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Executive summary
Forests and trees are critical for the survival of life on earth. They conserve
a tremendous biodiversity and fulfill essential ecosystem services such
as climate regulation, cycling of nutrients and water. They contribute
to food and nutrition security, are a major source of raw materials and
offer countless livelihood opportunities. However, forests and trees are
increasingly threatened by anthropogenic pressures such as overexploitation
and land conversion, which are intensified by climate change. At the same
time countless tree species and their forest genetic resources (FGR) with
exceptional potential uses for supporting the global transition to low carbon
food systems and the UN decade on Ecological Restoration are badly
conserved and remain critically underutilized. For the last 10 years, the FTA
program has set in place research activities that focused on understanding
pressures on and threats to populations of socio-economically important
tree species; formulating effective, efficient and equitable safeguards for
tree genetic resources that are adapted to the local context and species
characteristics; and promoting conservation and characterization of
germplasm of high-value tree species from forests to farms. FTA has also
conducted a range of ecosystem- and landscape-level research projects that
explored how silvicultural and monitoring practices can support sustainable
timber production while ensuring delivery of multiple ecosystem services,
including biodiversity conservation, carbon storage, livelihood support and
nutrition security from forest foods. Much of the program’s later work focused
on multiple-use forest management. This review of the program’s most salient
experiences — derived from a decade of collaborative research — presents
a portfolio of the most promising solutions and the significant contributions
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that FTA has provided to global conservation and sustainable use of tree
biodiversity. These achievements also contribute to the international policy
arena, particularly to the strategic objectives of various conventions (the
Convention on Biological Diversity, United Nations Framework Convention
on Climate Change, United Nations Convention to Combat Desertification),
and to the efforts led by the Food and Agriculture Organization (FAO) to
develop a global conservation strategy for forest genetic resources.
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1. Introduction
This publication reviews the body of literature generated over the last decade
by the CGIAR Research Program on Forests, Trees and Agroforestry (FTA)
on tree biodiversity and sustainable forest management. FTA is the world’s
largest research-for-development program aimed at enhancing the role of
forests, trees and agroforestry for sustainable development and food security
and for addressing issues related to climate change.
Forest biological diversity is a broad concept: it refers to all life forms that
are found in forested areas and to their ecological functions. The focus of
this highlight is on the biological diversity of trees (tree biodiversity), which is
central to resilient and productive forests, agroforestry and other tree-based
systems.
Forest biodiversity is critical to conserving forests and managing them
sustainably for a wide set of reasons. Billions of people depend on trees
for food, medicine, fuel, tools, fodder for livestock and shade.
In addition, trees provide ecosystem services such
as soil and water conservation, carbon
sequestration, pollination, and mitigation
of the effects of natural pest predators.
Forest foods (e.g. wild fruits, nuts,
vegetables, mushrooms) contribute
to global food and nutrition
security, supporting rural populations
during the lean periods between harvests or
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in case of extreme weather events. All these services, their resilience and
their sustained provision over time depend on biodiversity. Furthermore, the
diversity of key tree species in a forest ecosystem has a role in maintaining a
diversity of associated organisms (e.g. insects and fungi).
Within forests and agroforestry systems, the individual components of
biodiversity span various levels, from genes to ecosystems, and are critical to
productivity and resilience. Resilience depends not only on the diversity of
tree species but also on tree genetic diversity and on varied habitats. Genetic
diversity ensures resistance to diseases, adaptation to climate change and
other disturbances, and greater productivity.
Sustainable management of forest genetic resources contributes to
maintaining genetic variation within tree populations for their survival, good
growth and viability in the long term, enhancing their resistance to biotic (e.g.
pests, predators) and abiotic (e.g. drought, salinity, wind) stressors and to the
effects of global warming. Selecting individual trees with the most desirable
characteristics for breeding programs enables them to adapt to changing
conditions and to continue to support the goods and services that people
need. Effective management of forest genetic resources can also increase
social equity and the long-term sustainability of forests. Finally, genetic
diversity is critical in forest restoration efforts to ensure that the trees planted
today will lead to healthy forest ecosystems in the future.

Fruit trees across
the landscape
near Arslanbob,
Kyrgyzstan.
Photo by Barbara Vinceti/
Alliance of Bioversity
International and CIAT
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FTA research focuses on a range of facets of forest biodiversity, including the
characterization and conservation of forest genetic resources (FGRs), and
their conservation through use,1 by deploying intra-specific diversity in forest
landscape restoration and multifunctional agricultural landscapes. In addition,
research has addressed biodiversity management and other aspects of
sustainable forest management — particularly the trade-offs between different
forest management objectives, such as conservation and nutrition security —
and identified solutions to reconcile multiple uses of forest resources.
Over-exploitation and degradation of forests, as well as land conversion,
coupled with climate change, pose major threats to the conservation and
sustainable use of forest diversity. FTA research focuses on understanding the
extent of these pressures, their impacts on human well-being, the strategies
to ensure sustainable management of forest resources in order to achieve
multiple objectives, and on policies and strategies to reverse the trends of
increasing pressures on forest resources. One critical aspect that remains
highly undervalued is the effective use and safeguarding of FGRs, despite
the importance of tree diversity and intra-specific diversity in the ecosystem
services that are fundamental to reaching the sustainable development goals
(SGDs). One reason for the general disregard of FGR is that it is often difficult
to visualize genetic diversity, at least initially, due to the time that trees take to
grow and mature and to the very large number of tree species. This makes
individual studies possible only for selected species. In the limited number of
cases where economic valuations of diversity have been undertaken, however,
the importance of genetic variation is clear. Extending such work to a broader
range of species and quantifying value more broadly than in just economic
terms is, therefore, an important priority.
This publication has four objectives:
1. discuss innovative research outputs that have emerged from FTA research;
2. present in more details some illustrative case studies, with interesting
methodological approaches and management solutions;
3. present examples of research outcomes;
4. identify critical directions for future research.

1
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2. Challenges and opportunities

in conservation and sustainable
management of forest biodiversity
2.1 Spatial patterns of genetic diversity
Conservation of forest genetic resources, in contrast to that of crop genetic
resources, has been centred primarily around in situ approaches (e.g.
in national parks and forest reserves). The design and location of these
conservation areas are rarely driven by genetic principles, such as the need to
maintain adequate effective population sizes2 of some tree taxa. For most tree
species of interest, the spatial distribution of genetic diversity is not known.
FTA research has addressed this gap and focused on characterizing tree
species genetic diversity and reproductive biology to assist both conservation
actions (Lompo et al. 2018; Lompo et al. 2020; Pakull et al. 2016; Pakull et al.
2019) and sustainable management (Thomas et al. 2012; Thomas et al. 2015;
Monthe et al. 2017; Balima et al. 2018; Duminil et al. 2015; Duminil et al.
2016; Chiriboga-Arroyo et al. 2020).
One novel approach has been to integrate different knowledge domains
to separate the human and natural drivers of genetic differentiation. This
was done for two model species: cacao (Thomas et al. 2012) and Brazil
nut (Thomas et al. 2015), pointing at particular regions where diversity
Effective population size is the number of individuals in a population that contribute offspring to the next generation.
https://www.blackwellpublishing.com/ridley/a-z/Effective_population_size.asp.

2
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originated and at areas where domestication has occurred. Thomas et al.
(2012) combined molecular marker data and spatial analyses to study the
domestication patterns of cacao in the Neotropics and derive guidance
for conservation, in particular for the establishment of representative
germplasm collections and the promotion of conservation in situ and on
farms. It appears (ibid.) that more genetic data would be needed for many of
the hyperdominant3 tree species across the Amazon to resolve the complex
picture associated with multiple origins of domestication. These data would
support management of forest genetic resources and restoration of resilient
forest landscapes across the Amazon (Thomas 2017).
A study on the African plum tree Dacryodes edulis (Burseraceae) revealed
interesting linkages between the social dynamics linked to tree planting and
patterns of genetic diversity (Rimlinger et al. 2021). This emblematic food
tree species is found in the urban context of Yaoundé, Cameroon, where most
trees are planted using seeds sourced from different parts of the country. This
leads to a high concentration of genetic diversity in this species in Yaoundé, a
diversity equivalent to that found across a whole region of production of the
species.

Plum tree (Prunus
domestica),
Kyrgyzstan.
Photo by Barbara Vinceti/
Alliance of Bioversity
International and CIAT

This refers to a relatively small minority of species that have larger geographic ranges than other species, present higher
maximum relative abundances in individual plots, and tend to be habitat specialists.

3
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Based on a combination of molecular and phenotypic diversity data,4
modeling of past climate suitability, and existing literature, a hypothesis
about the domestication of peach palm (Bactris gasipaes Kunth) was developed
(Galluzzi et al. 2015). This species has had a critical role in the livelihoods
of communities in the Americas since pre-Columbian times, given its edible
fruits and multipurpose wood. The hypothesis suggests that a single initial
domestication event took place in southwest Amazonia, followed by dispersal
by humans across western Amazonia and possibly into Central America,
where secondary domestication events likely took place through hybridization
with resident wild populations. These events, combined with differential
human selection pressures, have likely led to the species’ present-day diversity.
These insights and tools are critical to understanding the domestication and
dispersal patterns of priority tree species, managing their genetic resources,
setting conservation priorities (Thomas et al. 2014a; Galluzzi et al. 2015; van
Zonneveld et al. 2018a) and assisting restoration.
Molecular marker methods have advanced greatly over the last two decades.
The costs to carry out analyses with molecular markers are continually
decreasing, expanding the possibilities of performing such genetic studies on
a larger number of species. Of particular interest is the possibility of linking
molecular markers to key adaptive traits. At the same time, approaches
to geospatial analysis have also evolved significantly (Fremout et al. 2020;
Guarino et al. 2002; Miller 2005; van Etten and Hijmans 2010; Chan et
al. 2011; van Zonneveld et al. 2014). The use of molecular markers in
combination with new geospatial methods of geographic and environmental
analysis has a lot to offer to assist decision-making and priority setting in
conservation. This is especially true for tree species, because the maintenance
of their genetic resources tends to depend on in situ conservation efforts.
New methods to prioritize varieties, populations and geographic areas for
in situ conservation, and to enable monitoring of genetic diversity over time
and space, have emerged and are available to improve in situ germplasm
management. GIS-based approaches enable researchers to obtain clear
visual presentations of results through maps, facilitating the interpretation of
findings. FTA research has contributed significantly to the development of
these GIS-based approaches to conserve forest genetic resources in situ (van
Zonneveld et al. 2014).

