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Foreword

Forests are host to most of Earth�s terrestrial biodiversity. The conservation of the 
world�s biodiversity is thus utterly dependent on the way in which we interact 
with and use the world�s forests. The role of forests in maintaining biodiversity is 
also explicitly recognized by the United Nations Strategic Plan for Forests 2017�
2030 and in the ongoing discussions around the forthcoming post-2020 global 
biodiversity framework under the Convention on Biological Diversity (CBD).

In December 2019, the Food and Agricultural Organization of the United 
Nations (FAO) adopted the Strategy on Mainstreaming Biodiversity across 
Agricultural Sectors. In October 2020, at its twenty-fifth session, the Committee 
on Forestry (COFO) requested FAO to conduct a review of biodiversity 
mainstreaming in forestry and share good practices on solutions that balance 
conservation and sustainable use of forest biodiversity. 

This publication results from a partnership between FAO and the Center for 
International Forestry Research (CIFOR), lead centre of the CGIAR Research 
Program on Forests, Trees and Agroforestry (FTA). The study was initiated at the 
occasion of the Global Landscapes Forum (GLF) Biodiversity Digital Conference: 
One World � One Health held on 28 October 2020. It involved experts from FAO, 
CIFOR, FTA and other organizations around the world in a collaborative process. 
It is enriched by eight country case studies from the Democratic Republic of the 
Congo, Ethiopia, Finland, Japan, Malaysia, Mexico, Peru, and the United Kingdom 
of Great Britain and Northern Ireland (case from Scotland).

This study has the following objectives: assess the state of mainstreaming 
biodiversity in the forest sector; take stock of existing concepts and tools 
for integrating biodiversity in forest management; review the range of policy 
instruments that, beyond legal protection, can enhance biodiversity conservation; 
and recommend actions to advance biodiversity mainstreaming in the forest sector. 

Protected areas play a central role in biodiversity conservation covering 
18�percent of the world�s forests. A much larger extent (30 percent of the global 
forest area) is managed primarily for the production of timber or non-wood forest 
products. Often, protected areas are established in remote and inaccessible places, 
leaving critical habitats in more accessible areas vulnerable to pressures from 
competing land uses. Weak governance and law enforcement often undermine 
biodiversity conservation even in protected areas. For these reasons, mainstreaming 
biodiversity in production forests is of paramount importance to stem biodiversity 
loss. Sustainable management of production forests can also provide the much-
needed finance and incentives for biodiversity conservation. Therefore, this 
study focuses on mainstreaming biodiversity in production forests by integrating 
biodiversity concerns into everyday forest management practices and striking the 
right balance across multiple objectives, including productive economic benefits, as 
well as maintaining or enhancing ecosystem services and biodiversity conservation. 
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UNCCD United Nations Convention to Combat Desertification
UNFCCC United Nations Framework Convention on Climate Change
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Executive summary

Forests harbour most of the Earth�s terrestrial biodiversity. Tropical rainforests 
alone harbour over 50 percent of terrestrial species. Forests and their biodiversity 
serve as a safety net for humanity, providing clean air, regulating water cycles, 
sequestering atmospheric carbon, mitigating natural disasters, and bolstering 
livelihoods. Forests also have an important role in maintaining human health and 
psychological well-being, as well as in sustaining our economies. A large proportion 
of the world�s poorest people are dependent on forest resources, although all people 
in the world benefit from forests and the products of their biodiversity.

Even though biodiversity conservation has been an important global agenda 
for at least three decades, forest biodiversity continues to be lost at an alarming 
rate. Deforestation is the single most important driver of forest biodiversity loss. 
Approximately 10 million ha of forest are cleared for other land uses every year, 
with agricultural conversion being the primary driver. The global commitment 
taken during the 26th United Nations Climate Change Conference of the Parties 
(COP26) in Glasgow to halt and reverse forest loss and land degradation by 2030 
will be critical to stem global biodiversity loss, as well as contribute to achieving 
the +1.5 °C climate target of the Paris Agreement. Furthermore, the Abidjan Call 
adopted at the 15th Session of the Conference of the Parties of the United Nations 
Convention to Combat Desertification (UNCCD) reaffirmed the commitment 
of the international community to combat desertification, halt biodiversity loss 
and mitigate climate change in an integrated manner. Forest biodiversity is also 
being eroded over enormous areas through forest degradation, in particular by 
overharvesting of timber species, other valuable plants and wildlife, as well as 
from invasive species, fires, pests and diseases. Biodiversity loss compromises 
the ecological functioning and stability of forests, therefore undermining the 
provision of ecosystem services to humanity. Ample scientific evidence shows that 
sustainable forest management (SFM) can help stem biodiversity losses and secure 
sustainable benefits. The juxtaposition of high biodiversity in forests and severe 
pressures from deforestation and degradation driving biodiversity loss means that 
forest management has a central and critical role to play in addressing the global 
biodiversity crisis.  

Globally, 18 percent of the world�s forest area (726 million ha) is in legally 
established protected areas, exceeding the Aichi Biodiversity Target 11 to protect 
at least 17 percent of the terrestrial area by 2020. A much larger percentage of the 
global forest area (30 percent or 1.15 billion ha) are managed primarily for the 
production of timber and non-wood forest products. The remaining forest area may 
be managed for multiple purposes, including the provision of ecosystem services, 
or is being used primarily for production without being officially designated as 
such. There is abundant evidence that well-managed forests can support significant 
biodiversity and underpin valuable ecosystem services. Therefore, the sustainable 
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management of forests managed for production and other ecosystem services has 
a critical role in biodiversity conservation. Furthermore, whereas the management 
of protected areas is often constrained by insufficient funds, production forests 
generate resources to invest in quality forest management and biodiversity 
conservation. 

Mainstreaming biodiversity is �the process of embedding biodiversity 
considerations into policies, strategies and practices of key public and private 
actors to promote conservation and sustainable use of natural resources� (Huntley 
and Redford, 2014). Mainstreaming biodiversity in forestry involves prioritizing 
forest policies, plans, programmes, projects and investments that have a positive 
impact on biodiversity at the ecosystem, species and genetic levels. It is about 
integrating biodiversity concerns into everyday forest management practice 
and finding optimal outcomes across multiple objectives, including productive 
economic benefits, maintaining or enhancing ecosystem services and biodiversity 
conservation. 

This study is divided into four main parts. The first part sets the scene and 
frames the study. The second part is a review of biodiversity mainstreaming in 
forest policy and forest management, focusing on forests managed for productive 
benefits, including ecosystem services. The third part summarizes the progress 
made on mainstreaming biodiversity in the forest sector through eight country 
case studies, identifying the remaining gaps and possible solutions. The last part 
presents the recommendations emerging from this study including the associated 
case studies.

Mainstreaming biodiversity in forest policies, strategies and programmes
National Biodiversity Strategies and Action Plans (NBSAPs) are an important 
starting point for mainstreaming biodiversity. They provide the basis for developing 
specific sectoral policies to support the sustainable use and conservation of 
biodiversity. A recent review highlighted the increasing importance of biodiversity 
mainstreaming in national planning and policy-making. The potential productive 
benefits arising from sustainable management of biodiversity were recognized in 90 
percent of NBSAPs for at least one sector. 

