopted, at least to some extent. A large
majority of these countries indicate that they
consider these approaches to be of major impor-
tance to the development of management strat-
egies for BFA.2 A few European countries spe-
cifically mention that ecosystem and landscape
approaches are at the basis of their agricultural
policies. Table 5.3 lists the ecosystem, landscape
and seascape approaches most commonly men-
tioned® in the country reports. A number of
these approaches were among the management
practices that countries were specifically invited
to report upon elsewhere in their reports.’®
The table, therefore, also shows the number
of countries reporting the use of the respec-
tive approaches/practices in these contexts.
Sustainable forest management, the ecosystem
approach to fisheries and aquaculture, agro-
ecology, landscape and seascape approaches as a
general category and integrated land-use plan-
ning, are briefly introduced below (Sections 5.3.2,
5.3.3, 5.3.4, 5.3.5, 5.3.6), along with information
on their status and trends. More detailed infor-
mation on the remaining approaches/practices
and on their reported levels of implementation
can be found in the respective subsections of
Sections 5.5 and 5.6, and in Chapter 7.

5.3.2 Sustainable forest management

Introduction

Sustainability was identified as an important
principle in forest management theory as early
as 1713, when Hans Carl von Carlowitz published
his book Economics of silviculture in Germany
(Schmithtsen, 2013). Today sustainable forest

& Countries were invited to indicate whether “major
importance”, “some importance” or “no importance” is
assigned to the reported ecosystem approaches.

® The table shows approaches mentioned by five or more

countries in response to a question specifically seeking

information on the adoption of ecosystem and/or landscape
approaches.

Specifically, integrated pest management, agroforestry,

sustainable soil management and organic agriculture.

5
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TABLE 5.3
Reported ecosystem, landscape and seascape approaches
Approach Number of countries Number of countries Production systems
reporting reporting the approach where reported®
the approach'’ as a management
practice?

Self-recruiting capture fisheries
Naturally regenerated forests
Livestock grassland-based systems
Livestock landless systems
Irrigated crop systems (non-rice)
Rainfed crop systems

Mixed systems

Culture-based fisheries

Protected areas management* 22 -

Naturally regenerated forests

Sustainable forest management 21 - Planted forests

Self-recruiting capture fisheries
Culture-based fisheries

Fed aquaculture

Non-fed aquaculture

Ecosystem approach to fisheries and aquaculture 19 36

Irrigated crop systems (non-rice)

Rainfed crop systems

Livestock grassland-based systems
Integrated pest management 14 45 Naturally regenerated forests

Irrigated crop systems (rice)

Mixed systems

Family farms

Mixed systems
Agroforestry 12 38 Rainfed crop systems
Planted forests

Livestock grassland-based systems

Mixed systems

Naturally regenerated forests
Landscape approaches and management 10 39 Planted forests

Rainfed crop systems

Irrigated crop systems (non-rice)

Livestock landless systems

Integrated land- and water-use planning® 1" - -

Irrigated crop systems (non-rice)
Rainfed crop systems

Sustainable soil management 7 39 Irrigated crop systems (rice)
Naturally regenerated forests
Planted forests

Fed aquaculture

Ecosystem approach to aquaculture 7 - Non-fed agquaculture

Rainfed crop systems
Irrigated crops (non-rice)
Organic agriculture 6 47 Mixed systems
Livestock grassland-based systems
Irrigated crop systems (rice)

Other ecosystem approaches to agriculture

(integrated crop management and agroecology) 6 - -

Notes: 1. This column shows the number of countries reporting the respective approach in response to a question about whether, and
to what extent, ecosystem and/or landscape approaches are being implemented in their production systems. The question was open
ended, i.e. countries could mention any ecosystem approach they wished. 2. This column shows the number of countries reporting
the implementation of the respective approaches in response to questions on the level of implementation of specific management
practices. 3. This column shows the production systems for which the approaches were reported. 4. The kinds of protected areas that
were reported on by countries include national parks, nature reserves and conservation areas, including marine and forest protected
areas and high nature value farmlands. For further information see Section 7.5. In most cases this refers to the Pacific Ridge to Reef
approach (https:/www.pacific-r2r.org). Analysis based on a total of 91 country reports.

Source: Country reports prepared for The State of the World’s Biodiversity for Food and Agriculture.
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management is a globally accepted concept that
guides the development and implementation of
policies and practices that aim to maintain and
enhance the economic, social and environmental
values of forests.

International policy dialogue on forests was
initiated by the United Nations Conference on
Environment and Development (UNCED) in 1992.
In addition to adopting the United Nations con-
ventions on biodiversity, climate change and
desertification, UNCED also released a non-legally
binding statement called “Forest Principles”
(UNCED, 1992) in which countries affirmed their
commitment to the conservation, management
and sustainable development of all types of
forests. After UNCED, the Intergovernmental
Panel on Forests (IPF) (1995-1997) and the
Intergovernmental Forum on Forests (IFF) (1997-
2000) facilitated follow-up discussions to the
Forest Principles. Since 2000, the United Nations
Forum on Forests (UNFF) has continued the IPF/IFF
work and sought ways to strengthen long-term
political support for sustainable forest manage-
ment. As a result of the work of UNFF, the United
Nations General Assembly adopted, in 2007, the
Non-Legally Binding Instrument on All Types of
Forests (United Nations, 2007), which provides a
global definition for sustainable forest manage-
ment (Box 5.2).""

Following the adoption of the 2030 Agenda
for Sustainable Development and its Sustainable
Development Goals in 2015, the United
Nations Economic and Social Council agreed on
International Arrangements on Forests beyond
2015 (United Nations, 2015b). It also decided to
change the name of the Non-Legally Binding
Instrument on All Types of Forests to the United
Nations Forest Instrument, and requested UNFF
to develop a strategic plan for the period 2017
to 2030 (ibid.). In 2017, a special session of UNFF
agreed on the United Nations Strategic Plan for
Forests 2017-2030 (United Nations, 2017c), which
provides a global framework for actions at all

" Further information on these processes can be found via the
UNFF website https://www.un.org/esa/forests/index.html

Box 5.2
The concept of sustainable forest
management

In Resolution 62/98 (2007) (United Nations, 2007), the
United Nations General Assembly recognized that forests
and trees outside forests provide multiple economic,
social and environmental benefits, and emphasized

that sustainable forest management contributes
significantly to sustainable development and poverty
eradication. It further recognized sustainable forest
management as a dynamic and evolving concept that

is intended to maintain and enhance the economic,
social and environmental value of all types of forests,
for the benefit of present and future generations.

The resolution lists the following seven elements of
sustainable forest management: (1) extent of forest
resources; (2) forest biological diversity; (3) forest health
and vitality; (4) productive functions of forest resources;
(5) protective functions of forest resources; (6) socio-
economic functions of forests; and (7) legal, policy and
institutional framework.

levels to sustainably manage all types of forests
and trees outside forests and halt deforestation
and forest degradation. The strategic plan includes
six global forest goals and 26 associated targets
to be achieved by 2030. These voluntary goals
and targets contribute to the implementation of
the 2030 Agenda for Sustainable Development,
the Paris Agreement of the United Nations
Framework Convention on Climate Change,
the CBD and the United Nations Convention to
Combat Desertification.

In parallel with the international policy dialogue
on forests, a total of nine regional and eco-re-
gional initiatives or processes were launched by
countries in the period after 1992 with the aim
of translating the concept of sustainable forest
management into practice (Wilkie, Holmgren and
Castafeda, eds., 2003). These regional and eco-
regional processes developed criteria and indica-
tors for sustainable forest management. Although
the various processes carried out their work
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independently, they had similar objectives. They
also shared information and experiences, and
some countries participated in more than one
process. This paved the way for consensus on
sustainable forest management and its seven ele-
ments in the context of the United Nations Forum
on Forests. Additionally, the regional processes
on criteria and indicators for sustainable forest
management were instrumental to the evolution
of certification schemes for wood-based products
traded in international markets. The major global
certification schemes for wood sourced from sus-
tainably managed forests are the Programme for
the Endorsement of Forest Certification (PEFC)'2
and the Forest Stewardship Council (FSC)."

Sustainable forest management requires action
at all levels from the field (i.e. forest management
unit), where it involves the implementation of prac-
tices based on science and knowledge of local con-
ditions and traditions, to the levels of policy, legis-
lation and governance. In the forest sector, it has
long been recognized that sectoral policies should
contribute to achieving the development goals of
the whole society and should take other sectors into
consideration (e.g. FAO, 2003c). Consequently, the
development and implementation of forest policy
in many countries have been based on a holistic
and cross-sectoral approach (e.g. Husch, 1987).

A forest policy is typically a government doc-
ument that sets out objectives for the forest sec-
tor’s contributions to sustainable development. A
national or subnational forest strategy describes
how these goals and objectives will be achieved.
In many countries, a legal framework has been
established to support the implementation of
the forest strategy. Action plans are developed
to translate the forest policy into concrete activi-
ties. A national forest programme (NFP) or similar
arrangement is commonly used as the mechanism
for developing forest policy and related strategies
and action plans and for facilitating and monitor-
ing their implementation (FAO, 2010b). An NFP
involves a continuous process of communication

2 https://www.pefc.org
3 https://ic.fsc.org/en

and dialogue (FAO and NFPF, 2006). In many
cases, a forest forum or similar multistakeholder
platform is established to provide an opportunity
for all relevant stakeholders within and outside of
the forest sector to express their views on forest
policy. It is widely acknowledged that NFPs play an
important role in the implementation of sustain-
able forest management (NFPF and FAO, 2012).

Status and trends

Over the past two decades, many countries have
made considerable progress in implementing sus-
tainable forest management by strengthening
policy and legal frameworks and by improving the
application of management practices in the field.
Several indicators based on the global forest statis-
tics assembled by FAO show positive trends for this
period (FAO, 2016g). Although global forest area
continued to decline between 1990 and 2015, the
rate of annual loss of forest area decreased signif-
icantly (see Section 4.5.5. for further discussion).
Several countries had significant annual net gains
in forest area between 2010 and 2015, including
China (1.5 million ha), Chile (301 000 ha), the
Philippines (240 000 ha) and Gabon (200 000 ha)
(ibid.). As of 2008, 135 countries and areas' had
developed a forest policy and 131 had established
an NFP (FAO, 2010c).

The widespread existence of policy, legal and
regulatory frameworks facilitating the imple-
mentation of sustainable forest management
is also reflected in the country reports. A range
of specific issues addressed by these frameworks
are highlighted, including the maintenance and
restoration of natural forests, timber-harvesting
practices and the conservation of forest biodiver-
sity (e.g. deliberately leaving dead wood in place),
aesthetic values, water quality and soil conditions.
Some countries also refer to the implementation
of sustainable forest management within the
context of specific projects. For example, the
Gambia mentions the Expansion of Community
Participation in the Management of Forests and
Protected Areas project, which aimed to manage

4 Out of a total of 233 countries and areas assessed.
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forest resources in the interests of sustainable live-
lihoods, including by enhancing the conservation
of biodiversity in forest and woodland ecosystems.
Where field-level operations are concerned,
forest management plans are the main instru-
ments for ensuring that forests are managed
sustainably. Increasingly, such plans integrate a
wide range of management practices associated
with multiple objectives, including the supply of
wood and non-wood products and various cul-
tural, supporting and regulating ecosystem ser-
vices. The global area under forest management
plans has increased steadily since 1990, reaching
2.1 billion ha in 2010 (FAO, 2016g). Similarly, the
forest area covered by the two above-mentioned
international certification schemes increased
from 14 million ha in 2000 to 438 million ha in
2014 (ibid.). As of September 2018, PEFC indicated
that it had certified 307 million ha (PEFC, 2018)
and FSC that it had certified 200 million ha (FSC,
2018)." Several country reports emphasize the
importance of forest management plans. Belgium,
for example, reports mandatory implementation
of forest management plans, noting that particu-
lar attention is paid, inter alia, to the diversity of
planted forest tree species and the maintenance
of trees of biological interest. Ethiopia reports
that its area under sustainable forest manage-
ment is expanding and that the main objectives
of its forest management plans include increasing
forest coverage through massive tree planting.

5.3.3 Ecosystem approach to fisheries
and aquaculture

Introduction

In the mid-1970s, growing concerns over the health
of the oceans, the regulation of human activities
affecting them, and the allocation of resources,
rights and responsibilities in their use began to
shift global approaches to fisheries management
and led to the introduction of exclusive economic
zones and the adoption, in 1982, of the United

1> These figures include some double accounting, as some forest
owners have opted to certify their forests under both schemes.

Nations Convention on the Law of the Sea (FAO,
2003d, 2005b). While these steps were important,
they were not sufficient to ensure the effective
management and sustainable development of
fisheries, and by the late 1980s it had become
clear that a new approach was needed (FAO,
2005b). In October 1995, the Code of Conduct for
Responsible Fisheries (FAO, 1995a) was adopted by
the Conference of FAO to provide a framework for
national and international efforts to ensure the
sustainable exploitation of aquatic biodiversity.

The early years of the twenty-first century saw
the emergence of the term “ecosystem approach
to fisheries” (FAO, 2003d). A FAO technical consul-
tation held in 2002 agreed that the purpose of an
ecosystem approach to fisheries is

to plan, develop and manage fisheries in a

manner that addresses the multiple needs and

desires of societies, without jeopardizing the
options for future generations to benefit from
the full range of goods and services provided
by marine ecosystems

and that such an approach

strives to balance diverse societal objectives,

by taking account of the knowledge and

uncertainties about biotic, abiotic and

human components of ecosystems and their

interactions and applying an integrated

approach to fisheries within ecologically
meaningful boundaries (FAQO, 2003e).

The ecosystem approach to fisheries involves a
range of inter-related guiding principles and con-
cepts that have been summarized as follows:

o fisheries should be managed to limit
their impact on the ecosystem to the
extent possible;

e ecological relationships between
harvested, dependent and associated
species should be maintained;

* management measures should be
compatible across the entire distribution
of the resource (across jurisdictions and
management plans);

e the precautionary approach should
be applied because the knowledge on
ecosystems is incomplete; and
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e governance should ensure both human
and ecosystem well-being and equity
(ibid.).