Molecular diversity refers to the richness of molecules found in life; it occurs within one individual or between individuals
of the same or different species, and is influenced in a major way by non-inheritable mechanisms. Phenotypic diversity refers to observable characteristics of an organism (e.g., morphology, developmental processes, biochemical and physiological
properties, behaviour).

4
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2.2 Understanding threats and mapping tree species
vulnerability
The spatial distribution of threats to tree species of interest and the
vulnerability of these species to various pressures is of critical importance
when designing conservation strategies and mitigation measures. The FTA
research program has concentrated on understanding threats to populations
of socio-ecologically important tree species in order to help formulate
effective, efficient and equitable genetic conservation strategies, and to
support management and restoration. Several case studies were developed
around single and multiple species, looking at species-specific vulnerabilities,
and consolidating assessment approaches across many scales, in some cases
adopting participatory methods that involved local experts in the validation
of research outputs.
While most past efforts considered only exposure to threats, novel
approaches were developed to integrate tree species characterization based
on functional traits in order to assess species’ sensitivity to particular threats.
The research conducted on Prunus africana (Vinceti et al. 2013) is interesting
for its geographic breadth, which includes almost the entire range of the
species. The study identified conservation priorities based on an assessment
of the species’ vulnerability, combining threat maps with projections of
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agricultural expansion and climate change along with genetic data to
determine which genetic resources were potentially most valuable and most
at risk. An enhanced approach was implemented in Central Asia on Juglans
regia L. (wild walnut) populations (Gaisberger et al. 2020) and on 16
food tree species populations in Burkina Faso, which included expert
evaluation of distribution as well as the species sensitivity to multiple threats
(Gaisberger et al. 2017). The same methodology was reported in The State
of the World’s Forests 2020 (FAO and UNEP 2020). The Burkina Faso study
was further refined by including a new trait‐based scoring system that used
both scientific literature and expert knowledge as sources of trait data; the
improved approach was applied to tropical dry forest ecosystems in Latin
America (Fremout et al. 2020), with scaling underway in Southeast Asia
and central Africa. The methodology was also simplified to allow it to be
implemented at a large scale. The information generated has had a critical
role in setting conservation priorities (van Zonneveld et al. 2018a).

Working with partners
on threat mapping in
a regional workshop
in Beijing, China.
Photo by Chinese Academy
of Forestry

FTA HIGHLIGHTS OF A DECADE

13

Conservation of Tree Biodiversity and Sustainable Forest Management

2.3 Understanding the relationships between forest
biodiversity and ecosystem services
FTA scientists have contributed to important syntheses and reviews on
the relationships between species richness and biodiversity and ecosystem
services. A global assessment report reviewed evidence from hundreds of case
studies, looking at relationships between biodiversity and carbon sequestration
(Thompson et al. 2012), the impacts of deforestation and forest degradation
on carbon, and the recovery of forest carbon and biodiversity following
deforestation and forest degradation. Another review examined carbon
sequestration and storage across a range of forest types and management
approaches (Kapos et al. 2012).
Biodiversity was found to maintain critical ecosystem processes and secure
the provision of many forest ecosystem services. However, highly modified
environments that host small forest patches are not effective in maintaining
these services. Carbon sequestration also varies considerably across different
forest types and ages. In forests recovering from disturbance, biodiversity
usually recovers much more slowly than carbon does (Thompson et al. 2012).
Thompson et al. 2012 also indicate that spatial planning for biodiversity
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conservation objectives in tropical and sub-tropical forests needs to be
more area-specific than for carbon management, given the uniqueness of
some species assemblages. In addition, research findings focused on Brazil
nut (Thomas et al. 2018; Thomas et al. 2021) revealed that both fine-scale
structuring and environmental gradients across the distribution range of
hyperdominant trees species — which contribute most to ecosystem services
such as carbon sequestration and production of nuts — influence the quantity
of ecosystem services delivered. Novel forest ecosystems were observed, but
it is not clear whether they will be able to sustain the provision of ecosystem
goods and services in the future (Thompson et al. 2012). Some important
knowledge gaps remain:
•
•
•
•
•
•

the relationships between plant species richness and functional diversity;
the different rates of biomass accumulation in diverse forest systems;
the relationship between species richness and ecosystem
resistance to chronic disturbances;
the impacts of losses in faunal diversity on forest ecosystem processes;
the long-term influence of recurring disturbance and degradation events
on the pace of recovery of forest ecosystems;
the degradation/disturbance thresholds beyond which recovery
is compromised.

Other research on the role of biodiversity in the provision of ecosystem
services in forest and agroforest systems (Thompson et al. 2011) revealed
the barriers to transferring knowledge from scientists to decision makers.
It suggested that scientists should be more effective at informing policy,
improving the focus of their research around policy-relevant questions, a
nd providing relevant, timely and consistent information to decision
makers and the public.

2.4 Assessing degradation of forest biodiversity
Forest degradation is widespread and is receiving considerable global
attention in policy processes. However, there is no generally accepted
definition or way to measure it, because degradation depends on perception,
on the condition considered as baseline, and on its temporal and spatial
scales. Various approaches have been designed with contribution from FTA
scientists to track forest degradation (Thompson et al. 2013). They include an
operational framework for defining and delineating degradation based on a
minimum subset of seven indicators for five criteria. See Table 1.
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Table 1. A suggested framework of criteria and indicators for defining and
delineating areas of degraded forest. A suggested minimum set of seven indicators
is indicated by an asterisk (*).
Criterion

Indicator(s)

Variable(s)

General methods

Production

Growing stock*

m³/ha of wood

Nontimber forest products

Monetary value,
number/yr

Satellite imagery, LiDAR,
ground plots

Ecosystem state*
Fragmentation*

Area of specific
forest type
Area fragmented

Satellite imagery

Presence/absence,
population density, relative
abundance, indicator of
abundance

Aerial or ground surveys

Population density, area
affected

Satellite imagery, aerial
photography, ground surveys

Area affected

Satellite imagery, aerial
photography

Area affected
Flow rate

Satellite imagery, aerial
photography

Biodiversity

Species

Unusual
disturbances

Protective function

Invasive species*
Fire*

Soil erosion*
Water volume or flow

Country reporting,
questionnaires by
management unit
Satellite imagery, aerial
photography

River or stream flow meters
Carbon storage

Stored carbon*
High wood-density trees
species

Biomass/ha
Tree density, relative
abundance

Satellite imagery, ground plots
Ground plots, aerial
photography

Source: Thompson et al. (2013).
Note: * = minimum of subset of indicators.

Participatory monitoring approaches were also reviewed by FTA
scientists (Villaseñor et al. 2016). These present advantages compared
to the environmental monitoring carried out by individuals with formal
technical and scientific training, as they include elements of social learning
and knowledge sharing, are more inclusive and tend to strengthen local
institutions. Villaseñor et al. (2016) closely examined two main monitoring
approaches: collaborative-learning and evidence-based; these differ in their
theoretical background and their motivating factors. The objective was to
determine if the type of participatory monitoring used has an influence on
the way the findings are incorporated into decision making, and if the local
power dynamics affect the way that monitoring results are taken into account.
Based on the cases reviewed, Villaseñor et al. (2016) found that information
produced through collaborative learning was used more often in decision
making related to forest management than evidence-based information was.
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Decentralization in decision making, in addition to participatory monitoring,
also seemed to favour the incorporation of results from monitoring into
management, which strengthened conservation.

2.5 Developing conservation strategies
FTA supported regional collaborative networking initiatives — the Asia
Pacific Forest Genetic Resources Programme (APFORGEN), the Latin
American Forest Genetic Resources Network (LAFORGEN), and the SubSaharan Forest Genetic Resources Network (SAFORGEN) — in various
regions of the world to define their strategies. In particular, FTA supported
APFORGEN, a network of 15 countries established to develop a regional
strategy to implement the Food and Agriculture Organization’s (FAO’s)
Global Plan of Action for Forest Genetic Resources (FAO 2014a). See Box
1. The regional strategy includes objectives to strengthen the conservation
and sustainable use of threatened and regionally important tree species
through collaborative studies, germplasm collections, provenance trials
and regional networking. In addition, the strategy contributes to several of
the priorities of FAO’s Global Plan of Action. FAO’s Asia-Pacific Forestry
Commission endorsed the regional strategy at its 23rd session in 2017,5 and
encouraged countries to collaborate with APFORGEN in implementing it.
In collaboration with FTA, APFORGEN countries have secured funding to
implement the strategy.
5

http://www.fao.org/3/i1701e/i1701e00.pdf.

