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Governance of Indigenous data in open earth
systems science

Lydia Jennings 1,2,3,17 , Katherine Jones 4,17, Riley Taitingfong1,
Andrew Martinez1, Dominique David-Chavez 5, Rosanna ʻAnolani Alegado6,
Adrien Tofighi-Niaki7, Julie Maldonado8, Bill Thomas9, Dennis Dye 10,
Jeff Weber 11, Katie V. Spellman12, Scott Ketchum13, Ruth Duerr 14,
Noor Johnson15, Jennifer Balch 16 & Stephanie Russo Carroll 1,2

In the age of big data and open science, what processes are needed to follow
open science protocols while upholding Indigenous Peoples’ rights? The Earth
Data Relations Working Group (EDRWG), convened to address this question
and envision a research landscape that acknowledges the legacy of extractive
practices and embraces new norms across Earth science institutions and open
science research. Using the National Ecological Observatory Network (NEON)
as an example, the EDRWG recommends actions, applicable across all phases
of the data lifecycle, that recognize the sovereign rights of Indigenous Peoples
and support better research across all Earth Sciences.

Earth Science is experiencing a data science revolution. Globally,
more than 274 TB of Earth observation data are produced every
day1. Amidst this data explosion, there is a global groundswell of
Indigenous-led research on stewardship of lands, waters, and
engagement with Indigenous Peoples2, bringing perspectives not
typically present in Earth science research. While Indigenous Peo-
ples have developed, maintained, and evolved knowledge systems
via direct experience interacting with biophysical and ecological

processes, landscapes, ecosystems, and species over millennia2,
these Indigenous data (Box 1) often remain unrecognized or mar-
ginalized within contemporary discussions of environmental data.
Broadly, Indigenous Peoples’ expertise has been excluded from
settler-colonial and Western systems of scientific inquiry practices,
land classification, and relations to the data about Indigenous
homelands in digital environments3,4. The United Nations Declara-
tion on the Rights of Indigenous Peoples (UNDRIP) reaffirms
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Indigenous Peoples’ collective rights to self-determination in the
application of their political, economic, social, and cultural knowl-
edge, but settler colonial (Box 1) institutions have largely failed to
uphold these rights as they apply in digital environments and Earth
science research.

NEON as an example to implement Indigenous data governance
The National Ecological Observatory Network (NEON) is a National
Science Foundation (NSF) facility managed by Battelle to collect con-
tinuous long term data to support research on drivers and responses
to environmental change at continental scales5. NEON data are open
and freely accessiblewith resources to support the development of big
data skills in the research community, making climate change and
ecological research potentially more available and inclusive6. To sup-
port high-quality, reproducible analyses, NEON, like most other large-
scale Earth science projects, is committed to upholding FAIR
Principles–making data Findable, Accessible, Interoperable, and Reu-
sable through data collection, documentation, and publication
standards7,8. Somedata repositories also engage the TRUST Principles-
Transparency, Responsibility, User focus, Sustainability, and Tech-
nology- which focus on building and sustaining data infrastructures to
meet the needs of user communities9. However, still missing in most
large-scale Earth science projects, including NEON, are considerations
for Indigenous Data Sovereignty (IDSov) and Indigenous Data Gov-
ernance (IDGov) (Box 1) in logistical and cyber infrastructure10. The
NEONproject provides a unique opportunity among the national scale
research networks and data repositories to develop policies and
practices within a large-scale settler-colonial science facility that
acknowledges the erasure and exclusion of Indigenous relations in
data infrastructures and seeks to operationalize the CARE Principles
for Indigenous Data Governance: Collective benefit, Authority to
control, Responsibility, Ethics11. As an NSF-funded, continental-scale
open science facility engaging in a broad range of data collection
activities committed to equitable science, with partnerships across the
Earth Science research community, NEON is a valuable case study
to assess opportunities to implement CARE in a real-world Earth sci-
ence network amidst complex research governance and funding
structures.

