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INTRODUCTION

Complex global challenges such as climate change, biodiversity loss, depletion of natural resources warrant post-normal
concepts of science (Funtowicz and Ravetz, 2003) to harness trans-disciplinarity (Klein, 2014), and integrate parallel knowledge
systems such as those of indigenous/local communities (ILCs) (Agrawal, 2002). Such challenges can be efficiently encountered
with coordinated frameworks empowering multiple stakeholders to contribute to the solutions both in terms of knowledge and
action (Burke and Heynen, 2014). One of the main bottlenecks in addressing these challenges is the lack of grass-root
participation-driven implementation (Arnstein, 2007). ILCs are defined as the “uncolonized” and having sustainable lifestyles
thereby causing minimal damage to the environment despite their complex interactions with the environment (Fragoso and Reo,
2013). The ILCs occupy over a quarter of the global land surface covering about 40% of all terrestrial protected areas and home to
80% of the biodiversity world-wide (Garnett et al., 2018; Inter Press Service, 2017) and serve as repositories of inter-generational
knowledge on their local ecosystems encompassing the landscape, waterbodies, flora, fauna and the soil (Reyes-Garcia and
Benyei, 2019; Sobrevila, 2008). According to the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem
Services (IPBES), the intergovernmental body which assesses the state of biodiversity and its ecosystem services, ILC knowledge
is defined as “knowledge formed through the direct dependence on local ecosystems, and observations and interpretations of
change generated and passed down over many generations, and yet adapted and enriched over time.” (IPBES Deliverable 1(c)).
There are however gaps in the published scientific literature about ILC knowledge with most studies being biased towards
particular habitats, populations and species (Camara-Leret and Dennehy, 2019). Apart from the gaps in knowledge profiling,
recent studies have also pointed out that projects documenting such knowledge have displayed low levels of inclusiveness of the
ILCs (Benyei et al., 2019). In this review, we present a non-exhaustive list of opportunities and challenges which are faced by the
scientific community in including ILCs in various forms of research.

OPPORTUNITIES

Source of Best Practices for Dissemination and Exchange

Climate change and biodiversity loss represent two classic examples among many of current global challenges which cannot
be solved with one-dimensional technology-driven solutions (Kammen, 2013). In this context, collaborative approaches which
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embrace a diversity of knowledge-systems (Agrawal, 2002; Kammen, 2013; Sterling et al., 2017) including those from ILCs are
required. The practices of ILCs are deeply rooted in working with nature to achieve steady state and homeostasis. Despite their
complex interactions with the environment (Fragoso and Reo, 2013), most of these communities tend to have minimal ecological
footprints while drawing subsistence. Due to largely beneficial effects which have evolved over time, their knowledge contribute
to many best practices in biodiversity conservation such as agroforestry, agroecology, pastoral systems to name a few (Kelbessa,
2013; Reyes-Garcia and Benyei, 2019).

Empowering Stewardship of Natural Resources and Biodiversity

“Stewardship” is recognized as a strong value based attribute for social and environmental protection (Bennett et al., 2018).
Due to their long-standing relationship with their immediate ecosystems, ILCs can be considered as one among the best placed
agents to take up the stewardship role with support from scientific experts. The platform of stewardship also sets the stage for a
co-operative relationship (Dumay et al., 2019) with other stakeholder organizations. In addition to the above, data about
ecosystem services generated from the collaborations between scientists and ILCs is also expected to impart bargaining power to
the communities on negotiation tables discussing land rights and propriety (Popkin, 2016).

Upliftment of Marginalized Communities

Historically, ILCs have been subject to oppression, violence, denial of fundamental rights, displacement from traditional lands
and social discrimination (Campo, 2006). Eventhough many countries have taken steps to acknowledge and remedy some of the
historical injustices committed against the ILCs, the communities remain largely marginalized. Inclusive and targeted re-
integration of ILCs provides the roadmap for creating social cohesion and thereby generate more social capital along with the
desired ecological benefits of ecosystem conservation (Benyei et al., 2019).