The ecosystem approach concept has also been
applied to aquaculture. According to FAO (2010d),
an ecosystem approach to aquaculture

is a strategy for the integration of the

activity within the wider ecosystem such

that it promotes sustainable development,

equity, and resilience of interlinked

social-ecological systems.

Current efforts to promote an ecosystem
approach to aquaculture focus on developing
tools to improve decision-making processes, with
the aim of minimizing impacts on natural eco-
systems, improving knowledge of interactions
between aquaculture and the supply of ecosys-
tem services and strengthening communication
between scientists and decision-makers (Bricker
et al., 2016; Kluger et al., 2016; Lithgow, de la
Lanza and Silva, 2017).

Status and trends

FAQO's 2018 report on progress in the implemen-
tation of the Code of Conduct for Responsible
Fisheries (FAO, 2018k) indicates that among
127 reporting countries, 77 percent stated that
they had begun to implement the ecosystem
approach to fisheries. Among these, 97 percent
had established ecological, socio-economic and
governance objectives, 95 percent had identified
key issues to be addressed by management actions
and 67 percent had established monitoring mech-
anisms (ibid.).

Although the ecosystem approach to fisher-
ies has spread to all regions of the world, prac-
tical adoption can be challenging (Fletcher and
Bianchi, 2014; Hilborn, 2011). Pitcher et al. (2009)
evaluated progress in the implementation of
ecosystem-based management'® of fisheries in

>

The authors note the existence of a range of terms and
definitions in this field and state that they use the term
ecosystem-based management “to denote a holistic approach
to the management of fisheries, but not the management nor
control of pollution, shipping lanes, recreation and other non-
fisheries issues.”

33 countries using a scoring framework based on
key principles, elements and steps associated with
the implementation of the approach. Only two
countries were judged to have a “good” perfor-
mance and four countries to have an “acceptable”
performance. Sixteen were assigned “fail grades”
(ibid.). Van Hoof (2015) notes that, in the case
of the European Union, although a number of
regional marine policies recognize the need for an
ecosystem approach, practical implementation has
run up against various constraints associated with
the complexities of the institutional and policy
framework and the difficulty of ensuring ade-
quate stakeholder involvement. Where impacts
are concerned, there is evidence that implemen-
tation of the ecosystem approach to fisheries over
any extended area tends to increase fish catches
(Bundy et al., 2017).

Thirty-six out of the 91 country reports mention
the adoption of an ecosystem approach in at
least one category of aquatic production system.
Adoption is reported by a higher proportion of
non-OECD countries (74 percent) than of OECD
countries (31 percent). While many country
reports provide few details of their reported
implementation efforts, some report a diverse
range of measures. For example, Burkina Faso
mentions the establishment of co-management
regimes for water bodies of economic interest,
with multistakeholder management committees
operating specifically formulated development
plans. It describes procedures for the granting
of fishing concessions, and notes the benefits of
having favourable legal and institutional frame-
works in place (including consultative bodies and
grassroots community organizations). Practical
measures mentioned include establishment of
spawning grounds (habitat improvement) and
temporary closures of fisheries. An example from
Panama of the implementation of the ecosystem
approach to fisheries at project level is presented
in Box 5.3. Actions taken to ensure the adoption
of an ecosystem approach to fisheries manage-
ment and a code of conduct on sustainable fish-
eries in Saint Lucia are presented in Box 5.4. With
reference to aquaculture, Malta reports that an
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Box 5.3

Application of the ecosystem approach in capture fisheries — an example from Panama

The project Development of Sustainable Economic
Alternatives and Conservation Strategies in Marine
Protection areas of the Gulfs of Chiriqui and Montijo,
implemented by Fundacién MarViva, has contributed
to improving the livelihoods of eight coastal fishing
communities in Panama by training local people

(300 families, comprising more than 1 634 individuals)
on better fishing practices and promoting alternative
businesses (whale watching and rural tourism) that
sustainably use marine and coastal resources. Twenty-
five microbusinesses have implemented environmental-
management plans, which in 2013 won the county’s Clean
Production Award. Other achievements have included

Box 5.4

the generation of microcredit opportunities for very poor
communities and the formulation of fishing agreements
with three artisanal fishers' groups. Mollusc and lobster
harvesters have been trained in marketing and product
management. Value chains in fisheries and tourism have
been created through strategic alliances between the
private sector and beneficiary groups, which have worked
together to establish more responsible approaches to
fishing and tourism.

Source: Adapted from the country report of Panama.

Ecosystem approach to fisheries management in Saint Lucia

An ecosystem approach to fisheries management and

a code of conduct on sustainable fisheries adopted in
Saint Lucia led to widespread compliance among fishers
with measures aimed at improving the management

and development of the industry. This led to increased
biomass of fishery species, greater marine biodiversity
and enhancements to marine ecosystems. However,
achieving these results required a long series of actions
and political investments. Specific actions taken to ensure
adoption included:

e signing the Caribbean Regional Fisheries Mechanism
2010 Castries (St. Lucia) Declaration on lllegal,
Unreported or Unregulated Fishing;

e accession to the 2009 FAO Port State Measures
Agreement to Prevent, Deter and Eliminate lllegal,
Unreported or Unregulated Fishing (Saint Lucia
officially acceded on 17 June 2016);

¢ signing the 2015 St. George's Declaration on the
Conservation, Management and Sustainable Use of
the Caribbean Spiny Lobster (Panulirus argus);

o endorsement of the Draft Management Plan for
Blackfin Tuna;

e endorsement of the Draft Management Plan for Fish
Aggregating Device Fishery;

¢ endorsement of the Management Plan for Queen
Conch;

e promotion of consultative processes among fishers
and other stakeholders in every aspect of fisheries
planning, development, management, conservation
and sustainable utilization;

e expansion of the marine protected areas programme
as a tool to enhance fisheries management;

e adoption of the Caribbean Regional Fisheries
Mechanism Regional Management Plan for Flying
Fish Fishery; and

e promotion of fisherfolk organizations at local and
national levels.

Lesson learned

Engaging in meaningful consultation and building
partnerships with fishers and other stakeholders, including
development agencies and partners at regional and
international levels, proved key to strengthening fisheries
management and development.

Source: Adapted from the country report of Saint Lucia.
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ecosystem approach is implemented in bluefin
tuna mariculture. Actions undertaken include
the establishment of a quota on the amount of
wild fish that can be captured for breeding and
a size threshold below which individuals cannot
be recruited.

Several countries mention the significance of
national or regional policy and legal frameworks
supporting the implementation of the ecosystem
approach. For example, Mexico notes that its
Sectoral Programme for Agricultural, Fishing and
Food Development (2013-2018) and General Law
for Sustainable Fishing and Aquaculture,'” which
guide its fishing policies, were developed based
on ecosystem approaches. A number of European
Union member countries mention the Common
Fisheries Policy and/or the European Marine
Strategy Framework Directive in this regard.
Several countries from the Pacific Region mention
the Noumea Strategy (A New Song for Coastal
Fisheries: Pathways to Change) (SPC, 2015), which
highlights the central role of community-based
ecosystem approaches to fisheries management in
ensuring the future sustainability of coastal fish-
eries across the region and sets out a pathway for
change involving (inter alia) empowering coastal
communities, generating the information needed
to guide management and policy, strengthening
policy and legal frameworks, enhancing collabo-
ration among stakeholders, promoting equitable
access to benefits and decision-making, and diver-
sifying livelihood activities.

5.3.4 Agroecology

Introduction

Agroecology has been variously defined as a scien-
tific discipline, a set of farming practices, a social
movement or as all three (Altieri, 2002; Dalgaard,
Hutchings and Porter, 2003; Francis et al., 2003;
Gliessman, 1997, 2015; Timmermann, Félix and
Tittonell, 2018; Tomich et al., 2011; Vandermeer,

7 Ley General de Pesca y Acuacultura Sustentables. Nueva Ley
publicada en el Diario Oficial de la Federacion el 24 de julio
de 2007 (available, in Spanish, at http://www.fao.org/faolex/
results/details/en/?details=LEX-FAOC072880).

2011; Wezel, et al., 2009, 2015). Definitions have
ranged from the more ecological concept initially
proposed by Gliessman (1997), in which princi-
ples such as diversity, integration, synergies and
natural regulation were used to characterize agro-
ecological management, to more recent variants
that stress the social and cultural aspects of agro-
ecological farming and agroecological movements
(e.g. Dumont et al., 2016; Timmermann, Félix and
Tittonell, 2018). According to the High Level Panel
of Experts on Food Security and Nutrition,

from a scientific and technical perspective,

agroecology applies ecological concepts

and principles to food and farming systems,

focusing on the interactions between

microorganisms, plants, animals, humans

and the environment, to foster sustainable

agriculture development in order to ensure

food security and nutrition for all, now and in
the future. Today’s more transformative visions
of agroecology integrate transdisciplinary
knowledge, farmers’ practices and social
movements while recognizing their mutual

interdependence (HLPE, 2016).

Ten elements of agroecology elaborated on
the basis of regional seminars on agroecology
organized by FAO'® and consultations with various
stakeholders are listed in Box 5.5.

The focus on the food system means that agro-
ecology extends beyond the individual farm or rural
community and encompasses not only production
or ecological dimensions but also social, economic,
geographical and cultural dimensions (Dumont et
al., 2016; Duru, Fares and Therond, 2014; Sevilla
Guzman, 2002; Tittonell et al., 2016; Warner,
2005). Structural and functional diversification of

'8 |In September 2014, FAO hosted the First International
Symposium on Agroecology for Food Security and Nutrition.
Building on the outcomes, FAO convened a series of regional
meetings to better understand the different contexts and
specific local needs of agroecology. From 2015 to 2017, multi-
actor regional seminars were held in five regions (sub-Saharan
Africa, Latin America and the Caribbean, Asia and the Pacific,
Europe and Central Asia, and the Near East and North Africa),
involving 1 400 participants from 170 FAO member countries.
In April 2018, FAO hosted the Second International Symposium
on Agroecology for Food Security and Nutrition.
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Box 5.5
The ten elements of agroecology

Between 2015 and 2017, FAO held several multi-actor
regional meetings on agroecology, which led to the
elaboration of ten elements of agroecology. Based on
scientific literature, in particular Altieri's five principles of
agroecology (Altieri, 1995) and Gliessman's five levels of
agroecological transitions (Gliessman, 2015), and aligned
with civil-society values on agroecology, the ten elements
identify important properties of agroecological systems
and approaches, as well as key considerations in the
development of an enabling environment for agroecology.
They serve as a guide for policy-makers, practitioners and
other stakeholders in planning, managing and evaluating
agroecological transitions.

The ten elements of agroecology are interlinked and
interdependent (see figure below). They can be grouped by
their characteristics as follows:

e Diversity, synergies, efficiency, resilience, recycling and
co-creation and sharing of knowledge are common
characteristics of agroecological systems, foundational
practices and innovation approaches.

¢ Human and social values and culture and food
traditions are context-specific elements.

e Responsible governance and circular and solidarity
economy constitute an enabling environment.

Source: FAO, 2018I.

DIVERSITY
RESPONSIBLE RECYCLING EFFICIENCY SYNERGIES RESILIENCE CIRCULAR AND
GOVERNANCE SOLIDARITY
ECONOMY
HUMAN AND CO-CREATION AND CULTURE AND
SOCIAL VALUES SHARING KNOWLEDGE FOOD TRADITIONS

the biological components of production systems
in space and time (e.g. intercropping, polycultures,
crop-livestock integration, agroforestry, multispe-
cies livestock keeping) is at the core of agroeco-
logical design and management. This means that,
although no types of production systems are spe-
cifically excluded from the scope of agroecology,
practical application is largely confined to systems

that are cultivated or otherwise actively managed
(i.e. as opposed to unmanaged ecosystems from
which products are harvested, for example ocean
ecosystems used for capture fishing).
Agroecology combines producers’ knowledge,
including local and traditional knowledge, with
formal scientific knowledge. Distinctive features
of the science of agroecology include a focus on
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ecological communities (rather than individual
species populations), complex feedback mecha-
nisms, randomness and hysteresis (non-linearity,
irreversibility and discontinuity), and emerg-
ing properties and interactions rather than
simple aggregations (Tittonell, 2014). Diversity is
regarded as an asset — a source of synergies and
risk-spreading and the basis for ecological inter-
actions that sustain essential ecosystem services.

Status and trends

In describing the state of methods and broader
approaches in the management of BFA, many of
the sections in this chapter attempt to provide
an indication of how widely these methods and
approaches have been adopted and what the
trends are in this regard. Agroecology, however,
is not a technology or a single practice, but rather
the context-specific application of ecological and
social principles. Arguably, therefore, the concept
of “adoption”, as used in agricultural economics
to assess the diffusion of practices or technologies
(agricultural inputs, tillage systems, credit, etc.),
may not be useful in discussions of agroecology.
Moreover, there are very few registries of agro-
ecological farms (or other types of agroecological
holding), i.e. registries of the kind that exist, for
example, in many countries for organic farms, and
thus no handy sets of statistics that can be quoted
to give an indication of trends. While there is a
growing body of evidence demonstrating the
holistic benefits of agroecology across the envi-
ronmental, social and economic dimensions of
sustainability, one of the challenges is that agro-
ecology is heterogeneous and location specific.
FAO is working with partners to coordinate efforts
and build a more consolidated evidence base
through the development of a global knowledge
product and community of practice. One indicator
that may be more amenable to monitoring is the
extent to which legal and policy frameworks that
specifically seek to create an enabling environ-
ment that promotes agroecology have been put in
place (see for example Figure 5.3), although usage
of the term in this context will inevitably vary from
country to country.