The Paris Agreement noted �the importance of ensuring the integrity of all 
ecosystems, including oceans, and the protection of biodiversity, recognized by 
some cultures as Mother Earth�, encouraging synergies between climate action 
and biodiversity protection. Nationally determined contributions (NDCs) offer 
an opportunity to mainstream biodiversity in climate policies, as the critical role of 
forests in mitigating and adapting to climate change is well recognized. The global 
movement on restoration also provides an important opportunity to enhance 
biodiversity conservation by improving degraded habitats, bringing back native 
ecosystems, enhancing habitat connectivity and creating a sustainably managed 
productive landscape that supports improved management of protected areas. 

Forest governance is notably complex and fragmented, involving multiple 
levels of government, different ministries and institutions, and multiplicity of 















To minimize these risks, several initiatives and authors have developed guiding 
principles on forest and landscape restoration. The common elements identified 
include: 

1)	 maintaining and enhancing existing natural forests;
2)	 engaging multiple stakeholders and focusing on governance;
3)	 restoring for multiple benefits with a focus on maximizing biodiversity 

recovery;
4)	 tailoring interventions to the local ecological, cultural and socioeconomic 

contexts; 
5)	 adaptive management for long-term resilience; and
6)	 ensuring long-term sustainability, including economic sustainability.

Biodiversity monitoring in forests
Defining the biodiversity objectives is the most important step in developing a 
biodiversity management plan, and this should also be an integral part of the forest 
planning process. This process should be guided by relevant national legislation 
and involve a broad range of stakeholders, including local communities and 
conservation organizations. Once the objectives and targets are defined and agreed, 
an appropriate set of biodiversity indicators, with corresponding management 
responses, can be selected for application at different scales. Five criteria to guide 
the selection of biodiversity indicators have been identified: i) scientific merit; ii) 
ecological breadth; iii) practicality; iv) utility; and v) relevance. Application of local 
knowledge in the selection and implementation of indicators is crucial for their 
local relevance and can often substantially reduce costs. 

Biodiversity indicators can include: species community data (presence/absence, 
abundance, or genetic diversity); information on rare and threatened species; 
measures of habitat quality, extent and connectedness; metrics reflecting the 
levels of threats; and the level of compliance with regulations and management 
prescriptions. Biodiversity indicators often follow a pressure�state�response 
framework. Biodiversity indicators should support management for improved 
biodiversity outcomes by providing timely information on performance, but not 
become so onerous that monitoring detracts from implementing actions to protect 
biodiversity. Efficiencies can be achieved by embracing modern technologies, such 
as remote sensing, DNA meta-barcoding, trail cameras and soundscapes, and by 
developing data pipelines that, for example, enable field information collected on 
tablets to flow to an online dashboard that generates alerts as required. 

Case studies
Eight country case studies were conducted to identify success factors and assess 
progress made on mainstreaming biodiversity in the forest sector in a variety of 
national contexts. The countries selected for study were the Democratic Republic 
of the Congo, Ethiopia, Finland, Japan, Malaysia, Mexico, Peru and the United 
Kingdom of Great Britain and Northern Ireland (case from Scotland). The studies 
were conducted through a combination of stakeholder consultations and literature 
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review, while focusing on nationally relevant documents, such as government 
policy statements and laws. 

These country case studies show that, on the one hand, much progress has been 
made towards mainstreaming biodiversity in production forest management. The 
principles of SFM ensure that, when implemented well, the interests of Indigenous 
Peoples and local communities are incorporated, and biodiversity values are 
protected or enhanced. The advantages of community-based forest management for 
social justice, as well as for community development, appear to be well appreciated 
and are being actively promoted by several governments. 

On the other hand, biodiversity continues to decline globally. Factors driving 
this decline vary in importance among countries, but include ongoing deforestation, 
failure to prevent or sustainably manage hunting, illegal and unregulated timber and 
NWFP harvesting, conversion of natural forest into monospecific plantations, and 
landscape scale impacts occurring outside of the forest sector. Several of the case 
studies drew attention to poorly defined, impractical and overly complex laws and 
regulations, as well as institutional conflicts among different agencies and levels of 
government, as factors hindering biodiversity mainstreaming in the forest sector. A 
substantial capacity gap for both SFM and biodiversity management was identified. 
Nonetheless, opportunities for improved biodiversity management through 
REDD+, product certification including for NWFPs, and multi-stakeholder 
partnerships between environmental NGOs and local communities were also 
noted. A challenge exists in scaling up local scale success stories to the national 
scale. 

Recommendations
There are a number of measures and actions that governments and development 
partners can take to facilitate biodiversity mainstreaming in forestry. The following 
recommendations were identified as the most urgent and impactful priorities.  

1. Halting and reversing deforestation
Commitments and efforts in halting and reversing deforestation should be further 
promoted and strengthened as a critical step to protecting biodiversity in forests. 
A focus on sustainable agricultural intensification, confining future expansion of 
agriculture to already deforested areas, removing perverse incentives and increasing 
penalties for deforestation is required. Corporate efforts to ensure their commodity 
supply chains do not embed deforestation can also contribute to reducing 
natural forest loss and should be encouraged. To maintain forest land use, forest 
management must become a financially viable land use option through the various 
regulatory, economic and market-based mechanisms described in this report. 

2. Combating illegal and unregulated forest activities 
Illegal and unregulated forest activities undermine SFM and are a key driver of 
biodiversity loss in managed forests. Overly complicated and poorly harmonized 
regulations with conflicting institutional roles contribute to the prevalence of 
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1.	 Introduction

1.1.	 FORESTS AND BIODIVERSITY
Scientists debate about when the Anthropocene started. Some argue it began when 
modern humans spread out around the world over 60 000 years ago, altering 
fire regimes and driving megafaunal extinctions (Sandom et al., 2014). A recent 
study found that rapid changes in global vegetation have been underway for 3�4 
millennia, emphasizing the role of agriculture and expanding human populations 
(Mottl et al., 2021). Others consider the start of the industrial revolution to be 
the most appropriate marker, as this denotes the point at which humans swapped 
biomass for fossil fuels as their primary energy source, thus uncoupling the 
economy from the limits of current solar radiation and altering atmospheric 
chemistry as a consequence (Lewis and Maslin, 2015). Regardless, there is 
overwhelming evidence that humans have had an enormous impact on the Earth�s 
living systems; an impact that has accelerated through time and now surpassed safe 
planetary boundaries on several fronts (Rockström et al., 2014), most notably for 
biodiversity (Newbold et al., 2016).

Forests represent the apogee of terrestrial biodiversity. Forests grow naturally 
across most land areas of the globe where there is sufficient rainfall and soil to 
permit tree growth, and are the endpoint of natural succession. Forests comprise 
habitats with complex three-dimensional structures, producing strong gradients 
in sunlight, temperature, water and nutrient availability, and thus creating 
diverse niches for a wide range of taxa. When the forest canopy is opened, these 
gradients are simplified and niches disappear. Hence, forests not only support high 
biodiversity, but also play host to a large proportion of disturbance-intolerant 
species that are lost during clearance or negatively impacted by disturbance 
(Gibson et al., 2011; Barlow et al., 2016; Betts et al., 2017). 

Forests and their biodiversity serve as a safety net for humanity, providing 
clean air, regulating water cycles, sequestering carbon, mitigating natural disasters 
and bolstering livelihoods (FAO, 2018). Forests also have an important role in 
maintaining human health and psychological well-being (FAO, 2020b; Reyes-
Riveros et al., 2021). All people in the world benefit from forests and the products 
of their biodiversity, including the various ecosystem services that forests provide 
(FAO and UNEP, 2020). 