Open science mandates and Indigenous data governance
In the US, federal agencies that fund research are increasingly man-
dated to enact open-access policies to make research products and
data freely available and accessible to the public12. However, the
mandates and their implementation don’t often consider the rights of
Indigenous Peoples in relation to Earth observation data. Guidance for
advancing open science while supporting IDGov exists in the com-
plementary FAIR, CARE, and TRUST principles. While the FAIR princi-
ples advance technical guidance to optimize the reuse of data, TRUST
guides repositories to serve users’ needs over time, and CARE brings a
people and purpose orientation in alignment with Indigenous rights
and interests7,9,13.

As Earth science researchers and institutions navigate open sci-
ence environments, they can leverage FAIR, TRUST, and CARE to bal-
anceopen sciencepracticeswith responsibilities to uphold Indigenous
Peoples’ rights and interests in data. The US National Institutes of
Health data management and sharing requirements provide a coop-
erative example that explicitly states that Tribal Nations’ laws, policies,
protocols, and preferences must be upheld in the development and
implementation of open data practices, data sharing agreements,
and data management plans14. Likewise, the NSF has referenced and
encouraged the implementation of FAIR and CARE across a variety of
programs. NSF’s Office of Polar Programs Data, Code, and Sample
Management Policy directs funded PI’s to align datamanagement with
FAIR and CARE Principles and provides explicit exceptions to the open
data policy for Indigenous knowledge and data “where sensitivity,
privacy, sovereignty, and/or intellectual property rights might take
precedence”15. The Geosciences Open Science Ecosystem program
lists the advancement of open science principles, including FAIR,
CARE, and TRUST, as one of its priority goals16. CARE is alsomentioned
in NSF communications pertaining to the access of atmospheric sci-
ence and data, and socially responsible development of climate miti-
gation strategies17,18. Moreover, NSF upholds standards of responsible
and ethical conduct of research, including to “diligently protect pro-
prietary information and intellectual property from inappropriate
disclosure”19.

As Earth science researchers and institutions navigate open sci-
ence environments, they must balance open science practices with

BOX 1

Key concepts for engaging with Indigenous rights in research
practices

IndigenousPeoples - In theUS context, Indigenous Peoples refers toboth federal and state recognized Tribal Nations andunrecognizedpeoples
across the US and its territories.
IndigenousData - “Data, information, and knowledge, in any format, that impacts Indigenous Peoples, nations and communities at the collective
and individual levels,” inclusive of data about resources and environments, data about individuals, and data about nations51.
Indigenous Data Sovereignty (IDSov) - asserts the rights of Indigenous Peoples to control the collection, ownership, and application of their
data52.
IndigenousDataGovernance (IDGov) -Datamanagement systems and practices that originate from the sovereign rights of nations and enforce
data processes, ownership, control, and access requirements53.
FAIR Principles - Data management guidelines that support open science, specifying that data should be Findable, Accessible, Interoperable,
and Reproducible7.
CARE Principles - A framework for incorporating IDSov in open data addresses Collective Benefit, Authority to Control, Responsibility, and
Ethics11.
TRUST Principles - A set of considerations for data repositories that emphasizes Transparency, Responsibility, User focus, Sustainability, and
Technology9.
Rematriation - Process of restoring balance and promoting healing within Indigenous communities by reclaiming Indigenous Knowledge,
revitalizing cultural practices and obligations, and supporting Indigenous leadership and decision-making power54.
Settler colonialism - A system of power built on the dispossession of Indigenous lands by settlers, sustained by the erasure of Indigenous
knowledge and practices55.
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responsibilities to uphold Indigenous Peoples’ rights and interests
in data.

There is a growing recognition of the value of including Indi-
genous knowledge systems in science and land management deci-
sion making20–22 and a growing body of literature to support
conceptual frameworks11,23–25 but still few examples of what appli-
cation looks like in an open science and repositories context. Here,
we assess one specific project, to consider how the CARE Principles
could be applied to inform how all institutes and projects across
Earth Science can engage with Indigenous Peoples in ways that
respect knowledge, acknowledge sovereignty, and enhance the
quality of science possible by including more voices, perspectives,
and priorities in research. Using the NEON facility as an example,
this paper outlines opportunities for enhancing the governance of
Indigenous data. Working with Indigenous and allied scholars in
Earth sciences and the IDSov movement, we present recommen-
dations that address each stage of the data and specimen life cycle
that may be applied to research occurring across Earth system
sciences.