A substantial share of smallholder farmers and
pastoralists around the world practise some form
of agroecology, or follow some agroecological
principles. However, it is difficult to determine
both how many producers there are in these
categories (e.g. Lowder, Skoet and Singh, 2014)
and what proportion of their farms or hold-
ings might reasonably be described as agroeco-
logical. According to Lowder, Skoet and Singh
(2014), family farms account for 90 percent of the
570 million farms worldwide and produce more
than 80 percent of the world's food in value terms.
Moreover, 84 percent of all farms are smaller than
2 ha, although these account for only 12 percent
of total agricultural land (ibid.). Some estimates
(e.g. Tittonell et al., 2016) have suggested that at
least a third of family farms follow agroecological
principles in full or in part, which would mean that
a substantial proportion of global food output
comes from agroecological production.

Although the country-reporting guidelines did
not include any specific question on agroecology
per se, a substantial number of country reports
(approximately 20 out of the 91) include explicit
references to agroecological approaches in
the context of one or more of the various BFA-
related activities and provisions reported. Many
more refer to activities that while not specifically
described in these terms are relevant to agro-
ecology. France, for example, mentions a range of
initiatives specifically promoting agroecology. It
notes, for instance, that as of 2016 about 300 000 ha
(which amounts to approximately 1 percent of the
country’s agricultural land)'® were being managed
in accordance with agroecological principles, by
about 4 000 farmers belonging to 246 Economic
and Environmental Interest Groups (Groupements
d’Intérét Economique et Environnemental).

Policies and legal frameworks that specifically
aim to promote agroecological approaches are
mentioned in several reports. For example, Brazil
refers to its National Policy of Agroecology and
Organic Production, which, among other objec-
tives, aims to promote food and nutritional

19 Based on 2014 data recorded in FAOSTAT.
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FIGURE 5.3
Legal and policy frameworks on agroecology

Notes: Countries that have implemented laws, regulations and policies in support of agroecology (based on data available in FAOLEX
[http://www.fao.org/faolex/en] in April 2018) are highlighted in dark blue. Detailed information and links to the documents can be found
in the Agroecology Lex database, part of FAO's Agroecology Knowledge Hub (http://www.fao.org/agroecology/policies-legislations/en).

sovereignty and security and the human right to
adequate and healthy food, by means of the pro-
vision of organic and agroecological products (see
Box 7.19 for further information on the National
Plan for Agroecology and Organic Production
[PLANAPO] and related instruments). The report
from Nicaragua indicates that the country’s
National Biodiversity Strategy includes two targets
specifically related to the promotion of agroeco-
logical production.

Some reports mention the work of NGOs that are
promoting agroecology. Zimbabwe, for example,
mentions the Participatory Ecological Land Use
Management (PELUM) Zimbabwe,?’ whose members

20 Part of the PELUM Association, a regional network that was
founded in 1995 to promote participatory ecological land-use
management practices for improved livelihoods.

are "advocating, promoting and provoking debate,
sharing information, and lobbying around issues
relating to the way forward for sustainable agricul-
ture and land use practices in Zimbabwe.”

The other main areas of agroecology-related
activity noted in the country reports are research
and education, the latter mostly carried out by
universities, although the report from Niger men-
tions training for farmers provided by the Peasant
Platform of Niger (Plateforme Paysanne du Niger).
See also Box 8.15 for an example of participatory
workshops on agroecological management and
biodiversity conservation in Chile. Where research
is concerned, Argentina mentions that its National
Agricultural Technology Institute (Instituto
Nacional de Tecnologia Agropecuaria)?' has

21 https://inta.gob.ar
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conducted several research projects related
to agroecology and in 2013 established an
Agroecology Network,?? with the objective of
compiling existing knowledge, supporting agro-
ecological research in a comprehensive manner,
and linking research and extension at national,
regional and local levels. The country report notes
that within this framework a system has been
developed to monitor soil quality and soil man-
agement on agroecological farms and conduct
long-term trials. Research themes are prioritized
by a coordination team in consultation with the
crop, livestock, aquaculture and forest sectors.
China mentions that the Twelfth Five-year Plan
for Agricultural Technology Development, compiled
by the Ministry of Agriculture, includes monitoring
of biodiversity in agroecological systems. It further
notes that a demonstration project focused on
changing production patterns in ecologically fragile
zones in northwestern China promotes agroecol-
ogy, along with ecotourism and rotational grazing,
to improve the living standards of local farmers and
livestock keepers while conserving biodiversity.

5.3.5 Landscape and seascape
approaches and management

Ten reporting countries, located across various
regions, indicate the implementation of land-
scape approaches.? Such approaches are reported
to have been adopted, at least to some extent,
in each of the terrestrial production system cat-
egories listed in the country-reporting guide-
lines. However, the approaches described in the
country reports are quite diverse, both in terms
of the scale at which they are applied and their
objectives. Bhutan, Germany and Switzerland, for
example, report that the landscape approach is
the very basis of national policies for the conser-
vation and sustainable use of BFA. Other countries
mention applying landscape approaches for more
specific purposes. For example, the United States
of America mentions its use in pest management.

22 https://inta.gob.ar/proyectos/red-de-agroecologia-0
2 Countries were not specifically invited to report on seascape
approaches, but nonetheless reported relevant initiatives.

Among examples of the implementation of
landscape or seascape approaches at a multi-
country scale, Kiribati refers to the Framework
for a Pacific Oceanscape,? a collaborative agree-
ment between 15 Pacific Island nations for the
integrated management of 38.5 million km? of
ocean (four times the size of continental Europe)
surrounding their territories. It notes that the
agreement covers ocean health and security,
governance, sustainable resource management,
research and knowledge, and facilitation of the
partnerships and cooperation needed to support
the conservation of such vast ecosystems.

The information provided in the country
reports does not allow conclusions to be drawn
as to the extent of the area covered by landscape
approaches or the effect that such approaches are
having on BFA. However, most of the reporting
countries indicate that adoption and implementa-
tion are becoming increasingly widespread.

As well as including a question on landscape
approaches per se, the country-reporting guidelines
also invited countries to report on “landscape man-
agement”, i.e. practices that support the mainte-
nance of biodiversity-friendly farming systems and
diversity of landscape mosaics within and around
production systems, for example the management
of riparian corridors, hedges, field margins, wind-
breaks, woodland patches, clearings in forests,
waterways, ponds or other biodiversity-friendly
features of the production environment. The
practices most commonly reported in this context
include agroforestry and (mainly by European coun-
tries) the use of herbivorous animals to manage and
maintain open and diverse semi-natural landscapes.
Several countries mention the relevance of pro-
tected areas (see Chapter 7). Some note that they
have adopted environmentally friendly farming
practices (sometimes encouraged by incentive pro-
grammes) for the maintenance of landscape diver-
sity, including the maintenance of hedgerows, grass
strips and vegetated field margins.

24 http://www.forumsec.org/pages.cfm/strategic-partnerships-
coordination/pacific-oceanscape/pacific-oceanscape-
framework.html
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More than 40 percent of the country reports
indicate the implementation of practices consid-
ered to fall into the landscape-management cat-
egory (Table 5.1 and Table 5.3).%° Approximately
50 percent of these countries indicate that the
practices in question are applied in livestock
grassland-based production systems. A similar
proportion mention their use in mixed produc-
tion systems. Their use in forest and rainfed crop
systems is reported somewhat less frequently.
For all these categories of production system,
most countries report a positive trend in the
use of the landscape-management practices.
Use is reportedly increasing most markedly in
mixed systems and in naturally regenerated and
planted forests (Table 5.2).

5.3.6 Integrated land- and water-use
planning

Like many other integrated approaches, inte-
grated land- and water-use planning is an evolv-
ing concept for which there is no generally agreed
definition. FAO (2018m) describes integrated land-
use planning as the “allocation of land to differ-
ent uses across a landscape in a way that balances
economic, social and environmental values.” It
notes that the objective of the approach is “to
identify, in a given landscape, the combination of
land uses that is best able to meet the needs of
stakeholders while safeguarding resources for the
future” and that “effective land-use planning pro-
vides direction on the manner in which land-use
activities should take place and encourages syner-
gies between different uses.” Management of this
kind can be carried out at various scales, including
the landscape, subnational, national or regional.
At the landscape level, it is often an integral part
of a landscape approach, which (as discussed
above) will involve comprehensive stakeholder
participation aimed at harmonizing different uses
and minimizing the risk of conflict. Land-use plan-
ning generally takes place within a framework of

5 Several countries note that these practices are difficult
to distinguish from each other and from other types of
intervention they were invited to report on, for example
restoration practices (see Section 5.4).

Box 5.6

The Pacific Ridge to Reef approach -
an example of integrated land- and
water-use planning

The Pacific Ridge to Reef approach is a Global
Environment Facility programmatic initiative involving
multiple United Nations agencies, the Pacific Community
and 14 Pacific Small Island Developing States (PacSIDS)
(GEF, 2016). The overall objective of the projects
undertaken in PacSIDS under this initiative is to maintain
and enhance ecosystem goods and services contributing
to poverty reduction, sustainable livelihoods and climate
resilience, through integrated approaches to land, water,
forest, biodiversity and coastal-resource management
that span the whole landscape from the ridges of the
hills to the fringing reefs of the coasts. The importance of
actively engaging multiple stakeholders in the planning,
implementation, monitoring and evaluation of the
projects is broadly acknowledged throughout the Pacific
Island region, where the Ridge to Reef approach is
referred to as the “community to cabinet” approach.

Note: For further information, see the Pacific R2R - Ridge to Reef website
at https://www.pacific-r2r.org

laws, policies and customary norms that guide the
uses to which land may be allocated (ibid.).

As far as the country reports are concerned, the
specific integrated land-use planning approach
most frequently mentioned is the Pacific Ridge to
Reef approach (see Box 5.6). A number of Pacific
Island countries indicate that this approach is a
key means of promoting the conservation and
sustainable use of natural resources at all levels
from community to regional. Some explicitly high-
light the importance of Ridge to Reef projects as
a means of promoting community involvement
and empowerment. The projects implemented
under the Pacific Ridge to Reef approach mainly
aim to strengthen national and local capacities to
effectively manage national systems of protected
areas in order to promote the conservation of bio-
diversity, sustainable use of natural resources and
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safeguarding of ecosystem services. Countries note
that the approach needs to be better integrated
into policy planning, and mention a number of
potential means of promoting its adoption and
strengthening its implementation, including
capacity-building based on lessons learned from
implementation to date and awareness raising
among decision-makers. Other integrated plan-
ning approaches mentioned include integrated
coastal zone management.

5.3.7 Needs and priorities

Many country reports include information on the
challenges countries face in the implementation
of ecosystem and landscape approaches. The
country-reporting guidelines specifically invited
countries to report on gaps and constraints in the
fields of information and knowledge, resources
and capacity, and policy and institutional frame-
works, and to indicate priority actions needed to
address these issues.

Information and knowledge
Several countries report that both a lack of data
on the characteristics of their ecosystems (their
extent, temporal and spatial variations, etc.) and
limited understanding of ecosystem function and
services, including specifically the roles of BFA in
this context, are major constraints to the devel-
opment and adoption of ecosystem approaches.
Some note that a lack of clarity regarding the
nature of ecosystem and landscape approaches is
also an issue, in some cases suggesting that the
multiplicity of confusing terminology in this field
needs to be harmonized. Several developing coun-
tries indicate that information on the application
of ecosystem approaches and other innovative
practices that may be beneficial to BFA often does
not reach producers or only does so after signif-
icant delays. Most countries that have adopted
ecosystem and landscape approaches mention
that there is little concrete evidence as to how
successful these approaches are in practice.
Proposed actions in this context include the
development of guidelines providing definitions
of terms and elucidating the potential benefits of

developing and adopting ecosystem, landscape
and seascape approaches. Countries emphasize
the importance of enhancing research on (i) the
functional roles of the various components of
BFA in key ecosystem processes and in the supply
of ecosystem services at production system, eco-
system and landscape levels and (ii) the effects
of adopting ecosystem or landscape approaches
(as opposed to more conventional approaches)
on components of BFA. Measuring success in
landscape or ecosystem approaches also remains
challenging. Some countries note the need for
baseline surveys, indicators and monitoring
systems that allow impacts to be evaluated. Some
mention the need to establish national databases
for mapping and monitoring components of BFA
and the production systems in which they occur,
including for the purposes of valuating them and
assessing linkages and trade-offs between differ-
ent ecosystem services. Several European coun-
tries state that exercises of this kind are crucial
for the development of payment for ecosystem
services schemes.

Resources and capacity
Across all regions, most reporting countries
indicate that the financial resources needed to
develop and implement ecosystem approaches
are insufficient or insecure. The absence of ade-
quate funding is reported to constrain a range
of key activities, including research (see above),
education and training, and the implementation
of existing legislation, strategies and programmes.
A lack of trained and qualified technical and sci-
entific personnel (both specialists, such as tax-
onomists and entomologists, and experts with
cross-disciplinary knowledge) is widely regarded
as a constraint. Several countries indicate that
inadequacies in transport and communications
infrastructures also hamper implementation.
Aside from stepping up efforts to mobilize
funds to build the institutional and technical
capacity needed (including long-term funding -
essential in this context, as average project length
is too short), reported priorities in this field include
capturing and disseminating lessons learned,
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including success stories, in the development and
implementation of ecosystem, landscape and sea-
scape approaches. Many countries also note the
importance of integrating (or strengthening the
integration of) such approaches into education
and training programmes at all levels.

Policy and institutional environment
Landscape and ecosystem approaches are inte-
grated approaches that require cross-sectoral
thinking and governance. However, relevant
institutional frameworks (policies, laws and regu-
lations) are reported still to be very compartmen-
talized. Many countries indicate that the lack of a
holistic, multidisciplinary approach at policy level
is one of the major constraints to the adoption of
ecosystem approaches. Many countries indicate
that they have a range of relevant sectoral poli-
cies in place but note that these are operated by
different agencies and are not integrated into a
broader institutional framework. Some report that
they have made significant efforts to address this
constraint, for example by strengthening collabora-
tion and consultation between environmental and
agricultural authorities.