Access to Genetic, Molecular and Species Diversity

ILCs inhabit some of the richest hotspots on the planet in terms of genetic and molecular diversity (Garnett et al., 2018; Inter
Press Service, 2017). ILC knowledge also involves the use of various natural compounds with prophylactic properties for traditional
healing and medication (Alade et al., 2015). With proper benefit sharing and consent (Popkin, 2016), such knowledge can be used
for the discovery of new therapeutic compounds. Despite these high-reward opportunities, most engagements involving ILC
involvement in climate change studies for example are characterized by extraction of knowledge by outsiders with minimal
participation from and benefits for the communities (David-Chavez and Gavin, 2018). In response to such “colonial” engagements,
frameworks have been developed to assess and assist community engagements in scientific practice (David-Chavez and Gavin
2018). Collaborative research (Popkin, 2016) with the ILCs also provides much needed tactical knowledge (Kelbessa, 2013; Reyes-
Garcia and Benyei, 2019) for conservation.

CHALLENGES

Research Frameworks in Academia and Governmental Support

In most countries, the trend in terms of research priorities over the past 4-5 decades has overwhelmingly been on technology.
Concomitantly, in modern scientific dogmas, there has also been an over-emphasis of value-neutral research (Harding, 1995)
which discounts the contextuality and positionality of the investigator or knowledge-bearer. In the case of ILCs, the relationships
between the communities and their ecosystems impart the context in addition to several capabilities (Sangha et al., 2018). In the
current discussion, value-neutral research could stand in the way of scientists being able to acknowledge the intellectual integrity
of ILCs and their knowledge which has accumulated and evolved out of the relationships between the communities and their
landscapes or ecosystems. More importantly, the services rendered by the ILCs and ecosystems in which they reside (Camara-
Leret et al., 2019) have largely been ignored. In fact, despite the availability of metrics and integrated frameworks (Sangha et al.,
2018) to capture the economic contributions of ecosystems and ILCs, the uptake of such evidence into decision-making has been
negligible. Although epistemological differences exist, co-existence of ILC knowledge with modern scientific knowledge is thought
to be beneficial (Tengo et al., 2014).

Inferring, Documenting and Integrating Uncodified Knowledge

ILC knowledge is usually passed over generations by word-of-mouth and oral traditions. Although linguistic barriers can be
overcome, a more serious obstacle lies in interpreting the uncodified knowledge behind the practices of the communities (West
et al., 2013). This can vary across different indigenous cultures and hence the interpretation strategies need to either involve
trained translators or mediators such as non-governmental organizations who can help infer the knowledge behind the practices.
Here again, a collaborative and inclusive approach involving the communities goes a long way in interpreting the uncodified
knowledge (Iseke and Desmoulins, 2015; Popkin, 2016).

Accessibility and Establishing Social Contacts

The lack of basic infrastructure such as roads poses a limitation in terms of accessibility of the communities to researchers.
Yet another barrier revolves around the intricate question of establishing contacts in the first place. Should “uncontacted tribes”
be left as they are or should engagement and contact be established? The safe and sensible option would be to establish contact
since this opens the door for engagement and communicating with the communities that they are important stakeholders in
responding to the challenges which directly or indirectly will affect their livelihoods and ecosystems. This is not a trivial task since
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in many cases, there is a certain degree of mistrust between the ILCs and the outside world due to the perception on the part of
the communities that scientific endeavor is a strategy of the political state to exert control (Fernandez-Gimenez et al., 2006;
Herring et al., 2013).

Managing Intellectual Property Rights

Engagement between scientists and ILCs has also resulted in tensions related to knowledge propriety and ownership (Popkin,
2016). Such challenges are triggered either by an intrinsic assumption on the part of scientists that representatives from ILCs do
not intrinsically appreciate co-producing findings and/or intentional exclusion by the scientists. Such situations transpire in
unsustainable collaborations and could derail the usually large amount of communication and trust-building initiatives and
efforts invested beforehand to start up the collaboration. Fortunately, good practices and frameworks (David-Chavez and Gavin,
2018) exist by which knowledge-sharing and co-production with mutual consent can be incentivized for long-term collaborative
traction and productivity (Iseke and Desmoulins, 2015).

CONCLUSION

Although ILCs have contributed minimally to the progression of complex global challenges like climate change and
biodiversity loss, they have been at the receiving end of the immediate effects of global challenges as well as of industrialization
and the exploitation of natural resources (Begotti and Peres, 2019). At the same time, they have also been the direct victims of
social exclusion, racism and institutional discrimination (Herring et al., 2013). However, due to the complex long-term interactions
of the ILCs with their environment and their exposure to a wide variety of economic and socio-ecological pressures (Fragoso and
Reo, 2013), theirinclusion in research is all the more justified. It has also been suggested that ILCs are good examples to investigate
human ecodynamics because of the intrinsic adaptive mechanisms of such knowledge systems (Fitzhugh et al., 2019).