Furthermore, forests sustain our economies, with the formal forest sector 
contributing approximately USD 580 billion in labour income to the global 
economy and employing 45 million people (FAO and UNEP, 2020). Moreover, 
if the informal sector is included, the number of people employed increases by 
41 million with the contribution to the global economy being USD 730 billion 
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1.2.	 THREATS TO FORESTS AND BIODIVERSITY 
Despite the recognition of the essential ecosystem services provided by forests 
and the global movement on restoration, forests and forest biodiversity continue 
to be threatened on multiple fronts. Forest loss is by far the most significant 
cause of terrestrial biodiversity loss, as natural forests continue to be cleared for 
agriculture, industrial plantations, and urban expansion (Hansen et al., 2013; 
Curtis et al., 2018). Deforestation, which results in the near-complete loss of forest 
biodiversity and ecosystem services, stands at 10 million ha annually (FAO, 2020a; 
Gibson et al., 2011). An estimated 81 million ha of primary forests have been lost 
since 1990 (FAO, 2020a). Under current rates of forest loss, 121�219 vertebrate 
species will become threatened with extinction in the high-risk biodiversity 
hotspots in Borneo, the central Amazon and the Congo Basin within the next 30 
years (Betts et al., 2017). 

In addition, forests and biodiversity are threatened by disturbances that do not 
necessarily result in deforestation, but nevertheless have devastating impacts on 
forest health and vitality, and subsequently their ability to provide a full range of 
goods and ecosystem services. For example, in 2015, insects, diseases and severe 
weather events damaged about 40 million ha of forests. Another 98 million ha of 
forest were affected by fire in 2015, primarily in the tropics (FAO, 2020b).  

Forests also face more insidious threats. Outside of the largest rainforest blocks 
(i.e. Amazonia, Congo and New Guinea), there are few if any forests that are not 
impacted by unsustainable wildlife harvests, including in protected areas (Estes 
et al., 2011; Dirzo et al., 2014; Morton et al., 2021). Defaunation has a major 
disruptive effect on the forest tree community, mainly by affecting seed dispersal 
and seedling recruitment (Galetti et al., 2013; Harrison et al., 2013). Although 
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stakeholder consultation to address potential trade-offs, especially between 
economic values, local livelihood needs and long-term ecological sustainability.

Countries initially committed to SFM through the Forest Principles at the 
Rio de Janeiro Earth Summit in 1992. Subsequently in 2007, the United Nations 
General Assembly adopted the Non-legally Binding Instrument on All Types of 
Forest,2 which encapsulates a strong international commitment to SFM. Several 
international criteria and indicator (C&I) frameworks exist to guide SFM, and 
measure progress against targets, including under the Montreal Process,3 Forest 
Europe4 and the International Timber Trade Organization (ITTO, 2015), as 
well as a host of national and local frameworks. SFM may be guided by national 
laws and regulations, or through international or national forest management 
certification standards. 

The ecosystem approach has been a prominent strategy under the United 
Nations Convention on Biological Diversity (CBD) since the adoption of 
the Malawi Principles5 in 1998. SFM was recognized by the CBD as a means 
of applying the ecosystem approach to forest ecosystems in 2004 (Decision 
VII/11 of CoP76). SFM also has many parallels with landscape approaches. It 
is a vehicle for defining stakeholder objectives and negotiating conflicting use 
rights, including by way of fiscal transfers (e.g. PES schemes). It emphasizes 
the management of biodiversity for long-term sustainability and recognizes the 
importance of maintaining ecosystem functions and interactions across a range 
of spatial scales. The Forest Stewardship Council (FSC) and some national forest 
certification schemes endorsed by the Programme for the Endorsement of Forest 
Certification (PEFC) implement biodiversity management through the high 
conservation value (HCV) approach. Monitoring and adaptive management are 
central to implementation of quality SFM. Given the potential trade-offs among 
the different forest management objectives, outcomes must be tracked to enable 
early identification of any problems and implementation of remedial measures.

The results of Global Forest Resources Assessment 2020 of FAO indicate that 
considerable progress has been made towards enabling and implementing SFM 
globally (FAO, 2020a; Shono and Jonsson, 2022). Although global forest area 
continues to decrease, the rate of forest loss has slowed substantially over recent 
decades due to the reduction in deforestation in some countries and increase in 
forest area in others through reforestation and natural forest expansion. The area 
under long-term forest management plans is estimated to be 2.05 billion ha or 
just over 50 percent of forests globally (FAO, 2020a). Forest in protected areas 
has continued to increase and reached an estimated 726 million ha worldwide 
in 2020. Meanwhile, forest certification, which provides assurance that forest 
managers are using best practices to manage forests responsibly and sustainably, 
has expanded rapidly in the past two decades, reaching 435 million ha of certified 
2	 https://digitallibrary.un.org/record/614195/files/A_RES_62_98-EN.pdf
3	 https://montreal-process.org
4	 https://foresteurope.org
5	 www.cbd.int/doc/meetings/cop/cop-04/information/cop-04-inf-09-en.pdf
6	 www.cbd.int/decisions/cop/7/11/7
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2.	 Framing of the study

Biodiversity mainstreaming is a major tenet of the CBD. Article 6 of its 
convention text states that countries should �integrate, as far as possible and 
as appropriate, the conservation and sustainable use of biological diversity 
into relevant sectoral or cross sectoral plans, programmes, and policies�7. 
Mainstreaming also contributes towards fulfilling Article 10(a), which calls on 
the Parties to �integrate consideration of the conservation and sustainable use of 
biological resources into national decision-making�. In addition, mainstreaming is 
prominently featured in the Strategic Plan for Biodiversity 2011�2020 and its Aichi 
Targets. Strategic Goal A aims to �address the underlying causes of biodiversity 
loss by mainstreaming biodiversity across government and society�, and Target 2 
calls on member countries to integrate and incorporate biodiversity into national 
and local development and poverty reduction strategies and planning processes, as 
well as into national accounting and reporting systems8. 

Mainstreaming involves taking objectives from one issue domain and 
integrating these objectives into other issue domains where they are not yet 
sufficiently addressed, and has been applied to issues such as the environment, 
gender and human rights (Karlsson-Vinkhuyzen et al., 2017). This approach 
becomes necessary when other policy domains or economic sectors have a 
strong bearing on the issue of concern, as in the case of biodiversity, which 
has a crucial but underappreciated role in supporting sustainable development 
through underpinning ecosystem services (FAO and UNEP, 2020). The concept 
of biodiversity mainstreaming recognizes the role of Indigenous Peoples and local 
communities, and by inference the importance of local knowledge, in managing 
and protecting wild biodiversity in forests, as well as benefiting from it.

Biological diversity, as pertains to forest management, includes the diversity 
existing among plants, animals, fungi and microbes in forest ecosystems, including 
functional groups such as trees and other plants, pollinators, seed dispersers and 
below ground macro-, meso- and micro-organisms. It also includes aquatic or 
marine organisms where these are a component of the forest ecosystem. However, 
this report will not cover ex situ conservation of domesticated species, such as 
commercial tree varieties or breeds of domestic animals, and nor do we cover trees 
in agricultural settings, such as orchards or agroforestry systems.

Box 1 provides the definitions of key terms and concepts as used in this study.

