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FOREWORD

As we were putting the f inishing touches to 
The State of the World�s Forests 2020 (SOFO), the 
world came face to face with the unprecedented 
challenges of the COVID-19 pandemic. While 
the immediate global priority is to tackle this 
public health emergency, our long-term 
response must also address the underlying 
causes of such a pandemic. The degradation 
and loss of forests is one such contributing 
factor, disrupting nature�s balance and 
increasing the risk and exposure of people to 
zoonotic diseases. Understanding and keeping 
track of the state of our world�s forests has 
never been so important.

This year marks the end of the United Nations 
Decade on Biodiversity and the implementation 
of the Strategic Plan for Biodiversity 2011�2020. 
All countries are coming together to review 
progress towards the Plan�s f ive Strategic Goals 
and the 20 Aichi Biodiversity Targets to shape the 
post-2020 global biodiversity framework.

This framework must be underpinned by 
evidence:  evidence of the current state of the 
world�s biodiversity and recent trends; evidence 
of the linkages between biodiversity and 
sustainable development; and evidence of 
successful actions taken to conserve and 
sustainably use the many products and services 
that the world�s biodiversity provides to support 
food security and human well-being.

The vast majority of terrestrial biodiversity is 
found in the world�s forests � from boreal forests 
in the far North to tropical rainforests. Together, 
they contain more than 60 000 different tree 
species and provide habitats for 80 percent of 
amphibian species, 75 percent of bird species and 
68 percent of mammal species. About 60 percent 
of all vascular plants are found in tropical 
forests. Mangroves provide breeding grounds 

and nurseries for numerous species of f ish and 
shellf ish and help trap sediments that might 
otherwise adversely affect seagrass beds and 
coral reefs, habitats for marine life.

The conservation of the majority of the world�s 
biodiversity is thus utterly dependent on the 
way in which we interact with and use the 
world�s forests.

This edition of SOFO examines the contributions 
of forests, and of the people who use and manage 
them, to the conservation and sustainable use of 
biodiversity. It assesses progress to date in 
meeting global targets and goals relating to 
forest biodiversity and describes the effectiveness 
of policies, actions and approaches for 
conservation and sustainable development alike, 
i l lustrated by case studies of innovative practices 
and win-win solutions.

This volume does not aim to be a comprehensive 
treatise on forest biodiversity, but rather to 
provide an update on its current state and a 
summary of its importance for humanity. It is 
intended to complement The State of the World�s 
Biodiversity for Food and Agriculture, released by 
the Commission on Genetic Resources for Food 
and Agriculture of the Food and Agriculture 
Organization of the United Nations (FAO) in 
2019, last year�s Global Assessment Report on 
Biodiversity and Ecosystem Services of the 
Intergovernmental Science-Policy Platform on 
Biodiversity and Ecosystem Services (IPBES) and 
the Global Biodiversity Outlook 5 of the 
Convention on Biological Diversity (CBD).

For the f irst t ime, this edition of SOFO is a joint 
effort between two United Nations entities: FAO 
and the United Nations Environment Programme 
(UNEP). Building on our ongoing collaboration 
and comparative advantages, we bring together 
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METHODOLOGY

The State of the World’s Forests 2020 (SOFO 2020) was prepared by the FAO Forestry Policy and Resources 
Division in collaboration with the United Nations Environment Programme World Conservation 
Monitoring Centre (UNEP-WCMC).

The development of the report was guided by a core team of f ive senior staff members of FAO and 
UNEP-WCMC and led by the FAO Divisional Director, who assumed overall coordination for the 
publication.

Progress towards goals and targets related to forests and their biodiversity was assessed based on 
existing literature and commissioned studies. A series of case studies were compiled to provide practical 
examples of the conservation and sustainable use of forest biodiversity from around the world.

This issue of SOFO draws on the results of FAO�s Global Forest Resources Assessment 2020 (FRA 2020), 
which will also be published in 2020.

FRA 2020 examined the status and trends of more than 60 variables related to the extent, characteristics, 
condition, management and uses of forest across 236 countries and areas over the period 1990�2020.

The backbone of FRA 2020 is official data provided by a well-established network of officially nominated 
National Correspondents through a consolidated transparent and traceable reporting process. The 
application of a standardized reporting methodology enables monitoring changes over time and 
aggregation of data at regional and global levels.

Only data relevant to forest biological diversity were used for SOFO 2020. Most of these were at the global 
level and drawn on the Key Findings of FRA 2020, which were released shortly before SOFO 2020. Readers 
can explore more detailed information at regional and country level in the upcoming FRA 2020 report 
(FAO, 2020). Terms and definitions used in FRA 2020 can be found at http://www.fao.org/3/I8661EN/
i8661en.pdf.
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As the United Nations Decade on Biodiversity 
2011�2020 comes to a close and countries 
prepare to adopt a post-2020 global biodiversity 
framework, this edition of The State of the 
World�s Forests (SOFO) takes the opportunity to 
examine the contributions of forests, and of the 
people who use and manage them, to the 
conservation and sustainable use of 
biodiversity. It is intended to complement The 
State of the World�s Biodiversity for Food and 
Agriculture, released by the Food and 
Agriculture Organization of the United Nations 
(FAO) in February 2019; the Global Assessment 
Report on Biodiversity and Ecosystem Services of 
the Intergovernmental Science-Policy Platform 
on Biodiversity and Ecosystem Services (IPBES), 
the draft of which was released in 2019 and the 
Global Biodiversity Outlook 5 of the Convention 
on Biological Diversity (CBD), released in 2020.

Forests harbour most of Earth�s terrestrial 
biodiversity. The conservation of the world�s 
biodiversity is thus utterly dependent on the 
way in which we interact with and use the 
world�s forests. Forests provide habitats for 
80�percent of amphibian species, 75�percent of 
bird species and 68 percent of mammal 
species. About 60 percent of all vascular 
plants are found in tropical forests. 
Mangroves provide breeding grounds and 
nurseries for numerous species of fish and 
shellfish and help trap sediments that might 
otherwise adversely affect seagrass beds and 
coral reefs, which are habitats for many more 
marine species.

Forests cover 31�percent of the global land 
area but are not equally distributed around 
the globe. Almost half the forest area is 
relatively intact, and more than one-third is 
primary forest. More than half of the world�s 
forests are found in only five countries (Brazil, 
Canada, China, Russian Federation and United 
States of America). Almost half the forest area 
(49�percent) is relatively intact, while 9�percent 
is found in fragments with little or no 

connectivity. Tropical rainforests and boreal 
coniferous forests are the least fragmented, 
whereas subtropical dry forest and temperate 
oceanic forests are among the most fragmented. 
Roughly 80 percent of the world�s forest area is 
found in patches larger than 1�million hectares. 
The remaining 20 percent is located in more 
than 34 million patches across the world � the 
vast majority less than 1�000�hectares in size.

More than one-third (34�percent) of the world�s 
forests are primary forests, defined as naturally 
regenerated forests of native tree species where 
there are no clearly visible indications of human 
activity and the ecological processes are not 
significantly disturbed. 

Deforestation and forest degradation 
continue to take place at alarming rates, 
which contributes significantly to the 
ongoing loss of biodiversity. Since 1990, it is 
estimated that some 420 million hectares of 
forest have been lost through conversion to 
other land uses, although the rate of 
deforestation has decreased over the past three 
decades. Between 2015 and 2020, the rate of 
deforestation was estimated at 10 million 
hectares per year, down from 16 million 
hectares per year in the 1990s. The area of 
primary forest worldwide has decreased by 
over 80 million hectares since 1990. More than 
100�million hectares of forests are adversely 
affected by forest �res, pests, diseases, invasive 
species drought and adverse weather events.

Agricultural expansion continues to be the 
main driver of deforestation and forest 
fragmentation and the associated loss of 
forest biodiversity. Large-scale commercial 
agriculture (primarily cattle ranching and 
cultivation of soya bean and oil palm) 
accounted for 40 percent of tropical 
deforestation between 2000 and 2010, and local 
subsistence agriculture for another 33 percent. 
Ironically, the resilience of human food 
systems and their capacity to adapt to future 
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As the United Nations Decade on Biodiversity 
2011�2020 comes to a close and countries 
prepare to adopt a post-2020 global biodiversity 
framework, this edition of The State of the 
World�s Forests (SOFO) takes the opportunity 
to examine the contributions of forests, and of 
the people who use and manage them, to the 
conservation and sustainable use of biodiversity 
(Box�1). By focusing specifically on forests and 
their biodiversity, it is intended to complement 
The State of the World�s Biodiversity for Food 
and Agriculture, released by FAO in February 
2019 (FAO, 2019a) (Box 2), the Global Assessment 
Report on Biodiversity and Ecosystem Services of 
the IPBES, the draft of which was released in 
2019, and the forthcoming Global Biodiversity 
Outlook 5 of the CBD.

Forests harbour most of Earth�s terrestrial 
biodiversity (MEA, 2005) and provide habitats 
for 80�percent of amphibian species, 75�percent 
of bird species and 68�percent of mammal 
species (ViØ, Hilton-Taylor and Stuart, 2009). 
The GlobalTreeSearch database (BGCI, 2019)
records more than 60 000 species of trees, more 
than 20 000 of which have been included in 
the IUCN Red List and over 8 000 of which are 
assessed as globally threatened (IUCN, 2019a). 
About 60 percent of vascular plants are found in 
tropical forests (see Chapter�3). Along tropical 
coasts, mangroves provide breeding grounds 
and nurseries for numerous species of f ish 
and shellf ish and help trap sediments that 
might otherwise adversely affect seagrass 
beds and coral reefs, habitats for many more 
marine species. 

In both low- and high-income countries in 
all climatic zones, communities that live 
within forests rely the most directly on forest 
biodiversity for their lives and livelihoods. 
However, nearly all people today have at least 

some contact with forests and/or the products 
of their biodiversity and we all benefit from 
the functions provided by components of 
this biodiversity in the carbon, water and 
nutrient cycles and through the links with 
food production.

The deep relationship between people and forests 
and their associated biological diversity has a 
long history, ref lecting the roots of the human 
species in forests and savannahs (Roberts, 
2019). Fossil records date human use of plants 
to at least the Middle Palaeolithic, some 60�000 
years ago (Solecki, 1975). For millennia, the 
myriad species of f lora and fauna of forests have 
provided vital sources of raw materials for food 
and feed, construction, clothing, handicrafts, 
medicines and other daily livelihood needs 
(Camara-Leret and Denney, 2019). Scholars going 
back at least to Charles Darwin have recognized 
the inf luences of the ecological characteristics 
of forested regions and their biodiversity on the 
nature of human societies, human distribution 
across landscapes and the history of civ ilizations. 
Harvesting of and trade in many forest plants 
have supported and in some cases driven the 
spread of human societies around the globe: for 
instance, trade in the wood and highly valued red 
dye of Paubrasilia echinata on the eastern coast 
of South America, and nutmeg from Myristica 
fragrans in Indonesia had major inf luences on 
European colonial activ ity from the fifteenth 
century on.