FTA HIGHLIGHTS OF A DECADE

17

Conservation of Tree Biodiversity and Sustainable Forest Management

Box 1. FTA contributions to FAO’s State of the World reports

FTA research contributed to the formulation of the recommendations
and priorities of the FAO’s first Global Plan for Action for the
Conservation, Sustainable Use and Development of Forest Genetic
Resources, adopted in 2013 (FAO 2014a). Relevant research findings
that backed up the Global Plan of Action were synthesized and
presented as thematic studies for FAO’s State of the World’s Forest Genetic
Resources (FAO 2014b). These thematic studies were also converted into
articles for a special issue of Forest Ecology and Management, which involved
joint authorship across FTA and was edited by staff from Bioversity,
ICRAF and FAO (Loo et al. 2014). The State of the World’s Forest Genetic
Resources provided a foundation for the global action plan. Some outputs
of the action plan focused on policy constraints and knowledge, notably
on the definition of degraded lands and on mechanisms for cooperation
between timber concessionaires and communities.
FTA also contributed to FAO’s State of the World’s Biodiversity for Food
and Agriculture (Bélanger and Pilling 2019), through, among other
things, a thematic study on the roles of biodiversity in the sustainable
intensification of food production (Dawson et al. 2019). The study
assembled evidence from systematic sectoral reviews and meta-analyses
in the scientific literature of how the positive interactions between
biologically diverse organisms — including annual crops, animal
pollinators, trees, micro-organisms, livestock and aquatic animals —
already contribute to sustainable food production globally and how
they could contribute further in the future. The study (ibid.) discussed
how this could counter the current trajectory of global food production
towards increased homogenization, with its accompanying loss of
agrobiodiversity. Measures to support biodiversity-based food solutions
that involve trees include the co-breeding of trees and crops for more
positive interactions in farmland; the protection and new planting of
animal pollinators’ habitats; and the integration of tree legumes into
farms. The study also reports a convergence between biodiversity’s
roles in supporting both environmental and dietary sustainability, in
line with other recent globally oriented assessments. These include
the latest global report on biodiversity and ecosystem services from
the Intergovernmental Science-Policy Platform on Biodiversity and
Ecosystem Services (Díaz et al. 2019).
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Farmer with
Brazil nut (Bertholletia
excelsa).
Photo by Rens Brower/
Wageningen University

Three of the FORGEN networks, with support in coordination provided
by Bioversity and by FAO, identified regional priority tree species for
conservation. These species are part of the global reporting efforts that
FAO has been conducting, which is expanding to include conservation
and sustainable management of FGRs. Modelling of species distribution
and spatial location of threats was conducted for 100 tree species in Latin
America (van Zonneveld et al. 2018a). In addition, tree species distribution
modelling and threat vulnerability analyses are ongoing in Central Africa. In
Asia, in collaboration with more than 40 organizations and experts, Bioversity
has developed distribution and threat maps (Gaisberger et al. in press) for 65
socioeconomically important native tree species across South and Southeast
Asia. The species were selected based on national priority lists and expert
recommendations, and represent a diversity of uses, functional traits and
conservation status.
All studied species are highly vulnerable to one or more threats on average in
over half of their native distribution range. The findings (ibid.) revealed that
climate change is a severe threat in an average of 10% of the species’ ranges,
but that species’ vulnerability varies widely, with some species predicted
to lose up to 40% of their current habitats, and others potentially gaining
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large areas. In addition, broad shifts in species compositions are expected to
happen, due to a combination of land-use and climate-related threats. The
maps were based on species distribution modeling using more than 10,000
quality-checked observations of species occurrences, 10 combinations of
climate models and scenarios, and global datasets, including land cover,
human population density, accessibility and fire incidence, among others.
Targeted conservation and restoration activities can be designed based on
these maps, which are freely available along with related datasets on a global
web portal.6 This platform is progressively hosting all research outputs
regarding mapping of priority tree species and identifying priority areas for
conservation. To help equip farmers, scientists, and development institutions
with useful information and tools to find the right tree for the right place for
the right purpose, also taking into consideration expected climate changes and
food/nutrition security, ICRAF researchers have combined years of in-depth
knowledge and a vast collection of research with easily accessible technology
to create a global tree information platform. The resources on the platform7
have been developed since 1996 and include a wide range of interlinked
databases, maps, R open-source software packages, guidelines and other
decision-support tools to guide the planting — and survival — of trees in a
range of environments.

Lack of viable seed
sources constraints
the recovery of many
endangered tree species,
including Dalbergia
cochinchinensis (Siamese
rosewood).
Photo by Riina Jalonen /Alliance of
Bioversity International and CIAT

6
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FTA supported FAO in the development of a global conservation strategy for
FGR: the FAO’s Global Plan of Action for Forest Genetic Resources (FAO 2014a).
FTA also led many of the studies in connection with this, particularly a special
issue of Forest Ecology and Management (Loo et al. 2014).
Two major outputs were the global conservation strategies for cacao
and coconut genetic resources (Bourdeix and Prades 2018). Regarding
conservation and use of cacao genetic resources, the main achievements
over the past 10 years were the establishment of a community of practice
(CacaoNet) and a multi-stakeholder collaboration (Cocoa of Excellence).
CacaoNet, a global strategy for cacao genetic resources, provides a clear
framework for the conservation and use of cacao diversity.8 It was developed
through a consultation process that drew on the expertise of the global
community. The Cocoa of Excellence initiative is based on the recognition
on the ground of the value of cacao genetic resources.9 The partnership
brings together public and private stakeholders from the cocoa and chocolate
industries, governments, farmers’ associations, research institutions, leading
sensory evaluation companies and sector-leading organizations to support
excellence in cocoa and generate market opportunities. It provides incentives
and tools for safeguarding diversity while benefitting the entire value
chain, from the farming communities to the consumers. By conserving and
celebrating cacao diversity, efforts by CacaoNet and Cocoa of Excellence
aim to secure a more sustainable future for cocoa, and for the livelihoods of
its growers. In addition, great progress was made with regard to safeguarding
cocoa flavour diversity and improving farmers’ livelihoods through the
recognition and promotion of superior-quality cocoa origins10 for the
sustainability of the supply chain.
For cocoa, the main innovation in recent years has been the development of
international standards for quality and flavour.11 Countries are implementing
these standards at the national level and an ambitious five-year program
is under development with the International Cocoa Organization to build
capacity in cocoa origin countries by connecting knowledge on quality
with cocoa producers. At the moment, producers and chocolate makers are
worlds apart. The community of practice is producing new publications
and preparing a Global Compendium on Cacao Research.12 For additional
information on research work on cacao conducted within FTA, see FTA
Highlight No.7 in this series (Somarriba et al. 2021), where agroforestry of
cocoa production systems is addressed.
https://www.cacaonet.org.
http://www.cocoaofexcellence.org/info-and-resources.
10
A Certificate of Origin is used extensively in international transactions. It identifies the country of manufacturing of a
good or commodity.
11
www.cocoaqualitystandards.org.
12
https://www.cacaonet.org/research-compendium/registration.
8
9
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The coconut palm (Cocos nucifera L.) has great cultural and socioeconomic
importance for millions of people across Southeast Asia, the Asia-Pacific,
Africa and Latin America. Conserving its genetic diversity and supporting
sustainable use of its broad genetic base to breed improved varieties are critical
to sustainably boosting productivity and livelihoods, and to addressing at
the same time the critical challenges posed by climate change and pests and
diseases. The International Coconut Genetic Resources Network (COGENT)
promotes global collaboration for the effective conservation and use of
coconut genetic resources; it was established in 1992 with 15 coconut-growing
countries as members.13 It has subsequently expanded to 39 member countries,
representing more than 98% of global production. The network, involving
a large number of stakeholders, developed a global strategy to conserve and
harness coconut germplasm by cost-effectively optimizing the conservation
and use of as much representative diversity as possible. An update of the
strategy was finalized in 2018 and will provide the benchmark for effectively
implementing the comprehensive conservation and research agenda proposed
by the international coconut research community (Bourdeix and Prades 2018).

2.6 Biodiversity conservation through restoration
Forest and landscape restoration (FLR) initiatives can offer an important
opportunity to sustain the conservation of native tree species and their genetic
resources by bringing back diversity in the landscape. FLR initiatives can
also place at the forefront efforts that take into account genetic diversity in
the selection of tree planting material that is adapted to local conditions and
restoration objectives, playing a crucial role in the successful re-establishment
of vegetation when natural regeneration is insufficient. For more information
about research work on FLR conducted within FTA, see FTA Highlight
No.4 in this series (Guariguata et al. 2021). Adequate genetic diversity is
the precondition for the successful restoration of forests with high adaptive
capacity. However, most restoration, agroforestry and afforestation projects
tend to neglect the importance of seed sourcing or species diversity in their
planning. Jalonen et al. (2018a) showed how restoration projects worldwide
typically use seed and seedlings of limited genetic diversity that do not
capture the diversity found in remaining natural populations and, therefore,
often do not contribute to its conservation. Moreover, one-third of the
projects surveyed in the study (ibid.) reported that they often had to resort
to using exotic species instead of native species because of a lack of native
seed or seedlings. There is a need to improve tree species conservation and to
effectively protect tree seed sources in situ in a range of seed zones, in order
13
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to establish seed conservation units for use by future generations. Identifying
high-priority sources of tree genetic material still needs to be carried out in
many tropical countries.
Building on a thematic study for FAO’s State of the World’s Forest Genetic Resources
(Bozzano et al. 2014), Thomas et al. (2014b) provided recommendations
for both restoration practice and related research to ensure adequate
consideration of biodiversity, including using genetically diverse and siteadapted material, planning restoration efforts so that they contribute to
landscape connectivity, and identifying existing constraints to and solutions
for expanding the use of a wider variety of native species in restoration. As
a result of this work, the 12th Conference of Parties to the Convention on
Biological Diversity (CBD) adopted a decision to call for increased attention
to native species and their genetic diversity in conservation and restoration
(CBD 2019). In addition, a novel approach that integrates conservation
priorities with restoration efforts was developed, based on distribution
modeling and genetic data; it helps to identify seed sources to be conserved in
each seed zone, to guide climate-smart seed sourcing (Fremout et al. 2021b).
See Box 2. Its methods can easily be scaled up. Several papers and case
studies contributed to building the conceptual framework for the approach
(Aguirre-Morales et al. 2020; Bocanegra-González et al. 2018; BocanegraGonzález et al. 2019). Other case studies from Argentina contributed to refine
the conceptual basis of and offered applied examples of how to develop seed
zones based on distribution modeling and genetic data (Azpilicueta et al.
2013; Soldati et al. 2013; Marchelli et al. 2017; Soliani et al. 2017).

