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Supplementary Figure 1. A checklist for bio-logging data preservation. Standardised community bio-
logging data platforms (see Box 1) could enable transformative uses of bio-logging data. Success depends on
(1) adoption of standards and growing participation in the use of platforms that adopt these standards, and (2)
maintaining access into the future through public archiving and data stewardship. A data owner is more likely
to pursue these data preservation goals if they are affected by one or more of these key motivations. The

primary stakeholder/s with influence over each motivation are detailed in Supplementary Table 2.
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Supplementary Table 1. A summary of data stored in selected community bio-logging data platforms.
A ‘study’ represents a dataset with distinct methods, funding and owners, as of August—September 2024. See
Fig. 1 of the main text for a map of study locations, each indicating a key project site or the centroid of the
bounding box of collected data. Studies are ‘discoverable’ if summary information can be viewed by the
public, and ‘downloadable’ if summary information can be viewed and the tracking data can be downloaded
by the public without obtaining explicit access from the data owner (see Box 1). The number of ‘active tags’
indicates a best estimate of currently deployed tags for which data were added to the platform during
September 2024. Some data platforms include projects that are not publicly discoverable. As most bio-
logging data remain undiscoverable (Campbell et al., 2015), these values likely only reflect a fraction of all
data collected.

Data platform Discoverable studies Downloadable studies  Active tags
ATN 148 30 50
Euromammals 124 0 300
IMOS 142 142 12,677
Movebank 7,099 842 32,694
OTN 461 46 17,957
STAT/SEAMAP 251 0 9
STDB 1,382 130 0
WRAM 40 13 428
Total 9,647 1,203 64,115



Supplementary Table 2. Details of the goals and recommendations in the present article. The table also provides source data for Fig. 4
(columns Stakeholder, Goal and Value). The Value is 1-3, with higher numbers indicating a general estimate of greater potential impact. Items are
ordered by Goal, as displayed from top to bottom in Fig. 4 of the main text, and then alphabetically by Stakeholder.

Stakeholder

Bio-logging
coordinating body

Funding agencies

Government data
centres

Museums

Publishers

Bio-logging
coordinating body

Goal

Support data
infrastructure

Support data
infrastructure

Support data
infrastructure

Support data
infrastructure

Support data
infrastructure

Develop standard data
vocabulary and transfer
protocols

Value

3

Intervention

host data infrastructure

host data infrastructure;
provide long-term funding
for data platforms

host data infrastructure;
provide long-term funding
for data platforms

host data infrastructure;
provide long-term funding
for data platforms

support the data
infrastructure required to
meet data availability
requirements for published
research

coordinate community-led
standards development;
ensure stakeholder
involvement; network with
other fields and industries;
seek funding; provide
training

Examples and resources

New role proposed in the present article.

Funding agencies could directly support bio-logging data infrastructure, as
done, for example, for GenBank (hosted by US National Institutes of Health)
(life sciences).

Bio-logging data infrastructure and/or aggregated data products might be
funded and hosted as they are for other earth and ocean observing system data
and products; for example, see Australia’s Integrated Marine Observing System
(IMOS) (oceanographic sciences including bio-logging) and NASA's
Distributed Active Archive Centers (DAACs) (earth sciences).

As museums expand digital collections expertise, they can consider hosting bio-
logging data platforms and other digital-borne data repositories (Kays et al.,
2020).

Several publishers provide financial support for the Dryad Digital Repository, a
generalist repository for research data. We are not aware of existing precedents
of publishers directly supporting discipline-specific repositories.

New role proposed in the present article.



Bio-logging data
platforms

Bio-logging
equipment
manufacturers

Bio-logging scientists

Funding agencies

Museums

Develop standard data
vocabulary and transfer
protocols

Develop standard data
vocabulary and transfer
protocols

Develop standard data
vocabulary and transfer
protocols

Develop standard data
vocabulary and transfer
protocols

Develop standard data
vocabulary and transfer
protocols

3

implement standards
(participate in standards
development to ensure
alignment with existing
infrastructure; seek funding
to adopt standards)

implement standards for
providing decoded sensor
data; standardise bio-logger
descriptions

develop proposed standards

provide funding to develop
and maintain standards
beyond the scope of
individual projects;
incentivise use of existing
disciplinary data
infrastructure for funded
research

include digital-born
biodiversity data in the
scope of data standards for
specimen and biodiversity
collections

Representatives from bio-logging data platforms have coordinated on
developing proposed standards (Sequeira et al., 2021; MPTIAB, 2024), as
described in the present article, but there has been limited progress so far in
aligning data across platforms, or in coordinating development of software tools
used to transfer data in and out of these platforms. As one example, datasets in
Satellite Tracking and Analysis Tool at seaturtle.org can be automatically
transferred to OBIS-SEAMAP
(https://seamap.env.duke.edu/content/provider_faq). Several other efforts are
currently under discussion.