Archaeological and ethnobotanical evidence 
suggests that human activities have inf luenced 
forest ecosystems and their biodiversity since 
ancient times (Roosevelt et al., 1996; Peters, 
2000) (Box�3). This is true even in some of the 
most remote forests, such as in the heart of the 
Amazon, where the diversity and distribution 
of some species ref lect a long history of plant 
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THE STATE OF WORLD FISHERIES AND AQUACULTURE 2020

The State of the World�s Biodiversity for Food and 
Agriculture (FAO, 2019a), provides a global 
assessment of the state of all components of 
biodiversity of relevance to food and agriculture  
(crop and livestock production, forestry, fisheries and 
aquaculture). It complements the global assessments of 
the genetic resources of forest, plants (crops), animals 
(livestock) and aquatic species (farmed species and 
their wild relatives within national jurisdiction)  
(FAO, 1997; 2007; 2010a; 2014a; 2015a; 2019b) 
prepared under the guidance of the Commission on 
Genetic Resources for Food and Agriculture. It does so 
by focusing particularly on categories of biodiversity 
not addressed in detail in these reports, including 
invertebrates, microorganisms and other species that 
provide supporting and regulating ecosystem services 

in and around production systems and wild species 
that are sources of wild foods. It also focuses on 
interactions between different components of 
biodiversity. 

The publication draws on 91 country reports, 
reports from 27 international organizations and 
several specially commissioned thematic studies, as 
well as on the wider global literature. It provides an 
overview of the various contributions that biodiversity 
makes to food and agriculture and of the status and 
trends of relevant components of biodiversity and the 
drivers of change affecting them. It also discusses the 
status of implementation of practices and strategies for 
sustainable use and conservation of biodiversity for 
food and agriculture and of related policy, legal and 
institutional frameworks. 

BOX 2
THE FIRST GLOBAL ASSESSMENT OF BIODIVERSITY FOR FOOD AND AGRICULTURE

Forest biological diversity is a broad term that refers to 
all life forms found within forested areas and the 
ecological roles they perform. As such, forest biological 
diversity encompasses not just trees, but the multitude 
of plants, animals and microorganisms that inhabit 
forest areas and their associated genetic diversity.

Forest biological diversity can be considered at 
different levels, including ecosystem, landscape, 
species, population and genetic. Complex interactions 
can occur within and between these levels. In 
biologically diverse forests, this complexity allows 
organisms to adapt to continually changing 
environmental conditions and to maintain ecosystem 
functions.

In the annex to Decision II/9 (CBD, n.d.a), the 
Conference of the Parties to the CBD recognized that:

�Forest biological diversity results from evolutionary 
processes over thousands and even millions of years 
which, in themselves, are driven by ecological forces 
such as climate, fire, competition and disturbance. 
Furthermore, the diversity of forest ecosystems (in both 
physical and biological features) results in high levels 
of adaptation, a feature of forest ecosystems which is 
an integral component of their biological diversity. 
Within specific forest ecosystems, the maintenance of 
ecological processes is dependent upon the 
maintenance of their biological diversity.�

BOX 1
WHAT IS FOREST BIOLOGICAL DIVERSITY?

SOURCE: CBD n.d.b.

THE STATE OF THE WORLD�S FORESTS 2020
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CHAPTER 1 INTRODUCTION

domestication (Kareiva et al., 2007; Dourojeanni, 
2017; Levis et al., 2017). The distribution of 
valuable timber species across the tropics, such 
as mahogany (Swietenia spp.), is in part due 
to ecological impacts associated with ancient 
communities that disappeared centuries ago 
(Vlam et al., 2017). The same is true for fruit trees 
and other sources of forest foods.

Forest biodiversity continues to face challenges 
today, through overexploitation but above all 
through agricultural expansion � the main 

driver of deforestation and forest fragmentation 
and the associated loss of forest biodiversity. 
Ironically, the resilience of human food systems 
and their capacity to adapt to future change 
depends on that very biodiversity, including 
dryland-adapted shrub and tree species that 
help combat desertif ication, forest-dwelling 
bee species that pollinate crops, trees with 
extensive root systems in mountain ecosystems 
that prevent soil erosion and sedimentation, and 
mangrove species that provide resilience against 
f looding in coastal areas, to name just a few 

The Selva Maya is a vast area of lowland tropical 
forest at the juncture of Belize, Guatemala and 
Mexico. It extends over some 4.2 million hectares and 
is a highly biologically diverse region. In addition 
to its biological characteristics, the region is also 
archaeologically and culturally rich. It is the cradle 
for one of the world�s great ancient civilizations � the 
Mayans � which built major centres such as Tikal, 
El�Mirador, ChichØn ItzÆ and Ek Balam between 
2000�BCE and 900 CE. At its height during the 
Late Classic Period (650 to 800 CE), the region�s 
population was likely between 7�million and 11 million 
people (Canuto et al., 2018).

Despite its biological and cultural richness, today 
these forests face serious threats. Estimates indicate that 
in the past 25 years, approximately 38 percent of the 
forests have been lost in the Guatemalan portion of the 
Selva Maya alone, with a decline in forest cover from 
2.62 million hectares to 1.63 million hectares between 
1991 and 2016 (INAB, 2019). This was mainly due to 
rapid population growth, expansion of agriculture 
(crop and livestock), illegal logging and forest fires 
(Blackman, 2015). This forest loss has serious 
environmental and economic consequences, including 
the loss of livelihoods of forest-dependent communities 
and peoples, water scarcity, destruction of habitats for 
endangered species and increased greenhouse gas 
emissions, which contribute to climate change.

However, the Selva Maya has experienced periods 
of forest loss in the past from which it has recovered. 
Scientific evidence suggests that the decline of the 

Mayan civilization during the Terminal Classic Period 
(830�950 CE) was related to the climate becoming 
drier. This change was likely accelerated by expansion 
of agriculture, which contributed to a decline in forest 
cover, which in turn reduced the availability of water 
(Cook, et al., 2012; Evans, et al., 2018). Although the 
resulting environmental change was not solely 
responsible for the decline of the Mayan civilization, it 
seems to have been a significant factor (Turner and 
Sabloff, 2012). In this regard, what happened over a 
millennium ago has striking parallels with what is 
happening today. 

This lesson from ancient history should inform 
approaches and policies for natural resource 
management today. It is important to get the balance 
right between the conservation of forests and their 
biodiversity and the use of resources to improve the 
livelihoods of local communities and indigenous 
populations that depend on forests today. That this 
balance is possible is showcased in the same region by 
the community forest concessions in the Maya 
Biosphere Reserve in Guatemala (see Case Study 3 on 
p.�118). The performance of community concessions 
granted in the reserve provides solid evidence that, 
given the necessary enabling conditions � such as an 
appropriate regulatory framework, strong community 
organizations, technical assistance, market access, 
institutional support and other incentives � it is possible 
to improve well-being and generate development while 
protecting natural resources and maintaining forest 
cover and biodiversity.

BOX 3
THE RISE, FALL AND RISE AGAIN OF THE SELVA MAYA

»

»
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CHAPTER 1 INTRODUCTION

examples. Forests have an essential role in the 
maintenance of biodiversity as a gene pool for 
food and medicinal crops. With climate change 
exacerbating the risks to food systems, the role 
of forests in capturing and storing carbon and 
mitigating climate change is paramount.

However, not all human impacts on biodiversity 
are negative, as shown by the many concrete 
examples in this publication of recent successful 
initiatives to manage, conserve, restore and 
sustainably use forest biodiversity.

This volume of SOFO does not aim to be a 
comprehensive treatise on the subject of forest 
biodiversity, but rather to provide an update on 
its current state and a summary of its importance 
for humanity. It assesses progress to date in 
meeting global targets and goals (Box�4) and 
illustrates the effectiveness of policies, actions 
and approaches, in terms of both conservation 
and sustainable development outcomes, through 
a series of case studies aimed at identifying 
innovative practices, success factors and 
win�win solutions.

The two chapters that follow address the 
biophysical status of forest biodiversity � 
the ecosystems (Chapter�2) and the species 
and genetic diversity (Chapter 3). Chapter 4 
looks at the importance of forests and their 
biodiversity for people, for their livelihoods 
and well-being. The relationship between 
poverty and forest biodiversity is explored, as 
is the socio-economic role of forest resources 
in supporting livelihoods, food security and 
nutrition and human health. Chapters 5 and 
6 address actions to ensure the continued 
contribution of forests to the health and 
well-being of the planet and all its occupants. 
Chapter 5 looks at means of reversing forest 
losses. It f irst reviews the underlying causes and 
drivers of deforestation and forest degradation, 
and then describes some successful forest 
restoration efforts. Chapter 6 focuses on 
conservation and sustainable use of forest 
resources and biodiversity. It looks at the 
role of protected areas and other effective 
area-based conservation measures; it also 
examines other management systems that 
permit and encourage sustainable forest use in 

2017. The Strategic Plan includes six global forest 
goals and 26 associated targets to be voluntarily and 
universally achieved by 2030.

The New York Declaration on Forests (UN, 2017b) 
calls for action to halt global forest loss and comprises 
ten goals related to the protection and restoration of 
forest. First endorsed during the United Nations 
Climate Summit in 2014, it now has over 200 
endorsers including national governments, companies, 
indigenous and local groups and non-governmental 
organizations (NGOs) (UN, 2017b).

The Global Plan of Action for the Conservation, 
Sustainable Use and Development of Forest Genetic 
Resources, agreed by the Commission on Genetic 
Resources for Food and Agriculture in 2013 (FAO, 
2014b), identifies 27 strategic priorities for action.

The International Plant Protection Convention 
(FAO, 2011) is an international treaty that aims to 
secure coordinated, effective action to prevent and to 
control the introduction and spread of pests of plants 
and plant products � key to forest health. Adoption of 
its 2020�2030 Strategic Framework coincides with 
the International Year of Plant Health 2020.

The Convention on the Conservation of Migratory 
Species of Wild Animals (UNEP, 1979) provides a 
global platform for the conservation and sustainable 
use of migratory animals and their habitats, bringing 
together the States through which migratory animals 
pass and laying the legal foundation for 
internationally coordinated conservation measures 
throughout a migratory range.

BOX 4
(CONTINUED)

»
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CHAPTER 2
THE STATE  
OF FOREST 

ECOSYSTEMS

Key messages

1 Forests cover 31�percent of the global 
land area. Approximately half the 

forest area is relatively intact, and more 
than one-third is primary forest. 

2 The net loss of forest area has 
decreased substantially since 1990, 

but deforestation and forest degradation 
continue to take place at alarming rates 
resulting in significant loss of biodiversity.

3 The world is not on track to meet the 
target of the United Nations Strategic 

Plan for Forests to increase forest area by 
3�percent worldwide by 2030.
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(see Box 6). �Other land with tree cover� was split 
into f ive categories ( Table 2). Fewer than half the 
countries were able to report on this parameter, 
and even fewer to provide trends over time. 
However, the reported figures indicate that the 
world has at least 162 million hectares of land 
with tree cover that is not classif ied as forest, and 
possibly as much as 300 million hectares, judging 
from the gap in data. The only category that 
did not show an increase over time was trees in 
urban settings.

Annual trends in overall tree cover
A UNEP-WCMC analysis of annual land-cover 
data at around 300�m resolution from 1992 to 
2015 from the European Space Agency (Bontemps 
et al., 2013) indicates that global tree cover 
(including palms and agricultural tree crops) 
amounted to around 4.42 billion hectares in 
1992 but had fallen to 4.37 billion hectares by 
2015, a decrease of approximately 50 million 
hectares; however, the area under tree cover 

varied significantly from year to year (Figure 3). 
The rate and scale of net change in tree cover 
are also highly variable between countries and 
between forest types. While the global area with 
tree cover in this study corresponds well to the 
combined forest area and area of other land with 
tree cover reported to FRA 2020, the average 
net loss is considerably lower, in part owing 
to an expansion of other land with tree cover 
during this period and in part owing to different 
assessment methods.