Several countries note the potential for conflicts
in the planning and implementation of ecosys-
tem approaches and emphasize the importance
of involving diverse stakeholders with diverse
values and perceptions in planning processes.
Some, however, note that such processes can be
difficult and time consuming and may give rise
to “fudged” compromises rather than effective
plans. Some also mention a lack of consultation
between policy-makers at national or regional
levels and stakeholders at local level, noting that
this leads to a degree of disconnection between
political and operational levels. Policy develop-
ment and implementation related to ecosystem,
landscape and seascape approaches are frequently
reported to be hampered by knowledge gaps and/
or by shortages of financial resources and trained
personnel (see the subsections above).

Reported priorities in this field include:

e reviewing, and if necessary updating, relevant

policies and legal instruments, across sectors,

and, where needed, developing integrated
policies, plans or strategies that facilitate more
holistic and multidisciplinary approaches;

e promoting interdisciplinary consultation and
cooperation, including between agricultural
and environmental authorities; and

e better integrating the outcomes of valuation
exercises for biodiversity and ecosystem ser-
vices into policy-making.

m Restoration practices

¢ Restoration has acquired a prominent place on the
global environmental agenda since 1990.

¢ If well planned, restoration practices can provide
simultaneous benefits for agricultural productivity,
biodiversity conservation and the supply of
ecosystem services.

¢ In recent years, the concept of forest landscape
restoration, with its emphasis on the restoration of
a balanced set of ecosystem functions, has inspired
ambitious pledges from governments and subnational
jurisdictions.

¢ Many countries report successful examples of
restoration practices and their benefits in both
terrestrial and marine environments. However, more
research is needed into the long-term impacts of
restoration, and national policy frameworks that allow
restoration practices to be scaled up need
to be developed.

5.4.1 Overview

The term “restoration practices” can be applied
to a variety of techniques employed for a range
of different objectives. It is defined as follows in
the country-reporting guidelines: “restoring func-
tionality and productive capacity to ecosystems,
forests, landscapes, waterways, grasslands and
rangelands in order to provide food, fuel, and
fibre, improve livelihoods, store carbon, improve
adaptive capacity, conserve biodiversity, prevent
erosion and improve water provisioning and
quality.” This focus on functionality and produc-
tive capacity can, however, be contrasted with
notions of ecological and ecosystem restoration
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that aim to “assist the recovery of a degraded
ecosystem towards a reference native ecosystem”
with “specific composition, structure and func-
tions” (McDonald et al., 2016).

Recent global policy discourse around resto-
ration of terrestrial ecosystems has focused on
the concept of forest and landscape restoration,
defined as “the long-term process of regaining
ecological functionality and enhancing human
well-being across deforested or degraded forest
landscapes” (IUCN and WRI, 2014). Like other land-
scape approaches (see Section 5.3), forest and land-
scape restoration seeks simultaneously to improve
both ecological integrity and human well-being
(Holl, 2017), balancing different goals by creating a
mosaic of interdependent land uses, including crop
and livestock production, agroforestry, improved
fallow systems, ecological corridors, discrete areas
of forest and woodland, and riparian plantings
that protect watercourses (IUCN, 2016b). It aims to
use comprehensive spatial planning, undertaken
in consultation with landowners and other stake-
holders, to allocate land uses more efficiently and
improve their individual and overall sustainability.
For example, ecological intensification techniques
can increase agricultural productivity in those parts
of the landscape identified as being the most suit-
able for production while allowing natural regen-
eration to occur elsewhere (Latawiec et al., 2015).
Restoration of mixed-use agricultural land between
areas of primary forest can create habitat corridors
for wildlife (IJUCN, 2016b).

Numerous restoration projects have shown that
it is possible to recover elements of the original
composition, function and structure of natural
ecosystems at specific sites (Wortley, Hero and
Howes, 2013). Some argue, however, that the
high costs and long time frames often associated
with ecological restoration efforts mean that such
approaches cannot achieve recovery at the large
spatial scales that would be required in order to
have a substantial impact in global terms (Murcia
et al., 2015). Landscape-scale restoration efforts
focus on recreating conditions that allow natural
regeneration to take place, aided where neces-
sary by judicious planting or other interventions.

In conditions where resources are limited, resto-
ration can be implemented in a number of steps,
for example restoring forest cover first and later
focusing on the wider aspects of ecosystem com-
plexity required for resilience against climate
change and other pressures (Dudley and Maginnis,
2018). The effects of large-scale restoration mea-
sures typically extend beyond the immediate area
targeted: for example, at the scale of a water-
shed, restoration practices in upstream areas
may provide positive effects downstream, such
as reduced sedimentation and siltation of river
courses and lower risk of flooding.

Restoration can play a vital role in wetland and
other aquatic ecosystems (Speed et al., 2016),
although (as in the example above) improving
the state of aquatic ecosystems generally requires
action in connected terrestrial ecosystems. In the
case of lakes, restoration typically focuses on
reducing eutrophication (generally this requires
action on land to reduce runoff from agriculture)
and, in the case of rivers, on habitat improvement,
creation of riparian buffers and removal of weirs
and other barriers to connectivity (Verdonschot et
al., 2013). Efforts in marine ecosystems typically
focus on the removal of sediment barriers, restora-
tion of water flow and salinity balance, direct cre-
ation of habitat features and reduction of nutri-
ent concentrations (ibid.). Key restoration meas-
ures and their objectives are listed in Table 5.4.

It is relatively easy to “restore” fish popula-
tions by restocking waterbodies where capacity to
expand stocks naturally has been lost because of
destruction of spawning grounds or loss of ecosys-
tem connectivity — and this tends to be a popular
option given that it can be done with short-term
funding and provides results that are immediately
visible. It is far harder and more time consuming
to restore the functioning of the ecosystem, as
this requires re-establishing connectivity or at least
removing source(s) of ongoing damage to the eco-
system. The latter is very challenging when the
problems are being caused by runoff or other forms
of pollution (see Chapter 3 for further discussion of
the impacts of pollution, land-use change and other
drivers on aquatic ecosystems and biodiversity).
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TABLE 5.4

Restoration measures for wetlands and other aquatic ecosystems

Component of the Restoration measure
ecosystem

Catchment Catchment management
Restoration of ecological flows
Storm-water management
Removal/retrofitting and management of dams and
other barriers to water connectivity and flow (weirs,
gates, culverts, etc.)

Flow regime

Flood management

Reconnection of floodplains and wetlands

i Water-quality improvement
Regulatory function

Groundwater

Riparian management

Habitat (riparian)
Land acquisition
Habitat improvement
Bank stabilization
Habitat (aquatic)
Channel reconfiguration
Biodiversity Species management
Other Aesthetic/recreation/education

Source: Adapted from Speed et al. (2016).

Although all types of ecosystem can poten-
tially be restored, restoration interventions may
in practice favour some at the expense of others
(Veldman et al., 2015). Focus on a single function —
for example climate change mitigation — may lead
to the conversion of ecosystems that are valuable
for other reasons. For instance, old-growth grassy
biomes may be at risk of afforestation as they

Objectives

Altering the entry of water, sediment and other matter into
the river channel.

Changing the volume, timing, frequency and duration of flows.

Altering the flow pattern of water runoff from urban areas
(e.g. altering flood peak).

Improving flows and ecological outcomes, including improving
the movement of sediment and fish.

Managing flooding to improve ecosystem services, but prevent
flooding of key infrastructure or cropland.

Improving flood management through increasing the capacity
of the river system and associated floodplain to store and
release floodwaters.

Allowing the movement of biota, sediment and other matter
between the channel and the floodplain.

Protecting or improving water quality, including chemical
composition and particulate load.

Increasing capacity for biological degradation and/or assimilation
of pollutants.

Groundwater recharge.

Altering the entry of water, sediment and other matter into
the river channel.

Creating or fostering habitat features.

Altering water temperature through shading.

Facilitating migration along the river corridor.

Acquiring riparian lands to control land use and/or allow
restoration work.

Fostering or creating habitat features.

Reducing erosion/slumping of bank material into the
river/coastal water.

Altering the channel planform or the longitudinal profile,
increasing hydraulic diversity and habitat heterogeneity and
decreasing channel slope.

Maintaining or increasing the number/diversity of key species.

Increasing community value, e.g. by improving appearance,
access or knowledge.

store less carbon than forested land (Miles and
Kapos, 2008; Veldman et al., 2017). This risk can be
addressed by analysis at finer scales in the planning
of restoration strategies (Chazdon et al., 2016).
Taking account of genetic diversity in the design
and implementation of restoration initiatives can
significantly increase the chance of success over the
long term (Huenneke, 1991). The effects of genetic
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homogeneity in a reintroduced population may not
be immediately evident, but over a period of years
the population may have lower rates of growth,
survival and reproduction, and may be less able
to cope with periods of environmental variability.
For example, if all individuals in a population are
of a genotype that has limited drought tolerance,
a single drought may destroy the entire popula-
tion (Falk, Knapp and Guerrant, 2001). Introducing
hatchery-bred fish can lead to genetic introgres-
sion into wild populations (Bekkevold, Hansen and
Nielsen, 2006; Naish et al., 2007; White et al., 2018).

5.4.2 Status and trends

Many of the world’s managed and natural ecosys-
tems are degrading. Over the last two decades,
approximately 20 percent of the Earth's vegetated
surface has persistently declined in productivity
(UNCCD, 2017). According to a global assessment
of restoration potential carried out for the Global
Partnership on Forest Landscape Restoration, there
may be more than 2 billion ha of deforested and
degraded forest land around the world where
there may be opportunities for some type of res-
toration (WRI, 2014). Further information on the
status and trends of forests and other ecosystems of
importance to food and agriculture can be found
in Section 4.5.

Increasing the functionality and productivity
of degraded lands has become a global priority
(Aronson and Alexander, 2013), and is reflected
in a number of global policy commitments.
The Bonn Challenge, launched in 2011, aims to
bring 150 million ha of degraded and defor-
ested land under restoration by 2020. The initi-
ative was endorsed — and its target extended
to 350 million ha by 2030 - by the 2014 New
York Declaration on Forests (United Nations,
2014b). As of May 2018, 47 national and sub-
national jurisdictions, private entities and non-
governmental initiatives had made pledges under
the Bonn Challenge, amounting to a total of over
160 million ha (see Figure 5.4).2%

26 Up-to-date information on these commitments can be found at
http://Awww.bonnchallenge.org/commitments

The restoration and sustainable management of
ecosystems have proven to be a cost-effective, safe
and immediately available means of sequestering
carbon and preventing the emission of green-
house gases (Epple et al., 2016). Many countries
have therefore included ecosystem-based solu-
tions, including ecosystem restoration, in their
“nationally determined contributions” to the
objectives of climate change mitigation and adap-
tation under the Paris Agreement?’ (Laurans, Ruat
and Barthélemy, 2016). Sustainable Development
Goal 15.3 calls on governments to “strive to
achieve a degradation neutral world.” In response
to the adoption of this goal, the United Nations
Convention to Combat Desertification’s Land
Degradation Neutrality Target Setting Programme
has received commitments from 114 countries to
date, and is rolling out technical support to refine
these commitments and plan their implementation
(Orr et al., 2017). Restoration is also a key compo-
nent of the CBD's Strategic Plan for Biodiversity and
the Aichi Targets. Target 5, for example, calls for
the restoration of 15 percent of degraded ecosys-
tems (CBD, 2010a). A review covering 62 countries
in Asia, Africa and Latin America found that more
than 50 percent of countries in each region had
a restoration target in their National Biodiversity
Strategy and Action Plan or a preliminary target
in their Fifth National Report to the CBD (CBD,
2016b). However, in many cases, targets lacked
specificity or quantitative elements (ibid.). Some
examples of national policy and legislative initia-
tives related to the contributions of agroforestry to
restoration efforts are described in Box 5.11.

While restoration has gained momentum in
terms of policy commitments, implementing
these commitments is still a challenge. Because
of the complexity involved in developing resto-
ration activities, and the amount of data and
technical capacity required, many countries are
still in the process of planning interventions and
land-use transitions (see Figure 5.4). There have,

27 UNFCCC (2015). For further information on nationally
determined contributions, see https://unfccc.int/process/
the-paris-agreement/nationally-determined-contributions/
ndc-registry
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FIGURE 5.4
Commitments to the Bonn Challenge

Notes: Dark green indicates countries that have made a commitment to the Bonn Challenge and have completed or are in the process of
implementing a Restoration Opportunities Assessment. Mid green indicates countries that have made a commitment to the Bonn
Challenge. Light green indicates countries that have completed a Restoration Opportunities Assessment at national scale. The map does

not reflect subnational pledges to the Bonn Challenge.
Source: Global Partnership on Forest Landscape Restoration, 2018.

nonetheless, been several examples of successful
large-scale restoration efforts (particularly resto-
ration of forest cover) that have been shown to
deliver social, environmental and economic ben-
efits. For example, forest cover in the Republic of
Korea was significantly increased as the result of
an ambitious government-led forest policy (Soo
Bae, Won Joo and Kim, 2012). Similarly, forest
cover in Costa Rica increased by over 500 000 ha
between 1992 and 2013, thanks to a govern-
mental payment for ecosystem service scheme
(SINAC-MINAE, 2014). In the West African Sahel,
200 000 ha of degraded land were reclaimed
over three decades through the improvement
and diffusion of indigenous soil and water con-
servation practices and, in another example,
land productivity increased over an estimated
5 million ha through farmer-managed natural
regeneration using local agroforestry practices
(Reij, Tappan and Smale, 2009b).

Most countries that have committed to ambi-
tious forest and landscape restoration strategies
are still in the early stages of implementing their

commitments, and data are often lacking on the
impacts of actions undertaken to date. However,
there are some cases in which the effects of
forest and landscape restoration on biodiversity
and ecosystem services have been quantified.
For example, in Colombia, partnerships between
land owners and the government are seeking to
increase cattle productivity per hectare so that
grazing can be stopped on steep slopes and along
streams to allow the restoration of riparian forest
and improvements to water quality and habitat
connectivity (Calle et al., 2013). Results across
several farms show that it has been possible to
reconcile the goals of improving agricultural pro-
ductivity, conserving biodiversity and promoting
the supply of other ecosystem services: cattle
productivity improved by 44 percent, the number
of bird species present increased by 32 percent
and soil erosion declined by 45 percent (Lazos-
Chavero, 2016).