Bolaina (Guazuma
crinita) plantation in an
agroforestry system, Peru.

Tree nursery in Medellin,
Colombia, with seedlings
to be established in a
progeny trial.
Photo by Evert Thomas/Alliance of
Bioversity International and CIAT

Photo by Juan Carlos Huayllapuma/
CIFOR
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Box 2. Defining seed zones to guide climate-smart seed sourcing
Restoration efforts based on tree planting need to be supported by well
targeted collection of reproductive material (most commonly seeds,
but also seedlings, cuttings, etc.) from sources that are appropriate
for the conditions of the restoration site and adapted to expected
future conditions. The collection of planting should be based on a
consideration of both species selection and individual tree populations
with the desired characteristics. Usually, recommendations on
which seed sources to use focus on locally sourced material, with
an expectation that this material will be best adapted to the local
conditions, and that this will also prevent the introduction of foreign
genetic variation that may lead to maladaptation.
However, a new approach that is increasingly being considered relies on
integrating local sources of planting material that is “climate-matched”,
i.e. adapted to the future climatic conditions of the planting site and
source in areas where future climate conditions are already present. A
constraining factor in adopting this approach may be that restoration
practitioners usually do not have access to the necessary information to
implement such climate-smart seed sourcing.
FTA designed this approach, which defines dynamic seed zones, in
light of future climate changes, and tested it on 11 socioeconomically
important tree species in the tropical dry forests of Colombia. Defining
and using these seed zones aims to capture as much as possible of the
observed genetic differentiation of a species, and it is dynamic under
climate change, based on the clustering of environmental data and
geographical coordinates. The seed zone maps were made available in
a user-friendly online tool.14
Source: Fremout et al. (2021b)
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Progeny trial of Albizia
saman at the campus of
the Alliance of Bioversity
and CIAT in Cali, Colombia.
Photo by Lina Echeverria/Alliance of
Bioversity International and CIAT

2.7 Citizen science and local knowledge supporting
conservation
Local and indigenous people are repositories of important knowledge of
the relationships between ecosystem functions and within species variation;
establishing collaborations with them has been underlined as a critical step
in documenting biodiversity dynamics at the intraspecific level (Des Roches
et al. 2021). FTA research outputs show the value of working with local
people as sources of large amounts of both qualitative and quantitative
information. This can help answer scientific and management questions
that would otherwise be too difficult to investigate, or that could be tackled
only at a high cost. An example is a study conducted to assess the capacity
of Brazil nut seed harvesters to accurately estimate the seed production
of individual Brazil nut trees, and to validate their traditional ecological
knowledge of the parameters that affect nut production (Thomas et al. 2017).
Local harvesters’ seed production estimates were found to be consistent
with actual field measurements. This indicates that the local knowledge that
guides Brazil nut extraction and keeps it within sustainability levels is robust,
and that productivity estimates could be entrusted to harvesters, since taking
actual measurements is very expensive and labour-intensive (ibid.). Two other
research papers demonstrate the value of productivity data collected from
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local harvesters for testing complex hypotheses, including fine-scale processes
that shape the provision of ecosystem services (Thomas et al. 2018; Thomas
et al. 2021), such as the distance from individuals of the same species and
density-dependence mechanisms that seem to regulate the spatial distribution
of tree diversity in natural forests (Thomas et al. 2018).
A study conducted in rural communities of the tropical dry forests of
northwestern Peru and southern Ecuador (Fremout et al. 2021a) revealed
that the large majority of local perceptions of species’ threat status and
stress resistance coincided with scientific knowledge. These findings illustrate
the large potential of local ecological knowledge to improve strategies for
selection of tree species that need conservation or restoration.

2.8 Managing forests and agroforests to conserve their
genetic resources
In some circumstances, given past human impacts on forests and forest
genetic resources, and current pressures on forests and trees, strategies that
are put in place within production systems may be the only alternative to in
situ conservation of forest genetic resources. Ex situ conservation is limited
to a relatively small set of mainly commercial tree species due to a number
of constraints, including resource limitations, seed storage problems and the
need for periodic regeneration, and the limitations of ex situ populations as
conservation gene pools.
A series of studies focused on conserving populations of trees to
safeguard their genetic resources through sustainable forest management.
An example from Mesoamerica relates to the role of community forestry
in sustaining forest genetic resources (with a specific focus on Swietenia
macrophylla/mahogany, known in Spanish as caoba) while simultaneously
providing significant economic benefits to families (van Zonneveld et al.
2018b). Another example is from the Mozambique/Niassa project (Ribeiro
et al. 2019), which focused on sustaining the forest genetic resources of the
Miombo woodlands in the Niassa National Reserve. Research focused on two
major threats: honey harvesting based on felling the trees; and uncontrolled
logging (ibid.). Ribeiro et al. 2019 showed that both beehive making from
tree bark and wild honey harvesting were widespread practices. These were
destructive techniques for the tree species involved, and researchers proposed
alternative non-destructive practices (see Box 3). The findings indicated that
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no alternative method to these recommended non-destructive practices had
the equivalent potential to contribute to sustained honey production in the
long term, since in diverse forests a population of trees may extend over
thousands of hectares and few tropical trees can be conserved as seed.

Box 3. Gathering honey from wild and traditional hives in the
Miombo woodlands of Niassa National Reserve, Mozambique
Honey hunters in Niassa National Reserve adopted less destructive
honey harvesting practices as a result of an FTA project (Ribeiro et al.
2019). Research conducted by FTA revealed that honey production in
the reserve was widespread and was based on destructive techniques
for the tree species involved, leading to negative consequences in honey
production. Many tree species were felled by honey hunters to obtain
wild honey. This not only kills the bee colony and reduces the availability
of cavities that wild bees can occupy, but also represents a threat to some
tree species. The usefulness of non-destructive traditional practices was
demonstrated by FTA and proposed for wide adoption. While stripping
the bark of trees to create traditional hives also kills the source tree, if
the most abundant tree species are used, this activity does not represent
a threat in the short term. Traditional hives last a number of years; and
producing honey in hives safeguards trees that might otherwise be felled
to obtain the honey from wild hives. In addition, honey hunters were
eager to learn techniques for climbing trees and removing honey from
wild hives in a non-destructive way, which would allow them to harvest
year after year from the same source tree.

Source: Ribeiro et al. 2019
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A review by Dawson et al. (2013) gathered evidence on the mechanisms
through which agroforests may be valuable for conserving tropical trees
and highlighted the fact that conservation, given current global challenges
and trends, will increasingly need to rely on initiatives of small-holder
farmers to maintain diversity on farm. Also, it will be necessary to monitor
aspects of concern, such as tree connectivity in agricultural landscapes and
adequate access by farmers to diverse, high-quality planting material. Future
research work should focus on best practices for in situ conservation and on
conservation’s relationships with ex situ pools of diversity.
While it is easy to quantify the benefits derived from particular tree species,
the value of their genetic resources is often not properly tracked. Another
review by Dawson et al. (2014) gave a picture of the benefits derived by
several millions of people in the tropics from products and services provided
by trees through the management of tree species diversity, and from the
genetic variation within these species, in forests and farmland. A number
of recommendations emerged from the review; they spanned harvesting of
non-timber forest products (NTFPs) in natural, incipiently- and/or semidomesticated forests and woodlands, smallholder agroforestry practices

Climbing a Colombian
mahogany tree (Cariniana
pyriformis) to collect
grafting material in
Yolombo, Colombia.
Photo by Evert Thomas/ Alliance of
Bioversity International and CIAT
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and smallholder tree commodity crop production. These recommendations
pointed to the need for a greater understanding of the genetic aspects of
production for NTFP harvesting, greater attention to the genetic quality of
planted NTFP species by smallholders, the accurate valuation of wild and
semi-wild genetic resources for tree commodity crops, and attention to critical
aspects of the value chain. Particularly critical in the shift from wild collection
of NTFPs to agroforestry systems is an assessment of all the benefits that rural
communities obtain from various tree production modalities, their trade-offs
in terms of economic, environmental aspects, and equity in the market
supply chain (Maas et al. 2020).