Rate of deforestation
For FRA 2020, countries were asked for the first 
time not only to report on the total forest area 
at different points in time, data which are used 
to report net change in forest area, but also to 
provide information on the rate of deforestation, 
i.e. the forest losses due to conversion to 
other land uses or the permanent reduction of 
canopy cover below the minimum 10 percent 
threshold that defines forest. Since 1990, an 

FIGURE 2
NET FOREST AREA CHANGE BY REGION, 1990�2020 (MILLION HECTARES PER YEAR)

SOURCE: FAO, 2020.
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CHAPTER 2 THE STATE OF FOREST ECOSYSTEMS

FIGURE 3
TRENDS IN GLOBAL TREE COVER, 1992�2015 (BILLION HECTARES)
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FIGURE 4
GLOBAL FOREST EXPANSION AND DEFORESTATION, 1990�2020 (MILLION HECTARES PER YEAR)
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 2.2  FOREST 
CHARACTERISTICS
Naturally regenerating and planted forests
For the purposes of FRA 2020, forests are 
categorized into naturally regenerating forests 
(further disaggregated into primary forests 
and other naturally regenerating forests) and 
planted forests (further disaggregated into forest 
plantations and other planted forests). At the 
global level, naturally regenerating forests 
account for 93 percent of the world�s forest area. 
The remaining 7�percent is composed of planted 
forests (Figure 5).

Primary forests. FAO defines primary forests as 
naturally regenerated forests of native tree 
species, where there are no clearly visible 
indications of human activities and the ecological 
processes are not significantly disturbed. 
They are sometimes referred to as old-growth 
forests. These forests are of irreplaceable value 

for their biodiversity, carbon storage and other 
ecosystem services, including cultural and 
heritage values. Large extents of such forests 
now occur only in tropical and boreal regions. 
A coordinated response to their protection should 
be a fundamental priority under the CBD�s 
post-2020 global biodiversity framework, and this 
needs to be underpinned by a sound knowledge 
base on their current status and condition.

Forested ecosystems harbour most of global 
terrestrial biodiversity, and primary forests in 
particular are home to species that are unique 
to these ecosystems. In the Amazon, a study of 
the species richness and community similarity 
of primary forests, secondary forests (here used 
to describe forests established through natural 
expansion and around 14 to 16 years of age) and 
plantations found that 25 percent of the species 
studied were unique to primary forests and 
almost 60 percent of tree and liana genera were 
only present in primary forests (Barlow et al., 
2007). In more fragmented landscapes, primary 

FIGURE 5
PERCENTAGE OF NATURALLY REGENERATING AND PLANTED FOREST BY REGION, 2020

SOURCE: FAO, 2020.
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forest patches have a key role in ensuring the 
survival of species in the long term, even if 
species can persist in the short term in younger 
forests and plantations (Watson et al., 2018) 

(Box 7).

According to FRA 2020, approximately one-third 
(34�percent) of the world�s forests are primary 
forests (FAO, 2020). More than half of these 
(61�percent) are found in only three countries: 
Brazil, Canada and the Russian Federation.

Primary forests continue to decline globally. 
Since 1990, primary forest worldwide has 
decreased by 81�million hectares, but the rate 
of loss more than halved over the last decade. 
However, the status and trends are based 
on incomplete data, as the measurement, 
monitoring and reporting of primary forests 
present significant challenges (see Box 8). 
Only 137�countries reported full time series data 
for 1990�2020, and these together accounted for 
just over half (57�percent) of the global forest 
area. Further work is clearly needed to improve 
global and national estimates.

Drivers of deforestation in primary forests 
are context specif ic but include unsustainable 
industrial timber extraction, agricultural 
expansion and fires which are often associated 
with infrastructure and logging-site development 

(Potapov et al., 2017). See more on drivers of 
deforestation in Chapter 5.

Planted forests. The area of planted forests has 
increased by 123 million hectares since 1990 and 
now covers 294 million hectares, but the rate of 
increase has slowed since 2010. Approximately 
45�percent of the planted forests (or 3�percent 
of all forests) are plantation forests, i.e. 
intensively managed forests, mainly composed 
of one or two tree species, native or exotic, of 
equal age, planted with regular spacing and 
mainly established for productive purposes. 
The other 55�percent of planted forests, �Other 
planted forests�, are forests that can resemble 
natural forest at stand maturity and include 
forests established for ecosystem restoration and 
protection of soil and water. South America has 
the largest proportion of planted forests that are 
plantation forests (99�percent of the planted forest 
area, or 2�percent of the total forest area); Europe 
has the smallest share (6�percent of planted 
forests, or 0.4 percent of the total forest area).

Globally, 44�percent of plantation forests 
comprise introduced species, with large regional 
variations (Figure 6). In South America, 97�percent 
of the plantation forests are made up of 
introduced species, compared with only 4�percent 
in North and Central America.

Golden-headed lion tamarins (Leontopithecus 
chrysomelas) live only in the Atlantic rainforest of 
Bahia state, Brazil. Because the primary forest in this 
region is very fragmented after decades of 
deforestation, this tamarin is in an endangered state 
according to the IUCN Red List (IUCN, 2019a), with a 
total wild population size estimated between 6�000 
and 15�000 individuals. This species can use forest 
regrowth and rubber plantations that retain some old 
trees; however, it requires old-growth primary forest 
fragments for roosting and thus for its survival (World 
Land Trust, n.d.).

The northern spotted owl (Strix occidentalis 
caurina) is an iconic primary forest species of western 
North America. Its forest habitat is characterized by 
dense canopies and abundant logs, standing snags 
and live trees with broken tops. Although these owls 
are found to nest, roost and feed in other habitat 
types, particularly in the southern part of its range, 
they mostly rely on older (150- to 200-year-old), 
multilayered forest stands, with open spaces to allow 
flight below the canopy (Oregon Fish and Wildlife 
Office, n.d.).

BOX 7
TWO EXAMPLES OF ANIMAL SPECIES THAT DEPEND ON PRIMARY FOREST FOR THEIR SURVIVAL
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FAO (2018a) defines primary forests as �Naturally 
regenerated forest of native tree species, where there 
are no clearly visible indications of human activities 
and the ecological processes are not significantly 
disturbed.� The CBD (2006) uses a similar definition: 
�A forest that has never been logged and has 
developed following natural disturbances and under 
natural processes, regardless of its age� Also 
included as primary are forests that are used 
inconsequentially by indigenous and local communities 
living traditional lifestyles relevant for the conservation 
and sustainable use of biological diversity.� Both these 
definitions capture the qualitative characteristics of 
primary forest but they do not provide a measurable 
indicator that countries can use to identify them and 
monitor their change.

Because of the lack of an operational definition 
and consistent, easy-to-map indicators, some 
inconsistencies and bias are inherent in current 
country-level reporting for FRA 2020 (Bernier et al., 
2017). Most countries use proxies based on land use 
and/or land cover to extrapolate data on primary 
forest and these proxies vary. Ten countries account 
for 91 percent of the primary forest area reported to 
FRA 2020 but they used a variety of proxies and 
measurements, such as forests in protected areas; 
forest without ocular evidence of disturbance; 
geographic information system analysis based on 
forest maps, absence of transportation network, urban 
areas and detectable disturbances; and visual 
interpretation of photo plots. The increase in primary 
forest area that some countries have reported over the 
years, particularly in temperate and boreal countries, 
is often due to the use of new definitions or 
application of new methodologies (FAO, 2020).

�Intact forest landscape� is currently the metric 
most commonly used to identify primary forests. 
Potapov et al. (2017) define an intact forest 
landscape as �a seamless mosaic of forests and 
associated natural treeless ecosystems that exhibit 
no remotely detected signs of human activity or 

habitat fragmentation and are large enough to 
maintain all native biological diversity, including 
viable populations of wide-ranging species.� 
Operationally, they identify such landscapes based 
on the size and configuration of the forest patches 
(minimum 500 km2, with a minimal width of 10�km 
and corridors at least 2�km wide), absence of any 
alteration or management due to agriculture, 
logging or mining and a 1-km buffer from any 
infrastructure such as roads and power lines, 
although these criteria may not be appropriate 
across all forest biomes (see also discussion on 
Forest intactness and fragmentation on p. 25).

If remote sensing alone is used to detect intact 
forest landscapes, there is a risk of missing types of 
disturbance (e.g. selective logging) that are 
characteristic of forests that are not classified as 
primary (Bernier et al., 2017). Emerging approaches 
and technologies to monitor primary forests that 
combine remote sensing, participatory mapping and 
other approaches can help to measure both human 
modification and spatial integrity, two essential and 
quantifiable characteristics for identifying primary 
forests. The size of forest patches, spatially weighted 
forest density and connectivity are some of the indices 
that can be easily measured to quantify forests� 
spatial integrity (Kapos, Lysenko and Lesslie, 2002) 
(see Forest intactness and fragmentation, p. 25). In 
addition to these indices, specific human activities 
that are drivers of change, such as development of 
settlements and infrastructure, could be included in a 
multidimensional index. As these drivers are often 
context specific, it may be better to develop regional 
metrics that consider context-specific issues but that 
are consistent and comparable globally, rather than a 
single metric or globally defined indices (Bernier 
et�al., 2017).

FAO, together with partners including CBD, 
UNEP-WCMC and some countries with large areas of 
primary forest, has initiated work to improve reporting 
on primary forest area and its changes.

BOX 8
CHALLENGES OF MONITORING AND REPORTING ON PRIMARY FORESTS
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 2.3  FOREST DEGRADATION
While there is no agreed definition of forest 
degradation, in a more general sense forest 
degradation entails a reduction or loss of 
the biological or economic productivity and 
complexity of forest ecosystems resulting in 
the long-term reduction of the overall supply 
of benefits from forest, which includes wood, 
biodiversity and other products or services.

To facilitate future reporting on relevant goals and 
targets related to forest degradation (Box 12), FAO 
asked countries reporting for FRA 2020 whether 
they were monitoring forest degradation and, if so, 
what methods they used. A total of 58 countries 
responded (together accounting for 38�percent 
of the global forest area) indicating that they 
were attempting to monitor the extent of forest 
degradation. However, many of those countries 
assessed only one or a few specific elements.