Wetland restoration has been on the global
environmental agenda for more than three
decades (Ramsar Convention, 1990). A large

THE STATE OF THE WORLD'S BIODIVERSITY FOR FOOD AND AGRICULTURE ‘ 219




STATE OF MANAGEMENT

PART C

Box 5.7
Needs and challenges in coral-reef
restoration

Restoration programmes globally are at various

stages of maturity, with the largest concentration

of efforts in the Caribbean, where many partners
(various governmental and non-governmental research
and conservation organizations) are producing the
equivalent of 100 000 moderate-sized coral outplants
per year. Globally, work is showing that restoration

of reefs is possible, and the spatial scale of success is
steadily increasing. However, to matter at an ecosystem
level, major upscaling is needed in terms of resources
dedicated to the task and in terms of efficiency in
production. While some biological challenges remain

to be overcome, most of the challenges to upscaling
are engineering ones, and are very similar to hurdles
that over been overcome in other fields. Working to close
the gap between success at the local level and impact
at the ecosystem level will not be easy or quick,

but it is the current goal and trajectory of the coral-reef
restoration community.

Source: Provided by Tom Moore.

number of restoration projects have been
undertaken, primarily in Europe and the United
States of America (Speed et al., 2016), and many
organizations have been involved. The Ramsar
Convention adopted principles and guidelines for
wetland restoration in 2002 (Ramsar Convention,
2002), and has long been supporting restoration
initiatives through alliances with other organiza-
tions.?® Examples of significant projects and ini-
tiatives in Europe and North America in the past
decade include: REFORM (REstoring rivers FOR
effective catchment Management)?® (Friberg et
al., 2016); the MARS project (Managing Aquatic
ecosystems and water Resources under multiple

28 For further information on partnership agreements entered into
by the Secretariat of the Ramsar Convention, see https:/Awww.
ramsar.org/about/formal-partnership-agreements
http://Awww.reformrivers.eu/about

&

~
It

Stress);*® AMBER (Adaptive Management of
Barriers in European Rivers);3' the WISER project
(Water bodies in Europe: Integrative Systems
to assess Ecological status and Recovery);3? the
MERCES project (Marine Ecosystems Restoration
in Changing European Seas);* the Reef Resilience
Network;3* the Coral Restoration Foundation;?>
and the United States Environmental Protection
Agency's work on wetlands protection and resto-
ration.?® Needs and challenges involved in coral-
reef restoration are discussed in Box 5.7.
Information provided in the country reports on
the status and trends of restoration practices is
summarized in Table 5.1 and Table 5.2. Restoration
practices are more frequently reported for terres-
trial than aquatic systems, most commonly for
forest (both naturally regenerated and planted),
grassland-based, crop and mixed systems. Among
aquatic systems, restoration practices are relatively
frequently reported for self-recruiting capture
fisheries. In all cases, reports of increasing trends
outnumber reports of stable or negative trends.
Countries providing examples of restora-
tion practices in forest ecosystems include the
Netherlands, which mentions that a shift in forest
management objectives towards multiple goals
— including recreation and nature conservation —
has led to a greater focus on restorative practices
such as increasing the amount of dead wood in the
forest, the number of large and thick trees, struc-
tural and age-class diversity and the number of
native trees. These changes are reported to have
led to increases in the numbers of certain forest
birds, bats, invertebrates and mushrooms. Finland
reports that a forest-biodiversity programme run
collaboratively by the Ministry of Agriculture and
Forestry and the Ministry of Environment that uses
conservation agreements with private landowners
to incentivize voluntary forest conservation and

30 http:/mars-project.eu/index.php/aims.html

31 https://amber.international
http://Awww.wiser.eu
http:/Avww.merces-project.eu
3 http://www.reefresilience.org

* https://www.coralrestoration.org
https://www.epa.gov/wetlands

8

3.

3

&

3

&

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


https://www.ramsar.org/about/formal-partnership-agreements
https://www.ramsar.org/about/formal-partnership-agreements
http://www.reformrivers.eu/about
http://mars-project.eu/index.php/aims.html
https://amber.international
http://www.wiser.eu
http://www.merces-project.eu
http://www.reefresilience.org
https://www.coralrestoration.org
https://www.epa.gov/wetlands

THE STATE OF USE OF BIODIVERSITY FOR FOOD AND AGRICULTURE

restoration actions covers an estimated 50 000 ha.
Some countries (e.g. El Salvador, Fiji and Viet Nam)
mention the significance of (ongoing or planned)
restoration activities in coastal forest ecosystems, in
particular mangroves, in terms of reducing coastal
erosion and providing protection against disasters
caused by extreme weather events or tsunamis.

With regard to restoration practices aimed at
agricultural systems, some country reports from
Africa note the importance of assisted-fallow
systems involving the planting of shade and fruit
trees (United Republic of Tanzania) or nitrogen-
fixing leguminous species for restoring soil fer-
tility (Chad). The report from the United States
of America provides an example of a production
system being managed to provide a substitute for
natural habitat. It notes that in California many
farmers now allow their rice fields to flood in the
winter instead of burning them after the growing
season, which provides 275 000 acres (approxi-
mately 111 000 ha) of surrogate wetlands and
open space for 230 bird species along the Pacific
Flyway, many of which are at risk of extinction.?”
It further notes that this is especially important
as 95 percent of California’s traditional wetlands
have been lost.3® Many species are reported
to have begun to increase in numbers and the
number of ducks to have doubled.

Countries from all regions report restoration
practices of one kind or another in aquatic eco-
systems. A range of different objectives are men-
tioned. Supporting wildlife, and in particular
migratory species, is emphasized by a number of
countries. Finland, for example, reports measures
taken to improve migration passages through
dams and to regulate water levels in rivers and
lakes to accommodate the needs of wild species.
It mentions that under its Fishing Act,3 exten-
sive river restoration has been carried out across
the country, but notes that the impacts of these
measures have only been partially evaluated. It

3 The report cites Cline (2005).

3 The report cites California Rice Commission (2015).

3 Fishing Act (379/2015) (available, in English and
Swedish, at http://www.fao.org/faolex/results/details/
en/?details=LEX-FAOC169562).

further mentions various policies and programmes
that promote practices such as the restoration of
potential spawning and nursery areas, construc-
tion of fishways, maintenance of natural bypass
channels, removal of obstacles to fish migration,
and use of natural hydrological-engineering
methods. Similarly, the Netherlands notes that
measures such as the construction of fish pas-
sages and the restoration of waterway banks to
create spawning habitats have had positive effects
on species population sizes. Poland reports that
hydrographic network restoration activities are
being implemented in the Biebrza National Park
with the aim of improving water conditions,
nesting habitats and feeding and resting grounds
used by birds during migration and wintering. It
notes, however, that in general it has paid too
much attention (in relative terms) to restocking
measures and too little to improving aquatic habi-
tats by restoring the ecological continuity of rivers.
A number of European Union member countries
mention the Water Framework Directive,*® which
requires member countries to “protect, enhance
and restore all bodies of surface water... [and] all
bodies of groundwater.”

Several countries provide examples of resto-

ration activities that have had positive impacts
on livelihoods or on the supply of supporting
or regulating ecosystem services. For example,
Bangladesh mentions its Wetland Biodiversity
Rehabilitation Project, which between 2009 and
2015 helped to increase biodiversity and fish
production and improve the livelihoods of local
people by restoring wetland habitats and the
functions of floodplain ecosystems. Nepal refers
to the Rupa Lake Restoration Cooperative, the
largest agriculture-sector cooperative in the
country, which successfully restored the degraded
Lake Rupa in the late 1990s by “biomanipulating”
it through fish stocking. It notes that the lake
has now been restored and cleaned and serves

0 Directive 2000/60/EC of the European Parliament and of

the Council of 23 October 2000 establishing a framework
for Community action in the field of water policy
(available at http://eur-lex.europa.eu/legal-content/EN/
TXT/?uri=CELEX:32000L0060).
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as a source of livelihood for about 740 fami-
lies. Rwanda describes the Gishwati Water and
Land Management Project and the Landscape
Approach to Forest Restoration and Conservation
Project, which have tackled flooding disasters by
establishing buffer zones for lakes and rivers and
restoring lakeshores and riverbanks. These meas-
ures are reported to have also benefited local bio-
diversity, especially fish stocks.

While most of the reported examples of aquatic
restoration practices relate to freshwater ecosys-
tems, a few examples from marine ecosystems are
also mentioned. For example, Tonga notes that its
national Ridge to Reef projects (see Section 5.3.6)
include one that seeks to conserve the ecosystem
services supplied by the Fanga’uta Lagoon catch-
ment on Tongatapu (the country’s main island) by
(inter alia) improving the state of critical habitats.
Grenada notes that its integrated climate-smart
adaptation strategy is targeting the restoration
of marine ecosystems, and specifically mentions a
project that is restoring coral reefs.

Finally, a number of country reports describe
policy frameworks used to support restoration
practices. For example, Senegal mentions that
restoration of degraded ecosystems takes place
within the framework of community-based plans
for land use and land designation. Mexico reports
that its government supports forest restoration
actions through the provision of subsidies, with
eligibility being determined based on levels of
degradation, the extent of perturbation caused
by natural disasters and the environmental impor-
tance of catchment areas. The programme is esti-
mated to have brought about the restoration of
over 400 000 ha of forest between 2013 and 2014.
France mentions the difficulty of attributing resto-
ration practices to a particular production system,*'
noting that many restoration projects and pro-
grammes in terrestrial production systems adopt a
landscape approach that involves a mosaic of land
uses. It also highlights the fact that 30 percent of
agricultural subsidies from the European Union

41 Countries were invited to report restoration activities
production system by production system.

are now conditional upon a percentage of arable
land being set aside to allow the recovery of
natural grasslands and other habitats of ecolog-
ical interest, and notes that these are monitored
though a GIS-based online register.

5.4.3 Needs and priorities

Countries note a number of needs and priorities
in the field of restoration. Some of these relate to
the types of ecosystems or specific objectives that
need to be targeted. Restoration of forest eco-
systems is widely highlighted as a priority, includ-
ing in some cases restoring connectivity between
forest fragments. Spain, for example, mentions
the importance of restoring forest cover in areas
that are important to the supply of hydrological
and erosion-control ecosystem services. Mexico
mentions the need for genetic improvement of
priority forest species, taking into account the pre-
dicted effects of climate change, and promotion
of their use in the restoration of degraded forest
areas. Countries also highlight a range of fresh-
water, marine and coastal ecosystems as priorities,
including dunes, mangroves, seagrass beds, coral
reefs, coastal sand dunes, lakeshores and river-
banks. The need to improve connectivity between
ecosystems and to account for threats posed by
climate change is again noted. Some countries
emphasize the importance of improving habitat
ecosystem services, including the restoration of
fish-spawning sites.

A number of countries note the need to improve
policy and legal frameworks in this field, includ-
ing with respect to identifying responsibilities for
restoration activities, streamlining procedures
for the use of protected species in restoration
programmes and introducing or strengthening
incentive measures for restoration. Reflecting the
wider literature on forest-landscape restoration
(e.g. Holl, 2017), several countries note the need
to strengthen the involvement of stakeholders,
including local communities, in planning and
implementing restoration activities. Research on
the effectiveness of restoration activities, includ-
ing over the long term, is also highlighted as a
priority. This is again consistent with the wider
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literature, for example Wortley, Hero and Howes
(2013), whose review of ecological restoration
projects underlined the need for further invest-
ment in monitoring the impacts of restoration,
especially with regard to quantifying ecosystem
services and other socio-economic outcomes.

E Diversification in production
systems

e Countries generally report upward trends in the
implementation of various diversification practices in
food and agriculture (approaches combining different
varieties, species and groups of organisms within
the production system).

¢ Integrated crop-livestock systems are major
contributors to global food production and can
provide opportunities to reduce waste and the use
of external inputs. Despite the spread of “landless”
livestock systems, low-income countries have seen a
general trend towards greater integration of crop
and livestock production activities as population
density has increased.

¢ Home gardens are often vital reservoirs of biodiversity
for food agriculture (BFA), particularly in the case
of plants, but there are no comprehensive global
statistics on their distribution. Countries that report
the presence of home gardens generally note
increases in their use.

o Agroforestry is reported to be increasing in every
region: it is estimated that more than 5 million km?
of agricultural land (23 percent of the total) have at
least 20 percent tree cover. Global recognition of the
contributions of agroforestry has increased over the
past decade, as has the mainstreaming of agroforestry
into development and environmental agendas
and appreciation of its potential impact on rural
livelihoods, climate-smart agriculture, biodiversity
conservation and land restoration.

¢ While there is no systematic global monitoring of
diversification practices in aquaculture (integration
of different aquatic species and/or integration with
other components of BFA, such as crops,
livestock or trees), it is clear that the relative
contributions of different kinds of integrated systems

are changing in response to economic transformations,
technical developments, space constraints,
production-system intensification, climate change,
diseases and other drivers.

The discussion of ecosystem services, resilience,
sustainable intensification, livelihoods and food
security and nutrition presented in Chapter 2
provides numerous illustrations of the potential
benefits of increasing or maintaining the diversity
of the species, varieties or breeds raised in a pro-
duction system, including by combining different
groups of species such as crops, livestock, trees
and aquatic organisms. Aside from being invited
to report on the significance of BFA in each of
the above-mentioned thematic areas, countries
were also specifically invited to report on the
status and trends of diversification practices and
on any impact they have had on BFA. In addition,
countries were invited to report on a number of
other management practices that by definition
involve diversification, namely agroforestry, home
gardens and diversification practices in aqua-
culture.*? This section provides an overview of
these practices and the information reported by
countries on each of them. Although countries
were not specifically invited to report on inte-
grated crop-livestock systems as a distinct cate-
gory, a short discussion of this type of production
system is also included.

According to the country-reporting guidelines,
diversification is “the introduction of new varie-
ties, species and groups of organisms (e.g. live-
stock, crops, trees, fish) into a production system
or managed environment without replacement
or abandonment of other groups, or the mainte-
nance of already-existing diversity in the case of
traditionally diverse production systems.” Based
on this definition, 40 country reports indicate
“diversification” in at least one category of pro-
duction system (Table 5.1).

