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With the degradation and destruction of ecosystem structures and functions, humans
are losing essential goods and services from forest ecosystems [1,2]. Essential benefits
provided by forest ecosystems include provisional (timber and non-timber forest products),
regulatory (carbon sequestration and water purification), and cultural services (recreational
and spiritual characteristics). All such services that humans obtain from ecosystems,
namely, ecosystem services (ES), are intricately dependent on biodiversity [3–7]. The
biodiversity in the corresponding ecosystems may in turn sustain forest ecosystems and
guarantee their continued viability. The ES perspective establishes a conceptual connection
between ecological functions and processes, a diversity of intermediary and direct benefits,
and human well-being. The ES concept has expanded its scope and values to support
broader goals, such as livelihood development, climate change adaptation and mitigation,
health provisioning, water and food security, natural disaster reduction, tourism and
economy promotion, research and education, and the promotion of cultural values. It
acknowledges the integration of ecological, sociocultural, and economic value systems
and tradeoffs, bringing together conservation and development discourses to promote
sustainable development.

The management of forest biodiversity and ecosystem services frequently encounters
tradeoffs and compromises. The conservation of biodiversity frequently compromises the
forest’s capacity to meet human needs, especially for both timber and non-timber forest
products. Drivers of deforestation vary regionally, and include agriculture, firewood col-
lection, economic development, and other ecosystem service demands resulting in forest
clearing and/or degradation [8–10]. Local communities that are dependent on forest re-
sources, for instance, may be negatively affected by the implementation of conservation
programs that exclude them from accessing essential resources [11]. To resolve these con-
flicts and ensure sustainable forest management, governments, nongovernmental agencies,
and policymakers must consider the myriad facets of forest ecosystem services.

In recent decades, consistent frameworks have been developed aiming to relate human
society and economy to biophysical entities while considering the effects of policy decisions.
The primary objective of the Millennium Ecosystem Assessment was to determine how
changes in ecosystems affect human well-being; to provide a current scientific assessment of
global ecosystems’ state and dynamics, as well as the services they provide; and to provide
a solid scientific foundation for enacting measures to preserve and sustainably utilize
natural ecosystems (MA, 2005). Other frameworks, like the Driver, Pressure, State, Impact,
and Response (DPSIR) framework have been developed by the European Environment
Agency [12]. It became a strategic tool for extensive reviews to report multi-scale socio-
ecological changes from an interdisciplinary perspective [13–15]. Also, the Economics
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of Ecosystems and Biodiversity (TEEB) framework describes the relationship between
biodiversity, ecosystem services, and human well-being. This framework was created
because mainstream economists believed that placing a value on ecosystem services (ESs)
would lead to better policy integration. According to the TEEB paradigm, the total economic
value (TEV) can be calculated by summing the values placed on use and non-use of an
ecosystem’s resources [16–19].

The value of ecosystem services has been integrated into policy decisions to support
sustainable forestry through payments for ecosystem services (PES) to villagers to enact
forestry-related protective measures. Further protecting forest reserves and enacting PES
programs has the potential co-benefit of protecting biodiversity [20]. While PES programs
are globally implemented, the assessments and evaluations are often constrained to evaluate
a program’s success based on land use and land cover change, with a majority of programs
not assessing or reporting biodiversity gains [21,22]. Several studies have made specific
attempts to evaluate the potential co-benefits of both vegetation and terrestrial vertebrate
biodiversity as important indicators of success for areas receiving PES payments [23,24].
The ability to assess “degradation” under the United Nations Reducing Emissions from
Deforestation and Degradation-plus (REDD+) [25], and to evaluate progress towards
international biodiversity targets such as those set by the Convention on Biological Diversity
(CBD) [26] and Sustainable Development Goals (SDG) [27–29], require the assessment of
landscapes using robust and accurate biodiversity metrics and methods [30].

This Special Issue contains five papers that comprise a diverse representation of
countries (Nepal, Kenya, Brazil, and Canada), as well as methods and approaches for
addressing the issues of research on compromises between biodiversity and ecosystem
services. One of them is a review article about the circular bioeconomy for deadwood
conservation in Kenya, and the other four articles are research articles or case studies
focusing on specific research areas such as participatory GIS for infrastructure projects in
the Amazon, community forestry management concerns in Nepal, and cultural significance
of carnivore conservation.