2.9 Community forests and conservation
Community ownership of forests has been increasing over recent decades and
is proving to be a management option that can combine multiple purposes
and benefits. Communities are often willing to manage forests with long time
frames in mind and to support conservation: most people are interested in
ensuring that their grandchildren have a viable resource to live off, rather
than maximizing their short-term returns. FTA research in community forests
in Petén, Guatemala, revealed that harvesting of timber and NTFPs was
sufficient to lift people above the poverty line (Stoian et al. 2019).
A meta-analysis of the role of protected forests (40 case studies) and
community-managed forests (33 case studies) in the maintenance of forest
cover in the tropics revealed that community-managed forests had lower and
less variable rates of annual deforestation than protected forests did (PorterBolland et al. 2012). An evaluation conducted in Petén, Guatemala, showed
that community forestry could reconcile management with conservation
of both forests and forest genetic resources, while simultaneously providing
livelihood benefits to local people (Stoian et al. 2019). In another study,
evidence was gathered indicating that the genetic diversity of mahogany was
sustained in forests managed by communities (van Zonneveld et al. 2018b; see
Box 4) and that community forestry had also contributed to the development
of equitable social institutions and negotiating capacity on the part of
local communities (Millner et al. 2020). In the same region, an interesting
alternative community-based management model based on commercial sport
hunting was researched (Baur et al. 2012). The findings revealed that the
approach led to profitable and sustainable forest product diversification and
was highly compatible with the goals of multiple-use management and forest
conservation.
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Box 4. Sustainable management of mahogany in community
forests of the Maya Biosphere Reserve (Guatemala)

An FTA project in Guatemala provided evidence to support the
contributions of community forestry in the Maya Biosphere Reserve
to conservation of the forest and of mahogany in particular (a
CITES-listed species). Mahogany (Swietenia macrophylla King) is
the most valuable timber species in the multipurpose zone of the
reserve and sustains the profitability of forest management of
the concessionary communities in this area. The concessions are
governed by a long-term contract (with a 25-year term); each year
the wood from a different area of the concession is used, based
on an annual operational plan. For each management unit,
a management plan needs to be approved, based on an
assessment of environmental impacts and with
direct monitoring by various organizations. The
FTA research assessed whether the genetic
diversity of mahogany populations — and
of the seeds and seedlings that will give
rise to future generations — was affected
by the uses under the current model
of forest management applied by the
communities. The results revealed that
in the concessions managed by local
communities enough mahogany trees
remain after timber harvesting to ensure
the capacity of seed germination and
the genetic diversity of mahogany
seedlings. The results also suggest that
under current management, mahogany
genetic resources are being maintained
in forests managed for timber
extraction. These results are helping
the communities in their negotiations
to renew the 25-year concession and
to continue managing these forests for
timber and non-timber products.
Source: van Zonneveld et al. 2018b
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3. Governance and management
3.1 Co-management of natural resources with local/
indigenous communities; gender aspects and genderequitable management
Useful recommendations emerged from research focused on critical aspects
in implementing novel co-management solutions that reconcile conservation
objectives and use of forest resources by local communities (De Pourcq et al.
2017, 2019). These recommendations regard largely the inclusion of diverse
gender-sensitive perspectives in the interactions between park authorities and
local/indigenous people. Evidence from 10 protected areas showed that comanagement can help avoid or mitigate conflicts between local/indigenous
people and national authorities (De Pourcq et al. 2015). Further research
(De Pourcq et al. 2017), through interviews conducted with a large number
of stakeholders who live and work inside or nearby 15 protected areas in
Colombia, brought to the surface the main causes of conflicts and their
immediate consequences. It showed the full potential of the “impairment
approach” to tackle conflict issues in the context of common pool resources.
This approach links sources of conflicts with the resulting impairments or
effects; these are defined by the perceptions of an actor and result from the
behaviour of another actor. These findings allowed the formulation of precise
interventions at multiple levels, which are necessary to move towards an
effective resolution of the conflicts identified. The implementation of socially
inclusive conservation strategies, which engage both women and men from
various ethnic groups in design and implementation, appeared to be the
main solution for conflict prevention and resolution in Colombia’s national
protected areas (De Pourcq et al. 2019).
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Gender relations, norms, values and practices were also at the centre of
FTA research, with the aim of understanding their influence on forest
management structures and the development and uptake of innovation
in diversified forest management approaches. Research also focused on
understanding tenure patterns for a highly valuable tree species (Parkia
biglobosa or néré) — see Pehou et al. (2020), on the differentiated access to this
species for women and men across ethnic groups; on the gender-differentiated
knowledge of agroecology and biodiversity (Elias and Fernandez 2014;
Elias 2016), including intraspecific differences in trees (Vitellaria paradoxa, or
shea; see Karambiri et al. 2017); on gender analyses of political-economic
factors affecting community forest management in Central America (Millner
et al. 2020); and on options for increasing the participation of women in
inclusive management of native fruit trees in Malaysia and India (Faridah et
al. 2017; Hegde et al. 2017) and in joint forest management in India (Elias
et al. 2020). Building on participatory approaches, Jalonen et al. (2018b)
identified community-based and gender-responsive solutions for sustainably
managing non-timber forest species in two Indian states. Collection practices
for individual species depended on market demand, tenure arrangements and
collectors’ capacities (which were influenced by gender), as well as species’
traits that made existing sustainable practices unsuitable for some species.
Male and female research participants in the communities provided detailed
suggestions for fostering sustainable collection, including organizing collectors
and collaborating with traders and other value chain actors.

Individuals of nerè (Parkia
biglobosa) interspersed
in farmers’ fields, Burkina
Faso.
Photo by Barbara Vinceti/Alliance of
Bioversity
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FTA research has contributed to more gender-responsive global policy
processes, based on evidence that gender-equitable policies and initiatives
can lead to an improved performance with regard to institutional and
environmental aspects. For example, gender research influenced the design
of policy documents that over the years informed the negotiation processes
of the Convention on Biological Diversity (CBD) of the United Nations,
including the development of a new strategy post-2020 that will be adopted
for the next decades.15 FTA launched a Gender Research Fellowship
Programme to strengthen the capacities of young researchers in a range of
geographic and socio-cultural contexts to carry out research on conservation
and gender-equitable sustainable management, engaging local populations
through participatory research in order to trigger transformational
learning processes (Elias et al. 2017). The initiative was assessed a year
after its completion (Thull et al. 2015). The evaluation revealed that the
programme had successfully contributed to strengthening the capacity of the
fellows involved, and to filling knowledge gaps about gender-differentiated
knowledge, skills, access, management and use of tree and forest genetic
resources. For more information about research work on gender conducted
within FTA, please see FTA Highlight No.15 in this series (Elias et al. 2021).

3.2 Managing forests for multiple uses
FTA research on forest management for multiple uses focused on developing
improved silvicultural and monitoring practices for multiple use management
of forest ecosystems, and tools and methods to resolve conflicts about
distribution of benefits and resource rights in the use of forest and tree
resources. A special issue of Forest Ecology and Management focused on multiple
use of tropical forests (Guariguata and Sist 2012). It contributed new
knowledge on biophysical, institutional, regulatory and socio-economic
aspects of forest use that affect the development and implementation of
multiple use forest management in tropical regions. A set of case studies
showed examples of diverse and novel management approaches to achieve a
range of goals simultaneously: conservation and livelihoods, timber harvesting
and nutrition, timber harvesting and biodiversity conservation. These case
studies spanned management of forests by communities, timber concessions
managed to sustain timber yields and access to food resources for local
communities, and examples of co-management and participatory monitoring.
The special issue was also translated into Spanish and disseminated as a book
by CIFOR to enhance visibility and outreach.16
15
16

https://www.foreststreesagroforestry.org/news-article/two-key-un-policy-processes-are-now-more-gender-responsive .
https://www.cifor.org/publications/pdf_files/Books/BGuariguata1301.pdf.
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The cases presented illustrate the complexity of the trade-offs involved in
pursuing management for multiple purposes. This type of management
requires a clear initial definition of the various goals and the engagement
of all relevant stakeholders in a dialogue. One case study (Guariguata et al.
2012) discusses the fact that spatial planning, from stand to landscape level,
requires particular attention, and that managers will need to acquire new
skills through specific training and education to be able to implement the
concept of multiple use forest management. See Box 5.

Box 5. Managing forests for multiple uses: timber logging
and Brazil nut extraction

Two case studies in the special issue of Forest Ecology and Management
(Guariguata and Sist 2012) addressed aspects related to tensions
between management of timber and Bertholletia excelsa (Brazil nut) in
Latin American communities (Cronkleton et al. 2012; Duchelle et al.
2012). Forests used traditionally for the extraction of non-timber forest
products (NTFPs) have experienced increasing logging of timber, so
that Brazil nuts and timber are harvested in the same stands. In Bolivia,
management of each resource is typically carried out by different
stakeholders; local families are responsible for Brazil nut gathering,
while logging companies carry out the timber harvest, and finding a way
to reconcile these uses has been difficult. Recommendations based on
observations (Cronkleton et al. 2012) conclude that multiple-use forest
management could be improved by strengthening community-level
institutions. This could be achieved by confirming these institutions’
authority over timber management operations and by building their
capacity to oversee and monitor the extraction activities of loggers
working on their land. A case study conducted in Western Amazonia
(Duchelle et al. 2012) looked at the perceptions of representatives
of different stakeholder groups — communities, industries (Brazil
nut and timber), non-governmental organizations, and government
agencies — on the integration of timber and Brazil nut management at
multiple scales. This revealed distinct differences in perceptions among
stakeholder groups, both within and among countries, in pursuing
multiple-use forestry strategies. Negative perceptions were associated
with policy barriers and high management costs. Important initial
steps were taken to assess the compatibility of timber harvesting in
forest stands with extraction of Brazil nut, a high-value NTFP. These
steps included determining the level of logging intensity that could
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Box 5. Managing forests for multiple uses: timber logging
and Brazil nut extraction continued...

be compatible with nut production (Rockwell et al. 2015; see Box 6),
and assessing the spatial distribution pattern and density of Brazil nut
trees in disturbed logged forest stands (Rockwell et al. 2017). Elements
of the research findings by Rockwell et al. (2015) were included in the
official technical norms for management of non-timber forest product
concessions in Peru in 2016, with important outcomes in terms of forest
policy and offering a good example of how to design a research project
to best link scientific findings with policy and influence action (Ramirez
and Belcher 2020).
Research findings on the socioecological aspects of the extraction of
Brazil nuts reveal that the species utilization represents a model system
in terms of sustainability (Guariguata et al. 2017). However, recent
evidence from the Madre de Dios Department in Peru (Willem et al.
2019), where Brazil nut concessions were launched in 2000, indicates
that these concessions are subject to over-regulation, which is not
accompanied by adequate intervention from state agencies, and that
they are affected by inefficiencies in state monitoring and sanctions.
In addition, law enforcement is inadequate and the value chain is
characterized by power imbalance. Illegal timber harvesting and
conflicts in customary versus regulatory governance demonstrate the
lack of a framework that can truly enable multiple forest uses.
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Beyond the model case of Brazil nut, opportunities for and constraints to
implementing multiple forest use were further examined. A broad assessment
of the potential for conflict in the use of multipurpose tree species was carried
out across five countries sharing the Amazonian lowland forest: Bolivia,
Colombia, Ecuador, Peru and Venezuela (Herrero-Jáuregui et al. 2013). It
emphasized the economic dimension of conflicts and showed that half of
the timber species assessed also have non-timber use, and that use of four
multipurpose species leads to strong conflicts between timber and non-timber
economic value. However, none of these uses had specific management
options or legislation to promote sustainable use and mitigate potential
conflicts.