In this review, we identify the opportunities and incentives for scientists to engage with ILCs in the context of conservation and
mitigation/adaptation to climate change and biodiversity loss. Given the challenges to fruitful engagements, we also point out
why such engagements need to be participatory, inclusive, respectful and consent-driven, thereby honoring the cultural identity
of the ILCs (Popkin, 2016). We hope this sets a precedent for policy makers in government, independent research bodies and other
funding agencies to allocate financial resources and jurisdictional access to facilitate the equitable inclusion of ILCs in scientific
research.

REFERENCES

Agrawal, A. (2002). Indigenous knowledge and the politics of classification. Int Soc Sci J, 54, 287-297. https://doi.org/10.1111/1468-
2451.00382

Alade, G. O., Okpako, E., Ajibesin, K. K., et al. (2015). Indigenous Knowledge of Herbal Medicines among Adolescents in Amassoma,
Bayelsa State, Nigeria. Global journal of health science, 8(1), 217-237. https://doi.org/10.5539/gjhs.v8n1p217

Arnstein, R. S. (2007). A Ladder of Citizen Participation. Journal of the American Institute of Planners, 35, 216-224
https://doi.org/10.1080/01944366908977225

Begotti, R. A. and Peres, C. A. (2019) Brazil’s indigenous lands under threat. Science, 363(6427), 592. https://doi.org/10.1126/
science.aaw3864

Bennett, N. J., Whitty, T. S., Finkbeiner, E., et al. (2018). Environmental stewardship: A conceptual review and analytical framework.
Environmental Management, 61(4), 597-614. https://doi.org/10.1007/s00267-017-0993-2

Benyei, P., Arreola, G. and Reyes-Garcia, V. (2019). Storing and sharing: A review of indigenous and local knowledge conservation
initiatives. Ambio. Mar 11. https://doi.org/10.1007/s13280-019-01153-6

Burke, B. J. and Heynen, N. (2014). Transforming participatory science into socioecological praxis: Valuing marginalized
environmental knowledges in the face of neoliberalization of nature and science. Environ Soc Adv Res, 5, 7-27.
https://doi.org/10.3167/ares.2014.050102

Camara-Leret, R. and Dennehy, Z. (2019). Information gaps in indigenous and local knowledge for science-policy assessments.
Nature Sustainability, 2, 736-7T41. https://doi.org/10.1038/s41893-019-0324-0

Camara-Leret, R., Fortuna, M. A. and Bascompte, J. (2019). Indigenous knowledge networks in the face of global change.
Proceedings of the National Academy of Sciences of the United States of America, 116(20), 9913-9918. https://doi.org/10.1073/
pnas.1821843116

Campo, J. N. F. M. a. (2006). A global history of indigenous peoples: struggle and survival (review). Journal of World History, 17(2),
228-231. https://doi.org/10.1353/jwh.2006.0036

David-Chavez, D. M. and Gavin, M. C. (2018). A global assessment of Indigenous community engagement in climate research.
Environmental Research Letters, 13(12), 123005. https://doi.org/10.1088/1748-9326/aaf300

Dumay, J., La Torre, M. and Farneti, F. (2019). Developing trust through stewardship. Journal of intellectual Capital, 20(1), 11-39.
https://doi.org/10.1108/JIC-06-2018-0097


https://doi.org/10.1111/1468-2451.00382
https://doi.org/10.1111/1468-2451.00382
https://doi.org/10.5539/gjhs.v8n1p217
https://doi.org/10.1080/01944366908977225
https://doi.org/10.1126/%0bscience.aaw3864
https://doi.org/10.1126/%0bscience.aaw3864
https://doi.org/10.1007/s00267-017-0993-2
https://doi.org/10.1007/s13280-019-01153-6
https://doi.org/10.3167/ares.2014.050102
https://doi.org/10.1038/s41893-019-0324-0
https://doi.org/10.1073/%0bpnas.1821843116
https://doi.org/10.1073/%0bpnas.1821843116
https://doi.org/10.1353/jwh.2006.0036
https://doi.org/10.1088/1748-9326/aaf300
https://doi.org/10.1108/JIC-06-2018-0097