The tradeoff between forest biodiversity and ecosystem services in Kenya’s public
forests for deadwood use and conservation is a complex issue. In the “Paradox of Dead-
wood Circular Bioeconomy in Kenya’s Public Forests” review study by Chisika et al.,
these tradeoffs are explored and recommendations are provided for sustainable forest
management. According to global studies, deadwood is essential to the bioeconomy,
the environment, and sustainable development. This article emphasizes the forest-based
circular bioeconomy as a tool for deadwood conservation, as a lack of specific rules for
deadwood protection disturbs the natural equilibrium in public forests. On the one hand,
deadwood is a valuable resource for the conservation of biodiversity because it provides a
habitat and reproductive site for birds and insects, as well as substrate and nutrients for
fungi. On the other hand, the demand for deadwood for energy purposes is increasing,
driven by the need for household fuel, particularly in rural regions with limited access
to alternative energy sources. With the current trend, 70% of the population consumes
deadwood for household use, and the demand is predicted to increase—there will soon be
a severe quandary regarding whether deadwood should be conserved for biodiversity or
energy. This research addresses a knowledge gap in the field by suggesting policy choices
for Kenya’s long-term forest resource management. The results of recommendations and
intensive research suggest a cultural and behavioral shift in energy usage to avert an
ecological imbalance and maximize the value of deadwood.

The Amazon is renowned for its diverse ecosystem and the societal benefits it provides.
Numerous plant and animal species are lost when forests are cleared for large infrastructure,
upsetting the delicate balance of the ecosystem. Nonetheless, these extensive infrastruc-
ture projects have a substantial impact on the economy and the overall gross domestic
product (GDP), playing a crucial role in the provision of societal goods obtained through
extraction processes. In the paper “Participatory Mapping for Strengthening Environ-
mental Governance on Socio-Ecological Impacts of Infrastructure in the Amazon: Lessons
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to Improve Tools and Strategies” by Mere-Roncal et al., the Amazon basin was viewed
as a source of economic expansion through the construction of large-scale infrastructure
projects, including roads, dams, oil and gas pipelines, and mining. Environmental groups
are tasked with conserving the Amazon’s various ecosystems and indigenous peoples, but
they regularly clash with national and international policies that support the Amazon’s
development. Negative social, economic, and environmental effects may be mitigated by
the implementation of innovative environmental governance strategies. The Governance
and Infrastructure in the Amazon (GIA) initiative suggests establishing a “community of
practice and learning” (CoP-L) on infrastructure governance techniques and tools to study
and address governance effectiveness challenges. This study used participatory mapping
exercises in workshops in four distinct Amazonian regions to visualize and reflect on
(1) areas of value, (2) areas of concern, and (3) proposed actions to mitigate infrastructure
development’s adverse effects and enhance governance. Mixed approaches were used
to study textual analysis, regional multi-iterative stakeholder conversation, participatory
mapping, and geospatial integration. By enhancing communication and cooperation and
disseminating data based on local knowledge, this novel strategy can increase transparency
in infrastructure development and promote good governance.

In the case of community forestry in Nepal, tradeoffs arise from the need to balance the
economic benefits derived from timber income with the preservation of forest biodiversity
and ecosystem services. In the manuscript “The implications of community forest income
on social and environmental sustainability” by Bohnett et al., community forestry (CF) is
an alternative to the traditional top-down strategy that places forest management in the
hands of local people. This study examines the effects of variations in timber income and
the cost of supporting forest regeneration on the social and ecological viability of CF. Their
research in the three management zones of Chitwan in Nepal revealed a significant income
and expenditure disparity between the biological and socioeconomic benefits and resilience
of community forest user groups. In regions with lower timber incomes, there was a lack of
economic stability and resources to implement the necessary regulations. Consequently,
these districts imposed more stringent restrictions on the quantity of wood that community
forest members could harvest. In turn, these restrictions on timber extraction influenced
the ability of low-income CFs to improve forest regeneration, with lower economic viability
and fewer community rights. These results suggest that the pursuit of economic sustain-
ability through income from community forests may occur at the expense of social and
environmental sustainability and viability between CF groups in Nepal.