Box 6. Compatibility of timber harvesting with collection of NTFPs
Work by FTA on non-timber forest product concessions in the
Peruvian Amazon assisted the government to integrate the harvesting
management of timber and Brazil nuts in order to optimize combined
yields of both forest products. The compatibility of timber harvesting
with the harvest of Brazil nuts, which supports thousands of rural
families in Western Amazonia, was evaluated by combining GIS
information and government databases as well as implementing a largescale field study where the production of Brazil nut was assessed as a
function of the volumes of timber being exploited in the concessions
(Rockwell et al. 2015). The results from this work were included into the
forestry technical norms issued by the Peruvian government to manage
Brazil nut concessions, indicating how much timber could be harvested
without compromising yields of Brazil nut; this reconciles livelihood
benefits for the communities and produces incentives for forest
conservation by local communities. In addition, the research conducted
proved successful in showing how science can support policy (Ramirez
and Belcher 2020), improving knowledge of Brazil nut ecology among
concession owners and triggering a discussion on how to manage Brazil
nut groves sustainably.
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FTA scientists contributed to an analysis of opportunities for and challenges
to sustainable forest management in the humid tropics (Africa, Southeast Asia,
Tropical America), with a particular focus on multiple-use forest management
and messages targeting forest managers (Sabogal et al. 2013). Evidence shows
how invisible the trade of NTFPs is (Shanley et al. 2016). This creates the risk
of its being neglected by policy makers, despite its importance, which goes
beyond monetary value, embeds socio-cultural elements and plays a key role
in adaptive livelihood strategies (ibid.). Multiple-use management practices
that couple objectives such as ecosystem services and community needs with
traditional forestry require cross-sectoral forest policies that reduce regulatory
obstacles. This is especially needed for smallholders and for systems based on
common property systems.

Degraded landscape with
Brazil nut trees (Bertholletia
excelsa) in Madre de Dios,
Peru.
Photo by Evert Thomas/Alliance of
Bioversity International and CIAT
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3.3 Conflicts between timber harvesting in logging
concessions and nutrition security
Research on diversified forest management was conducted in the Congo
Basin, the second largest expanse of tropical forest in the world and the
object of multiple uses by different stakeholders. Some of the uses are
informal or illegal and are not accommodated within the framework of forest
management administered by government. Widespread timber concessions
granted to industries compete with agriculture, hunting, small-scale logging
and, it has been suggested, with the gathering of non-timber forest products
by local people who live in or near the forests (Tieguhong and Ndoye 2007;
Guariguata et al. 2010). FTA research on forest uses by men and women
in dozens of villages in Cameroon, Gabon and the Democratic Republic
of Congo (Tieguhong et al. 2017) showed that local people depend on
forest foods, including both plants and animals. Scientists analyzed the
density and abundance of forest resources and found that extracting both
industrial timber and forest foods from trees could be sustained from the same
concession if users followed clear guidelines and negotiated agreements to
reduce conflicts (Tieguhong et al. 2017; Maukonen et al. 2020). Expanding
the number of resources managed and extracted from concessions would
increase the benefits per hectare as well as the number of beneficiaries. A
broader analysis of multiple-use forest management in the humid tropics
identified agriculture, chainsaw logging and hunting as the main sources of
conflicts between villagers and timber industries (Sabogal et al. 2013). Once
these were identified, the researchers looked at ways to resolve the disputes
and estimated the costs of the trade-offs required. This last step was crucial,
as it gave stakeholders a clear idea of the costs and benefits associated with
the implementation of a multiple-use scheme. It has become clear that
multiple-use forest management needs effective financial incentives (ibid.).
Going forward, the researchers (ibid.) suggest that concessions should not be
dedicated solely to timber exploitation, but be part of a broader landscape
for sustainable multiple resource-based development. Timber and non-timber
products for different stakeholders can be obtained and sustained from the
same concessions when all agree on appropriate practices and arrangements.
Large expanses of tropical forest in Central Africa are under legal concession
arrangements with industrial timber producers. FTA research in the
Congo Basin illustrated the importance of forest foods to the nutrition and
livelihoods of people in Central Africa and explored the potential to manage
concessions in a way that sustains both timber yields and access to food
products from trees by local communities (Fungo et al. 2016; Maukonen et al.
2020; Muvatsi et al. 2021). These studies were carried out in the Democratic
Republic of Congo, Gabon and Cameroon to evaluate the degree of
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potential conflict between timber production and harvesting forest foods
(fruits and edible caterpillars) from tree species that are important for the
timber trade. They led to several conclusions. Fungo et al. (2020) found that
these food sources are very important to the nutrition of rural people who live
in forest environments, most of whom suffer from hunger and malnutrition.
Maukonen et al. (2020) show that most of the resources are collected within
a relatively limited radius (circa 4 km) around villages. According to Muvatsi
et al. (2021), many of the resources can be obtained from trees that have not
yet reached minimum felling diameter, meaning they are not threatened by
industrial timber harvesting; however, because these trees are smaller, they
also produce less fruit and host fewer caterpillars than trees large enough to
be legally harvested. In addition, many trees that have reached the minimum
cutting diameter are not extracted in felling operations, either because they
are inaccessible or because they are of poor form for timber production; these
continue to produce fruits and caterpillars (ibid.). Industrial timber harvesting
respects minimum cutting diameters because the export market they supply
does not want undersize trees; however, local demand for wood and income
means that it is often the villagers themselves (almost always men) who fell the
trees, often those with much smaller diameters than the legal limit, that other
villagers (often women) depend on as sources of food (Fungo et al. 2016).
Several studies found that it would be feasible to manage these forests to
produce both industrial timber and food (Noutcheu et al. 2016; Muvatsi et al.
2018; Tieguhong 2017; Taedoumg et al. 2018). See Box 7.

Walnuts and other dried
fruits in a market in
Kyrgyzstan.
Photo by Barbara Vinceti/Alliance of
Bioversity International and CIAT

FTA HIGHLIGHTS OF A DECADE

39

Conservation of Tree Biodiversity and Sustainable Forest Management

Box 7. Participatory mapping to solve conflicts between logging
and NTFP extraction

Participatory mapping was carried out in selected villages in Cameroon
located in close proximity to a forest concession. This approach was
adopted to try and resolve conflicts generated by timber extraction
activities carried out in concessions where local communities derive
valuable non-timber forest products (NTFPs) from the same tree species
targeted by loggers. Few quantitative studies have been conducted to
determine the impact of logging on the ability of local populations to
obtain NTFPs from the same forest sites. This FTA study (Maukonen et
al. 2020) focused on three species that provide important food products
to villagers and are also valuable timber trees that are targeted by
logging operations. The tree species were Baillonella toxisperma (moabi),
producing an edible fruit and seed oil; Entandrophragma cylindricum
(sapelli), which hosts caterpillars and larvae commonly consumed in
Central Africa and is at the same time the second most important
timber species in terms of volume exported; and Erythrophleum suaveolens
(tali), which hosts another edible caterpillar species and is also a
valued timber species, largely exported from Cameroon. The research
objective was to determine which individual trees were sources of
food resources collected by local people, in order to evaluate whether
and to what degree men and women living in villages near timber
concessions obtained food products from trees in concessions that
might be threatened by logging. The study was based on participatory
resource mapping, which combined key informant interviews with
GPS information and measurement of collection trees to which key
informants guided the researchers. In order to account for different
interests in resources between women and men, the teams were genderdifferentiated. The findings revealed that in the targeted villages, most of
the trees that provided important food resources to the local population
were not located on concession lands. The study also recognized the
need to respect minimum cutting diameters and legal requirements
in agreement with local villagers, in order to safeguard access to food
resources from timber trees, even where these are on timber concessions.
Mapping and management guidelines are needed for multiple species
in order to expand the benefits and the beneficiaries that can be derived
from tropical forest management in Africa, and to sustain production of
both timber and non-timber resources for multiple users.
Source: Maukonen et al. (2020)
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With regard to nutritional security, FTA research has contributed to better
understanding how indigenous food tree species (both wild and cultivated)
contribute to improving diets through their supply of critical nutrients
which are highly deficient in some contexts; this research has also generated
evidence on species-specific variation in nutrient content in different edible
parts, such as fruit, leaves, flowers, etc. For more information about research
work on food security and nutrition conducted within FTA, see FTA
Highlight No.5 in this series (Ickowitz et al. 2021).