FIGURE 8
FOREST BY GLOBAL ECOLOGICAL ZONE

NOTE: The map depicts the distribution of forest with tree cover of at least 30 percent in 2015 according to the Copernicus moderate-resolution (100 m) land-cover map.  
Agricultural tree crop plantations are excluded from this map to the extent possible. 
SOURCE: Prepared by FAO based on FAO global ecological zone map (FAO, 2012a) and global Copernicus Land Cover map for 2015 (Buchhorn et al., 2019).
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BOX 9
(CONTINUED)
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NOTE: Southeastern Asia was not included in the assessment report because of its very small area of drylands (only 377 plots or 13 million hectares) and statistically insignificant 
area of dryland forest.
SOURCE: FAO, 2019c.
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The Cuvette Centrale peatland in the Congo Basin is 
believed to be the largest continuous tropical peatland 
complex in the world, covering an area of around 
14.5 million hectares, typically in hardwood swamp 
forest and palm-dominated swamp forest (Dargie et 
al., 2017). The area holds large areas of intact 
biodiverse rainforest and contains the highest densities 
of western lowland gorillas (Gorilla gorilla gorilla) in 
the world, as well as bonobos (Pan paniscus), 
chimpanzees (Pan troglodytes) and forest elephants 
(Loxodonta cyclotis). The dwarf crocodile 
(Osteolaemus tetraspis) lays its eggs in the peat.  
This large freshwater ecosystem plays a crucial role in 
regulating water flows as well as providing food for a 
large human population downstream in the Democratic 
Republic of Congo and the Republic of Congo. In 
addition to its high level of biodiversity, the Cuvette 
Centrale peatland contains at least 30 gigatonnes of 
carbon � equivalent to two years of global carbon 

emissions (Dargie et al., 2017), and these large 
carbon stores enhance its combined biodiversity and 
ecosystem-service value.

BOX 10
WETLAND FORESTS: THE EXAMPLE OF THE CUVETTE CENTRALE

Dwarf crocodile.

Mangroves are salt-tolerant shrubs and trees that grow 
along coastlines in the tropics and subtropics, where 
they fulfil important environmental and socio-economic 
functions. These include the provision of a large 
variety of wood and non-wood products, coastal and 
coral-reef protection and provision of habitat for 
terrestrial and aquatic species.

As reported to FRA 2020, 113 countries have 
areas of mangrove forest, totalling an estimated 14.79 
million hectares. The largest area was reported in Asia 
(5.55 million hectares), followed by Africa (3.24 
million hectares), North and Central America (2.57 

million hectares) and South America (2.13 million 
hectares). Oceania reported the smallest area of 
mangroves (1.30 million hectares).

More than 40 percent of the total area of 
mangroves was reported to be in just four countries: 
Indonesia (19 percent of the total), Brazil (9�percent), 
Nigeria (7�percent) and Mexico (6�percent). Since 
1990, the area of mangroves has decreased by 1.04 
million hectares, but the rate of change more than 
halved over the reporting period, 1990�2020 from 
47�000 hectares per year in the period 1990�2000 to 
21�000 hectares per year over the last ten years.

BOX 11
TIDAL AREAS: MANGROVE FORESTS

SOURCE: FAO, 2020.
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In 2015, around 40 million hectares of forests 
were affected by such disturbances, mainly in the 
temperate and boreal zones (FAO, 2020).

Invasive species (non-native insect pests, 
pathogens, vertebrates and plants) and outbreaks 
of native insect pests and diseases pose an 
increasing threat to the health, sustainability 
and productivity of natural and planted forests 
globally (Box 13). Outbreaks of forest insect 
pests alone damage about 35 million hectares 
of forests annually (FAO, 2010b). Invasive plant 
and animal species are now considered one of 
the most important causes of biodiversity loss, 
especially in many island countries (CBD, 2009). 
However, except in some developed countries, 
very few quantif iable data are available on the 
total impact of invasive species.

Forest intactness and fragmentation
In the past century, forest fragmentation � the 
division of continuous habitat into smaller and 
more isolated fragments � has profoundly altered 
the characteristics and connectivity of forests 
and caused severe biodiversity losses (Haddad et 
al., 2015). Understanding the extent, causes and 
consequences of forest fragmentation is critical 
to conserving forest biodiversity and ecosystem 
functioning (see Box 14).

A recent spatial analysis carried out by the JRC for 
this report used satellite remote sensing to identify 
forests that are the most intact and connected 
and those where fragmentation is most severe. 
The analysis was carried out at the global level as 
well as for each of the 15 GEZs representing more 
than 1 percent of the world�s forest area.

Two fragmentation indices were applied to the 
global Copernicus Land Cover map for 2015 
(Buchhorn et al., 2019), overlaid with FAO�s 
GEZ map (see Figure 7). An attempt was made to 

Increasing international trade and human mobility, 
exacerbated by impacts of climate change, have 
increased the introduction of plant and animal species 
into new areas where they have become invasive. 
Examples include the box tree moth (Cydalima 
perspectalis), which has caused dieback of endemic 
boxwood (Buxus colchica) forests in the Islamic 
Republic of Iran and the Caucasus region, and ash 
dieback in the United Kingdom of Great Britain and 
Northern Ireland, caused by the fungus 
Hymenoscyphus fraxineus, which is of eastern Asian 
origin. Climate change and annual climate 
fluctuations, often combined with poor forest 
management practices (such as the alteration of forest 
structure and diversity), have a strong influence on 
both native and introduced pests and pathogens, 
especially on their biology (e.g. faster development) 
and behaviour (e.g. host preference). Higher 
temperatures, severe and extreme weather events and 
drought stress result in reduced vigour of trees, making 

them more vulnerable to outbreaks of native and 
introduced pests and diseases. For example, the 
dieback of millions of hectares of pine forests caused 
by outbreaks of native bark beetles in Central 
America, Europe and North America is associated 
with climate changes, impacts of extreme weather 
events and, in some cases, inadequate forest 
management practices (Billings et al., 2004; Bentz 
et�al., 2010; HlÆsny et al., 2019).

Making forests and forest ecosystems more 
resilient to pests, diseases and invasive species 
requires coordination of national, regional and global 
activities for prevention, early detection, early action, 
implementation of phytosanitary measures and 
effective public awareness. It also requires sustainable 
forest management practices that both reduce the 
vulnerability of forests to the impacts of climate 
change and take biodiversity conservation and 
sustainable use into consideration.

BOX 13
GROWING RISKS FROM INVASIVE PESTS AND PATHOGENS ASSOCIATED WITH GLOBAL CHANGES

»

»
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The fragmentation of forest entails the alteration 
of habitat configuration, loss of forest area and 
connectivity, increased isolation of forest patches 
and greater exposure to human land uses along 
forest fragment edges (see Figure A). Perforations, or 
the introduction of holes into intact forest patches, 
is one of the chief components of fragmentation. 
Perforations are often accompanied by the 
introduction of roads, resulting in a strong 
decrease of undisturbed core forest habitat area. 
Forest fragmentation initiates long-term changes to 
the structure and functions of the remaining forest 
fragments, with impacts on habitats and forest 
ecosystem services (Lindenmayer and Fischer, 
2006; Hermosilla et al., 2019).

Forest fragmentation may be induced by natural 
environmental changes and disturbances (climate, 
geological processes, natural disasters, wildfire, 
pests and diseases) which can cause the 
segmentation of a forest into smaller patches, or by 
anthropogenic factors such as forest exploitation 
(unmanaged logging or fuelwood harvesting) or 
land-use conversion resulting from agricultural 
expansion, conversion into tree plantations, 
conversion into pastures for livestock, new settlements 
caused by human migration, urbanization and 
infrastructure development. Forest fragmentation 
often occurs in the first phase of land conversion from 
forest to other land uses. 

The fragmentation process transforms the 
composition, configuration and functions of the 
landscape. It typically implies habitat destruction or 
isolation, and many studies demonstrate that long-term 
fragmentation of habitats, and in particular forested 
habitats, strongly affects biodiversity and ecosystem 
processes (Skole and Tucker, 1993; Pereira et al., 
2010), although the responses may vary substantially 
between species and forest types. Fragmentation has 
impacts on almost all ecological processes, from gene 
to ecosystem level, and affects plant and animal 
population composition and dynamics. It may also 
increase the interaction between livestock and wildlife 
and hence increase the risk for disease transmission. 
While the number of generic, multihabitat, edge or 
invasive species may increase (Laurance et al., 2006) 
(see also Box 18 on Forest-dwelling pollinators in 
Chapter 3), forest fragmentation mostly reduces 
species richness (Turner, 1996; Zhu et al., 2004). It 
decreases nutrient retention, affects trophic dynamics 
and, in more isolated fragments, alters movement of 
animals. Reduction of forest patch size and increase in 
patch isolation have been shown to decrease the 
abundance of birds, mammals, insects and plants by 
20 to 75 percent, impacting ecological functions such 
as seed dispersal and hence forest structure while also 
contributing to a reduction in ecosystem services such 
as carbon sequestration, erosion control, pollination 
and nutrient cycling (Haddad et al., 2015).

BOX 14
CAUSES AND IMPACTS OF FOREST FRAGMENTATION

SOURCE: Derived from Haddad et al., 2015.

Reduced area Increased isolation Increased edge

FIGURE A
EFFECTS OF FOREST FRAGMENTATION ON REMAINING FOREST FRAGMENTS
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FIGURE 9
PROPORTION OF FOREST AREA BY PATCH SIZE CLASS AND GLOBAL ECOLOGICAL ZONE, 2015

SOURCE: Study prepared by JRC and the United States Forest Service for this publication.
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FIGURE 10
AVERAGE FOREST PATCH SIZE BY GLOBAL ECOLOGICAL ZONE, 2015 (HECTARES)

SOURCE: Study prepared by JRC and the United States Forest Service for this publication.
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exclude oil palm plantations and agricultural 
tree crops from the analysis. The first index, 
called accounting, evaluates the size and 
distribution of forest patches i.e. distinct areas 
of forests separated from other forest areas by 
at least 100 m (Vogt, 2019a) (Figures 9 and 10). 
The second index, forest area density, measures 
the proportion of forest pixels within a f ixed local 
neighbourhood (Vogt, 2019b) (Figures 11 to 13). 
A high value for forest area density indicates high 
forest connectivity, compact forest areas and low 
forest fragmentation, while a low value indicates 
forest patches that are isolated, perforated and 
generally highly fragmented.

The study found 34.8 million patches of forest 
in the world, ranging in size from 1�ha hectare 
(one pixel on the map) to 680 million hectares. 
Roughly 80 percent of the world�s forest area is 

found in patches larger than 1�million hectares; 
this size class accounted for more than 25 percent 
of the forest area for all forest types (Figure 9). 
However, there are only 149 such forest patches, 
which means that the majority of the world�s 
forest area is concentrated in very few locations. 
The rest of the world�s forests are scattered and 
comparatively small.

Some 34.7 million patches (99.8 percent of 
the total number of patches) are smaller 
than 1�000�hectares. Together, they account 
for 7�percent of the global forest area. 
The average size of all forest patches is a 
mere 132�hectares, but the average patch size 
varies significantly between ecological zones 
(Figure 10). The largest average patch sizes are 
found in the boreal coniferous forest and 
tropical rainforest zones.

FIGURE 11
FOREST AREA DENSITY INDEX, 2015

NOTE: Map derived from the Copernicus Land Cover map 2015. The forest area density index measures the proportion of forest area in a 10 × 10-km window. 
SOURCE: Study prepared by JRC and the United States Forest Service for this publication.
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FIGURE 12
PROPORTION OF FOREST AREA BY FOREST AREA DENSITY CLASS AND GLOBAL ECOLOGICAL ZONE, 2015

SOURCE: Study prepared by JRC and the United States Forest Service for this publication.
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SOURCE: Study prepared by JRC and the United States Forest Service for this publication.
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CHAPTER 2 THE STATE OF FOREST ECOSYSTEMS

Almost half of the global forest area (49 percent) 
falls in the two highest forest area density classes 
(intact and interior) and thus has a high level of 
integrity (Figures 12 and 14). At the other end of the 
density spectrum, 9�percent of the world�s forests 
are in the rare and patchy classes, with little or 
no connectivity, and can be considered severely 
fragmented (Figures 12 and 15).