7	 www.cbd.int/convention/text
8	 www.cbd.int/sp/targets
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3.	 Biodiversity mainstreaming 
in forest sector policies, 
strategies and programmes

3.1.	 BACKGROUND
Biodiversity mainstreaming requires a process of integrating considerations 
pertaining to the sustainable use and conservation of biodiversity into legislation, 
policies and everyday management (Redford et al., 2015). All economic activities 
impact biodiversity to various degrees, and mainstreaming biodiversity is a 
strategic response aimed at stemming biodiversity loss and ensuring sustainability 
of benefits. Analyses suggest that agriculture and forestry were responsible for 
approximately 60 percent of biodiversity loss in terms of mean species abundance 
up to 2010, and that projected losses of 55 percent up to 2050 can be halved through 
combinations of technological advances, improved management and changes in 
consumptive behaviour (Kok et al., 2018). 

With respect to the forest sector, mainstreaming biodiversity involves the 
harmonization of environmental regulations and policy with those governing 
forests. It also involves identifying opportunities and synergies with other areas of 
government policy, such as in climate change mitigation and adaptation (Seddon 
et al., 2020). Implementation may involve enhanced regulation, as well as the use 
of fiscal and market incentives. Furthermore, it may involve changes in forest 
governance structures, such as government decentralization or community-based 
forest management. Biodiversity mainstreaming also requires support through 
investments in the generation of knowledge pertaining to biodiversity and the 
management of natural resources, training in forestry and environmental sciences, 
and institutional strengthening, as well as raising the profile of environmental issues 
through public education. Mainstreaming biodiversity must engage different actors 
involved in the governance of forests, including government, private sector, civil 
society and local communities. As such, mainstreaming is more about steering the 
sector towards better consideration of biodiversity in plans and actions than top-
down regulation (Karlsson-Vinkhuyzen et al., 2017). Nevertheless, to be effective, 
biodiversity mainstreaming needs political will and policy support.

Compared to other economic sectors that exert a strong influence on biodiversity 
(e.g. agriculture), there has been a focus on biodiversity management within the 
forest sector for several decades, reflecting the importance of forests as repositories 
of biodiversity and the ecosystem services that healthy forests provide. For instance, 
securing environmental values, including biodiversity conservation, in production 
forests is one of the three central pillars of SFM. Hence, a substantial body of 
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knowledge on biodiversity management in forests has been accrued (Putz et al., 
2012; Pawson et al., 2013; Edwards et al., 2019). Moreover, there is good evidence 
that better biodiversity management leads to not only improved outcomes for 
forest biodiversity (Bicknell et al., 2014; Chaudhary et al., 2016), but also climate 
change mitigation (Ellis et al., 2019). Nevertheless, forest biodiversity continues to 
be lost at an alarming rate. Hence, this is an opportune time to reflect on progress, 
identify barriers and levers for improved biodiversity management, and enhance 
understanding of effective interventions for mainstreaming biodiversity in the 
forest sector.

3.2.	 NATIONAL BIODIVERSITY STRATEGIES AND ACTION PLANS
Individual countries implement the goals of the CBD through their national 
biodiversity strategies and action plans (NBSAPs). Over 190 countries have 
pledged to increase efforts to integrate biodiversity into policies of their forestry, 
fisheries, agriculture and tourism sectors, and in 2018 this was extended through 
the Sharm El-Sheikh Declaration to the energy, infrastructure, manufacturing 
and processing sectors (CBD, 2018). By elaborating specific national biodiversity 
targets and actions to achieve them, NBSAPs serve an important starting point for 
biodiversity mainstreaming. 

Based on a review of 144 updated NBSAPs available at the end of 2017, 
Whitehorn et al. (2019) found that 91 percent of NBSAPs recognize that 
biodiversity contributes to the national economy and 43 percent provided specific 
details. Interestingly, developing countries were more likely to give specific details 
about the contribution of biodiversity and ecosystem services to the economy than 
developed countries. Biodiversity loss was perceived as a threat to productivity 
in 85 percent of NBSAPs, while the potential productive benefits arising from 
sustainable management of biodiversity were recognized in 90 percent of NBSAPs 
for at least one sector. However, only 50 percent of NBSAPs recognized that 
there may be conflicts or trade-offs between biodiversity and productivity. Most 
NBSAPs only examined the contribution of biodiversity to agriculture, forestry, 
fisheries and tourism, while few considered other sectors such as water, other 
extractive industries, renewable energy and infrastructure development (Whitehorn 
et al., 2019). 

Meanwhile, Uetake et al. (2019) examined 133 NBSAPs using a text-mining 
approach to investigate the use of terms for integrated approaches (e.g. landscape 
approach) and found that 99 percent of countries used at least one term, 50 
percent mentioned more complex terms (e.g. cultural landscapes; socioeconomic 
production landscapes), and that the use of such terms has been increasing. These 
trends indicate that these concepts are gaining a higher profile in national planning 
(Uetake et al., 2019), which may be taken as an indicator of the increased relevance 
of biodiversity mainstreaming in national policy-making.

Although NBSAPs provide a basis for developing sector specific policies for 
the sustainable use and conservation of biodiversity, an assessment conducted by 
the CBD found poor levels of biodiversity mainstreaming in national development 
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strategies (CBD, 2018). For example, of the 196 Parties to the Convention, only 47 
Parties had conducted valuation studies of biodiversity and only 40 Parties claim 
that biodiversity has been integrated into national development plans. While some 
success stories exist (Karlsson-Vinkhuyzen et al., 2017), progress on mainstreaming 
biodiversity is often hampered by several barriers, including: a focus on short-
term economic gains; fragmented decision making; limited communication among 
stakeholders; and lack of financial resources, time and knowledge (CBD, 2018; 
Whitehorn et al. 2019). In particular, means barriers commonly undermine 
biodiversity conservation in developing economies, and globally biodiversity 
conservation remains grossly underfunded (Coad, Watson and Geldmann, 2019; 
Balmford et al., 2002).

3.3.	 CLIMATE POLICY AND NATIONALLY DETERMINED CONTRIBUTIONS
The Paris Agreement on climate change calls on all parties to acknowledge �the 
importance of ensuring the integrity of all ecosystems, including oceans, and 
the protection of biodiversity, recognized by some cultures as Mother Earth�. 
Here, the critical role of protecting and restoring healthy ecosystems for both 
climate change mitigation and adaptation is well recognized. Countries implement 
the goals of the Paris Agreement on climate change through their nationally 
determined contributions (NDCs). At least 66 percent of signatories to the Paris 
Agreement have included nature-based solutions in some form, and over 70�percent 
of NDCs are estimated to contain references to efforts in the forest sector, while 
42 percent include afforestation and restoration as an approach to mitigate 
climate change (Seddon et al., 2019). Furthermore, REDD+ is included in most 
developing countries� NDCs and climate change policies (Pham et al., 2018). The 
implementation of REDD+ in countries is guided by national REDD+ strategies, 
which define programmes and activities to reduce emissions from deforestation 
and forest degradation, and supports a set of safeguards which include biodiversity 
conservation.