There are numerous dynamics at play in community forestry in Nepal, where eco-
nomic and social factors intersect with forest management concerns. The article titled
“Influence of Rural Out-Migration on Household Participation in Community Forest Man-
agement? Evidence from the Middle Hills of Nepal” by Bista et al. examines the effects
of rural–urban migration on forest user participation in community forest planning and
management in Nepal. The researchers modeled the effects of rural outmigration on
household participation in community forest management using data from 415 families
in 15 community forest user groups in two districts of Nepal’s Mid-Hill region. In total,
72% of Nepalese households included a migrant, but only 20% and 29%, respectively,
participated in forest management or decision-making. Household size, internal migration,
resources, and institutions influenced participation. In Nepal, gender segregation of forest
activities is typical, but this study found no correlation between gender and participation
categories. The study found that Dalit users participated in decision-making at a higher
rate than higher caste groups, presumably because of the abundance of forest products
and the diversity of their livelihood activities. More frequently, households with more
livestock units participated in forest activities. The demographic dynamics of community
forestry, the definition of roles and responsibilities, and the support of active members have
policy implications. This research can be used to inform future community forestry policy
decisions aimed at mitigating the effects of rural out-migration on community forestry,
as well as future research on the cascading effects of out-migration on forest biodiversity
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and ecosystem services. Future research should investigate the effect of outmigration on
forest sustainability.

In the manuscript “Evaluating Attitudes towards Large Carnivores within the Great
Bear Rainforest” by Leveridge et al., the authors explore the complex relationship between
biodiversity and ecosystem services in the Great Bear Rainforest (GBR), with a particular
focus on people’s attitudes towards large carnivores and inquiry into human–animal
coexistence. It examines the ecological and interpersonal perspectives of the residents
of Prince Rupert, a city in the GBR, using the New Ecological Paradigm questionnaire
concerning the protected rainforest and the large mammals that live there. Researchers
investigated the respondents’ ecological beliefs, focusing on their attitudes toward forest
biodiversity and ecosystem services for cultural, spiritual, and recreation services. The
Great Bear Rainforest (GBR) was the most significant location for the responders because
of its significance to First Nations indigenous culture. Eighty-nine percent of respondents
noted the relevance of carnivores to local First Nations. First Nations and non-First Nations
respondents did not significantly differ in their NEP scores, despite the importance of the
local ecosystem and animals to First Nations spiritually and culturally. Most respondents
reported experiencing a sense of wonder or excitement at the sight of carnivores. The
lack of a significant difference in attitudes between First Nations and non-First Nations
respondents may be attributable to several factors, including the cultural influence of the
local First Nations, the economic significance of these carnivores, and a strong sense of place
(associated with the area and the carnivores that inhabit it). The respondents’ vehement
opposition to trophy hunting and their lamentation over the lack of a conservation officer
in Prince Rupert provide additional evidence of the spiritual and cultural significance of
carnivores in the GBR. The research also indicated that communities and officials need to
engage in two-way conversations on conservation and avoiding human–carnivore conflicts.

A loss of forest biodiversity can have detrimental effects on the functioning of forest
ecosystems and their ability to provide ecosystem services. Information on services that
humans obtain from the corresponding ecosystem is crucial for a sustainable landscape,
and its present and future scenarios will likely play an essential role in natural resource
management and biodiversity conservation. More recently, there has been an increasing
need for various initiatives, policies, and laws that can adopt the importance of ecosystem
services into on-the-ground planning—for instance, the United Nations launched the 2030
Sustainable Development Goals, and its Goal 15 (i.e., conserve life on land) contains an
emphasis on ecosystems and the services they provide [31]. On the other hand, the U.N.
recently approved the Post-2020 Global Biodiversity Framework [32]. Community forestry,
fuelwood extraction, and human–wildlife coexistence and conflicts are all topics covered
in this issue, but there have been few attempts to integrate or evaluate tradeoffs between
biodiversity and ecosystem services. The research provided in this editorial demonstrates
that there are linkages and tradeoffs between ecosystem services and biodiversity in forest
ecosystems, presenting studies that also reveal the diversity and complexity involved in
forming research projects and the practical implementation around these goals. These
findings highlight the importance of maintaining and conserving forest biodiversity to
ensure the continued provision of ecosystem services.