Where are forests the most intact? Tropical rainforest and 
boreal coniferous forest � the ecological zones 

with the most forest � are the least fragmented 
and most-intact forest ecosystems. More than 
90 percent of the forest area in these zones is in 
patches larger than 1�million hectares and the 
forest patches in these zones are much larger 
than the global average (Figures 9 and 10). Less than 
2�percent of the forest area in these zones is 
in the rare and patchy classes, and more than 
50�percent is in the interior and intact classes 
(Figure 12). These ecosystems are characterized by 
diff iculties of access and low population density.

FIGURE 14
MOST-INTACT FORESTS BY GLOBAL ECOLOGICAL ZONE, 2015

NOTE: The map shows forests with forest area density index in the intact and interior classes. 
SOURCE: Study prepared by JRC and the United States Forest Service for this publication.
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Half of the remaining tropical rainforest falls 
within the intact forest area density class and 
94 percent of the forest area is well connected. 
Forests in the Amazon and Congo basins are the 
least fragmented and most contiguous (Figure 14). 
However, land-use conversion in these areas 
is causing rapid change. As these are forests 
of unique biodiversity, particular attention 
is required to conserve them and manage 
them sustainably.

FIGURE 15
MOST-FRAGMENTED FORESTS BY GLOBAL ECOLOGICAL ZONE, 2015

NOTE: The map shows forests with forest area density index in the intact and interior classes. 
SOURCE: Study prepared by JRC and the United States Forest Service for this publication.
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In the boreal coniferous forest biome, 
11�percent of the forest area is in the intact 
class, mainly in Canada and the Russian 
Federation. Boreal forest fragmentation is 
mainly linked to natural disturbances (f ire 
and insect outbreaks). Increased severity 
of boreal-zone wildfires related to global 
warming (Walker et al., 2019) might increase 
fragmentation in the long term.
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Key messages

1 Forests harbour most of Earth�s 
terrestrial biodiversity. The conservation 

of the world�s biodiversity is thus utterly 
dependent on the way in which we 
interact with and use the world�s forests.

2 The biodiversity of forests varies 
considerably according to factors such 

as forest type, geography, climate and 
soils � in addition to human use.

3 Progress on preventing the extinction 
of known threatened species and 

improving their conservation status has 
been slow.

CHAPTER 3
FOREST SPECIES 

AND GENETIC 
DIVERSITY







CHAPTER 3 FOREST SPECIES AND GENETIC DIVERSITY

FIGURE 18
TOP TEN COUNTRIES AND TERRITORIES IN TERMS OF NUMBER OF ENDEMIC TREE SPECIES

SOURCE: Beech et al., 2017.

The European Red List of Trees (Rivers et al., 2019), an 
evaluation of the conservation status of the 454�tree 
species native to Europe, indicates that 58�percent of 
the region�s endemic trees � those that are not found 
anywhere else on Earth � are threatened, while 
42�percent of all native species are threatened with 
regional extinction. Of the endemic species, 15�percent 
(66�species) have been assessed as critically 
endangered, or one step away from going extinct. 
Invasive pests, diseases and plants are the largest 
threats to European tree species.

Tree species in the genus Sorbus are particularly 
affected; three-quarters of Europe�s 170 Sorbus 
species are assessed as threatened.

The horse chestnut (Aesculus hippocastanum) has 
been assessed as vulnerable following declines 
caused by the horse chestnut leafminer moth 
(Cameraria ohridella), an invasive species that 
originated in isolated mountainous regions of the 
Balkans and has invaded the rest of Europe.

BOX 16
MORE THAN HALF OF EUROPE�S ENDEMIC TREE SPECIES FACE EXTINCTION 

SOURCE: IUCN, 2019b.

NU
M

BE
R 

OF
 EN

DE
M

IC
 T

RE
E S

PE
CI

ES

0

500

1 000

1 500

2 000

2 500

3 000

3 500

4 000

4 500

5 000

BRAZIL MADAGASCAR AUSTRALIA CHINA MALAYSIA INDONESIA PAPUA
NEW GUINEA

NEW
CALEDONIA

MEXICO COLOMBIA

| 38 |



THE STATE OF THE WORLD’S FORESTS 2020

through CITES, including rosewoods, ebonies 
and mahoganies (CITES, 2019).

In some countries, efforts are made to recognize 
and protect individual trees outside forest 
that are notable for their size, age, historical 
significance or other qualities (Box 17).

Other forest plants, animals and fungi
About 391�000 species of vascular plants are 
known to science (including the 60 082 trees 
mentioned above and more than 1�600 species 
of bamboo (Vorontsova et al., 2016)), of which 
about 94 percent are f lowering plants. Of these, 
21 percent are likely threatened by extinction 
(Willis, 2017). Some 60 percent of the total 
are found in tropical forests (Burley, 2002). 

In recent decades, some countries, states, districts or 
cities have made efforts to recognize and protect 
heritage trees (sometimes termed champion, historic, 
landmark or significant trees) � individual trees 
considered to have unique value because of their age, 
rarity, large size or beauty or their cultural, historical, 
botanical or ecological value. The oldest individuals of 
a tree species represent an important gene pool and 
also contain a living library of climate changes that 
have taken place over hundreds or thousands of years 
(US/ICOMOS, 2019).

Around the world, various registries focus on these 
trees as valuable and sometimes endangered icons in 

the landscape. Some tree registries are crowdsourced 
and managed by national NGOs, such as the 
Champion Trees National Register in the United States 
of America, the Tree Register in the United Kingdom of 
Great Britain and Northern Ireland and Ireland and the 
Register of Significant Trees in Australia. These 
registries are not typically associated with any 
regulatory controls. However, some heritage trees are 
protected by national, state, district or municipal law 
(US/ICOMOS, 2019). In Singapore, for example, 
heritage trees are selected for protection by law under 
the Heritage Trees Scheme adopted in 2001 � part of 
a nationwide effort to conserve trees not just within 
protected areas but anywhere in urban and rural 
Singapore. In many cities in the United States of 
America, heritage tree ordinances prevent removal of 
specific trees.

In Italy, a list of monumental trees was decreed by 
national law in 2014, including single trees and 
groups of trees in agrosilvopastoral or urban contexts, 
considered �green monuments� by virtue of their age, 
size, morphology, rarity, provision of habitats for 
animal species, and historical, cultural and religious 
value. Information collection is coordinated by the 
Ministry of Agricultural, Food and Forestry Policies 
(MIPAAF) and carried out by regions, autonomous 
provinces and municipalities as directed in the law.  
The first list, published in 2017, contained 2�407 trees; 
regular updates added 332 and 509 new trees in 
2018 and 2019, respectively. Research centres, 
scholastic institutions, forestry professionals, 
environmental associations and citizens assist in 
identifying the trees (MIPAAF, 2017; MIPAAF, 2019).

BOX 17
HERITAGE TREES

One of the monumental trees of Italy, the 24-m-tall Albero del Piccioni 
(Mr Piccioni�s tree) near Ascoli Piceno in the Marche region. An Old 
World sycamore (Platanus orientalis) 8.7�m in circumference, it was 
mentioned by name on a map from 1718.
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Both managed and wild pollinators have an important 
role in forest landscapes, providing pollination 
services to crop plants, wild plants and forest trees. 
They are thus vital for maintaining biodiversity and 
associated ecosystem functions, as well as for the 
regeneration of trees and plants used for timber and 
non-wood forest products (NWFPs) and in turn for 
resilient forests and for ensuring food security and 
sustainable livelihoods. About 87.5 percent of global 
wild flowering plants are pollinated by animals (94 
percent of tropical species and 78 percent of 
temperate species) (Ollerton, Winfree and Tarrant, 
2011), while 75 percent of the 115 leading food 
crops benefit from animal pollination in some measure 
for fruit, vegetable or seed production (Klein et al., 
2007). However, many pollinators, especially wild 
bees and butterflies, are under threat (IPBES, 2016). 
Evidence from a new study in preparation by FAO and 
Bioversity International (Krishnan et al., forthcoming) 
suggests that the decline in populations of both wild 
and managed pollinators can have severe 
consequences for natural regeneration of forests and 
for maintenance of the genetic diversity of forest trees, 
and thus for their adaptive potential to climate change 
and their resilience to pests and disease.

Although social bees have been the most studied, a 
wide range of animals with varied habitats and forage 
requirements provide pollination services; the baobab 
(Adansonia spp.) and the rainforest tree Syzygium 
cormiflorum, for example, are pollinated by bats. Bees 
are the most frequent flower visitors, followed by flies, 
butterflies and moths (Winfree et al., 2007).

Pollinators benefit from diverse natural habitats for 
forage and nesting sites. Drivers affecting pollinator 
abundance and diversity include land-use change, 
landscape composition, forest management practices 
and climate change (IPBES, 2016; Krishnan et al., 
forthcoming). Change in climatic conditions can alter 
the timing, quality and duration of leaf unfolding, 
flowering and fruit maturation in plants. Disruption in 
the synchrony of plant�animal interactions can have a 
negative effect on both communities.

Habitat fragmentation and degradation and 
disruption of connectivity between various pollinator 
habitats can reduce the breeding success and thus 
population sizes of pollinators. Smaller populations of 

insect pollinators have been found to lead to 
decreased pollen diversity, increased levels of selfing 
and lower genetic variation in subsequent generations 
of some eucalypt species, leading to decreased 
general fitness which in turn could adversely affect 
their adaptability to changing environmental 
conditions (Breed et al., 2015). Enhanced long-
distance pollination across a fragmented landscape 
(e.g. by bird pollinators) could partly compensate for 
this, depending on the degree of fragmentation and 
the species involved (Aguilar et al., 2008).

On the other hand, a moderate amount of 
disturbance can improve the quality and availability of 
pollinator habitats and thus have a positive effect on 
pollinator diversity (IPBES, 2016). Most bees, for 
example, seem to prefer a slightly open forest over 
closed forest, and fragmentation was seen to have a 
negative effect on bees only in cases where it was 
extreme (Winfree et al., 2009). Flies are more resilient 
than bees and other pollinators to habitat change or 
loss; certain species increase in number with land-use 
change, while others decrease (Stavert et al., 2007). 
Forest management can thus have an important role in 
maintaining and providing a continuous supply of 
pollinators (Krishnan et al., forthcoming), but selecting 
the best measures to take is not simple and needs to 
take the larger context into account. Practices such as 
selective logging and coppicing, retention of dead 
wood, prescribed fires and infrequent mowing, which 
generate more heterogeneous habitats, are likely to be 
beneficial to pollinators, but also other forest 
biodiversity. Maintaining adequate floral diversity and 
abundance in the understorey also helps to support 
pollinator diversity.

While insects are predominant in understorey 
pollinator populations, birds and mammals prefer the 
canopies. Management of landscape attributes thus 
needs to consider the whole pollinator community. The 
diversity of bird- and mammal-pollinated tree species 
within forest landscapes should be maintained through 
active management practices, such as tree retention 
and planting. For example, in Brazil, trees were seen 
to provide stepping stones for nectariferous birds within 
otherwise homogeneous farmland; in highly 
fragmented landscapes, such stepping stones can 
facilitate forest regeneration (Barros et al., 2019).