This focus on forests as part of climate mitigation strategy is well justified. For 
2007�2016, global CO2 emissions from land-cover change (primarily deforestation) 
represented approximately 12 percent of global emissions. Over the same period, 
the terrestrial carbon sink absorbed about 28 percent of greenhouse gas (GHG) 
emissions (3.0–0.8 GtC per year), mainly in forests (Seddon et al., 2019). However, 
there is a concern that the focus on maximizing carbon sequestration might result 
in prioritizing afforestation with a limited number of exotic species. This could 
divert attention from supporting improved forest management and restoration 
of productivity in degraded natural forests, which can provide greater benefits to 
biodiversity and local livelihoods. There has been much debate on the relationship 
between carbon storage and biodiversity, with evidence showing that these benefits 
can but not always have a positive linear relationship (Soto-Navarro et al., 2020). 
Careful planning is needed to pursue opportunities where carbon sequestration 
and conservation result in direct biodiversity benefits, avoiding potentially perverse 
outcomes (Di Marco et al., 2018).
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3.4.	 PLEDGES ON RESTORATION AND ENDING DEFORESTATION
Many countries and partner organizations have signed up to ambitious targets 
to end deforestation and restore forests, with existing restoration commitments 
by 115 countries under the CBD, the United Nations Convention to Combat 
Desertification (UNCCD), the United Nations Framework Convention on 
Climate Change (UNFCCC) and the Bonn Challenge totalling 1 billion ha (Sewell, 
van der Esch and Löwenhardt, 2021). 

The Bonn Challenge9, currently involving more than 70 pledges from countries, 
subnational jurisdictions and private sector partners, aims to restore 350 million ha 
by 2030 through forest and landscape restoration, in line with the Aichi Targets. The 
Trillion Trees Partnership10 proposes to improve the protection and management 
of 105 million ha of forests, restore 20 million ha and reduce deforestation by half 
by 2050 through directing funds to crucial forest conservation projects across the 
world. Climate, biodiversity and livelihoods comprise the key benefits targeted by 
this initiative. In addition, several regional initiatives have been launched, securing 
political commitments to implement forest and landscape restoration through 
agreed regional strategies. These include the African Forest Landscape Restoration 
Initiative (AFR100)11, Initiative 20x20 in Latin America12, the ECCA3013 initiative 
in Europe, the Caucasus and Central Asia. The UN Decade on Ecosystem 
Restoration (2021�2030)14 aims to leverage these country and regional efforts to 
prevent, halt and reverse the degradation of ecosystems on every continent.

9	 www.bonnchallenge.org
10	 www.trilliontrees.org
11	 https://afr100.org
12	 https://initiative20x20.org
13	 https://infoflr.org/bonn-challenge/regional-initiatives/ecca30
14	 www.decadeonrestoration.org
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research contributes to improved knowledge about the sustainable use and 
conservation of biodiversity, while training supports capacity across both the 
public and private sectors.

Forest governance is complex and often fragmented (Figure 1), and hence 
biodiversity mainstreaming requires synergistic approaches implemented through 
a wide range of policy instruments. Biodiversity conservation may seem foreign 
and counter to the interests of certain critical actors, such as logging contractors 
or wood processing firms. Therefore, biodiversity mainstreaming requires a range 
of governance modes from government enforced regulation to market-based 
steering (Sarkki et al., 2016; Karlsson-Vinkhuyzen et al., 2017). Consideration of 
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Figure 1. Stakeholders involved in biodiversity mainstreaming in the 
forest sector 
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assumed that traditional harvesting of NWFPs is sustainable, or at least that it is 
not the business of the forest manager to intervene. However, novel markets or 
improved market access can trigger over-exploitation of NWFPs. For instance, 
throughout Southeast Asia, rattans � climbing palms that are harvested to make 
furniture � are now extremely rare wherever there is road access (Meijaard 
et� al., 2014). Therefore, sustainable levels and methods of harvesting should 
be determined based on best available science and revised through monitoring 
(Schulze et al., 2008).

4.4.	 REGULATORY INSTRUMENTS

Permits and licenses mandating sustainable forest management
In most countries, governments use concession licenses, cutting quotas and 
other forms of permits to regulate the use of forest resources. The granting of 
these licenses and permits are often preconditioned on demonstration of intent 
or evidence of SFM, based on relevant government regulations. For example, 
some countries mandate that logging concessions are audited and certified under 
national or international forest management standards in order to maintain 
logging permits. Governments can also require the development of a forest 
management plan, which is reviewed and approved by authorities, based on which 
harvesting and other activities are implemented. Furthermore, governments can 
issue harvesting permits based on the sustainable volume of harvest, calculated 
using national forest inventory data and growth modelling. In other cases, issuing 
transport permits serves to prevent illegal harvesting and trade of forest products. 

Informal, unregulated logging often results in forest degradation and loss of state revenue 
but may provide local employment 
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biodiversity outcomes. Examples from the case studies include: Forest Biodiversity 
Programme for Southern Finland (METSO); Scotland�s system of woodland 
grants; and Japan�s implementation of environmental taxes linked to support for 
local forest management (see Supplementary material).

Removal of perverse incentives
Current agricultural support policies play a significant role in driving deforestation, 
and perverse incentives are a common issue that undermines biodiversity 
mainstreaming. For instance, agricultural subsidies may lower the costs of land 
development, thereby promoting deforestation (Goers, Lawson and Garen, 2012). 
Alternatively, by subsidizing agricultural inputs, governments may increase the 
marginal cost of land, undermining restoration initiatives (Abensperg-Traun et 
al., 2004). Agricultural input subsidies can also lead to overuse of toxic pesticides 
(Lewis et al., 2016). Repurposing certain types of support and subsidies can lead 
to ending or reducing these practices that promote deforestation for agricultural 
expansion (FAO, UNDP and UNEP, 2021).

Within the forest sector, subsidies may promote forest plantation expansion at 
the expense of natural forests, leading to a substantial loss of biodiversity (Edwards 
et al., 2021a). As part of national biodiversity mainstreaming, governments should 
review taxes and subsidies to identify perverse incentives and align incentive 
structures with the sustainable use and conservation of biodiversity. For example, 
strategies for increasing timber production through forest plantations should 
require that plantations are established on degraded land that does not support 
natural forest. Furthermore, incentives could be put in place for improved 

Conversion of biologically diverse native forest to crop plantations may be supported by 
agricultural subsidies and national development strategies�
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may undermine protected area management (Guillet and Semal, 2018). Moreover, 
scientific evidence is weak that offsetting succeeds in compensating for biodiversity 
losses, and that which exists suggests performance is poor (Josefsson et al., 2021).

Biodiversity offsetting is unlikely to be relevant for forest sector developers. 
However, biodiversity offsetting could be a means of generating income for 
expanding and improving protected area management, or for generating funds 
for forest restoration. For example, in Brazil under the old Forest Code, farmers 
were required to maintain 20 percent of their land under forest management, but 
this requirement was largely ignored. When the new Forest Code was negotiated, 
farmers were given the option of paying to offset restoration, which has generated 
substantial funds for restoration initiatives (Nunes et al., 2017).

4.6.	 MARKET-BASED INSTRUMENTS

Payments for ecosystem services 
Income generated through PES schemes has been increasing globally over 
time. REDD+ payments alone could reach USD 30 billion per year for 
forest-protection activities, including SFM, biodiversity conservation and forest 
restoration (Edwards et al., 2019). PES schemes, such as the examples of REDD+ 
from the case studies in the Democratic Republic of the Congo and Mexico, as 
well as water payments in Malaysia (see Supplementary material), can incentivize 
national and local governments and communities to support management of 
forests for ecosystem service benefits. PES mechanisms for watershed protection, 
whereby urban water users pay for upland forest protection, and for carbon 
traded on voluntary markets, are well developed. On the other hand, payments 
for biodiversity remain exploratory (Fripp, 2014) due to difficulties in identifying 
the buyers or the beneficiaries, as well as challenges associated with monitoring 
biodiversity and understanding the changes in terms of causes and effects. 