The Earth Data Relations Working Group & research process
To explore NEON’s potential for implementing CARE, the Earth Data
Relations Working Group (EDRWG) convened 18 members from
November 2022 – August 2023 to develop recommendations for
open data repositories and projects. Leveraging our boundary
spanning -network partners, the group represented diverse per-
spectives across disciplines, geographies, and research efforts,
comprising Indigenous individuals from more than 14 distinct
Indigenous Peoples and eight regions within the United States and
territories, as well as 6 non-Indigenous allies, including one inter-
national scholar from the Global North. Working group members
represent diverse career stages, institution types (federal, aca-
demic, and research institutions, nonprofits), and disciplinary
expertize (life science, social science, climate science, policy, data
management, data science). Indigenous methodologies and per-
spectives were intentionally centered in all working group inquiries
in recognition of the historic exclusion of these knowledge pro-
cesses from Earth Sciences and the need to have Indigenous voices
directing the practice of IDGov.

Specifically, the EDRWG took a Two-Eyed Seeing approach26,
drawing on both Indigenous and Western worldviews. We also
employed a participatory research approach to promote co-learning
and reflection among collaborators. Beginning in November 2022, our
working group convenedmonthly for facilitatedmeetings in which we
shared definitions and applications of IDSov, IDGov, and the FAIR,
CARE, andTRUSTprinciples as they apply to each stage of the data and
specimen lifecycle (design, infrastructure, collection, storage, reuse) in
the NEON project and more broadly across Earth Systems Science
research. Meetings were designed with the purpose of surfacing and
exchanging each collaborator’s experiential knowledge in IDGov and
the Earth Sciences, and facilitating individual and collective reflection
about challenges and opportunities to further align research practices
to the CARE Principles. By structuring space for continuous dialog
across collaborators spanning disciplines, sectors, and fields, we
identified a variety of IDGov strategies actively practiced across the
entire data lifecycle and broader research ecosystem. This enabled us
to co-create concrete recommendations for policy, practice, and
infrastructure that scaffold all data actors’ shared responsibilities to
IDSov. The recommendations proposed in this paper emerge directly
from this inquiry.

This approach creates space for continuous exchange and
reflection among interdisciplinary collaborators thinking about Indi-
genous Earth data. By sharing strategies mobilized in their own con-
texts, the Working Group identified best practices for stewarding
Indigenous data of the past, present, and future.

Centering relationships
NEON has 81 field sites across the continental US, Alaska, Puerto Rico,
and Hawai’i, each with direct relationships with land managers and
local researchers. As a 30-year data collection project that produces
over 180 data products, NEON is committed to maintaining positive
engagement long term, at each site. Data are used globally, and data
users come from many institutions, represent all career stages, and
work with a variety of funding institutions. Wherever possible, NEON
has adopted existing data collection standards and coordinates with
existing Earth science communities and projects to ensure data are
interoperable across networks. Because of the diverse data types and
connections with other Earth science disciplines, NEON has become a
hub in a network of networks, connectingmany different Earth science
data collection projects. In this space, NEON has the opportunity to
share tools and advocate for data practices acrossmany networks and
data users in away that enhances relationships between people, digital
infrastructure, and data27 (Fig. 1).

Many Indigenous worldviews center relationships as a core
value28. Relationships exist at the scale of the individual and collectives
and apply to connections between humans, places, and biotic and
abiotic communities in the past, present, and future. Likewise, rela-
tionships at multiple scales, from individuals to governmental agen-
cies, are central to NEON as a scientific facility. These relationships
exist along a spectrum across gradients of organizational complexity
and responsiveness to change. On one side of the spectrum are direct
relationships; each data user, project, and field site is connected to the
NEON community. By implementing CARE in NEON’s data practices,
enacting policies related todata use, and training data users, individual
researcherswill begin tomodify their practiceswhich in turn canguide
a relationship-centered paradigmatic shift in federally-funded
research. Those learned data behaviors initiate intergenerational pat-
terns, staying with an individual as they progress through their career,
appearing in projects and collaborations that those individuals con-
tribute to on their journey.