Author Contributions: Conceptualization, L.A.; writing—original draft preparation, E.B.; writing—
review and editing, E.B. and L.A. All authors have read and agreed to the published version of
the manuscript.

Acknowledgments: We are writing to express our sincere gratitude and appreciation to everyone
who contributed to our recent Special Issue. Your diligence, commitment, and knowledge have
significantly contributed to the success of this Special Issue. We would like to express our appreciation
to all of the authors who contributed valuable insights and research to this Issue. Your contributions
have enriched the field of forest biodiversity and ecosystem services and provided our readers with
essential knowledge and perspectives. In addition, we would like to acknowledge the contributions
of the editorial team at Sustainability, who were very diligent, patient, and professional during the
course of our Special Issue.



Sustainability 2023, 15, 16364 5 of 6

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Daily, G.C.; Matson, P.A. Ecosystem Services: From Theory to Implementation. Proc. Natl. Acad. Sci. USA 2008, 105, 9455–9456.

[CrossRef] [PubMed]
2. Millennium Ecosystem Assessment. Ecosystems and Human Well-Being; Island Press: Washington, DC, USA, 2005.
3. Harrison, P.A.; Berry, P.M.; Simpson, G.; Haslett, J.R.; Blicharska, M.; Bucur, M.; Dunford, R.; Egoh, B.; Garcia-Llorente, M.;

Geamănă, N.; et al. Linkages between Biodiversity Attributes and Ecosystem Services: A Systematic Review. Ecosyst. Serv. 2014,
9, 191–203. [CrossRef]

4. Mace, G.M.; Norris, K.; Fitter, A.H. Biodiversity and Ecosystem Services: A Multilayered Relationship. Trends Ecol. Evol. 2012, 27,
19–26. [CrossRef] [PubMed]

5. Cardinale, B.J.; Duffy, J.E.; Gonzalez, A.; Hooper, D.U.; Perrings, C.; Venail, P.; Narwani, A.; Mace, G.M.; Tilman, D.; Wardle, D.A.;
et al. Biodiversity Loss and Its Impact on Humanity. Nature 2012, 486, 59–67. [CrossRef] [PubMed]

6. Balvanera, P.; Siddique, I.; Dee, L.; Paquette, A.; Isbell, F.; Gonzalez, A.; Byrnes, J.; O’Connor, M.I.; Hungate, B.A.; Griffin, J.N.
Linking Biodiversity and Ecosystem Services: Current Uncertainties and the Necessary Next Steps. BioScience 2014, 64, 49–57.
[CrossRef]

7. Duncan, C.; Thompson, J.R.; Pettorelli, N. The Quest for a Mechanistic Understanding of Biodiversity–Ecosystem Services
Relationships. Proc. R. Soc. B Biol. Sci. 2015, 282, 20151348. [CrossRef]

8. Gibbs, H.K.; Herold, M. Tropical Deforestation and Greenhouse Gas Emissions. Environ. Res. Lett. 2007, 2, 045021. [CrossRef]
9. Lambin, E.F.; Turner, B.L.; Geist, H.J.; Agbola, S.B.; Angelsen, A.; Bruce, J.W.; Coomes, O.T.; Dirzo, R.; Fischer, G.; Folke, C.; et al.