There are often positive correlations and overlaps (as well as potential trade-
offs in some cases) among the different ecosystem services. Although most PES 
schemes are focused on the delivery of a single ecosystem service, some schemes 
have considered multiple or bundled ecosystem services (Kangas and Ollikainen, 
2022).

Ensuring that benefits from PES schemes trickle down to the neediest, who 
are also often those who bear the largest opportunity costs, can be challenging 
(Burivalova et al., 2019). Inequitable distribution of benefits can undermine 
environmental outcomes (Samii et al., 2014). A review of 78 studies assessing 
payments for forest ecosystem services schemes in the Global South found that 
the availability of capital assets is an important determinant of participation 
(Jones et al., 2020). However, they also found that non-financial motivations 
also influenced willingness to participate, indicating that PES schemes should be 
designed to improve both social and environmental outcomes (Jones et al., 2020). 

Among the possible barriers for participating in payments for ecosystem 
services schemes are high transaction costs (e.g. complexity of application 
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process), lack of access to start-up capital, and insecure land tenure with land 
title often being an eligibility requirement (OECD, 2018). Hence, governments 
can encourage the development and expansion of PES schemes by creating an 
enabling environment and addressing some of these entry barriers. Making high-
quality information on the value of forest ecosystem services (e.g. national natural 
capital accounting) available can also potentially influence decision-makers in 
governments and businesses. 

Commodity certification
Forest certification is a valuable tool to promote and demonstrate responsible 
forest management, including biodiversity conservation in production forests. 
Certification provides assurance that the forest manager is following best practices 
in managing forests that will result in not only stable forest production, but also 
conservation values (FAO, 2016). International forest certification, mainly under 
the Forest Stewardship Council (FSC) and the Programme for the Endorsement 
of Forest Certification (PEFC), has grown rapidly over the past two decades, 
driven by market demand for legal and sustainably produced timber (Box 2). 
Forest management certification requires the development of a forest management 
plan according to established criteria, third party auditing of implementation, 
and traceable forest products (i.e. chain of custody certification). In addition to 
timber, FSC certification can cover forests managed for NWFPs, but this depends 
on the specific national interpretations of the global standards. FSC has also 
published Ecosystem Services Procedure to provide a framework for FSC-certified 
forest managers to demonstrate the impact of their activities on the maintenance, 
conservation, restoration, or enhancement of ecosystem services (FSC, 2018).

Under the FSC, maintenance of biodiversity is ensured through the high 
conservation value (HCV) approach. In the case of PEFC, the global benchmark 
standard for SFM requires that measures be taken during forest operations to 
maintain or improve biological diversity. 

Despite the rapid growth of certified forest areas, forest certification is still 
heavily biased towards the boreal and temperate domains. The extent of certified 
forest area in subtropical and tropical domains, where much of forest biodiversity 
is hosted, remains modest, comprising only 7.1 and 8.9 percent of the total certified 
area, respectively (Shono and Jonsson, 2022). International forest certification has 
remained almost irrelevant in low-income tropical countries where such market-
based instruments to guide sustainable production could provide the greatest 
value, while addressing biodiversity conservation. There are several motives for 
obtaining forest certification, including corporate social responsibility, market 
access and premium price on certified products. However, in many markets, 
consumers are unaware of forest certification and what it implies. Hence, one 
way the governments of purchasing countries can support SFM is to require or 
incentivize buyers to purchase certified timber.

As consumers, governments � including sub-national and local governments � 
can use public procurement policies to support forest certification and promote 
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these values to the public. Governments can also support the development of 
national SFM standards and high conservation value guidelines either directly, 
or through support to research institutes, development organizations and 
environmental NGOs. Bilateral support through official development assistance 
(ODA) has been used to establish forest management standards and support 
implementation in several countries (e.g. Le et al., 2012). National governments 
can also make forest certification a requirement under certain types of licenses or 
incentivize participation through offering discounts on license fees. The latter can 
be justified, because forest certification reduces oversight costs to the government. 
Indeed, in countries where capacity for SFM is limited, especially in the public 
sector, leveraging forest certification may be a cost-efficient way to improve forest 
management and mainstream biodiversity conservation.

Sustainable value chain development and corporate social responsibility 
funds
Green purchasing refers to the procurement of products and services that have 
a reduced environmental footprint and less adverse impact on human health 
compared to competing products and services. Forest products and agricultural 
commodities can have huge environmental and social impacts depending on how 
and where the raw materials are sourced and produced. A number of countries 
and private sector companies have implemented strategies to avoid the purchase 
of products that are produced illegally and through unsustainable practices, 
particularly through deforestation.  

With regards to forest products, one of the principal factors undermining 
sustainable and responsible forest management globally is illegal timber harvesting. 
To address this issue, the Source: Authors� own elaboration has established the 
FLEGT (Forest Law Enforcement, Governance and Trade) programme24 under 
which Voluntary Partnership Agreements (VPAs) are signed with producer 
countries. Under these agreements, producer countries must guarantee that timber 
24	 www.euflegt.efi.int/home

violations (Buliga and Nichiforel, 2019). 

Forest certification has also enabled leadership for SFM and improved biodiversity 

management (Karlsson-Vinkhuyzen et al., 2018). FSC through its balanced 

representation of industry, social and environmental sectors and transparent 

processes, has been a leader in defining standards and promoting better forest 

management. Guidance on developing national interpretations and the national 

interpretations themselves provide a basis for understanding how to implement SFM 

in the country�s context. Moreover, the adoption of the HCV approach has led to the 

development of protocols and practices for assessing and implementing high quality 

biodiversity management in forests in many countries.

Source: Authors’ own elaboration
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One of the most tried and tested approaches to improving the rights of 
Indigenous Peoples and local communities, specifically their right to access and 
benefit from forest resources, is community-based forest management (Gilmour, 
2016). Many countries have mechanisms for recognizing customary land use 
through various forms of participatory forestry, even when legal recognition of 
rights, such as land tenure, is complicated or impossible. Community-based forest 
management can be a means to redress historical injustices, contribute to the 
development of marginalized peoples and improve forest management. Typically, 
under community-based forest management, resource rights and management are 
devolved to the community, who develops and implements a forest management 
plan to make sustainable use of forest resources (Gilmour, 2016). Nevertheless, the 
state forest authority normally retains an oversight function, approving plans and 
issuing licenses, and is often also involved in capacity building. Community-based 
forest management is a means to achieve the dual objectives of increasing equity in 
access to the benefits derived from forest biodiversity and in bringing more forest 
under SFM.

In many cases, community-based forest management produces better 
biodiversity outcomes than direct management by government agencies. Similarly, 
it has been shown that lands that are traditionally owned, managed, used or 
occupied by Indigenous Peoples perform better in resisting deforestation 
compared to unprotected areas (Garnett et al., 2018; Fa et al., 2020; Sze et al., 
2022). For example, a meta-analysis of 40 protected areas and 33 community 
forests across the tropics found on average that community forests had lower and 
less variable deforestation rates than protected areas (Porter-Bolland et al., 2012). 
In another case, one year after titling indigenous lands in the Peruvian Amazon, 

Community elder explaining the location of a sacred forest area
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management must be underpinned by quality monitoring (Villaseæor et al., 2020). 
Failure rates of community enterprises are often high after withdrawal of projects, 
reflecting the fact that it takes time to build social capital (Macqueen, 2013).