3.4 Impacts of logging and plantations on forest biodiversity
In the last 50 years, tropical natural forests have been affected by intensive
extraction of resources. Over half of all tropical forests have been subject
to clearing or logging activities carried out to satisfy the increasing demand
for tropical timber, so that degraded forests are now a conspicuous part of
tropical landscapes. In addition, about half of the remaining forests (circa 400
million ha) is allocated to timber production, so understanding the dynamics
of managed forests, including their role in the global carbon cycle, is critical
(Blaser et al. 2011; Laurance et al. 2013). Most of the knowledge of tropical
forests comes from research conducted in undisturbed sites. This means that
long-term studies on the effects of silviculture on forest dynamics and ecology
remain limited, despite the current greater extent of logged and disturbed
tropical forests compared to so-called primary forests.
In order to monitor changes in logged forests and to assess the estimated
potential of natural production of tropical forests, a network of 24
experimental sites has been set up. Distributed across three tropical regions,
with a network of 536 permanent plots and about 1,200 ha of forest
inventories, it is called the Tropical managed Forests Observatory (TmFO;
see Sist et al. 2015). This network, supported by FTA scientists, has enabled
the aggregated analyses of long-term data at regional and global scales in
the Amazon Basin, Congo Basin and Southeast Asia, and has quantified the
effects of selective logging on forest biodiversity and dynamics, carbon storage
and tree species composition, framing a new approach to future tropical
forest management (Rutishauser et al. 2015; Piponiot et al. 2019a; Piponiot
et al. 2019b). TmFO is also contributing to other global initiatives, which are
coupling remote sensing with field observations in tropical forests, to measure
forest biomass and estimate biodiversity, feeding vast data repositories for
ecological studies and global biomass assessments.
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The research (Rutishauser et al. 2015), conducted across hundreds of plots,
has also provided information on the recovery time for biodiversity and initial
carbon stocks after logging, which is of great relevance in shaping policies
that frame management practices. Initial results show that logging intensity
has an overwhelming effect on the recovery capacity of Amazonian forests.
Simulations (Piponiot et al. 2019a) also indicate that while tropical natural
forests will continue to have a key role in providing environmental services
(e.g. biodiversity protection and conservation, climate change mitigation,
livelihood options), the timber supply from selectively logged forests will
likely be insufficient to meet global demand, regardless of the duration of the
cutting cycle and logging intensities. Therefore, significant efforts will need to
be invested in forest restoration through plantations and intensive silvicultural
practices (e.g. enrichment planting).

Edible products from
Adansonia digitata
(baobab) sold with
vegetables at a market in
Benin.
Photo by Barbara Vinceti/Alliance of
Bioversity International and CIAT
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Jalonen et al. (2014) reviewed the impacts of logging and habitat
fragmentation on the genetic diversity of native Asian tree species, and
assessed conservation measures in existing forest management guidelines.
Dipterocarps are the dominant tree family in Southeast Asian rainforests;
they act as important carbon sinks and have distinct dispersal patterns, with
both pollen and seed dispersal typically limited to short distances. These
traits, together with the high species diversity and low population densities of
individual species, make dipterocarp species particularly vulnerable to genetic
erosion17 in the event of logging and habitat fragmentation. Existing studies
reviewed by Jalonen et al. (2014) found that the reduction in genetic diversity
through logging could not be adequately compensated for by gene flow from
adjacent unlogged stands, and that inbreeding increased after logging in
most studied cases. Inbreeding negatively affects the regeneration and vigour
of progeny, with potentially long-term effects on the recovery of the logged
stands. These results highlight the need to incorporate genetic conservation
measures in harvesting practices. Jalonen et al. (2014) identified practical
recommendations for forest managers on how to mitigate the negative
impacts of logging on genetic diversity. Several recommendations from the
study (ibid.) were adopted in the Malaysian Criteria and Indicators (MC&I)
for Forest Management Certification (Natural Forests), which are applied
across 4 million hectares of production forests in the country.
Regarding the effects on biodiversity from plantations in the tropics, a
systematic review was conducted on biofuel crops (oil palm, soybean and
jatropha), with a particular focus on the influence of plantations on species
richness, abundance, community composition and ecosystem functions
(Savilaakso et al. 2014). The results indicated that oil palm plantations
have led to a decline in species richness compared with primary and
secondary forests, and that forest conversion to oil palm plantations has
led to a significant modification in the composition of species assemblages.
Knowledge gaps remain with regard to how different production systems
affect biodiversity and ecosystem function.
A key innovative approach to forest management to restore timber values
emerged from research on regeneration of timber trees subject to infrequent
large-scale disturbance in harvested forests in Mesoamerica (Snook et al.
2021). There, 80% of commercial timber tree species are intolerant of shade
and do not regenerate in the small gaps produced by timber harvesting.
The novel practice, which involved the use of patch clear-cuts and natural
regeneration, was tested 11 years after it was implemented, at which time

Genetic erosion is a natural or human-driven process that, over time, produces a loss of genetic diversity in populations of
the same species, or a reduction of the genetic base of a species, or the loss of an entire species.
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there was proof of success.18 The proposed approach represents a major
paradigm shift that acknowledges that many tropical forests do not regenerate
through small gaps, which was considered to be widespread, but instead
regenerate after infrequent large-scale disturbances such as hurricanes and
fires. Different approaches, namely patch clear-cuts, which were tested and
described in this research (Snook et al. 2021), are urgently needed.
Recommendations regarding management of natural regeneration were
derived from research conducted on Brazil nut in the Madre de Dios region
of Peru (Porcher et al. 2018). This tree (Bertholletia excelsa) has huge ecological
and socioeconomic importance and is known for being a pioneer, gapdependent species. Porcher et al. 2018 found that it regenerated more often
in fallows than in mature forests. An increase of recruitment rates in fallows
followed a number of fire events, with positive correlations observed for up to
three fire events, largely due to an accumulation of resprouting individuals.
These findings suggest using better fire management in fallows to ensure
greater natural regeneration of Brazil nut.

Women cracking
Brazil nut tree seeds
(Bertholletia excelsa)
to release the nuts in
Puerto Maldonado,
Madre de Dios, Peru.
Photo by Evert Thomas/ Alliance of
Bioversity International and CIAT
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FTA research has also focused on the characterization of tree biodiversity
in neotropical secondary and production forests, generating estimates of
the recovery of biodiversity and biomass. A special issue of Forest Ecology and
Management, edited by FTA scientists, focused on active restoration of timber
production and other ecosystem services in secondary and degraded forests,
in landscapes under strong human pressures (Ngo Bieng et al. 2021). The
case studies presented illustrate assessments that link the timber potential
of secondary forests with the provision of ecosystem services. The issue also
presents cases that demonstrate how active restoration could help to mitigate
forest biodiversity losses and other degradation processes in logged-over
forests.

3.5 Governance and operational aspects of sustainable forest
management (certification)
FTA research has developed innovative solutions to the design and
implementation of institutional governance arrangements aimed at
improving sustainable management of forests. One of the main areas of
investigation has been the arrangements in consumer countries to improve
governance capacities in producer countries; the ultimate goal of these
measures was to reduce deforestation associated with the production of
agricultural commodities (e.g. cacao, palm oil). For more information about
work on sustainable value chains and finance conducted within FTA see
FTA Highlight No.10 in this series (Brady et al. 2021). Another research
area focused on the possibility of designing broad approaches to promote
the uptake of sustainability standards and certification (Meijaard et al.
2014; Romero et al. 2017; Cerutti et al. 2017; Savilaakso and Guariguata
2017). The adoption of certification has been slow due to its costs and to
institutional barriers, both of which have so far prevented the large upscaling
of sustainability practices.
Furthermore, while governments in consumer countries are adopting
measures to limit imports of unsustainable or illegal timber, regulations in the
private sector have also emerged in producer and consumer countries, with
the objective of promoting self-governance by private actors through codes of
conduct, principles and guidelines, and wider commitments to sustainability.
A body of research has showed how the various combinations of public
and private initiatives are contributing to more effective transitions to the
sustainable supply of forest-related products in a range of geographic
contexts, such as Cameroon (Cerutti et al. 2011; 2013), Congo Basin (Cerutti
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et al. 2014), Indonesia (Romero et al. 2015b) and Brazil (Romero et al.
2015a). These reports highlight constraints and opportunities that are specific
to each country. This work is informing debates on the measures required to
support sustainable supply in ways that reconcile the interests of producer
and consumer countries, and of stakeholders along the value chain.
Assessing the impacts of certification by the Forest Stewardship Council
(FSC) after more than 20 years of implementation — and correctly relating
social, ecological and economic outcomes to forest management versus other
factors — turned out to be very difficult to do in a stringent way, based on the
information gathered through a range of different methods. To overcome this
issue, a roadmap was developed based on rigorous methods to assess whether
FSC certification is leading to the expected outcomes (Romero et al. 2017).
An account of how the roadmap has been used is not available yet.
FTA work has also explored opportunities for and challenges to including
forest ecosystem services in forest ecosystem certification (Meijaard et al.
2014). The challenges that emerged include the lack of markets for forest
ecosystem services, the insufficient demand for bundled forest ecosystem
services versus individual ones (e.g. pollination, flood buffering, as opposed
to carbon sequestration alone), the difficulties in quantifying forest ecosystem

Morphological variation
in fruits of Dacryodes
edulis (African plum tree)
collected from different
individual trees.
Photo by Aurore Rimlinger/IRD
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services, and the very high monitoring costs. Possible ways forward include
simplifying certification criteria and developing new techniques to quantify
how forest management practices influence service provision; for example,
defining minimum thresholds under which sustainable forest ecosystem
services can no longer be provided. A study to assess the feasibility of forest
ecosystem services certification revealed a low willingness to pay for the
certification of these services and limited technical capacity to manage them
(Jaung et al. 2016). Attempts to incorporate forest ecosystem services in an
existing forest certification scheme brought to light other constraining factors
at the local scale; in particular, the lack of a specific vision and detailed
information about future prospects for forest ecosystem certification turned
out to be problematic when trying to attract market interest (Savilaakso and
Guariguata 2017).