On the other side of the spectrum is the increasing complexity of
influencing change; on this side are multi-tiered institutions and
funding agencies. While NEON and other large-scale Earth Science
projects may not directly influence practices or guidelines from
funding agencies, when the National Science Foundation (NSF), for
example, supports projects that rely on NEON data, they will indirectly
reinforce the implementation of the NEON policies around those data.
Likewise, guidance that originates from funding agencies, like NSF
(e.g., Office of Polar Programs Data, Code, and Sample Management
Policy15), and governmental policies (e.g., Guidance for Federal
Departments and Agencies on Indigenous Knowledge22, Department
of Interior Departmental Responsibilities for Consideration and
Inclusion of Indigenous Knowledge in Departmental Action and Sci-
entific Research29) reach individuals through practices implemented
by NEON and other data networks and repositories. Each data actor, at
any scale, holds the responsibility to honor IDSov and implement
CARE. Doing so provides further support for intergenerational sys-
temic change that better centers relationships with Indigenous Peo-
ples (Fig. 2).

Four recommendations to advance Indigenous Data
Governance
Applying this guidance to implement CARE in Earth science research
can prove challenging on individual and institutional scales. It may not
always be clear where to begin – or with whom responsibility lies – in
incorporating IDGov into their policies and practices. Resources (e.g.,
funding, time, capacity, and training) are needed to orient researchers
and institutions to their responsibilities to uphold IDSov and translate
those responsibilities into actionable change andpractice. Institutional
support may be difficult to secure within academic institutions
applying settler colonial values of ownership to data principles and
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policies. The EDRWG developed four recommendations as initial sites
of action to implement the CARE Principles into all phases of the data
lifecycle (Fig. 3). It was important to have a focused case study (NEON)
to center the recommendations and make them actionable, but the
recommendations are directed broadly across Earth science institu-
tions and projects.

Adopt ongoing internal learning and assessment practices
Internal review of partnerships and practices is essential for effective
and ethical engagement with Indigenous Peoples. For NEON, this
includes understanding the direct and indirect impacts on Indigenous
Peoples. In addition, cultural responsiveness training for all staff can
address knowledge gaps and build foundational understanding
regarding concepts of sovereignty, self-determination, and the ongo-
ing impacts of settler colonialism.

For each Earth Science data repository, project, or institution,
including NEON, this first step must also include assessment of their

unique data lifecycles in order to identify appropriate internal and
external expertize to guide implementation of CARE Principles and
assessment of institutional practices.

While assessment and planning are an essential first step, internal
governance and oversight for implementing CARE and applying IDGov
cannot be treated as a one-off activity but instead, should be an
iterative process intended to serve Indigenous Peoples and reflect
community priorities within the institution. NEON relies on Technical
Working Groups (TWGs)30, made up of external members to advise
NEON on design and practices. We recommend establishing an Indi-
genous Data Governance TWG, composed of diverse Indigenous
Peoples, to provide ongoing support in navigating decisions about
IDGov within the observatory.

Develop collaborative access permission and research protocols
NEON sites are located on a variety of land designations, including
public and private lands managed by US federal institutions,

Fig. 1 | Indigenous lands and Earth science field sites.Overlaying themajor Earth
Science network sites and NEON domains on a map of traditional and current
Indigenous territories of North America from Native Lands Digital (native-land.ca)
highlights the overlapping relationships with these locations. The main panel on
the right depicts the contiguous United States, and the left panels depict (from top
to bottom) Alaska, Hawaii and Puerto Rico. Colored dots indicate the location of

network sites, including Long Term Ecological Research (orange squares), Long
Term Agricultural Research (red square), Forest Global Earth Observatory (orange
diamond), Critical Zone Observatory (light blue diamond), NEON Aquatic (blue
circle), and NEON Terrestrial (green circle) sites. NEON domains are outlined in
black. Image credit Colin Wiliams and Rachel Swanson, NEON/Battelle.

Fig. 2 | Relationships across individuals and collectives to initiateCARE fordata
governance.CAREmay be implamented by data actors anywhere on the spectrum
from individuals to multi-national bodies. Interactions across scales reinforce data

governance practices to normalize data ethics within Earth System Sciences. Image
credit Kathy Bogan, CIRES.
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universities, non-profit, and private organizations. NEON holds land
use permits with each of these landmanagers for the establishment of
field sites and long term access to research plots. Consistent with the
existing framework, we recommend NEON engage in a similar process
of land and/or research permits with Indigenous Peoples and land
stewards displaced by colonialism at each of the NEON locations as a
means of establishing and documenting free, prior, and informed
consent for the access, collection, and publication of data from sites.
Across research networks, the Long Term Ecological Research (LTER)
sites are leading this effort, with some sites actively working on col-
laborative site access agreements, including the Central Arizona-
Phoenix LTER and Konza Prairie Biological Station LTER [personal
communication, Grimm and Zeglin]. The process of establishing for-
mal agreements and regular iteration provides communities the
opportunity to share protocols or expectations for field staff working
on the land.