4.8.	 SUPPORT TO KNOWLEDGE AND CAPACITY DEVELOPMENT 
Quality biodiversity management requires detailed knowledge concerning 
biodiversity values, the distribution of biodiversity, species biology, threats, 
impacts of management interventions, traditional management practices, and so 
on. Hence, governments can increase capacity for biodiversity management by 
supporting research and training on biodiversity and forest management. This 
approach can be achieved through support to tertiary education institutions, 
including universities and technical colleges. Support can take the form of research 
grants on biodiversity-related topics and funding for courses at undergraduate 
and diploma levels, as well as short courses for professional development. It is 
also essential to provide educational opportunities at local levels, including school 
courses and field days. 

Traditional knowledge and values have critical roles to play in biodiversity 
management and conservation, and governments can establish mechanisms to 
facilitate their inclusion into educational programmes. Indigenous Peoples have 
been domesticating plants for at least 10 000 years � and transforming forests 
through plant cultivation, seed dispersal and propagation, and in situ tending 
of useful resources. This traditional knowledge can contribute to sustainable 
utilization of biodiversity and ensuring food security, while in addition supporting 
forest restoration and biodiversity conservation.
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Community workshop to develop a forest management plan in Ghana
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5.	 Barriers and threats to 
biodiversity mainstreaming

To a large extent, the barriers to biodiversity mainstreaming are the lack of (or 
inadequate) use of the regulatory, financial, or supporting instruments mentioned 
above. Nonetheless, we can draw attention to several specific issues.

5.1.	 DEFORESTATION
Deforestation is the single most important driver of forest biodiversity loss. When 
a forest is cleared as a process of land conversion, a very substantial proportion 
of the associated biodiversity is lost with it (Gibson et al., 2011). Thus, measures 
to mainstream biodiversity conservation within the forest sector must be matched 
with efforts to reduce and eliminate deforestation. The commitment among 
national leaders reached at the 26th United Nations Climate Change Conference 
of the Parties (COP26) in Glasgow to halt deforestation by 2030 will be critical 
to stemming global biodiversity loss, as well as contributing to efforts to restrict 
global warming to less than 1.5 °C. Furthermore, the Abidjan Call adopted at the 
15th Session of the Conference of the Parties of the United Nations Convention to 
Combat Desertification (UNCCD) reaffirmed the commitment of world leaders 
to combat desertification, halt biodiversity loss and mitigate climate change in an 
integrated manner27.

Since 1990, an estimated 420 million ha have been deforested, including over 
80 million ha of primary forests, although the deforestation rate has declined from 
16 million ha/year in the 1990s to 10 million ha/year from 2015 to 2020 (FAO, 
2020a). As protected areas encompass only 18 percent of forests globally (FAO, 
2020a), ensuring that forests are retained through management for economic 
benefits and other ecosystem services will be essential (Edwards et al., 2019; 
Harrison et al., 2020). Hence, the global focus on promoting SFM as an approach 
to combat deforestation is well justified. Adequate forest governance is a critical 
enabling condition for realizing SFM, and improved governance has reliably been 
shown to contribute to reduced deforestation (Busch and Ferretti-Gallon, 2017; 
Fischer, Giessen and Günter, 2020). 

Large-scale commercial agriculture, primarily for cattle ranching, soybean and 
palm oil, is responsible for an estimated 40 percent of deforestation (FAO and 
UNEP, 2020). Therefore, tackling deforestation through ensuring deforestation-
free commodity chains is a key strategy for combating deforestation (FAO and 
UNEP, 2020; Hoang and Kanemoto, 2021; Leijten et al., 2020).

Besides the large-scale commercial agriculture, another 33 percent of 

27	  www.unccd.int/sites/default/files/2022-05/COP15_Summit_Abidjan%20call.pdf
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deforestation is due to agricultural expansion and fuelwood collection by small-
scale farmers (FAO and UNEP, 2020). Hence, programmes for poverty alleviation 
and alternative livelihoods will also be crucial (e.g. Ferraro and Simorangkir, 2020). 
In addition, efforts to recognize indigenous and local peoples� rights through 
tenure reforms, designating OECMs, and upscaling community-based forest 
management also hold promise for reducing deforestation (Gilmour, 2016).

5.2.	 ILLEGAL FOREST ACTIVITIES AND CORRUPTION
Illegal timber harvesting is estimated to account for 15�30 percent of global timber 
production and 50�90 percent of forest harvesting in many tropical countries 
(INTERPOL, 2019). The illegal trade in timber is valued at USD 51�152 billion 
annually (INTERPOL, 2019), which amounts to a huge sum in lost tax revenues 
for lower-income countries and is a major driver of forest degradation and 
sometimes deforestation. Forests are cleared and degraded illegally not only by 
companies, but also by small-scale farmers to access resources and claim land 
rights (FAO, 2020a). These illegal activities and corruption undermine efforts 
towards SFM by supplying markets with under-priced illegally obtained timber 
(Santos de Lima et al., 2018) and are a major barrier to biodiversity mainstreaming 
within the forest sector.

5.3.	 LOW PROFILE OF CONSERVATION OUTSIDE PROTECTED AREAS
Management of biodiversity outside protected areas is critical in efforts to stem 
biodiversity losses given the limited and uneven coverage of protected areas. 
However, many countries struggle to fund protected area management (Coad, 
Watson and Geldmann, 2019), let alone implement high quality biodiversity 
conservation outside protected areas. Several of the case studies also noted the lack 
of attention given to protecting threatened species outside of protected areas, as 
well as the bias towards animals in protected species legislation. In addition, many 
decision-makers in government and industry regard biodiversity conservation 
and development as a trade-off. Hence, they are reluctant to consider biodiversity 
issues outside protected areas, although protected area performance heavily 
depends on the management of the wider landscapes within which protected areas 
are embedded.

Enhancing awareness and capacity for biodiversity and environmental 
management within line ministries can help mainstream biodiversity in sectoral 
planning. In addition, implementing national ecosystem service assessments 
and natural resource accounting may help persuade decision-makers that the 
sustainable use and conservation of biodiversity is a critical development issue.

5.4.	 INSUFFICIENT CAPACITY, FINANCING AND REGULATORY 
OVERSIGHT
Many developing countries struggle to enforce forest and biodiversity regulations 
because of insufficient capacity, especially at sub-national levels. To address 
this issue, governments need to implement capacity building through training 
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as the stand regrows. Biodiversity values tend to be highest in old stands where 
trees are large and have accumulated more epiphytes, and the understorey has 
been colonized through natural regeneration (Brockerhoff et al., 2008). However, 
harvesting can also increase habitat heterogeneity and enhance landscape level 
biodiversity for some taxa (Hill and Hamer, 2004). Even-aged stands support 
lower biodiversity because of their low structural diversity, but this can be 
improved through thinning and retention of old trees. Under clear-cut systems, 
longer rotations and management of forests for structural diversity tend to 
promote higher biodiversity benefits (Brockerhoff et al., 2008).