3.6 DNA-based verification methods to combat illegal logging
To support the implementation of sustainable forest management, methods
to detect illegal logging and trade have been set in place. Various methods can
be applied to track the origin of timber; they are based on analyses of wood
anatomy, wood chemistry (stable isotopes, mass spectroscopy, near-infrared
spectroscopy) and DNA samples extracted from timber. They vary in terms
of advantages and limitations, and in the level of accuracy in detecting the
species and origin of the material; using a combination of methods may be
more effective (Dormontt et al. 2015; Lowe et al. 2016). In addition to wood
anatomical methods, which are well-established, timber-tracking techniques
are constantly evolving. One of the greatest limitations is the limited
availability of reference data, which are necessary to verify the species and
origin of a traded wood-based product. In the last decade, molecular genetic
methods have been shown to hold great potential for use at a variety of levels
to identify wood, from the identification of species to the verification of
source region and concession, and to the tracking of individual logs or timber
products (Lowe and Cross 2011; Lowe et al. 2016; Dormontt et al. 2015;
Schmitz et al. 2020).
FTA has contributed to setting up the Global Timber Tracking Network
(GTTN),19 which promotes the implementation of innovative tools to identify
tree species and determine the geographic origin of traded wood. FTA has
also provided contributions in the formulation of an overview of various
timber tracking methods and guidelines for sample collection (Schmitz et al.
2019; Schmitz et al. 2020). The guidelines for sampling aim to facilitate the
19

https://globaltimbertrackingnetwork.org/.
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harmonization of practices for collecting samples that are subject to various
verification methods, especially if used in combination, to ensure that samples
come from the same individual tree and from the same part of the tree.
Critical to the implementation of verification measures to monitor and fight
the trade of illegal wood is the development of reference databases for various
timber tracking tools. GTTN is building a central database and a sample
location facility. In future, when a reference database is in place for a given
tree species and for more than one identification method, it will be sufficient
to have at hand one sample of unidentified wood to determine its identity.

Genetic code extracted
from wood can be used
as a forensic tool to crack
down on illegal logging.
Photo by Judy Loo/Bioversity
International
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4. Relevance of research outputs

in the frame of global initiatives

Results from FTA research discussed here can inform the implementation
of the post-2020 Global Biodiversity Framework (CBD 2021), which will
set goals for biodiversity conservation and sustainable use for the next three
decades, until 2050. The draft framework includes goals and targets to
reduce the number of threatened species, maintain genetic diversity, improve
conservation and sustainable management of ecosystems, and develop
capacity building and scientific cooperation. The framework was scheduled
for adoption at the 15th CBD Conference of Parties (COP) in October 2021.
As part of the process leading to the next COP, FTA organized an
international scientific conference with the Kunming Institute of Botany,
Chinese Academy of Science, and the Research Institute for Resource Insects,
at the Chinese Academy of Forestry, in Kunming, China, on 22–24 June
2021. The theme was Forests, Trees and Agroforestry for Diverse Sustainable
Landscapes.20 The event presented the state of the evidence to support the
implementation of the CBD, and to promote a better linkage between science
and research with policy, development and implementation, around six main
technical themes.
The final key recommendations were formulated for the attention
of governments and all actors, public and private, the Rio platforms

https://www.foreststreesagroforestry.org/wp-content/uploads/2021/07/FTA_Kunming_Conference-OutcomesRecs_
vDEF.pdf.
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and conventions — CBD, United Nations Framework Convention on
Climate Change (UNFCCC) and United Nations Convention to Combat
Desertification (UNCCD) — trade-related bodies, and international
organizations such as FAO. The recommendations resulted from the technical
and plenary sessions of the conference and incorporated comments received
from participants.
In May 2021 scientists from Bioversity attended the twenty-fourth meeting
of the Subsidiary Body on Scientific, Technical and Technological Advice
(SBSTTA), which advises the CBD Parties on the implementation of the
convention and development of the new global framework. Bioversity
issued statements21 at the meeting on the need to better incorporate forest
biodiversity in the draft framework and its proposed indicators, and to set
more explicit targets and indicators for genetic diversity. These comments
were reflected in the report of SBSTTA co-chairs (SBSTTA 2021), which
noted that forests should be better reflected across the goals and targets of the
framework, including through additional targets where relevant.
In addition, the FAO’s Global Plan of Action (FAO 2014a), derived from its
State of the World’s Forest Genetic Resources, is implementing a global monitoring
system for FGRs that is directly supported by FTA work on tree biodiversity.
Specifically, the spatially explicit threat analysis of tree species (Fremout 2020;
Gaisberger et al. 2020) provides powerful new tools to support mapping and
monitoring of FGRs. Furthermore, a thematic study accompanying FAO’s
State of the World’s Forest Genetic Resources (Graudal et al. 2014) represents the
first attempt to provide a thorough overview and synthesis of the appropriate
indicators for defining intraspecific tree biodiversity state, existing pressures,
benefits (the implications for society) and responses (the measures taken by
society). These indicators would assist in the management of FGRs and
have been proposed for immediate implementation by the global biodiversity
community. This analysis had the objective to support new biodiversityrelated indicators within the Convention on Biological Diversity post-2020.
For the post-2020 Global Biodiversity Framework, the critical role played
by Trees on farms (TonF) in contributing to biodiversity conservation in
agricultural landscapes through in situ conservation, in line with the objectives
of Aichi Target 7, was presented by FTA scientists in a policy brief (Vidal
et al. 2020). Despite the importance of TonF, they are not accounted for
in National Biodiversity Strategies and Action Plans (NBSAPs), which are
going to be key instruments for the implementation of the post-2020 Global
Biodiversity Framework. A number of actions are proposed to include TonF
21
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under agricultural biodiversity strategies in NBSAPs. FTA research work has
also contributed to improving regulations on seed systems and transfer zones;
for more information about work on seeds and seed systems conducted within
FTA, see FTA Highlight No.2 in this series (Graudal et al. 2021).
Finally, the research outputs generated by FTA are also relevant in relation
to strategic objectives of the United Nations Convention to Combat
Desertification and the United Nations Framework Convention on Climate
Change.

Dacryodes edulis
(African plum tree)
in a homegarden in
Cameroon.
Photo by Nardis Nkoudou Ze
/University of Yaoundé
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5. Future directions
5.1 Topics for future research that emerged from FTA work
FTA has contributed an enormous amount of knowledge to advance
understanding of the threats to and the effective conservation strategies for
forest tree biodiversity across the tropics. This has enabled significant steps
forward in policies and regulations for the sustainable use and increased
valuing of FGRs. Some topics have emerged as critical for future research and
will be part of the agenda, not only of CGIAR scientists, but of the broader
scientific community.
It will be important to achieve an improved understanding of the effects of
species composition —which are different from those of species richness or of
individual species — on forest productivity and other ecosystem functions. In
particular, five issues are important: the relationships between plant species
richness and functional diversity and biomass accumulation in diverse forest
systems, especially for novel systems;22 the relationships between species
richness and ecosystem resistance and resilience; the repercussions of a loss of
faunal diversity on processes in forest ecosystems; the long-term consequences
of repeated disturbances on the recovery of forest ecosystems; and the
degradation/disturbance thresholds that may constrain the capacity of forest
ecosystems to recover their diversity, functions and provision of services.
It will be crucial to better understand the time scales and conditions required

Novel systems are new combinations of species or ecosystem structures that are determined by new combinations of
climatic and environmental factors, which often result from climatic changes.
22
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to recover to pre-disturbance levels of biodiversity and carbon in secondary
forests, which are of significant value to conservation of biodiversity and
are important carbon stocks, but are currently poorly understood. Improved
knowledge is also necessary regarding the effect of spatial scales in the
provision of ecosystem services by individual tree species such as Brazil nut,
for which ecosystem service provision is influenced by neighbouring effects on
recruitment and seed production.
A better understanding of genetic variation in relation to adaptive traits
remains a central research objective, especially concerning lesser-studied
tree species, in order to guide their management in light of climate change.
Another priority is a better assessment of diversity, and a comparison of
current and future habitat niche modelling of extant wild and semi-wild
stands of important tree commodity crops and other commercially valuable
tree species.
Some very promising approaches, such as the use of species distribution
models to set priorities in conservation and restoration, will require more
investigation to support more systematic adoption in different contexts. In
addition, future projections of species’ responses to climate change, based on
current and future species distribution models, need to incorporate plastic
responses23 and information on genetic differentiation as much as possible in
order to improve their accuracy. Major objectives will be to identify gaps in
conservation, to assess which forest genetic resources are not included within
the existing networks of protected areas, and to define dynamic tree seed
zones for seed collection in restoration initiatives in light of expected future
climatic changes.
Operational management models that enable safeguard measures to be
implemented for genetically diverse populations should be tested in a larger
set of contexts, and should include the steps of a formal identification of
genetic conservation sites and recognition of them by institutions; agreements
with local communities on their involvement in protecting valuable tree
populations; and involvement of local communities in tree seed sourcing
through appropriate compensation mechanisms. In this way, incentives for
conservation would stem from the use of forest diversity, valuing genetic
resources in the context of restoration and embedding conservation of
high-quality tree seed into economic assessments of costs and benefits of
restoration. To support this, more case studies are needed.
In addition, research activities are required to test the adoption of multipleuse forest management models in a range of contexts. This will help
23

Plasticity is the ability of a genotype to express different phenotypes depending on the environment in which it resides.
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researchers understand the circumstances under which arrangements
are most effective (e.g. community forests); where positive linkages can be
achieved between cultivation and the conservation of forest and woodland
populations that provide alternative sources for NTFPs; how production
from trees under cultivation can sustain the conservation of wild sources of
useful tree products; and the contexts where high tree diversity on farmland
is compatible with production, since exotic tree species often outcompete
and replace indigenous species. Finally, it will be necessary to explore
domestication approaches that are most favourable to the maintenance of
intraspecific diversity.
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