Across all types of production system, diver-
sification is more frequently reported to be
increasing than to be decreasing. Unsurprisingly,

42 Specifically polyculture and aquaponics.
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diversification is most frequently reported for
mixed systems (32 percent of countries that report
the presence of such systems) (Table 5.2). If all
production systems are aggregated, the practice
is reported by 63 percent of OECD countries and
39 percent of non-OECD countries (Table 5.1).
Specific diversification practices mentioned
include intercropping, crop rotations, use of mul-
tiple crop varieties within a given species, multi-
species aquaculture, and multispecies livestock
herds and flocks. Countries generally provide few
additional details about trends in diversification.
Some mention drivers of change that are influ-
encing trends. Finland, for example, notes that
diversification is increasing as a result of increas-
ing awareness among farmers of the benefits of

Box 5.8
The floating gardens of Bangladesh

The specific agroecological conditions of the wetlands of the
south central coastal districts of Bangladesh have led to the
development of a very particular production system known
as floating gardens, or locally as dhap.

The system involves growing a wide range of crops —
vegetables and spices — on beds made of water hyacinths
and other aquatic weeds such as tapapana, dulalilata and
khudipana, which are widely available locally. Crop seeds
are prepared separately in containers using a structure
called a tema, which is made of locally available peat
soil and wrapped in coconut coir. Grown seedlings are
subsequently transplanted into the floating garden beds. The
major vegetable crops grown in summer include okra, ribbed
gourd, Indian spinach, brinjal, cucumber, red amaranths,
stem amaranths and wax gourd. In winter the main crops
are turnip, cabbage, cauliflower, tomato and red amaranths.
Spices grown include turmeric and chili.

Mixed intercropping is the predominant form of production
in floating gardens. Pest and disease infestations are minimal.
As decomposed water hyacinths are used as fertilizer,
external-input requirements and production costs are low.
Under flooded conditions, the open water is used for fishing.

This production system is the only food production
and livelihood option for 60 to 90 percent of the country’s

including additional crops in their rotations. The
Netherlands notes that consumer demand for
organic products is driving diversification in Dutch
agricultural systems. Poland mentions that in fed
aquaculture disease threats have led to the intro-
duction of resistant fish species (e.g. Salvelinus
spp.)- The floating gardens of Bangladesh, a tra-
ditional intercropping production system, are
described in Box 5.8.

5.5.1 Integrated crop-livestock systems

Introduction

Integrated crop-livestock systems are very wide-
spread globally, can be found in many types of
environment, operate on a range of scales and

local communities, providing them with a diversified and
nutritious diet thanks to the wide range of vegetables and
spices it produces. Given the very specific and difficult
growing conditions, production yields are satisfactory.

Options for further improving the production system
include strengthening the social organization and
distribution of activities at local level, improving product
marketing, development of scientifically recommended
adapted crop-production packages and development of ad
hoc agroprocessing activities.

Source: Adapted from the country report of Bangladesh. Picture provided by
Aziz Zilani Chowdhury.
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involve many different combinations of crop
and livestock species. There are multiple links
between crop and livestock production. Livestock
are often fed on crop residues, such as straw or
leaves, and by-products of crop-processing, such
as bran, molasses and pulps, that might otherwise
be discarded. These residues and by-products rep-
resent about one-third of the total feed intake of

FIGURE 5.5

livestock globally (considering cattle, buffaloes,
sheep, goats, chickens and pigs across all pro-
duction systems) (Mottet et al., 2017). Livestock,
as well as producing milk, meat and offspring,
provide draught power for farm operations, trans-
portation and pumping water. Their dung and
urine can be applied to fields as fertilizers. Animal
manure can be used as a source of energy in the

Livestock and crop integration: from a linear to a circular bioeconomy

LINEAR

30% of global cereal production is used as livestock feed

Residues

Animals

CIRCULAR

Residues

Source: FAO, 20180.

Total nitrogen in livestock manure is higher than nitrogen from synthetic fertilizers

Animals

Crop residues and by-products account for 25% of livestock feed intake
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form of biogas or dung cakes that can replace
charcoal and wood. Figure 5.5 illustrates how the
relationship between crop and livestock produc-
tion can either be “linear”, with the by-products
of each activity being wasted, or “circular” with
the by-products of each component of the system
serving as inputs to the other. Integration of
this kind can occur within an individual farm or
between separate farms. As well as providing bio-
physical benefits, crop-livestock integration can
also provide a buffer against economic risks asso-
ciated with the failure in one component of the
system caused, for example, by climatic shocks or
pest or disease outbreaks (see also Section 2.3).

Historically, crop-livestock integration has been
strongly driven by population growth and the need
to generate more food from the same amount of
land and hence to intensification through plough-
ing with draught animals and the use of animal
manure as fertilizer (Boserup, 1965; Mazoyer and
Roudart, 2006; McIntire, Bourzat and Pingali, 1992).

Although the environmental impacts of mixed
systems vary greatly, integration creates opportu-
nities to reduce environmental problems (includ-
ing impacts on biodiversity) associated with waste
disposal or the supply and use of external inputs.
Appropriately used livestock manure can benefit
soil biodiversity (FAO, 2018f). If a farm contains a
combination of crop fields and pastures, this will
add some diversity to local habitats and may help
support a more diverse range of pollinators, bio-
logical control agents and other components of
associated biodiversity. Where domesticated bio-
diversity is concerned, while the crop or livestock
components of mixed farms are not necessarily
diverse in terms of their species and within-species
composition, overall such systems can be assumed
to create a variety of “niches” that do not exist
in specialized crop or livestock systems and hence
to promote the maintenance of a relatively
diverse range of genetic resources. For example, a
mixed farm may require animals that can provide
draught power and thrive on diets that are heavy
in crop residues.

Agropastoral systems are a specific form of crop-
livestock integration. They are found mainly in

drylands and are characterized by the integration
of crop production with rangeland grazing, in
some cases involving transhumance, i.e. the move-
ment of herds/flocks away from the farm for part
of the year. This kind of integration can involve the
herds and croplands belonging to a single house-
hold, but can also involve arrangements between
households. For example, transhumant Fulani
pastoralists in West Africa arrange to graze their
animals on the stubble left in fields after farmers
have harvested their crops, the animals benefiting
from the feed and the fertility of the cropland ben-
efiting from the droppings left by the animals.

Integration of trees with livestock production
(a form of agroforestry, see also Section 5.5.3) is
widespread globally. Systems in which perennial
trees or shrubs are grown together with herba-
ceous crops and integrated with livestock produc-
tion are referred to as agrosilvopastoral systems.
These systems are particularly common in parts of
Africa, where uncertain weather conditions mean
that crop production is risky. Multipurpose trees
(e.g. Leucaena and Gliricidia) grown in hedges
between crop plots enhance soil fertility, improve
crop yields, provide feed for animals and serve
as a source of fuelwood (Devendra and Ibrahim,
2004). Integration of trees and shrubs into pas-
tures grazed by animals (silvopastoralism) is very
common in the tropics, particularly in small-scale
systems. Intensive silvopastoral systems in which
fodder shrubs planted at high densities are com-
bined with improved pastures are also common,
especially in Latin America (Chara et al., 2018).
Grazing livestock can also be integrated with
various kinds of tree crops, for example coconut
trees in the tropics or fruit trees in Europe (see, for
example, Box 5.11).

Status and trends

Sources of information on the status of crop-
livestock integration are scattered and usually
not consolidated at regional or global level
(Herrero et al., 2007). National agricultural
statistics services collect data on crop and live-
stock in agricultural holdings, but these data
are often incomplete, especially in developing
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countries. In addition, they include little specific
data about the integration between crops and
livestock (for example, on the use of crop resi-
dues or manure). These data gaps are a major
constraint to the understanding and assessment
of integrated production systems. Some initia-
tives are, however, attempting to address these
weaknesses. For example, the FAO/World Bank
project Improving Data for Better Policies under-
took surveys and organized workshops in sub-
Saharan Africa to collect, validate and dissem-
inate data on livestock and integrated mixed
systems, with the goal of facilitating public
and private investments in such systems (Pica-
Ciamarra et al., 2010). The Pastoralist-Driven
Data Management System project implemented
by FAO’s Pastoralist Knowledge Hub* is col-
lecting information on the complementarities
of crop and livestock production in household
economies in Argentina, Chad and Mongolia.
The Livestock Data for Decisions (LD4D)* initia-
tive brings together “data suppliers” and “data
users” to ensure data supply meets data demand.

In developed countries, official statistics on
the status of integrated crop-livestock farming
are more common, for example in the European
Union, where data on integrated systems are
available through the agri-environmental indi-
cators on specialization. About 30 percent of
farms in the European Union can be classified as
mixed, a figure ranging from 3 percent in Ireland
(where most farms are specialized in livestock) to
62 percent in Lithuania (Eurostat, 2016). Mixed
farms in Europe occupy about 20 percent of the
agricultural area (ibid.), implying that they are, on
average, smaller than other farms.

When national statistics are not available,
limited household surveys can provide some
insight into the status of integrated crop-livestock
systems and, when repeated over time, on their
trends. However, livestock is inadequately rep-
resented in most surveys, and available data are
rarely sufficient to provide a systematic picture

4 http://www.fao.org/pastoralist-knowledge-hub/en
4 https:/ld4d.org

of integrated crop-livestock systems in the areas
assessed. What is clear, however, is that livestock
keeping is widespread among the rural population
in many developing countries, many of whom will
also be crop producers. For example, an analysis of
data from household surveys in 14 (mainly devel-
oping) countries showed that around 60 percent
of rural households kept at least one species of
livestock (FAO, 2009a). Similarly, Arslan et al.
(2018) showed that in Zambia at least 60 percent
of rural households own livestock.

Modelling can also provide insights. For
example, the FAO Global Livestock Environmental
Assessment Model (GLEAM)* provides informa-
tion on livestock production systems, including
mixed crop-livestock systems, and (inter alia) the
numbers of animals raised within them, the pro-
duction levels and feed intakes of these animals,
and the contributions of the systems to the
supply of livestock products and to greenhouse-
gas emissions. Results from GLEAM (FAO, 2018n)
show that about 60 percent of ruminants in
the world are held in integrated crop-livestock
systems. This share varies from around 25 percent
in regions such as Central Asia and Central Africa,
where livestock are mostly kept in extensive,
specialized grazing systems, to over 66 percent in
regions such as West Africa, Southern Europe and
the Caribbean, where integrated crop-livestock
systems are predominant. Crop-ruminant inte-
grated systems produce about two-thirds of all
meat and milk from ruminants at global level
(expressed in protein equivalent). Where mono-
gastrics are concerned, results from GLEAM show
that backyard pigs, which are usually in integrated
systems, account for about 45 percent of pigs
and 27 percent of pig-meat production globally.
Backyard chickens account for 18 percent of all the
world’s chickens, about 14 percent of global egg
production and about 4 percent of global chicken-
meat production.

Overall, integrated crop-livestock systems
make a larger contribution to livestock pro-
duction than any other system (Gerber et al.,

% http://www.fao.org/gleam/en
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2013). In 2000, integrated production systems
generated close to 50 percent of the world’s
cereals: 41 percent of maize; 86 percent of
rice; 64 percent of sorghum; and 67 percent of
millet (Herrero et al., 2012). These systems also
produced the bulk of livestock products in the
developing world (75 percent of the milk and
60 percent of the meat) and employed millions of
people on farms, in formal and informal markets,
at processing plants and at other stages of the
value chain (FAO, 2010e). Most of the world’s
430 million poor livestock keepers are found in
mixed systems (Robinson et al., 2011). The most
economically important livestock systems in Asia,
Latin America and North Africa are mixed systems
(Thornton and Herrero, 2001).

With regard to trends, the past four decades
have seen the expansion of specialized livestock
production systems in high-income countries
and those with emerging economies, mainly for
monogastrics but also to some extent for cattle
(FAO, 2009a). This has been accompanied by a
homogenization of crop production systems,
with greater use of synthetic fertilizers at the
expense of livestock manure. The consequences
of this have included decreases in soil organic
matter and high discharge of nutrients into the
environment in areas where large numbers of
animals are raised in intensive units, with neg-
ative impacts in turn on aquatic, soil and other
biodiversity (see also Chapter 3). Time-series data
for such changes are rare. However, data from
the above-mentioned Eurostat database on agri-
environmental indicators indicate that the number
of mixed crop-livestock farms in the European
Union declined by 45 percent between 2005 and
2013, and that the area under mixed crop-livestock
systems decreased by 26 percent over the same
period (Eurostat, 2016).

Low-income countries have, in contrast, seen a
general trend towards greater integration of crop
and livestock production activities as population
density has increased and the availability of land
has declined (Robinson et al., 2011; Thornton and
Herrero, 2001). The land area occupied by mixed
systems in developing countries is projected to

increase slightly by 2030, with most of the increase
occurring in sub-Saharan Africa (Herrero et al.,
2012). However, this will be far outweighed by
the increase in the human population associated
with these systems (ibid.). These high population
densities will place significant pressure on natural
resources and ecosystem services, including on
water supplies and biodiversity.

Needs and priorities

Livestock (and particularly ruminants) will con-
tinue to play key roles in providing draught power
and manure in the mixed production systems of
developing countries for the foreseeable future.
If productivity is to increase despite the limited
availability of land and other resources, there is
a real need for research into how complementa-
rities between crop and livestock production can
be enhanced (Thornton and Herrero, 2001, 2015).
This will require greater emphasis on multidisci-
plinary approaches, both in research and in project
implementation. There will be a need to improve
assessment of the performance of crop-livestock
systems relative to that of specialized systems, not
only in terms of the supply of food and non-food
products, but also in terms of the supply of a range
of other ecosystem services. Attention also needs
to be paid to socio-economic dimensions such
as employment, income generation and gender
equity. As noted above, detailed information
on trends in the extent to which crop-livestock
integration is practised is often lacking. There is
therefore a need to improve data collection and
to provide concrete guidance to governments and
researchers on how to monitor and assess the evo-
lution of mixed systems.