Currently, NEON operates three sites located on, or bordering,
federally recognized Tribal lands, and 41 sites on public lands, (13 of
which are located on lands administered by the Department of the
Interior, subject to DOI policy to engage Indigenous Peoples in
research activities29), and 37 sites managed by a mix of university,
state, non-profit and private landowners. Future steps will need to
consider each site more closely to identify Indigenous Peoples in
relationship with these locations and develop engagement strategies
appropriate for the overlapping responsibilities of diverse rights-
holders and stakeholders.

NEON site names are based on geographic features or existing
names for the site location and are not assigned by NEON. However, in
some instances. these names may reflect harmful settler colonial his-
tories and/or solely reflect settler colonial narratives while erasing
Indigenous presence. Consistent with efforts to remove derogatory
and harmful names from U.S. Federal Lands (DOI secretarial order
3405),workingwith site hosts and Indigenous Peoples to identifymore
appropriate names for the site demonstrates a commitment to end
continued harm and recognizes Indigenous Knowledge held in tradi-
tional place names31. NEON should work to increase the visibility and
respect of Indigenous stewards, past and present, in site descriptions
and land acknowledgement.Where there is a paucity of information on
Indigenous names for spaces, NEON, and other environmental data
repositories can work with Indigenous rights-holders to better expand
this knowledge.

In the course of specimen and data collection, NEON has
encountered species not described in the scientific literature (for
example, refs. 32,33). While changing the rules and norms for how new
species are named is outside of the scope of any one project,
researchers and taxonomists can support more equitable practices by
engaging with Indigenous Peoples to collaboratively name species
according to Indigenous methodologies and traditional knowledge
protocols when the opportunity arises within the NEON project
(ref. 34, and see for example, refs. 35–37). For example, species living
within the Papahānaumokuakea Marine National Monument devel-
oped a naming process facilitated by the Native Hawaiian Cultural

Fig. 3 | Recommendations for governing Indigenous data across the data life-
cycle. For many Indigenous Peoples of North America, themedicine wheel teaches
about balance in contrasting aspects of the world and the nature of recurring
cycles. Themedicine wheelmay, at times, represent the cardinal directions, natural
elements, aspects of self, stages of life, seasons of the year, and times of the day

(inner circle); here,weuse it to think about the data and specimen life cycle (shaded
outer circle) and the iterative nature of long-term research. We offer suggestions
for bringing each aspect of an Earth Science project or institution into balancewith
sovereignty and multiple ways of knowing across settler colonial and Indigenous
systems (bulleted text). Image credit Colin Wiliams, NEON/Battelle.
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Working Group, the Office of Hawaiian Affairs, community members,
cultural practitioners, and researchers that honors the relationships
created from engaging with the organisms and the ecosystems they
inhabit38.

To recognize Indigenous Peoples rights, collaborative protocols,
naming conventions, formalized agreements, and contractual obliga-
tions such as land use permits, Tribal research review processes,
Memoranda of Understanding (MOU), Memoranda of Agreement
(MOA), or research permits should be co-developed with Indigenous
Peoples.

Enhance data and specimen management infrastructure
For data, specimens and samples that are part of a physical collection
or digitally stored in a repository, it is essential that the metadata are
linked with those records. Metadata describes the characteristics of a
data set, such as structure, format, and context, as well as doc-
umentation associated with the digital collection record. Metadata
provides information that informs data transformations and normal-
ization but can also document required specimen handling proce-
dures whenever the specimen/sample is accessed or used, establishing
a complete provenance record39.