6.1.	 ASSESSING AND MANAGING RISKS TO BIODIVERSITY 
All forest management operations, no matter how unobtrusive, have some 
impact on forest ecosystem functioning and therefore on biodiversity (Sheil, 
Nasi and Johnson, 2004). The removal of biomass, residual damage to the forest 
through harvesting, construction of roads and other infrastructure, and soil 
disturbance from heavy machinery all negatively impact biodiversity through 
habitat degradation, loss and fragmentation. Thinning or controlling competing 
vegetation may also disturb sensitive species or habitats. Seemingly harmless 
activities, such as just entering the forest for recreation or to conduct a survey, may 
disturb nesting birds or animals with young.

In addition, overharvesting of specific resources may threaten certain species. 
This applies especially to hunting (Poulsen et al., 2009; Morton et al., 2021), but 
also to harvesting of commercial timber species and other valuable plants such 
as orchids or agarwood28. Collecting a particular resource too early or too late 
likewise may cause damage and limit future productivity or prevent the species 
from successfully regenerating. Construction of access roads associated with 
forest harvesting often exacerbates these pressures on biodiversity. Hence, it is 
essential that the forest managers put in place systems to govern and protect these 
resources from overharvesting (Poulsen et al., 2009). Furthermore, some forests 
may be vulnerable to illegal encroachment. 

Forest managers should conduct biodiversity risk assessments before initiating 
any major operations and on a regular basis, for example monthly. This will often 
involve completing a simple checklist of issues that need to be considered and 
flagging any activities that entail higher risks (Lindenmayer, Franklin and Fischer, 
2006), enabling the forest manager and environmental staff to apportion their 
efforts appropriately. Managers can assign staff to mark ecologically sensitive 
areas that must not be disturbed so that the risk of accidental damage is lessened. 
Furthermore, risk assessments ensure staff are made aware of potential risks to 
biodiversity, so that mitigating action can be taken.

28	 A highly valuable resinous and fragrant heartwood of Aquilaria species (Naziz, Das and Sen, 
2019)
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6.2.	 ESTABLISHING AND MANAGING SET-ASIDE AREAS
Establishing and managing set-aside areas is one of the main tools for biodiversity 
conservation in production forests (Dykstra, 2002). While standards vary among 
countries, often a minimum of around 15 percent set-aside is required within 
a managed forest. These include areas that should be protected for ecosystem 
services, such as steep slopes and buffers along waterbodies and salt licks, as well as 
specific habitats, including threatened habitats and areas occupied by endangered 
species (Lindenmayer, Franklin and Fischer, 2006). Set-aside is also used to protect 
cultural values and local community resources (e.g. community-managed land 
within a forest), areas of particular cultural significance (e.g. cemetery forest), areas 
providing critical ecosystem services to local communities (e.g. watershed forest), 
and areas for hunting and NWFP collection. 

Identifying set-aside areas is an important part of the forest planning process 
and set-aside areas should be identified on maps, as part of the forest management 
plan, and where possible, marked on the ground. Some certification schemes 
(e.g. FSC) and some national forest regulations apply HCV procedures (see 
Box�4) to identify and prioritize areas for set-aside selection. Ideally, information 
on threatened habitats or areas used by threatened species is available from 

Roads often have the single largest impact on the forest (Kleinschroth and 

Healey, 2017; Laurance, Goosem and Laurance, 2009). Roads may be a linear barrier 

for dispersal of some species and can impact freshwater systems through siltation 

and stream blockage (Kleinschroth and Healey, 2017; Chappell et al., 2004). Hence, 

proper road planning, construction and maintenance, including managing drainage 

from roads, can make a substantial difference to the biodiversity impacts of timber 

harvesting. It is also important to properly close secondary roads after use, which 

reduces erosion and discourages unauthorized access (Kleinschroth and Healey, 2017). 

Other measures to reduce the impact of selective logging include directional felling 

to avoid damage to the residual stand, proper design of skid trails for log extraction, 

careful operation of skidders (which are often bulldozers in the tropics), and the use 

of a logfisher which uses a wire from a mobile crane arm to lift the end of the log 

and winch it to the side of the road (Putz et al., 2019).

RIL also reduces stand recovery time by reducing damage to the residual trees 

(Putz et al., 2008). With further improvements, such as narrower roads and minimized 

skidding distance, GHG emissions caused by timber harvesting can be reduced by up 

to 50 percent (Ellis et al., 2019). Unfortunately, the quality of RIL implementation is 

often poor. Indeed, timber contractors typically have low awareness and inadequate 

training, and lack proper supervision and compensation (Putz et al., 2008). However, 

logging companies might be motivated to improve compliance with RIL specifications, 

if they were able to access carbon finance for avoided emissions, which would also 

improve outcomes for biodiversity. 

Source: Authors’ own elaboration
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6.7.	 MANAGING AND CONTROLLING INVASIVE SPECIES
Some forest management activities can increase the risk of invasive species. 
Invasive species may dominate open habitats and disturbed sites, arresting 
natural regeneration, altering community composition, and impacting ecosystem 
functions. Furthermore, invasive species can increase fire risks. Invasive species 
are not only one of the key causes of global biodiversity decline, but also a serious 
threat to biodiversity in managed forests.  

To mitigate the impacts of invasive species on biodiversity, forest productivity 
and provision of other ecosystem services, forest managers should implement an 
invasive species management plan. During the forest planning phase, potential or 
existing invasive species should be identified and protocols for their management 
developed. Where invasive species have yet to enter a forest, the most likely path of 
entry is along the access roads. Hence, a part of any invasive species management 
plan should be to monitor access roads and eradicate any invasive species found 
before they get into the forest proper. For the already established invasive species, 
management will vary according to the characteristics of the species. Forest 
managers should follow protocols for reporting and controlling invasive species 
in line with any national invasive species management plans or strategies. Forest 
restoration also often requires specific strategies for the removal or control of alien 
invasive species (Weidlich et al., 2020). 

Many of the invasive plant species are light-demanding pioneers that thrive in 
degraded habitats, and hence they are shaded out as the tree canopy re-establishes. 
Intact forests are also more resilient against invasion than degraded forests. As 
such, minimizing the impact of forest operations and maintaining continuous 
forest cover as much as possible should contribute to mitigating risks from 
invasive species.  

6.8.	 PROTECTING FORESTS FROM ILLEGAL AND UNAUTHORIZED 
ACTIVITIES

It is essential that forest managers have protocols in place to ensure protection of 
forest resources, as well as biodiversity. Production forests are often susceptible 
to encroachment and unsustainable harvests of NWFPs. Failure to protect 
forests against unsustainable hunting and collection of NWFP resources is a 
major driver of biodiversity loss (Ghazoul, 2006; Morton et al., 2021; Moulana 
et al., 2021). To successfully manage biodiversity, forest managers should operate 
forest enforcement teams to prevent and monitor illegal activities, and to report 
such occurrences to local authorities. Roads provide access for encroachment, as 
well as for hunting and collection of NWFPs (Laurance, Goosem and Laurance, 
2009; Poulsen et al., 2009). Thus, controlling access along roads is of paramount 
importance. Checkpoints can be used to prevent unauthorized vehicular access, 
but monitoring of roads should also be done to prevent unauthorized foot traffic. 
Within logging areas, secondary roads should be closed to enable the forest 
to recover and inhibit access. Cooperation with local communities, including 
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