The Causes of Land-Use and Land-Cover Change: Moving beyond the Myths. Glob. Environ. Change 2001, 11, 261–269. [CrossRef]
10. Lewis, S.L.; Edwards, D.P.; Galbraith, D. Increasing Human Dominance of Tropical Forests. Science 2015, 349, 827–832. [CrossRef]
11. Fandjinou, K.; Zhang, K.; Folega, F.; Mukete, B.; Yang, X.; Wala, K.; Akpagana, K.; Bohnett, E. Assessment of the Protected Areas

Strategy in Togo under Sustainable Management: The Case Study of Oti-Keran, Togodo, and Abdoulaye Faunal Reserve. Open J.
Ecol. 2020, 10, 141–159. [CrossRef]

12. Smeets, E.; Weterings, R. Environmental Indicators: Typology and Overview. Eur. Environ. Agency 1999. Technical report No 25.
13. Tscherning, K.; Helming, K.; Krippner, B.; Sieber, S.; Paloma, S.G.Y. Does Research Applying the DPSIR Framework Support

Decision Making? Land Use Policy 2012, 29, 102–110. [CrossRef]
14. Ramos-Quintana, F.; Ortíz-Hernández, M.L.; Sánchez-Salinas, E.; Úrsula-Vázquez, E.; Guerrero, J.A.; Zamorano, M. Quantitative-

Qualitative Assessments of Environmental Causal Networks to Support the DPSIR Framework in the Decision-Making Process.
Environ. Impact Assess. Rev. 2018, 69, 42–60. [CrossRef]

15. Kyere-Boateng, R.; Marek, M.V. Analysis of the Social-Ecological Causes of Deforestation and Forest Degradation in Ghana:
Application of the DPSIR Framework. Forests 2021, 12, 409. [CrossRef]

16. Berghöfer, A.; Berger, J.; Koné, I.; Tröger, U.; Caspary, H.U. Ecosystem Services for Conservation Finance: Applying the TEEB
Stepwise Approach in Côte d’Ivoire. Biodivers. Conserv. 2018, 27, 2897–2917. [CrossRef]

17. Sukhdev, P.; Wittmer, H.; Schroter-Schlaack, C.; Neßhöver, C.; Bishop, J.; Ten Brink, P.; Gundimeda, H.; Kumar; Simmons, B.
Mainstreaming the Economics of Nature: A Synthesis of the Approach, Conclusions and Recommendations of TEEB; UNEP, Ed.; The
Economics of Ecosystems & Biodiversity; UNEP: Geneva, Switzerland, 2010; ISBN 978-3-9813410-3-4.

18. Du, L.; Li, J.; Liu, G.; Zhang, F.; Xu, J.; Hu, L. Progress in the researches on the Economics of Ecosystems and Biodiversity (TEEB).
Biodivers. Sci. 2016, 24, 686–693. [CrossRef]

19. Ring, I.; Hansjürgens, B.; Elmqvist, T.; Wittmer, H.; Sukhdev, P. Challenges in Framing the Economics of Ecosystems and
Biodiversity: The TEEB Initiative. Curr. Opin. Environ. Sustain. 2010, 2, 15–26. [CrossRef]

20. Girardello, M.; Santangeli, A.; Mori, E.; Chapman, A.; Fattorini, S.; Naidoo, R.; Bertolino, S.; Svenning, J.-C. Global Synergies and
Trade-Offs between Multiple Dimensions of Biodiversity and Ecosystem Services. Sci. Rep. 2019, 9, 5636. [CrossRef]

21. Prager, C.M.; Varga, A.; Olmsted, P.; Ingram, J.C.; Cattau, M.; Freund, C.; Wynn-Grant, R.; Naeem, S. An Assessment of Adherence
to Basic Ecological Principles by Payments for Ecosystem Service Projects: Ecological Principles in PES Projects. Conserv. Biol.
2016, 30, 836–845. [CrossRef]

22. Sills, E.O.; de Sassi, C.; Jagger, P.; Lawlor, K.; Miteva, D.A.; Pattanayak, S.K.; Sunderlin, W.D. Building the Evidence Base for
REDD+: Study Design and Methods for Evaluating the Impacts of Conservation Interventions on Local Well-Being. Glob. Environ.
Change 2017, 43, 148–160. [CrossRef]

23. Hua, F.; Wang, X.; Zheng, X.; Fisher, B.; Wang, L.; Zhu, J.; Tang, Y.; Yu, D.W.; Wilcove, D.S. Opportunities for Biodiversity Gains
under the World’s Largest Reforestation Programme. Nat. Commun. 2016, 7, 12717. [CrossRef] [PubMed]