Bio-logging equipment manufacturers have developed OpenCollarAPI using
the OpenAPI 3.0 standard, to allow customers to receive data from participating
companies in the same format (https://github.com/rgzn/OpenCollarAPT).
Conservation NGOs are leading development of Gundi, an open-source
translator for conservation-related sensor data, including many bio-logging
equipment manufacturers (https://projectgundi.org). Bio-logging devices and
sensors could be comprehensively and consistently described using existing
standards, such as the Open Geospatial Consortium’s SensorML
(www.sensorml.com), the Metadata Schema for the Persistent Identification of
Instruments (Stocker et al., 2020; Krahl et al., 2022), and vocabularies for
describing sensors hosted by the British Oceanographic Data Centre’s NERC
Vocabulary Server (https://vocab.nerc.ac.uk).

Bio-logging scientists have participated in the development of proposed
standards for describing and translating data, as described in the present article
(Sequeira et al., 2021; van der Kolk et al., 2022; MPTIAB, 2024).

Funding proposals to develop new data platforms, repositories and standards
should be reviewed carefully, to maximise alignment with existing
infrastructure and reduce duplication of effort. Funding opportunities should be
designed to sustain and develop existing disciplinary infrastructure (Kays et al.,
2020), for example, as is scoped by the US National Science Foundation's
Office of Advanced Cyberinfrastructure.

Museums increasingly recognise the importance of digitising their physical
collections and integrating digital representations of specimens, such as the
collection location and genomic and biochemical data (Hardisty et al., 2022),
and have widely adopted the Darwin Core standard for improving FAIRness of
species occurrence data (Wieczorek et al., 2012). They should assure that such
efforts support adoption for digital-born biodiversity data, for which there is no
related physical specimen (Kays et al., 2020). Van der Kolk et al. (2022)
demonstrate the adoption of the Darwin Core standard for bio-logging data.


https://seamap.env.duke.edu/content/provider_faq
https://github.com/rgzn/OpenCollarAPI
http://www.sensorml.com/
https://vocab.nerc.ac.uk/

Bio-logging
coordinating body

Bio-logging data
platforms

Bio-logging scientists

Government data
centres

Museums

Develop standard data
aggregation protocols
and products

Develop standard data
aggregation protocols
and products

Develop standard data
aggregation protocols
and products

Develop standard data
aggregation protocols
and products

Develop standard data
aggregation protocols
and products

coordinate development and
connect with other fields
and industries

develop proposed standards;
provide tools for owners of
non-public data to
contribute to public
aggregate products

develop proposed standards

integrate bio-logging data
into remote sensing data
products

leverage bio-logging data
for museum exhibits and
research; build bio-logging
data collections

New role proposed in the present article.

Representatives from bio-logging data platforms have coordinated on
developing proposed standard aggregation protocols (Sequeira et al., 2021; van
der Kolk et al., 2022), as described in the present article, but there has been
limited progress so far in aligning these efforts across platforms. OBIS-
SEAMAP and the Ocean Tracking Network summarize and transfer bio-
logging data to the Ocean Biodiversity Information System (OBIS) and Global
Biodiversity Information Facility (GBIF) (Pye et al., 2024;
https://seamap.env.duke.edu/content/provider_faq). Guidelines for generalising
sensitive species data are provided by Chapman (2020) and Atlas of Living
Australia (2023). Movebank offers an API that returns data using reduction
profiles, used by the Eurasian African Bird Migration Atlas to support the
United Nations Environment Programme’s Convention on the Conservation of
Migratory Species of Wild Animals (https://migrationatlas.org, Kays et al,
2022).

Bio-logging protocols for data aggregation proposed by Sequeira et al. (2021)
and van der Kolk et al. (2022) have had some adoption and have potential for
wider uptake with funding and continued development. Participation of bio-
logging scientists in development can improve quality of, and trust in, resulting
data products (Fran and Sterner, 2018).