BOX 18
FOREST-DWELLING POLLINATORS
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Some 144�000 species of fungi have been named 
and classif ied so far. However, it is estimated 
that the vast majority (over 93�percent) of fungal 
species are currently unknown to science, 
indicating that the total number of fungal 
species on Earth is somewhere between 2.2 and 
3.8�million (Willis, 2018).

Close to 70�000 vertebrate species are known 
and described (IUCN, 2019a). Of these, forests 
provide habitats for almost 5�000 amphibian 
species (80�percent of all known species), close 
to 7�500 bird species (75 percent of all birds) and 
more than 3�700 different mammals (68 percent 
of all species) (ViØ, Hilton-Taylor and Stuart, 
2009). Iconic forest-dependent species include 
the jaguar of Latin America, the bears of North 
America, the gorillas of Central Africa, the 
lemurs of Madagascar, the panda bears of China, 
the Philippine Eagle and the koalas of Australia.

Some 1.3 million species of invertebrates have 
been described. However, many more exist, 
with some estimates ranging from 5�million to 
10 million species (see e.g. Ødegaard, 2000). 
Most are insects, and the vast majority live in 
forests (see example in Box 18).

Globally, described species of soil bacteria and 
fungi exceed 15�000 and 97�000, respectively, 
compared with 20�000�25�000 species of 

nematodes, 21�000 species of protists (protozoa, 
protophyta, and moulds), and 40�000 species 
of mites (Orgiazzi et al., 2016). However, the 
identity of much of the soil biota remains 
unknown. Soil microbes, forest-dependent 
pollinators (insects, bats, birds and some 
mammals) (Box 18), and saproxylic beetles (Box 19) 
play very important parts in maintaining the 
biodiversity and ecosystem functions of forests. 

Similarly, mammals, birds and other organisms 
can play major roles in forest ecosystem 
structure including on the distribution patterns 
of trees through their direct roles in seed 
dispersal, seed predation and herbivory, and 
indirectly through predation on such ecological 
architects (Beck, 2008).

Along tropical coasts, mangroves provide 
breeding grounds and nurseries for numerous 
species of f ish and shellf ish and help trap 
sediments that might otherwise adversely affect 
seagrass beds and coral reefs � the habitats of a 
myriad of marine species.

Assessing forest biodiversity significance  
and intactness
Forest biodiversity significance. The natural biodiversity 
of forests varies considerably according to 
factors such as forest type, geography, climate 

Saproxylic beetles are a group of insect species 
dependent upon dead wood or wood-decaying fungi 
for some portion of their life cycle. They play an 
important role in decomposition processes and are 
therefore significant for forest nutrient cycling. They 
are also a source of food for species in the higher 
trophic levels, such as birds. Many species play a 
part in pollination.

In the Mediterranean region, endemism centres 
are found in southwestern and southeastern Europe, 

Turkey, the Near East and topographically varied 
areas in North Africa (e.g. the Atlas Mountains). 
Oak-dominated forests are the most important forest 
type for saproxylic beetles. Conifer plantations 
support only a limited number of species � usually 
widespread species assembled in communities 
distinct from those found in semi-natural oak forests. 
The major threat to saproxylic beetles in 
Mediterranean forests is habitat loss due to tree 
felling, overgrazing and burning.

BOX 19
SAPROXYLIC BEETLE DIVERSITY IN MEDITERRANEAN FORESTS

SOURCE: FAO and Plan Bleu, 2018.

»
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and soils. A study led by UNEP-WCMC (Hill 
et�al., 2019) shows how the contribution of these 
factors to the distributions of mammal, bird, 
amphibian and conifer species varies around the 
world. This analysis uses the rarity-weighted 
richness of these species (chosen because they 
were the only groups with ranges that were 
comprehensively assessed at the time), based 
on data from the IUCN Red List; these include 
spatial distribution maps for each species. 
The biodiversity significance map (Figure 19) shows 
similarities with the distribution of endemic bird 
areas and biodiversity hotspots (Myers, 1990; 
Stattersfield et al., 1998; Mittermeier et al., 1998; 
Mittermeier et al., 2004) but is based on many 
more species.

Most forest habitats in temperate regions have 
low biodiversity significance values because they 
support fewer species than those in the tropics 
and the species that they do support tend to have 
larger geographical distributions than those in 
other regions of the world (Figure 19). The lowland 
tropical forests in the Amazon and Congo basins 
have intermediate biodiversity significance 
values; even though these forests are species rich, 
the species present often have large distributions, 
so the contribution of any individual location 
to the overall distribution of these species is 
low. Regions showing the highest biodiversity 
significance are those having many species with 
small geographical distributions, such as the 
montane forests of South America, Africa and 

FIGURE 19
FOREST BIODIVERSITY SIGNIFICANCE, 2018 (CONTRIBUTION OF EACH LOCATION TO THE 
DISTRIBUTIONS OF FOREST MAMMAL, BIRD, AMPHIBIAN AND CONIFER SPECIES OCCURRING 
IN THEM)

SOURCE: Hill et al., 2019.

LOW HIGH

FOREST BIODIVERSITY SIGNIFICANCE

| 42 |



THE STATE OF THE WORLD’S FORESTS 2020

Southeast Asia and lowland forests of insular 
Southeast Asia, coastal Brazil, Australia, Central 
America and the Caribbean islands.

Figure 20 indicates where the removal of forested 
habitats could have a disproportionate impact on 
the world�s forest-dependent species, based on an 
analysis of the forest biodiversity significance of 
tree cover loss from 2000 to 2018. Places where 
the impact would be highest include Madagascar, 
parts of eastern Brazil, Central America, 
Southeast Asia, West Africa, Australia and 
northern New Zealand.

Forest biodiversity intactness. Figure 21 shows forest 
biodiversity intactness, i l lustrating the impacts of 

forest change and human population density on 
species assemblages; it was developed based on 
the modelled relationship between anthropogenic 
pressures and changes in the composition 
of species communities. As expected, areas 
with dense human populations and intense 
agricultural land use, such as Europe and parts 
of Bangladesh, China, India and North America, 
are less intact. Southern Australia, coastal Brazil, 
Madagascar, South Africa and northern Africa 
are also identif ied as areas with striking losses in 
biodiversity intactness.

Overlaying the metrics for conservation planning. 
The biodiversity significance and intactness 
metrics have complementary relevance 

FIGURE 20
FOREST BIODIVERSITY SIGNIFICANCE FOR AREAS OF FOREST LOSS DURING 2000�2018 
(CONTRIBUTION OF EACH LOCATION TO THE DISTRIBUTIONS OF FOREST MAMMAL, BIRD,  
AMPHIBIAN AND CONIFER SPECIES OCCURRING IN THEM)

NOTE: Values are for the year 2000 in areas where forest was subsequently lost.
SOURCE: Hill et al., 2019.
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for conservation policy and practice. 
Safeguarding areas of high significance is 
important because their loss elevates species� 
risk of extinction. Safeguarding areas of high 
intactness is important to maintain ecosystem 
functioning, to retain community resilience 
against pressures such as climate change and to 
help mitigate climate change (Steffen et al., 2015).

Overlaying the significance and intactness layers 
(Figure 22) highlights areas with high values for 
both metrics, for example the northern Andes and 
Central America, southeastern Brazil, parts of 
the Congo Basin, southern Japan, the Himalayas 
and various parts of Southeast Asia and New 
Guinea (Figure 23). Other areas are notable for 
having high values for one metric but not the 

other. Europe, for example, is dominated by large 
areas of biodiversity intactness in the northeast 
and areas of high-biodiversity significance in the 
south (Figure 23D).

Such overlays provide information relevant for 
conservation planning. For example, landscapes 
of high significance but low intactness may 
be appropriate targets for restoration efforts. 
Landscapes of both high intactness and high 
significance have a relatively high density of 
geographically restricted native species and may 
therefore be important to safeguard through 
broad-scale policy responses or site-scale 
conservation measures, such as designation of 
protected areas. The protected-area coverage 
of forests within the corresponding ecological 

FIGURE 21
FOREST BIODIVERSITY INTACTNESS, 2018

SOURCE: Hill et al., 2019.
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zones is already relatively high (see Chapter�6. 
Conservation and sustainable use of forests 
and forest biodiversity), but where they are 
not already protected such areas should 
be considered priorities for protected-area 
expansion; an example is the montane forests of 
the northern Andes.

The outputs highlighted here are also relevant 
to international and national policy, including 
National Biodiversity Strategies and Action 
Plans under the CBD. In addition, mapping of 
forest biodiversity significance or intactness lost 
over time can be used to track progress towards 
goals and targets such as Aichi Target 5 (loss 

and degradation of habitats), Aichi Target 11 
(areas of biodiversity significance) and Aichi 
Target 12 (preventing extinctions and declines of 
threatened species). Data on forest loss linked to 
biodiversity can also inform national planning to 
reduce deforestation and forest degradation, as 
well as investment policy.

It will soon be possible to develop tools that 
combine remotely sensed data with algorithms to 
show areas of forest loss and the consequences 
of forest loss for biodiversity in near real 
time, which would allow rapid responses and 
interventions on the ground. To this end, both 
the biodiversity significance intactness and 

FIGURE 22
BIVARIATE MAP OF FOREST BIODIVERSITY SIGNIFICANCE AND INTACTNESS WITHIN FOREST 
BIOMES, 2018

SOURCE: Hill et al., 2019.
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biodiversity layers have been incorporated  
into the Global Forest Watch platform 
(www.globalforestwatch.org).

Measuring forest vertebrate population trends 
Global processes for setting targets and 
monitoring progress generally use measures 
based on forest area as proxy indicators of forest 
biodiversity; for example, Aichi Target 5 focuses 
on halving the rate of loss of forests and other 
natural habitats by 2020. However, a recent study 
(Green et al., 2019a,b) questions whether changes 
in forest area are a reliable proxy indicator of 
forest vertebrate population trends.

The study used time-series abundance data from 
the Living Planet Database (ZSL and WWF, 
2014) for 1 668 populations of forest-dwelling 
vertebrates to assess the possible inf luence 
of changes in tree cover on forest vertebrate 
populations. Satellite imagery was used to assess 
tree cover change over the period 1982�2016. 
The analysis was repeated for 175 populations 
of �forest specialists�, species that occur only in 
forests and in no other ecosystem.

Taking the global data set as a whole, the 
analyses did not reveal a statistically significant 
relationship between tree-cover change 
and changes in the population of either 
forest-dwelling or forest-specialist vertebrate 

FIGURE 23
DETAILS OF BIVARIATE MAPS OF FOREST BIODIVERSITY SIGNIFICANCE AND INTACTNESS WITHIN 
FOREST BIOMES, 2018: PARTS OF CENTRAL AND SOUTH AMERICA (A), CENTRAL AND WEST 
AFRICA (B), CHINA AND SOUTHEAST ASIA (C), WESTERN EUROPE (D)

NOTE: Spatial scales differ between the panels.
SOURCE: Hill et al., 2019.
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species. It therefore seems that, at a global scale, 
vertebrate forest populations do not respond 
in a consistent manner to tree cover change in 
their v icinity. Areas that have gained tree cover 
do not necessarily see a recovery of other forest 

biodiversity, probably because of pressures not 
related to loss of habitat. However, at the local 
scale, a statistically significant relationship was 
evident in specific instances. Annual abundance 
values of 40 of the 175 forest-specialist 

The Santa Rosa National Park in Costa Rica was 
established in 1971 on reclaimed ranch lands. Since 
its designation in 1971, the park has been protected 
from hunting, human disturbance and logging, with 
the result that the former pasturelands are returning 
to forest.