Removal of materials from the lands and waters of Indigenous
communities is a physical separation from local knowledge systems.
Thus,metadata is an important step to digitally re-connect species and
samples to their Indigenous stewards. Such records should be co-
developed and accessible to the Indigenous Peoples involved so that
they can verify that the agreements made are actually being imple-
mented. Moreover, if agreements reached with Indigenous Peoples
include repatriation, i.e, the return to the site of the original collection,
or rematriation, i.e., the reclamation and reassertion of spiritual rela-
tionships to Mother Earth, these need to be articulated in the proce-
dures and timelines for carrying this out, as documented in data
management plans (Box 1). In addition, specific measurements, pro-
cedures, and timelines for the return of cultural objects also need to be
articulated.

Return of cultural objects has become institutionalized in federal
and international legislation and policy as part of the recognition of
human and cultural rights, as recognized by the United Nations Rights
of Indigenous Peoples, as well as restitution for colonial harms40,41.
Extension of these concepts to specimens and samples, which have
kinship relationships with Indigenous Peoples, is an emerging dialog
deserving of serious consideration. For example, discussion about the
repatriation of Brazilian fossils from museums and private collections
has garnered strong attention42 as well as legislation prohibiting non-
human fossil removal from Native American lands43,44. Another exam-
ple is how and where biological samples are stored. Samples and data
could be stored by Indigenous partners, such as the Native Bio Data
Consortium, whose biorepository facilities are housed on Indigenous
lands by Indigenous researchers using Indigenous methodologies in
Eagle Butte, South Dakota, USA. They store everything from genetic
samples to interviews with Indigenous leaders and are an important
example of an Indigenous-led repository.

Enhance data relations at all stages of the data lifecycle
A key component of enhancing data relations is developing formalized
agreements with Indigenous Peoples around site access and data col-
lection, as well as establishing community requirements around data
obfuscation, data embargos, and data access restriction45. Within NEON,
community requests and agreements around data management would
be balanced by guidance from the NSF, as a sponsor of the NEON
facility, to ensure compliance with the DataManagement Plan and open
science mandates. Moreover, as of May 2024, NSF is requiring Tribal
Nation approval of proposals impacting Tribal resources and interests,
demonstrating NSF’s commitment to advancing ethical and responsible
research and investment in better understanding how to work with

Indigenous communities and partners46. Implementation of agreements
must be supported through appropriate metadata documentation47,
application of needed Local Context Notices and Labels48, and com-
munication around acceptable use of the data. Any limitations on data
use and access restrictions should be generated and associated with the
data record. Thismay include the use of community-vetted vocabularies
(e.g., controlled term lists) or Indigenous languages as appropriate. Site-
level metadata documenting data agreements and Indigenous Peoples’
relationshipswithNEONdata should include information aboutwho has
authority and responsibility (e.g., village elder, government, Tribal His-
toric Preservation Office) to make data management decisions
over time.

Cyber infrastructure enhancements may be necessary to support
data embargo and security protocols in any application programming
interface (API) technology, which allows different portals or applica-
tions to share data automatically. Access control mechanisms and
their rationale need to be well described in all user-facing systems so
that data users become familiar with the CARE Principles and their
implementation. Furthermore, internal training on CARE for NEON
staff that engages with the user community will reinforce CARE
implementation and foster continued education through discussions
with data users.

NEON’s data policies and citation guidelines outline NEON’s
commitment to FAIR data principles, detail reuse permissions, and
provide specific guidance for citing NEONdata anddocuments8. These
guidelines would be an appropriate place to document CARE within
NEON data, to present statements recognizing that environmental
data come from situated contexts with complex, living relationships
between Indigenous Peoples and environmental data; and to provide
resources for referencing the Indigenous land rights and stewards for
the environmental data available on the NEON data portal. Specific
metadata that references additional resources needed to understand
the local environmental context should be highlighted in the data use
policy. With permission from Indigenous Peoples whose lands or
waters were the site of data collection, the portal could include a point
of contact for additional dialog or discussion about data citation
and use. While NEON can provide tools, infrastructure, and education
around CARE Principles and the ethical use of data, it is important
to note that NEON’s primary function is as a data provider. As such,
NEON can recommend the appropriate use of data but cannot enforce
how data downloaded from their publically available portal are
applied.