5.5.2 Home gardens

Introduction

The country-reporting guidelines defined a home
garden as follows: “an integrated system which
comprises different components in a small area
around the homestead, including staple crops,
vegetables, fruits, medicinal plants, livestock and
fish both for home consumption or use and for

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



THE STATE OF USE OF BIODIVERSITY FOR FOOD AND AGRICULTURE

income. [It] may include the family house, a living/
playing area, a kitchen garden, a mixed garden,
a fish pond, stores, an animal house [or other
elements].”*® In many parts of the world, home
gardens typically include trees and are considered
a type of agroforestry practice (see Section 5.5.3).
While such gardens are generally not among
households’ main sources of income or staple
food,*” they often serve as essential supplemen-
tary sources of food and income and contribute
to the overall diversity and security of livelihoods
(Galhena, Freed and Maredia, 2013; Landon-Lane,
2011). These roles can be especially significant
among disadvantaged sections of the population,
whose diets often consist largely of a limited selec-
tion of staple foods. Products from home gardens
can dramatically improve the quality of such diets
by increasing the availability and accessibility of
micronutrient-rich or protein-rich foods such as
leafy green vegetables, fish and eggs (Buchmann,
2009; Galhena, Freed and Maredia, 2013; Landon-
Lane, 2011).

Species diversity in home gardens is often
very high (Nair, 2006). They are often also rich
in intraspecific diversity. For example, Thaman,
Elevitch and Kennedy (2006) documented the pres-
ence of 21 different coconut cultivars, 28 bread-
fruit cultivars and 37 banana cultivars in home
gardens in Yap, Federated States of Micronesia.
Home gardens can therefore be major reservoirs
of domesticated biodiversity, particularly in coun-
tries where commercial agricultural systems make
little use of landraces (Galluzzi, Eyzaguirre and
Negri, 2009). As discussed in Section 2.2, home
gardens in some areas serve as important habitats
for potentially threatened wild species. They can
also contribute a number of other environmental
benefits (e.g. carbon sequestration), particularly
when they replace more wasteful land uses such
as lawns in urban areas and are managed using
sustainable practices, for example using greywater
for irrigation (Cleveland et al., 2017).

4 Definition based on FAO (1995b).

47 There are some exceptions. For example, many households in
the Pacific Islands grow their main staple root crops in home
gardens (Galhena, Freed and Maredia, 2013).

While it is well recognized in the literature (e.g.
Landon-Lane, 2011) that home gardens are part
of the daily life of most communities - rural and
to some extent urban - worldwide, there are no
comprehensive global statistics on the distribution
and status of such systems. Kumar and Nair (2006)
report some attempts to compile statistics on
home gardens at national or subnational levels in
some South and Southeast Asian countries, citing,
for example, figures reported by Kumar (2006)
of 5.13 million ha of land under home gardens
in Indonesia, 1.05 million ha in Sri Lanka and
1.44 million ha in Kerala, India. Some studies have
looked at the ways in which drivers of change
are affecting the extent and characteristics of
home gardens. For example, Mohri et al. (2013),
again referring to parts of South and Southeast
Asia, note that a range of factors including socio-
economic drivers are promoting a shift from
subsistence to commercial production in home
gardens, with more land area being dedicated to
such systems, but also an increasing focus on the
cultivation of cash crops.

Status and trends

Analysis of the country reports shows that 31 coun-
tries indicate the presence of home gardening
(Table 5.1). The practice is reported mainly in the
context of irrigated and rainfed crop systems,
but also for mixed, forest and livestock-based
systems. Only a few countries provide information
on whether the use of the practice is increasing,
decreasing or stable. However, to the extent that
information is available, it indicates that the use
of home gardens is increasing across most systems
(Table 5.2). Trends appear to be either stable or
increasing across most regions, with no instances
of downward trends reported from Africa, Asia or
the Pacific and only a few from Europe, the Near
East and Latin America and Caribbean.

Significance in terms of biodiversity

and livelihoods

The country reports indicate that home gardens
are important reservoirs of biodiversity, particu-
larly plant biodiversity. Some reports from Asia
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Box 5.9

Promotion of home gardens for healthy diets in Solomon Islands

The people of Solomon Islands have a long tradition of
maintaining home gardens as sources of food and nutrition
security and income diversification. While, like the people
of other Pacific Island nations, Solomon Islanders have
increasingly come to rely on imported foods, subsistence
home gardens are still the main source of many staple and
vegetable foods for most of the population. The importance
of home gardens is not confined to rural areas — there is a
well-established tradition of tending urban home gardens
(sup sup gardens, as they are known locally), where food
crops are grown in association with fruit trees.

Recognizing the value of home gardens to the health
of the local population, the Ministry of Agriculture and

Wetland crops grown in old tyres. A: Cyrtosperma merkusii (giant swamp taro)
and B: Ipomoea aquatica (a leafy vegetable). ©Helen Tsatsia.

(the Lao People’s Democratic Republic, Nepal
and Viet Nam) describe how home gardens in the
region traditionally include fishponds, as well as
fruit and fuelwood tree species. Some countries
report quantitative data illustrating the high
levels of diversity that can be found in home
gardens. For example, Ecuador mentions the exist-
ence of home gardens in which 127 forest, crop,
livestock and aquatic species have been recorded
in 0.45 ha. Peru mentions gardens containing
up to 90 species used for food or medicinal pur-
poses. However, the precise contributions of home

Livestock and the Ministry of Health of Solomon Islands
have, over the years, promoted the role of these systems

as a means of increasing people’s access to fresh produce
and countering the rising occurrence of chronic diseases.
Measures have included the provision of training on the
cultivation of crop and tree species that are easily adaptable
to urban conditions and require little maintenance, including
Chinese cabbage (Brassica rapa), pak choi (Brassica rapa
subsp. chinensis), peppers (Capsicum spp.), papaya (Carica
papaya), guava (Psidium guajava) and star fruit (Averrhoa
carambola).

Sources: Country report of Solomon Islands and FAO et al., 2016.

Mixed crops in backyard garden. A: Jpomoea batatas (sweet potato), B:
Cucurbita species (pumpkin), C: Carica papaya (papaya) and D: Abelmoschus
manihot (aibika, bele, slippery cabbage). ©Helen Tsatsia.

gardens to the maintenance of BFA are generally
difficult to assess on account of their diverse char-
acteristics and/or a lack of comprehensive infor-
mation on their size and distribution.

Countries report a range of specific ways in
which home gardens contribute to the sustainable
use and conservation of BFA. For example, Papua
New Guinea mentions that farmers bring crop wild
relatives into home gardens for cultivation, noting
in particular that “tulip” (Gnetum gnemon), a leafy
delicacy used in many traditional dishes, is widely
grown inhome gardens. Among European countries,
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Estonia reports that its Crop Research Institute
relies in part on home gardens as a source of seeds
for its gene bank. The Netherlands notes that while
most traditional plant varieties are not grown in
commercial systems, many survive in home gardens.

Some countries mention circumstances in which
home-gardening practices can threaten biodiver-
sity. For example, Oman notes that cultivation of
exotic species, such as leucaena (Leucaena leuco-
cephala), in home gardens is increasingly threat-
ening local biodiversity. France mentions the need
to consider the impacts that agrochemicals used in
home gardens have on biodiversity, and refers to a
national law, intended to enter into force in 2017,
that limits the use of such products to professional
producers and is expected to have a positive impact
on biodiversity associated with home gardens.
Similarly, Switzerland notes that in recognition of
the potentially harmful effects of pesticides on the
environment and human health, including when
used in allotment gardens, its Federal Office for
the Environment has issued guidance and recom-
mendations on the handling of plant-protection
products by non-professional users. Poland reports
threats to biodiversity associated with the expan-
sion of single-family housing areas and the related
uncontrolled use of groundwater for irrigation of
home gardens, which has led to decreases in local
groundwater levels and water flows into rivers.
Conversely, the same report notes that kitchen
gardens near pasture areas have a positive impact
on local biodiversity, including insect pollinators
and other invertebrates.

Countries that provide information on home
gardens generally seem to regard them as impor-
tant contributors to livelihoods and to food

48 Under Law 2012-100 (LOI n°® 2014-110 du 6 février
2014 visant a mieux encadrer |'utilisation des produits
phytosanitaires sur le territoire national — available, in
French, at https://www.legifrance.gouv.fr/affichTexte.
do?cidTexte=JORFTEXT000028571536&dateTexte=20160927)
use of pesticides in places open or accessible to the public
has been banned since 1 January 2017. A ban in private areas
came into force on 1 January 2019. The ban does not apply to
authorized biocontrol products, products that can be utilized in
organic agriculture and products classified as “low-risk” under
the relevant European Union legislation.

security and nutrition. A range of different initi-
atives aimed at supporting and extending these
roles are reported (see Box 5.9 and Box 5.10 for
examples). A number of countries note the signif-
icant role of women in the management of home
gardens, and hence as custodians of the BFA asso-
ciated with them. Countries across several regions
(e.g. China, the Gambia, Panama and Slovenia)
note that it is usually women who are aware of
the edible and medicinal properties of plants and
who tend home gardens, including saving seeds
for the following season. This role is also well
documented in the literature (e.g. Nair, 2006).

Threats and drivers of change

Many countries provide information on threats
to home gardens and hence potentially to the
biodiversity found in these systems. Countries
from several regions mention threats associated
with the spread of invasive alien species. For
example, the Cook Islands reports that chang-
ing dietary preferences, particularly among the
younger generation, have led to increases in wild
pig and fowl populations and that this has led to
more frequent occurrences of serious damage to
home gardens. Both Nepal and Argentina report
that increasing populations of giant African
snails (Lissachatina fulica) present a serious
threat to home gardens in both urban and rural
areas. Estonia mentions that the Colorado potato
beetle (Leptinotarsa decemlineata) has caused
severe damage in small-scale production systems,
including home gardens. Climate change is also
noted as a threat, particularly by some Pacific
Island countries, where home gardens are often
located in low-lying coastal areas.

Changes in farming systems, including shifts
towards intensive practices and a more market-
focused orientation — along with some broader
socio-economic drivers — are also mentioned.
Countries report a range of different challenges
in this regard. For example, Peru mentions that,
while family home gardens have traditionally
played a key role in the preservation of indige-
nous varieties and species (e.g. the tree tomato
[Solanum betaceum]), such plants are increasingly
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Box 5.10

Projects and initiatives targeting home gardens — examples from around the world

Argentina

The nationwide PROHUERTA programme has led the
development of home gardens in Argentina. The programme
was launched in 1990 and now extends to over 90 percent
of the country’s municipalities. The programme’s goals

are to increase access to fresh and nutritious foods, as

well as to increase incomes, particularly among the most
disadvantaged sections of the population. The programme
has created some 560 000 home gardens and 12 000 school
and community gardens, and has benefited 2.8 million
people. The programme has also included South—South
cooperation efforts involving exchange of information and
experiences with other countries, including Angola, Ghana,
Haiti and Mozambique. In addition, an interdisciplinary
group of experts from the University of Buenos Aires has
been set up to work, inter alia, on promoting agroecological
home gardens to improve community livelihoods and
establishing community nurseries to grow native plants
(including those used as foods) and improve soil health.

Finland

Finland has established a catalogue of horticultural species used
in home gardens and launched an online portal for recording
traditional and heritage cultivars, via which users can report and
provide information (including cultural/historical information)
on potentially valuable plants and possible landraces.

Lao People’s Democratic Republic

In the Lao People’s Democratic Republic, small gardens have
been successfully established in schools for use in education
and awareness raising. The resulting increase in interest

in agrobiodiversity management led the Department of
Education of Xieng Khouang Province to develop a curriculum
for agrobiodiversity education, which was later approved by
the national ministry for use throughout the country.

Mexico

The NGO Vision Mujer focuses on promoting training for
women, including on the preservation and cultivation

of plants that have edible or medicinal uses. The first
experimental community garden was established at the
Fisheries Research Centre on Isla Mujeres to serve as a

reference centre for organic production practices and build
capacity on home and school gardening.

Nauru

In Nauru, the Horticulture and Livestock Breeding Project
promoted by the Taiwan Technical Mission and the
Department of Commerce, Industries and Environment
focuses on supporting horticultural and livestock production
in home gardens as a means of improving food and nutrition
security. The project has promoted sustainable management
practices, for example the use of composting to improve soil
fertility. Local farmers are encouraged to cultivate native tree
species for use in reafforestation programmes. The project has
successfully set up vegetable gardens with 50 farmers and
three schools and supplied vegetables for 800 schoolchildren
through the Nauru School Feeding Program. It has also raised
awareness and built capacity on vegetable growing and
cooking and on composting practices.

Nepal

A Swiss-funded project implemented by Local Initiatives
for Biodiversity, Research and Development (LI-BIRD),

in collaboration with national authorities, is promoting

the conservation and sustainable use of agrobiodiversity
through home gardens. The project aims to increase families’
food security, dietary diversity and incomes by promoting
diversification in home gardens, including by combining
the cultivation of vegetables, fruits and mushrooms with
the rearing of livestock, fish and honey bees. As a result of
the project, over two-thirds of the 7 700 target households
have both diversified their diets by increasing consumption
of fresh garden produce and reduced their expenditure on
vegetables by 75 percent.

Sri Lanka
In Sri Lanka, the Department of Agriculture encourages the
cultivation of organic vegetables in home gardens using
traditional varieties that do not require chemical fertilizers
or pesticides. Activities have included the distribution of
the True Sri Lanka Taste seed pack consisting of traditional
vegetable varieties.