Long-term monitoring of mantled howler monkeys 
(Alouatta palliata) and white-faced capuchins (Cebus 
capucinus) has shown the recovery of their populations 
associated with re-establishment of the forests (Figure�A), 
but also reveals other factors that influence population 
size besides forest area and condition (Fedigan and 
Jack, 2012; Green et al., 2019a). Capuchins can 

inhabit fairly young forest patches and the most recent 
survey at Santa Rosa showed that the population had 
grown continuously since the 1980s. However, howler 
monkeys prefer more mature forests (at least 60 years 
old) and a population plateau since the 1990s 
suggests that the population has reached its current 
carrying capacity in the national park.

Geoffroy�s spider monkeys (Ateles geoffroyi) are 
also found in Santa Rosa but only in large old-growth 
patches of forest (at least 100 to 200 years old). Many 
decades may be required for populations of this 
species to respond to the increase in forest cover and 
maturity of trees.

BOX 20
PRIMATE POPULATIONS IN FOREST REGENERATING FROM FARMLAND, COSTA RICA

FIGURE A
MONKEY POPULATIONS IN THE SANTA ROSA NATIONAL PARK, COSTA RICA
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populations were found to be positively 
correlated with tree cover changes, while others 
were negatively correlated or uncorrelated 
with changes in tree cover. Time lags between 
tree cover change and population change were 
allowed for, because forest vertebrates can take 
several years to respond to changes in their 
habitat. Source literature for the data on these 
forest-specialist populations also indicated 
other factors driving species population sizes 
at the local level (see the example in Box 20), 
demonstrating that relying on forest cover 
changes as the sole proxy for changes in 
vertebrate populations is inappropriate.

Development of a forest-specialist index. As part of 
the study of forest vertebrate biodiversity 
discussed above, Green et al., (2019a) developed 
a forest-specialist index as a possible global 
indicator of biodiversity trends below the canopy. 
The index was created by extracting information 
on forest specialists from the Living Planet 
Index (ZSL and WWF, 2014), which tracks the 
average change in abundance of thousands of 
vertebrate populations from around the world. 
Some 75 percent of the specialists were from 
tropical forests, the most biodiverse forests in 
the world.

FIGURE 24
OVERALL DECLINE IN A FOREST-SPECIALIST INDEX FOR 268 FOREST VERTEBRATE SPECIES  
(455 POPULATIONS), 1970�2014

NOTE: Solid line shows the weighted index values; shaded region shows the 95 percent confidence interval for the index.
SOURCE: Green et al., 2019a.
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place outside protected areas on a range of 
public, private and traditionally owned land 
areas, especially in forests managed for multiple 
uses. It is probable that more species were 
reported as conserved ex�situ than in�situ because 
ex�situ conservation efforts are typically better 
documented than in�situ ones. Countries also 
interpret in�situ conservation differently. 
The mere presence of a given species in a 
protected area may sometimes be reported as 
in�situ conservation, even though protected areas 
are generally established for conserving habitats 
or wildlife rather than for the conservation of 
forest genetic resources.

More than 700 species are included in tree 
improvement programmes around the world, 
focusing largely on traits of commercial 
interest, such as growth, wood properties and 
resistance to or tolerance of pests and diseases. 
More recently, however, climate-change-related 
traits such as plasticity and drought tolerance 
have been increasingly considered by tree 
breeding programmes (FAO, 2014b).

At the global level, the supply of tree germplasm 
for raising planting stock is still largely based 
on unimproved seeds collected from forest 
stands, but regions and countries differ 
considerably in their sourcing and production of 

In the face of evolving societal needs and climate 
change, a dynamic, in situ approach is crucial for the 
long-term conservation of forest genetic resources. Ex 
situ conservation is mostly static, based on the 
conservation and management of collected samples of 
genetic diversity as tissue, seeds or in living collections.

In situ conservation of forest genetic resources is 
typically carried out in managed natural forests or 
protected areas by designating specific conservation 
stands or units for this purpose (FAO, DFSC and IPGRI, 
2001). These units may harbour conservation 
populations of one or more tree species. Silvicultural 
treatments are applied, if necessary, to maintain or 
enhance genetic processes within tree populations and 
to ensure their regeneration. Ideally, the network of 
these conservation units should cover the whole 
distribution range of a given tree species. In addition to 
the species� distribution range, information on its 
reproductive biology and genetic characteristics and 
existing conservation efforts is necessary to assess the 
effectiveness of established strategies for genetic 
conservation and to identify gaps in these efforts (e.g. 
Lompo et al., 2017).

Ex situ conservation of forest genetic resources (e.g. 
in seed banks, seed orchards, provenance trials and 
botanical gardens) is often implemented to complement 
in situ conservation, especially when the population 
size is critically small in the wild or where in situ 
conservation cannot be guaranteed. Ex situ 
conservation is relatively easy in seed banks for seeds 

that maintain their viability when dried and stored at 
low temperature. However, this method cannot be used 
for tree species that lack dormancy and are sensitive to 
desiccation and low temperatures, which is the case for 
more than 70 percent of tree species in the humid 
tropics. Ex situ conservation of those species must rely 
on field collections, ex situ conservation stands and 
breeding populations (Sacande et al., 2004). More 
technically sophisticated approaches, such as 
cryopreservation of seeds, in vitro conservation of 
tissue, pollen storage and DNA storage, can also be 
used for such species (FAO, FLD and IPGRI, 2004).

Natural regeneration relies on genetic material that 
is readily available on or adjacent to a given site, 
while planting of trees typically implies the use of 
germplasm from outside sources. As the rotation cycle 
of a forest stand can be several decades or even more 
than 100 years, it is important to make sure that the 
origin of the introduced germplasm is suited to the 
environmental conditions on the site, and that the 
material has enough genetic diversity to allow the new 
forest to cope with changing environmental conditions 
and likely pests and diseases.

Once a natural or planted forest has been 
established, subsequent forest management 
interventions can have profound effects on its genetic 
composition. The extent of these effects depends on the 
specific forest management practices and the stand 
structure as well as the biological characteristics and 
ecology of the species (Ratnam et al., 2014).

BOX 21
CONSERVATION, MANAGEMENT AND USE OF FOREST GENETIC RESOURCES
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BOX 22
(CONTINUED)

FIGURE B
DISTINCT GENETIC CLUSTERS OF AFRICAN LOCUST BEAN (PARKIA BIGLOBOSA) IN BURKINA FASO
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SOURCE: Modified from Lompo et al., 2018.

Observing where high genetic diversity of a species 
coincides with high threat levels enables more-effective 
design of conservation actions and use of limited 
resources to maintain the genetic diversity of tree 
populations across the species� distribution range. For 
example, Parkia biglobosa is highly threatened by 
overexploitation in the central part of Burkina Faso 
(Figure Aa) and protection and assisted regeneration 
should be promoted there as the species grows in 
areas where predicted climatic conditions will continue 
to be favourable in the future. Parkia�biglobosa 
populations located along the northern margin of the 
species� range are highly threatened by climate change 

(Figure Ab), and seed sources in this valuable area may be 
lost unless seed is collected for planting in more 
suitable climates and for ex situ conservation. A 
range-wide genotyping study provided important 
insight into the spatial genetic structure of P. biglobosa 
populations across West Africa (Lompo et al., 2018). 
By comparing the spatially explicit threat maps from 
Gaisberger et al. (2017) and the genetic diversity map 
in Burkina Faso from Lompo et al. (2018) (Figure B), it is 
possible to identify those genetically distinct tree 
populations that are at risk and deserving of priority in 
conservation efforts. This information can also be used 
to guide tree-planting efforts.
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country and by Europe�s eight major environmental 
zones. The strategy aims to have at least one 
conservation unit for each environmental zone in which 
a given species occurs in a country; this provides for 
systematic coverage of all countries and environmental 
zones across the whole distribution range of the species 
(barring any gaps in conservation efforts). EUFORGEN 
has also developed recommendations for considering 
the implications of climate change in conserving forest 
genetic resources (Kelleher et al., 2015).

As of December 2019, EUFGIS contained data on 
3�593 genetic conservation units and 108 tree 

species in 35 countries (see example in Figure A). The 
database is continuously updated, and EUFORGEN 
regularly monitors implementation of the regional 
conservation strategy.

This regional collaboration has prompted many 
countries to take action to improve the management of 
their forest genetic resources. It has also improved 
partnership between experts, forest owners, managers 
and the broader biodiversity community in exploring 
new ways to improve the contribution of production 
forests and protected areas to the genetic conservation 
of forest trees.

FIGURE A
GENETIC CONSERVATION UNITS (420) OF SCOTS PINE (PINUS SYLVESTRIS) ACROSS THE SPECIES�  
DISTRIBUTION RANGE IN EUROPE
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SOURCE: European Forest Genetic Resources Programme.

BOX 24
(CONTINUED)
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Key messages

1All people depend upon forests  
and their biodiversity, some more  

than others.

2 Feeding humanity and conserving  
and sustainably using ecosystems  

are complementary and closely 
interdependent goals.

3 Human health and well-being are 
closely associated with forests.
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availability of food in many areas (see Case�Study�1 
on large-scale dryland restoration for the 
resilience of small-scale farmers and pastoralists 
in Africa, in Chapter 5, p. 98).

Access to food. As described in 4.1 People’s benefits 
from forests and biodiversity, the formal and 
informal forestry sectors (including collection, 
processing and sale of timber, woodfuel and 
NWFPs) are an important source of employment 
and income, thus ensuring economic access 
to food. Although the cash contribution of 
forest products to household income may not 
be large at the global level, it is still critical for 
the livelihoods and food security and nutrition 
of the more than 80 million people employed 
in the formal and informal forestry sectors. 
Secure forest tenure and resource rights are 
essential for the full realization of economic 
benefits from collection and sale of forest 
products, and thus for the food security of 
forest-dependent people.

Although gender-disaggregated data are 
limited, studies suggest that rural women 
have a central role in sustainable harvesting 
of NWFPs and collection of fuelwood and 
rely year-round on returns from their sales 
(FAO, 2014d; HLPE, 2017). Some efforts have 
been made to improve the data on NWFPs, 
but more information is needed to allow more 
precise estimates of where and for whom these 

products play a key role in food security and 
nutrition (FAO, 2017c).

Thanks to their strong linkages with forest 
communities and their focus on forest-related 
livelihoods, SMFEs have particular potential to 
enhance the food and nutrition security of many 
rural communities. Realization of this potential 
will often depend on overcoming challenges such 
as limited local capacity, bureaucratic regulations, 
inequitable local power structures, tenure insecurity 
and the capture of benefits by local elites.