4/4 Sudhakar / EUROPEAN J SUSTAINAB DEV, 4(2), em0115

Fernandez-Gimenez, M. E., Huntington, H. P. and Frost, K. J. (2006). Integration or co-optation? Traditional knowledge and science
in the Alaska Beluga Whale Committee. Environ Conserv, 33, 306. https://doi.org/10.1017/S0376892906003420

Fitzhugh, B., Butler, V. L., Bovy, K. M., et al (2019). Human ecodynamics: A perspective for the study of long-term change in
socioecological systems. Journal of Archaeological Science: Reports, 23(February 2019), 1077-1094. https://doi.org/10.1016/
j.jasrep.2018.03.016

Fragoso, M. V. J. and Reo, N. J. (2013). Complex interactions between biota, landscapes and native peoples. Ecological Processes,
2,28. https://doi.org/10.1186/2192-1709-2-28

Funtowicz, S. and Ravetz, J. (2003). Post-Normal Science. Ecol Econ, 1-10.

Garnett, S. T., Burgess, N. D., Fa, J. E., et al. (2018). A spatial overview of the globalimportance of Indigenous lands for conservation.
Nature Sustainability, 1(7), 369-374. https://doi.org/10.1038/s41893-018-0100-6

Harding, S. (1995). Strong objectivity: A response to the new objectivity question. Synthese, 104, 331-349.
https://doi.org/10.1007/BF01064504

Herring, S., Spangaro, J., Lauw, M., et al. (2013). The Intersection of Trauma, Racism, and Cultural Competence in Effective Work
with Aboriginal People: Waiting for Trust. Australian Social Work, 66(1), 104-117. https://doi.org/10.1080/
0312407X.2012.697566

Inter Press Service - IPS (2017). Indigenous Peoples Lands Guard 80 Per Cent of World’s Biodiversity. Available at:
http://www.ipsnews.net/2017/02/indigenous-peoples-lands-guard-80-per-cent-of-worlds-biodiversity/ (Accessed 13 July
2019).

IPBES (n.d.). IPBES Deliverable 1(c): Procedures, approaches and participatory processes for working with indigenous and local
knowledge systems. Available at: https://www.ipbes.net/deliverables/1c-ilk

Iseke, J. M. and Desmoulins, L. (2015). A Two-Way Street: Indigenous Knowledge and Science Take a Ride. Journal of American
Indian  Education, 54(3), 31-53. Available at: https://www.jstor.org/stable/10.5749/jamerindieduc.54.3.0031?seq=1
#page_scan_tab_contents

Kammen, D. M. (2013). Complexity and interdisciplinary approaches to environmental research. Environmental Research Letters,
8(1),010201. https://doi.org/10.1088/1748-9326/8/1/010201

Kelbessa, W. (2013). Indigenous knowledge and its contribution to biodiversity conservation. International social science journal,
64(211-212), 143-152. https://doi.org/10.1111/issj.12038

Klein, J. T. (2015). Reprint of “Discourses of transdisciplinarity: Looking back to the future.” Futures, 65, 10-16.
https://doi.org/10.1016/j.futures.2015.01.003

Lu, F., Gray, C., Bilsborrow, R. E., et al. (2010). Contrasting colonist and indigenous impacts on amazonian forests. Conservation
Biology, 24(3), 881-885. https://doi.org/10.1111/j.1523-1739.2010.01463.x

Ludwig, D. (2016). Overlapping Ontologies and Indigenous Knowledge. From Integration to Ontological Self-Determination. Stud
Hist Philos Sci, Part A 59, 36-45. https://doi.org/10.1016/j.shpsa.2016.06.002

Ludwig, D. and El-Hani, C. (2019). Philosophy of Ethnobiology: Understanding Knowledge Integration and Its Limitations. J
Ethnobiol, pre-print. Available at: http://philsci-archive.pitt.edu/15892/

Olatokun, W. M. (2010). Indigenous Knowledge of Traditional Medical practitioners in the treatment of sickle cell anemia. Available
at:  https://www.niscair.res.in/sciencecommunication/researchjournals/rejour/ijtk/Fulltextsearch/2010/January%202010/
[JTK-Vol%209(1)-%20january%202010-%20pp%20119-125.htm (Accessed 16 July 2019).