(Cont.)
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Projects and initiatives targeting home gardens -

Tonga

The Tonga Health Promotion Foundation (TongaHealth)
promotes home gardens as a means of increasing the
consumption of a range of local fruit and vegetables. For
example, villages wishing to access resources such as
seedlings and fencing are provided with grants via the
Community Gardening Programme. The aim of this initiative
is to increase the consumption of healthy foods among
Tongan families. To ensure sustainability, each household

is encouraged to plant eight local vegetables and fruits in
their residential garden for easy access throughout the year.
Over 1 800 households have participated in the Community
Gardening Programme since 2009. Tonga's 2015 Census
recorded a total of 2 888 home gardens in the country.

being replaced by more profitable crops. As
well as leading to genetic erosion, this trend is
reported also to be contributing to the loss of tra-
ditional knowledge. Nauru, in contrast, reports
renewed interest in home gardens but a lack of
relevant local knowledge and technical skills.
Panama mentions that, among other factors, the
increasing availability of ready-to-eat products
is reducing the use of food from home gardens.
China reports that rural families are increasingly
being drawn towards economically more attrac-
tive off-farm work, which leaves them little time
to tend to their home gardens, and notes that this
is negatively affecting BFA.

Needs and priorities

The main gap identified in the country reports in
relation to home gardening is a lack of informa-
tion on the status and trends of home gardens
and on the contributions they make to the conser-
vation of BFA and to the resilience of production
in the face of challenges associated with (inter
alia) climate change and socio-economic trends.
Reported priorities in this regard include the pro-
vision of funding for thorough assessments of
home-gardening practices and their impacts and

examples from around the world

Zimbabwe

In 2001, the Municipality of Bulawayo, together with World
Vision, established urban allotment gardens to support
vulnerable groups such as people living with HIV/AIDS,

the elderly, widows and orphans. The main aims were to
address acute food shortages and nutritional imbalances,
raise awareness on HIV/AIDs, improve well-being and build
people’s capacities. As of 2008, more than 1 500 people had
already benefited from the gardens.

Sources: Country reports of Argentina, Finland, Mexico, Nauru, Nepal, Sri
Lanka, Tonga (with additional information from the website of the Tonga
Health Promotion Foundation - https://www.tongahealth.org/about_us)

and Zimbabwe, and the Lao People’s Democratic Republic Agrobiodiversity
Programme and Action Plan Il (2015-2025). More information on PROHUERTA
can be found (in Spanish) at http:/prohuerta.inta.gov.ar.

for adequate dissemination of the data collected.
Some countries mention priorities related to capac-
ity development. For example, Panama identifies
the need to strengthen the capacity of extension
services to support home gardening. A few prior-
ities related to the use of specific components of
BFA within home gardens are also noted. The Lao
People’s Democratic Republic mentions the poten-
tial of diversifying livestock and fish production in
home gardens, but notes that indigenous poultry
are poorly understood and need to be studied sys-
tematically. Belarus mentions the importance of
developing recommendations on the cultivation
of wild plant species used for food, including in
home gardens.

5.5.3 Agroforestry

Introduction

The country-reporting guidelines define agrofor-
estry as “a collective name for land-use systems
where woody perennials ... are integrated in the
farming system.” In practice, however, use of the
term varies from country to country, reflecting
local, national and regional contexts. Moreover,
since the word rose to prominence in the late
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1970s (Bene, Beall and Cote, 1977), its usage has
evolved considerably. Van Noordwijk, Coe and
Sinclair (2016) describe three successive para-
digms: the first focused on plot-level interactions
of trees with crops or livestock; the second based
on a landscape-level understanding of agrofor-
estry as a land use with explicit (positive) impacts
(Leakey, 1996); and the third encompassing the
combination and interface of all agriculture and
forestry issues without reference to the institu-
tional barriers that have traditionally separated
them. Van Noordwijk, Coe and Sinclair (2016)
propose a new definition of agroforestry that
recognizes all three paradigms and can be par-
aphrased as “land use that combines aspects
of agriculture and forestry, including the agri-
cultural use of trees.” Moreover, usage of the
term by farmers and development practition-
ers is often more specific than usage in scien-
tific circles. Generalizations about the state of
agroforestry are thus difficult to make, even at
country level. The following paragraphs provide
illustrative examples of the types of agroforestry
practised in various regions of the world.

In East and Southern Africa, agroforestry systems
include cereal-based systems that feature indig-
enous and introduced tree species valued for
timber (Grevillea robusta, eucalypts [Eucalyptus
and Corymbia spp.]), fruits (e.g. mango [Mangifera
indica] and avocado [Persea americanal), charcoal
(acacias [Acacia spp.]), fodder (Calliandra spp.)
and soil-fertility enhancement (e.g. winter thorn
[Faidherbia albidal). Systems include many indige-
nous and exotic tree species that are planted or pro-
tected in a variety of niches to supply various eco-
system services (Bein et al., 1996; Kindt et al., 2017).
Although many indigenous tree species also feature
in priority lists, farmers are increasingly replacing
them with exotics (Kehlenbeck et al., 2011).

Traditional “parkland” systems, i.e. mixed crop—
tree-shrub-livestock assemblages derived from
savannah ecosystems (Maranz, 2009), are the main
sources of food, income and environmental services
across the Sahelian zone of West Africa (Bayala et
al., 2011a). Their species richness ranges from mono-
specificity to more than 100 species of trees and

shrubs, although species-rich systems may be domi-
nated by a few species (Bayala et al., 2011b; Kessler,
1992; Kindt et al., 2008). Shrubs in parklands may be
coppiced throughout the rainy (cropping) season.
Farmers actively manage and protect trees, includ-
ing by protecting naturally regenerating trees from
livestock and during tillage operations (Brandt et
al., 2018; Hanan, 2018; Reij and Garrity, 2016). Tree
density is kept low so that canopy cover is not con-
tinuous. These practices contribute to agricultural
productivity and help to conserve plant and animal
biodiversity by offering diverse above-ground and
below-ground habitat niches.

In the humid tropics of West and Central Africa,
prevalent agroforestry practices include the fol-
lowing: home gardens; perennial tree crop-based
systems (cocoa, coffee, oil palm, rubber); slash-and-
burn agriculture where high-value species provid-
ing timber and non-timber forest products are
retained; improved fallows (e.g. with red calliandra
[Calliandra calothyrsus], leucaena [Leucaena leuco-
cephalal, gliricidia [Gliricidia sepium], ice-cream
bean [Inga edulis], mangium (Acacia mangium)
and Acacia auriculiformis, pigeon pea [Cajanus
cajan], Vogel's tephrosia [Tephrosia vogelii], sesba-
nia [Sesbania sesban]); boundary planting (mostly
in hilly areas); and small woodlots with Eucalyptus
spp., red stinkwood (Prunus africana) and grevillea
(Grevillea robusta) (Atangana et al., 2014).

Mosquera-Losada et al. (2012) identified six
main categories of European agroforestry: silvo-
arable practices; silvopasture; forest farming
(“forested areas used for production ... of natural
standing speciality crops for medicinal, ornamental
or culinary purposes”); riparian buffers; improved
fallow; and multipurpose trees. They noted that
many practices that had declined during the
period of agricultural intensification that fol-
lowed the industrial revolution are now reviving
as a consequence of policy changes. However, as
documented by den Herder et al. (2015), the dom-
inant practices in terms of land area continue to
be those traditional practices that were relatively
unaffected by agricultural intensification, for
example the oak-based systems known as dehesa
(Spain) and montados (Portugal) and (particularly)
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reindeer-husbandry systems in Scandinavia. The
reindeer-husbandry systems are practised more
widely (41.4 million ha) than all other European
systems combined.

Agroforestry practice in Latin America is thou-
sands of years old (Miller and Nair, 2006). Dominant
current types of agroforestry include the follow-
ing: cacao and coffee systems (Somarriba et al.,
2014); silvopasture (Montagnini, lbrahim and
Murgueitio, 2013); tree fallows (improved or
otherwise) in swidden agriculture (Cotta, 2017;
Smith et al., 1999); home gardens (Padoch and de
Jong, 1991); and native trees and shrubs in field
boundaries and along contour lines in moun-
tain areas (Mathez-Stiefel, 2016). Use of both
natural regeneration — particularly timber and
shade species — and planted trees is common. The
acronym SAF (an abbreviation of the Portuguese
and Spanish words for “agroforestry system") has
wide currency, and usually refers to multistorey
systems of varying complexity. In Brazil, market-
oriented systems may consist of intercropping
three or more, mostly perennial, planted crops, for
example cacao (Theobroma cacao), acai (Euterpe
oleracea), black pepper (Piper nigrum), cupuacu
(Theobroma grandiflorum) or some timber species
or oilseeds (Bolfe and Batistella, 2011), or much
more complex high-biodiversity systems in which
natural regeneration is managed, for example
cabruca® systems (Sambuichi et al., 2012) and
successional agroforests (Cezar et al., 2015).

Agroforestry practice and concepts in Oceania
vary widely. Agroforestry has traditionally been
an important farming system for Pacific Islanders
(Thaman, Elevitch and Kennedy, 2006). On the
smaller, land-scarce Pacific islands, tree fruits
and nuts are important components in intensive
farming systems (Evans, 1999). In rural communities
in Papua New Guinea, native and exotic tree species
such as casuarina (Casuarina oligodon), betel-
nut palm (Areca catechu) and gliricidia (Gliricidia
sepium) provide important agroecological services
and products for sale or home consumption (Page
et al., 2016; Bourke and Harwood, eds., 2009). In

4 Cocoa trees grown under a thinned natural-forest canopy.

Australia, the term “agroforestry” is used broadly,
but with some emphasis on timber production and
agroforestry as “farm forestry” (e.g. Reid, 2017).
Prominent agroforestry systems in South Asia
include: poplar-based commercial agroforestry
(especially in India); fruit orchards; home gardens;
cardamom and alder mixtures (Bhutan, India and
Nepal); tree and shrub fodder production; silvo-
pastoral systems; coastal shelterbelts (India and Sri
Lanka); shifting cultivation (“chena” in Sri Lanka);
trees interspersed on farmland; taungya (India,
Sri Lanka); and tea and coffee agroforestry. In
India, trees outside forests, of which trees grown
on farms are a subset, account for 65 percent of
timber production and almost half of fuelwood
production (Government of India, 2017).
Southeast Asian farmers use a rich variety of
agroforestry practices. These include: high-diversity
home gardens; improved fallow (e.g. with natural-
ized leucaena [Leucaena spp.] in the Philippines);
commodity-based agroforestry systems (in
Indonesia these smallholder mixed systems
produce 96 percent of the national coffee yield,
92 percent of the cacao, 80 percent of the rubber,
39 percent of the oil palm and 26 percent of the
tea — DGEC, 2012); agroforests such as the damar
agroforests and “jungle rubber” of Sumatra and
Kalimantan, taungya and tumpangsari in teak or
pine plantations in Indonesia and Thailand; trees
planted at wide spacing in open-field agriculture
(e.g. forest-rice terrace systems in the southern
and northern Philippines); SALT (sloping agricul-
tural land technologies), for example hedgerow
planting, alley cropping and NVS (natural vege-
tative strips) on sloping land in Indonesia, the
Philippines and Viet Nam; and boundary planting
around farms and fields (e.g. of fodder trees in
Indonesia and the Philippines). In Indonesia, agro-
forestry has become one of the land-based strat-
egies for the national climate change adaptation
and mitigation, and social-forestry, programmes.

Status and trends

Estimates of the global extent of agroforestry
have differed by orders of magnitude. Reasons for
this include the many different ways of using trees
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in agriculture, the “invisibility” of agroforestry in
official statistics and differing understandings of
what constitutes agroforestry (see above). What
is clear is that where tree growth is not limited
by environmental factors — usually temperature
or precipitation (Runyan and D'Odorico, 2016) —
trees are ubiquitous in agricultural landscapes,
the most obvious exceptions being some agro-
industrial landscapes.

Under a landscape-level definition of agro-
forestry, global datasets assembled for other
purposes can be used to estimate the extent of
agroforestry. For example, Zomer et al. (2014),
using 1 km? resolution gridded data layers of
tree cover and land use, defined agroforestry
as occurring in pixels that are classified as “agri-
cultural land” and have a certain level of tree
cover. They estimated the global land area under
agroforestry (based on three-year averages for
2008 to 2010) to be 3.1 million km? if taken to
include agricultural land with >30 percent tree
cover, and 9.6 million km? if taken to include
agricultural land with >10 percent tree cover.>®
These are vast areas, roughly equivalent, respec-
tively, to the areas of India and China. Table 5.5
shows regional estimates of the area under agro-
forestry, using an intermediate (=20 percent tree
cover) criterion. In absolute area, South America
and Southeast Asia are easily the most significant
“agroforestry regions”, together constituting
about 45 percent of the global total. In propor-
tional terms, agroforestry is far more preponder-
ant in Central America and Southeast Asia than
in any other region. It should be noted that in

0 Two aspects of the methodology used in this analysis should be
noted. First, pixels corresponding to 1 km? area were used as
the basis for tree cover classification. A given percentage tree
cover in a given pixel may indicate various things. For example,
30 percent tree cover might mean 70 percent treeless and
30 percent forested or an intimate mixture of trees and crops in
which tree crowns overlay 30 percent of the area (or anything
in between). Although all pixels are located on land classified
as “agricultural”, it is possible that some pixels that consist of
contrasting treeless areas and closed canopy forest areas may
not constitute agroforestry as commonly understood. Second,
the estimates will have excluded some areas under agroforestry,
because these occur on land classified as non-agricultural
(Zomer et al., 2014).

some cases the regional values mask important
intraregional variation.

Global recognition of the contributions of
agroforestry has increased over the past decade,
as have the mainstreaming of agroforestry into
development and environmental agendas and
appreciation of its potential impact on rural live-
lihoods, climate-smart agriculture, biodiversity
conservation and land restoration. This higher
profile also reflects wider acceptance and adop-
tion of agroecological practices in agriculture.
In individual countries and regions, the move
towards mainstreaming is related — as both cause
and effect - to policy and legal changes. Examples
from several regions are provided in Box 5.11. A
number of the country reports mention policies
and programmes supporting agroforestry, includ-
ing through education and extension, research
and the provision of payments for ecosystem ser-
vices. France's Agroforestry Development Plan is
described in Box 5.12.

Increasing levels of awareness and support can
be expected to lead to increases in the land area
under agroforestry. Globally, there seems already
to have been aslight increase (Table 5.5), although
unravelling the causes of particular regional trends
would require more detailed analysis. Increases in
tree cover are not necessarily the result of policy
measures or other high