Utilization of food (consumption of adequate nutrition and 
energy). Cooking is the primary way to ensure 
nutrients are absorbed from food, and around 
one-third of the world�s population (2.4 billion 
people) uses woodfuel for cooking, while, 
approximately one in ten people globally uses 
woodfuel to boil and sterilize water to make 
it safe for drinking and food processing (FAO, 
2014c). As another example of the use of tree 
products in food utilization, powdered seeds of 
the drumstick tree (Moringa oleifera) are also 
used for household water purif ication, because 
of its antibacterial properties (Delelegn, Sahile 
and Husen, 2018). Woodfuel is also used in 
food preservation processes such as smoking 
and drying, which extend the supply of food 
resources during non-productive periods and 
enable their distribution over wider areas.

Floodplain forests across the lower Amazon River 
support high fish catches in lakes and rivers in these 
highly biodiverse ecosystems, where fish richness and 
abundance has been found to be directly associated 
with forest area (Lobón-CerviÆ et al., 2015; Castello 
et�al., 2018). In Nigeria, the density of forest cover is 
positively and significantly correlated with village 
consumption of fresh fish (Lo, Narulita and Ickowitz, 
2019). Inland fisheries contribute far more to global 

food security than has been previously recognized, 
providing primary sources of animal protein and 
essential nutrients, particularly in developing countries. 
Small fish, for example, can be important sources of 
vitamin A, iron and zinc and are reported to be more 
affordable and accessible than larger fish, other 
animal sources of foods or vegetables (Kawarazuka 
and BØnØ, 2011; Fluet-Chouinard, Funge-Smith and 
McIntyre, 2018).

BOX 26
FORESTS SUPPORTING INLAND FISHERIES IN TROPICAL COUNTRIES 
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However, the use of woodfuel can be associated 
with negative impacts including forest 
degradation and human health risks from 
smoke (Box 27). As woodfuel is likely to remain 
the most affordable source of energy for a 
considerable share of the world population 
in the medium-term future, it is important 
to ensure that it is harvested sustainably and 
used efficiently.

Forests and the biodiversity they contain also 
help to support local people�s nutrition status 
by providing foods that contribute a wide range 
of macro- and micronutrients. Wild foods 
often contain high levels of key micronutrients. 
Forest fruits, for example, are rich sources 
of minerals and vitamins, while seeds and 
nuts harvested in the forest add calories, oil 
and protein to diets. Wild edible roots and 
tubers serve as carbohydrate sources, while 
mushrooms are a source of important nutrients 
including selenium, potassium and vitamins. 
Leaves from trees and shrubs (either fresh or 
dried) are among the most widely consumed 
forest products. They serve as a rich source of 
protein and micronutrients including vitamin A, 
calcium and iron, which are often lacking in the 

diets of nutritionally vulnerable communities. 
Furthermore, most of the global supply of 
v itamins C and A and calcium and much of the 
folic acid comes from crops pollinated by animals 
(Eilers et al., 2011). Research has shown strong 
links between forest cover and dietary quality 
(Box 28).

Stability of food security (access to and availability and utilization 
of food at all times without risk). Income and wild 
foods from forests provide a safety net during 
seasonal food shortages and during times of 
famine, crop failure and economic, social and 
political shocks (FAO, 2017b). Harvesting food 
from forests is an important strategy for coping 
with periods of food insecurity, especially for 
the vulnerable households liv ing in and close to 
forests. Forest products are often available for 
extended periods, including during the �hungry� 
or �lean� seasons (see example of West Africa in 
Box 29), when traditional agricultural products are 
unavailable, when stocks have run out and when 
money is in short supply.

In addition to providing measures for coping 
with short-term instability in food supplies 
(which can lead to acute food insecurity), 

Woodfuel is still the predominant cooking fuel used by 
poor rural households in much of the developing 
world, especially in Africa and South Asia. Since the 
alternative might be raw food, this contribution is an 
absolutely core element of food security for this 
population. Woodfuel consumption has declined or 
remained steady over time in most regions, but in sub-
Saharan Africa it continues to increase. Because of 
habits, taste, customs and experience, it is often 
preferred even where alternative energy sources are 
available (FAO, 2017a).

While woodfuel represents almost 50 percent of 
global wood consumption and over 90 percent of all 
wood harvested in Africa (FAO, 2019e), one-third of 

woodfuel is still harvested unsustainably as a result of 
unregulated forest access (FAO, 2017a) and harvesting 
woodfuel is a common cause of forest degradation.

If not used properly, woodfuel can also cause 
smoke pollution, commonly the result of inefficient 
combustion during cooking, which can have negative 
health impacts. It is estimated that almost 4�million 
people die prematurely each year as a result of 
illnesses attributed to household air pollution from 
cooking with solid fuels and inefficient cooking 
practices (Clean Cooking Alliance, 2015; WHO, 
2018a). Improved stove systems can alleviate this risk 
and can also reduce the amount of fuel needed.

BOX 27
ISSUES ASSOCIATED WITH USE OF WOODFUEL FOR COOKING

»
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Access to forests and tree-based systems is linked to 
consumption of fruits and vegetables and to dietary 
diversity, while forest loss is linked to a reduction in 
the nutritional quality of local diets (Ickowitz et al., 
2014). Dietary diversity � the number of different 
foods or food groups consumed over a given period 
� of individuals or households can be used as an 
indicator of nutritional status, including adequacy of 
micronutrient availability, energy and child growth 
(Jamnadass et al., 2015). In a study in the United 
Republic of Tanzania, greater consumption of forest 
foods was correlated with higher dietary diversity, 
greater consumption of foods sourced from animals 
and more nutrient-dense diets (Powell, Hall and Johns, 
2011). Ickowitz et al. (2014) paired satellite images 
of tree cover with dietary information across 21 

African countries and found that the diversity of 
children�s diets was higher where tree cover was 
higher; consumption of fruits and vegetables increased 
with tree cover up to a peak of 45 percent tree cover. 
Similarly, across 27 countries in Africa, association 
with forests was correlated with an increase in 
children�s dietary diversity of at least 25 percent 
(Rasolofoson et al., 2018).

Loss of forest cover can also have negative 
nutritional consequences. In a geospatial analysis of 
15 countries in sub-Saharan Africa, Galway, Acharya 
and Jones (2018) observed a link between 
deforestation and reduced dietary diversity in young 
children, in particular lower consumption of legumes, 
nuts, fruits and vegetables. They found the relationship 
to be strongest in West Africa.

BOX 28
LINKS OF FORESTS AND TREE-BASED SYSTEMS TO DIETARY DIVERSITY

In West Africa, African locust beans (Parkia 
biglobosa) are fermented to obtain a nutritious food 
rich in protein (40�percent of dry matter) and fat 
(35�percent), which keeps for over one year without 
refrigeration (FAO, 2016a). The beans mature in the 
dry season and thus provide valuable food in the 
middle of the traditional �hungry season� before the 
new crop harvest. Annual production figures are 
difficult to obtain because the beans do not enter 
regular commercial trade, but it has been estimated 
that 200�000 tonnes of beans are gathered each year 
in northern Nigeria alone (Nwaokoro and Kwon-
Ndung, 2010).

In the western region of Ghana, NWFPs are 
particularly important for household food security, 
nutrition and health during the lean season (June to 
August). Low-income households reportedly consume 
products gathered from forests, such as bushmeat 
(including the greater cane rat, Thryonomys 
swinderianus), snails, mushrooms, honey and fruits, five 
to six times a week (Ahenkan and Boon, 2011).

In Senegal, the fruits of certain trees such as Boscia 
spp., which fruit all year round, and marula 
(Sclerocarya birrea), which fruit at the end of the dry 
season, are commonly used to diversify diets, thus 
helping to address seasonal shortages of vitamins 
(FAO, 1989).

BOX 29
EXAMPLES OF FOREST FOODS CONSUMED IN WEST AFRICA DURING THE LEAN SEASON
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Wild meat can be a particularly important source 
of protein, fat and micronutrients when other 
foods become unavailable, for instance during 
economic hardship, civ il unrest or drought (Coad 
et al., 2019).

The sale of wild meat in urban centres could also 
be a source of income diversif ication for hunting 
communities, notably in areas where protein 
from domestic livestock is scarce or expensive 
(Nasi, Taber and Van Vliet, 2011). Similarly, trade 
in other wildlife products, such as hides taken 
as a by-product of harvesting animals for meat, 
can also provide a source of cash income for 
forest communities. Peru, for example, exports an 
average of 41�000 peccary skins annually under 
CITES permits for use by the fashion industry 
(Sinovas et al., 2017).

However, as the rate of urbanization accelerates, 
demand from cities for wild meat and wildlife 
products is driving increased hunting. 
Suppliers include both rural v illage hunters and 
professional commercial hunters from elsewhere. 
Even low per capita urban consumption can result 
in unsustainable levels of wildlife offtake in the 
supply catchment, especially when coupled with 
improvements in hunting technology, low wildlife 
productivity and habitat loss and fragmentation 
(Fa, Currie and Meeuwig, 2003; Coad et al., 2019).

In rural communities where wild-meat use 
is critical for local livelihoods but hunting 
offtakes have become unsustainable, decline 
in populations of wildlife species is likely to 
have significant impacts on human well-being 
unless sustainable management practices 
along the wild-meat commodity chain can be 
developed (Golden et al., 2011) (see Chapter�6. 
Conservation and sustainable use of forests 
and forest biodiversity). It is essential that 
management strategies be f lexible, integrated and 
in harmony with different interests, needs and 
priorities (Coad et al., 2019).

Insects. It is estimated that insects form part of 
the traditional diets of at least 2�billion people. 
More than 1�900 species have reportedly 
been used as food, with beetles (Coleoptera) 
representing 31�percent of the species consumed, 
caterpillars (Lepidoptera) representing 18�percent 
of the species consumed, and bees, wasps, and 

ants (Hymenoptera) representing 14�percent of 
the species consumed (FAO, 2013b).

Though management of edible insects as a 
commercial food resource has great potential, 
overharvesting can pose conservation and 
food-security issues, as seen for example with 
commercialization of the mopane caterpillar 
(Imbrasia belina) (FAO, 2013b). Other challenges 
include lack of legislation and food-safety 
standards, although the situation is improving. 
As of 1�January 2018, for instance, the legitimacy 
of whole-insect foods has been recognized by 
the EU under the Novel Food Regulation, which 
facilitates the marketing of insect-based foods 
(Belluco, Halloran and Ricci, 2017).

Rearing insects for food and feed is being 
explored as a way to alleviate pressure 
on wild populations and to bolster food 
security at a larger scale. In Thailand, for 
example, small-scale insect rearing is already 
a well-established practice (FAO, 2013c). 
More recently, countries such as Kenya and 
Uganda have successfully established cricket and 
grasshopper farming models.

The value of farming edible insects goes 
beyond their nutritional and economic value, 
as farming edible insects for food and feed 
puts much less pressure on already limited 
resources such as land, soils, water and 
energy than does other forms of livestock 
production. For instance, it is much more 
environmentally friendly to produce protein 
from yellow mealworm (Tenebrio molitor) 
than from beef (FAO, 2013b). In recent years, 
farming of insects for food has also become 
environmentally, socially and economically 
accepted in some European countries such as 
Belgium, Finland and the Netherlands, where 
insects have not been part of traditional diets 
(e.g. Luke, 2018).

Forest biodiversity and sustainable agriculture
Forest and agricultural production systems 
often overlap to varying degrees; sometimes 
they overlap completely, as in agroforestry. 
Around 40 percent of global agricultural land 
has more than 10 percent tree cover (Zomer  
et al., 2009).
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