24. Hein, L.; Miller, D.C.; de Groot, R. Payments for Ecosystem Services and the Financing of Global Biodiversity Conservation. Curr.
Opin. Environ. Sustain. 2013, 5, 87–93. [CrossRef]

25. Waldon, J.; Miller, B.W.; Miller, C.M. A Model Biodiversity Monitoring Protocol for REDD Projects. Trop. Conserv. Sci. 2011, 4,
254–260. [CrossRef]

26. United Nations Environment Programme Convention on Biological Diversity 1992. Available online: https://wedocs.unep.org/
20.500.11822/8340 (accessed on 26 May 2022).

https://doi.org/10.1073/pnas.0804960105
https://www.ncbi.nlm.nih.gov/pubmed/18621697
https://doi.org/10.1016/j.ecoser.2014.05.006
https://doi.org/10.1016/j.tree.2011.08.006
https://www.ncbi.nlm.nih.gov/pubmed/21943703
https://doi.org/10.1038/nature11148
https://www.ncbi.nlm.nih.gov/pubmed/22678280
https://doi.org/10.1093/biosci/bit003
https://doi.org/10.1098/rspb.2015.1348
https://doi.org/10.1088/1748-9326/2/4/045021
https://doi.org/10.1016/S0959-3780(01)00007-3
https://doi.org/10.1126/science.aaa9932
https://doi.org/10.4236/oje.2020.104010
https://doi.org/10.1016/j.landusepol.2011.05.009
https://doi.org/10.1016/j.eiar.2017.11.004
https://doi.org/10.3390/f12040409
https://doi.org/10.1007/s10531-018-1576-0
https://doi.org/10.17520/biods.2016033
https://doi.org/10.1016/j.cosust.2010.03.005
https://doi.org/10.1038/s41598-019-41342-7
https://doi.org/10.1111/cobi.12648
https://doi.org/10.1016/j.gloenvcha.2017.02.002
https://doi.org/10.1038/ncomms12717
https://www.ncbi.nlm.nih.gov/pubmed/27598524
https://doi.org/10.1016/j.cosust.2012.12.004
https://doi.org/10.1177/194008291100400303
https://wedocs.unep.org/20.500.11822/8340
https://wedocs.unep.org/20.500.11822/8340


Sustainability 2023, 15, 16364 6 of 6

27. Castor, J.; Bacha, K.; Fuso Nerini, F. SDGs in Action: A Novel Framework for Assessing Energy Projects against the Sustainable
Development Goals. Energy Res. Soc. Sci. 2020, 68, 101556. [CrossRef]

28. Mondal, P.; McDermid, S.S.; Qadir, A. A Reporting Framework for Sustainable Development Goal 15: Multi-Scale Monitoring of
Forest Degradation Using MODIS, Landsat and Sentinel Data. Remote Sens. Environ. 2020, 237, 111592. [CrossRef]

29. United Nations Conference on Environment & Development Agenda 21 Sustainable Development Goals 1992. Available online:
https://sdgs.un.org/sites/default/files/publications/Agenda21.pdf (accessed on 26 May 2022).

30. Bohnett, E.; Coulibaly, A.; Hulse, D.; Hoctor, T.; Ahmad, B.; An, L.; Lewison, R. Corporate Responsibility and Biodiversity
Conservation: Challenges and Opportunities for Companies Participating in China’s Belt and Road Initiative. Environ. Conserv.
2022, 49, 42–52. [CrossRef]

31. UN General Assembly. Transforming Our World: The 2030 Agenda for Sustainable Development. In A New Era in Global Health;
Rosa, W., Ed.; Springer Publishing Company: New York, NY, USA, 2017; ISBN 978-0-8261-9011-6.

32. Convention on Biological Diversity (CBD) Zero Draft of the Post-2020 Global Biodiversity Framework 2020. Available online:
https://www.cbd.int/conferences/post2020/wg2020-02/documents (accessed on 26 May 2022).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.erss.2020.101556
https://doi.org/10.1016/j.rse.2019.111592
https://sdgs.un.org/sites/default/files/publications/Agenda21.pdf
https://doi.org/10.1017/S0376892921000436
https://www.cbd.int/conferences/post2020/wg2020-02/documents

	References