Popkin, G. (2016) Collaborations: Partners in knowledge. Nature, 535(7613), 581-582. https://doi.org/10.1038/nj7613-581a

Reyes-Garcia, V. and Benyei, P. (2019). Indigenous knowledge for conservation. Nature Sustainability, 2, 657-658.
https://doi.org/10.1038/s41893-019-0341-z

Sangha, K. K., Preece, L., Villarreal-Rosas, J., et al. (2018). An ecosystem services framework to evaluate indigenous and local
peoples’ connections with nature. Ecosystem Services, 31, 111-125. https://doi.org/10.1016/j.ecoser.2018.03.017

Sterling, E. J., Filardi, C., Toomey, A., et al. (2017). Biocultural approaches to well-being and sustainability indicators across scales.
Nature ecology & evolution, 1(12), 1798-1806. https://doi.org/10.1038/s41559-017-0349-6

Tengo, M., Brondisio, E. S. and Elmqwist, T. (2014). Connecting Diverse Knowledge Systems for Enhanced Ecosystem Governance:
The Multiple Evidence Base Approach. Ambio, 43(5), 579-591. https://doi.org/10.1007/s13280-014-0501-3

United Nations Sustainable Development Goals: Sustainable Development Knowledge Platform. Available at:
https://sustainabledevelopment.un.org/?menu=1300 (Accessed 13 July 2019).

West, K. M., Hopkins, S. E., Hopper, K. J., et al. (2013). Found in translation: Decoding local understandings of genetics and heredity
in a VYup’ik Eskimo community. Public understanding of science (Bristol, England), 22(1), 80-90.
https://doi.org/10.1177/0963662510397224


https://doi.org/10.1017/S0376892906003420
https://doi.org/10.1016/%0bj.jasrep.2018.03.016
https://doi.org/10.1016/%0bj.jasrep.2018.03.016
https://doi.org/10.1186/2192-1709-2-28
https://doi.org/10.1038/s41893-018-0100-6
https://doi.org/10.1007/BF01064504
https://doi.org/10.1080/%0b0312407X.2012.697566
https://doi.org/10.1080/%0b0312407X.2012.697566
http://www.ipsnews.net/2017/02/indigenous-peoples-lands-guard-80-per-cent-of-worlds-biodiversity/
https://www.ipbes.net/deliverables/1c-ilk
https://www.jstor.org/stable/10.5749/jamerindieduc.54.3.0031?seq=1#page_scan_tab_contents
https://www.jstor.org/stable/10.5749/jamerindieduc.54.3.0031?seq=1#page_scan_tab_contents
https://doi.org/10.1088/1748-9326/8/1/010201
https://doi.org/10.1111/issj.12038
https://doi.org/10.1016/j.futures.2015.01.003
https://doi.org/10.1111/j.1523-1739.2010.01463.x
https://doi.org/10.1016/j.shpsa.2016.06.002
http://philsci-archive.pitt.edu/15892/
https://www.niscair.res.in/sciencecommunication/researchjournals/rejour/ijtk/Fulltextsearch/2010/January%202010/%0bIJTK-Vol%209(1)-%20january%202010-%20pp%20119-125.htm
https://www.niscair.res.in/sciencecommunication/researchjournals/rejour/ijtk/Fulltextsearch/2010/January%202010/%0bIJTK-Vol%209(1)-%20january%202010-%20pp%20119-125.htm
https://doi.org/10.1038/nj7613-581a
https://doi.org/10.1038/s41893-019-0341-z
https://doi.org/10.1016/j.ecoser.2018.03.017
https://doi.org/10.1038/s41559-017-0349-6
https://doi.org/10.1007/s13280-014-0501-3
https://sustainabledevelopment.un.org/?menu=1300
https://doi.org/10.1177/0963662510397224

	INTRODUCTION
	OPPORTUNITIES
	Source of Best Practices for Dissemination and Exchange
	Empowering Stewardship of Natural Resources and Biodiversity
	Upliftment of Marginalized Communities
	Access to Genetic, Molecular and Species Diversity

	CHALLENGES
	Research Frameworks in Academia and Governmental Support
	Inferring, Documenting and Integrating Uncodified Knowledge
	Accessibility and Establishing Social Contacts
	Managing Intellectual Property Rights

	CONCLUSION
	REFERENCES