Moving the CARE Principles from theory into action
As climate and biodiversity crises intensify, Earth Science institutions
and researchers globally are racing to collectmore data in an attempt to
support research on drivers and responses to environmental change
that can inform responses, risk communications, and adaptations.
However, continuing this work from the same settler colonial frame-
work that led to the current conditions will only perpetuate historical
injustices and extractive practices. To transition from an extractive
process to a relational and justice-centered one requires technology and
systems grounded in the expertize held by Indigenous Peoples, who
protect biodiversity, have experienced change, and pass down knowl-
edge over generations based on direct observations49,50. This transition
to more relational science practices is not only about more inclusive
science, it is about upholding Indigenous Peoples’ sovereignty and self-
determination, and adhering to the free, prior, and informed consent for
engaging with data4. Updating observatory practices around site-based
data and specimen collections is not aimed directly at broadening par-
ticipation, rather, it is intended to uphold Indigenous Peoples’ sover-
eignty. Broadening participation and greater inclusion will naturally
result from greater respect for Indigenous Peoples and individuals.

Like many large-scale Earth science projects, NEON operates
within a web of relationships and contractual agreements. NEON’s

Perspective https://doi.org/10.1038/s41467-024-53480-2

Nature Communications |          (2025) 16:572 6

https://nativebio.org/
https://nativebio.org/
www.nature.com/naturecommunications


scope and practices are directed by the NSF, and field site activities
are negotiated and constrained by research or access permits with
local land managers under many different land designations (e.g.,
NPS, USFS, BLM, and other Federal, State, University or Privately held
lands). NEON cannot act independently to implement CARE, but has
the opportunity to lead given its prominence among other such
large-scale Earth science projects and institutions. NEON is well
positioned to leverage existing partnerships to move from CARE, in
theory, to CARE in action across national networks and federally
funded research in the US. By demonstrating protocols that reinforce
CARE Principles, such as those recommended here, NEON can foster
enduring, positive change throughout the Earth science research
community.

Implementing the above recommendations in NEON and broadly
across Earth science institutions and repositories requires significant
investment over time but will yield major improvements to research
infrastructure that recognize sovereign rights of Indigenous Peoples
and transition science practices in the US from an extractive-based
process to a relational one. NEON, as an observatory for ecology that
explores the relationships between organisms and their environment,
is tuned to hold the importance of relationships at many scales.
Though not initially designed with consideration for Indigenous
Knowledge, rights, data systems, and land relations, NEON and other
Earth science institutions and repositories now have an opportunity to
respond to the changing norms for including Indigenous perspectives
by establishing logistical practices and cyber infrastructure that
recognize IDSov and enact IDGov.

For NEON, we recommend prioritizing implementing CARE Prin-
ciples at NEON sites on Tribal lands, the Department of Interior man-
aged sites based on pre-existing guidance, and work with co-located
network research sites as part of the coordinated effort to engage
Indigenous partners across Earth sciences. Scientific institutions play a
key role in communicating the priorities of the research community to
funding and land management agencies, so investment in CARE Prin-
ciples and applications demonstrates a commitment to equitable
research practices.

The EDRWG recommendations form the basis for major infra-
structure and institutional policy and practice changes that will require
substantial resources and long-term investment. Funders such as NSF
can further uphold sovereign obligations by requiring CARE in data
management plans and allocating funding for implementation. Re-
situating the fundamental importance of upholding sovereignty in sci-
entific research and institutions will take a concerted effort across all
levels of complexity, accessibility, and intergenerational influence.

Here we focus our evaluations on NEON for the purpose of devel-
oping and grounding recommendations for implementation of IDGov in
a specific example of an open science project. To be sustained, these
recommendations need to be broadly implemented in open science
research and repositories across Earth Sciences globally. Implementing
Collective benefit, Authority to control, Responsibility, and Ethics in
open science means addressing practices in every stage of the research
and data lifecycle. The Earth Data Relations working group identified
four actions that include the need to develop infrastructure, policies,
and practices that embed CARE, to ensure that IDSov and IDGov are at
the forefront of environmental scholarship. Moving away from the fra-
mework of settler colonial methodologies that separate people from
ecosystems toward a relational framework that recognizes our inter-
dependencies on ecosystems will result in better science, science that is
more diverse, more ethical, and respects the knowledge and relation-
ships that Indigenous data stewards have built with environmental data.
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