Ocean profiles of conductivity-temperature-depth from bio-loggers have been
integrated into ocean circulation models (Fedak, 2013; Roquet et al., 2013). The
AniBOS network is coordinating integration of marine bio-logging data within
the Global Ocean Observing System (McMahon et al., 2021).

Tracking data are featured on a large globe at the Smithsonian’s National Air
and Space Museum’s One World Connected exhibit. The Frankfurter
Kunstverein highlighted bio-logging in a 2019-2020 exhibition, entitled
Bending the curve — knowing, acting, caring for biodiversity. Museums can also
use their expertise in standardizing species occurrence data (Wieczorek et al.,
2012) to help aggregate bio-logging data to integrate into biodiversity platforms
such as GBIF and OBIS, from which bio-logging data remain largely absent
(Davidson and Ruhs, 2021; Van der Kolk et al., 2022).
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Other scientists

Bio-logging
coordinating body

Bio-logging data
platforms

Funding agencies

Permitting agencies

Develop standard data
aggregation protocols
and products

Increase public
archiving

Increase public
archiving

Increase public
archiving

Increase public
archiving

2

develop products using bio-
logging data to address
needs in other fields and
sectors

increase benefits of public
archiving through
collaborations and increased
recognition of bio-logging
scientists

provide persistent links
(DOIs) to data; data licenses
defining terms of use;
provide citation guidelines;
offer embargo options;
support storage of
comprehensive information
needed to understand data
using standard vocabularies

develop and strengthen
public data-sharing policies
for funded research

develop and strengthen
public data-sharing policies
for permitted research

Existing efforts to aggregate bio-logging data for wider exposure and
application include: Audubon Bird Migration Explorer
(https://explorer.audubon.org; Scarpignato et al., 2023); Eurasian African Bird
Migration Atlas (https://migrationatlas.org); Global Initiative on Ungulate
Migration (https://www.cms.int/en/gium; Kauffman et al., 2021); and Migratory
Connectivity in the Ocean (MiCO; https://mico.eco; Kot et al., 2023). Protocols
for standardization and aggregation can also be aligned those for other types of
sensor-based biodiversity data (Bubnicki et al., 2023;
https://www.tdwg.org/community/mobs).

New role proposed in the present article.

Movebank hosts an archive providing DOIs for public data, and dataset review
and harmonization using a persistent vocabulary (Kays et al., 2022; MPIAB,
2024). The European Tracking Network (European Tracking Network, 2024),
Movebank (Kays et al., 2022), OBIS-SEAMAP
(https://seamap.env.duke.edu/content/provider_faq), and Ocean Tracking
Network (Pye et al., 2024) offer Creative Commons licenses and citation
guidelines.

Agencies can create and strengthen data management plans to increase public
data sharing requirements, explicitly budget for additional management tasks
required for public archiving (including training in the use of relevant
disciplinary repositories and platforms), and consider a coherent archiving
strategy for long-term projects that span multiple grants. This will also require
training reviewers in how to assess such plans in proposals.

Permitting agencies vary widely in reporting requirements. At least some, such
as the French national bird ringing scheme (CRBPO), require data from
permitted tags to be publicly archived (Kays et al., 2022). Such policies could
grow to resemble those of publishers, with a wider remit in that much of the
data collected through permits are never published in peer-reviewed journals
(Campbell et al., 2015).
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Publishers

Bio-logging
coordinating body

Bio-logging data
platforms

Bio-logging scientists

Conservation NGOs

Increase public
archiving

Grow participation

Grow participation

Grow participation

Grow participation

develop and strengthen
public data availability
requirements for published
research

encourage manufacturers to
implement standard data
transfer protocols;
encourage researchers to use
shared bio-logging data
platforms

provide services;
demonstrate applied uses;
opportunities to participate
in development; support
links to related data and
publications; enable
communications between
data owners/stewards and
users; offer training

encourage manufacturers to
implement standard data
transfer protocols;
participate in community
bio-logging data platforms;
build software that adopts
community standards

offer guidance for platforms
to provide useful services
for applied wildlife
management and
conservation

Publishers can develop data policies that incentivise public availability
(Hrynaszkiewicz et al., 2020). Furthermore, they can encourage use of
consistent identifiers (Wikelski et al., 2024) and versioned datasets (e.g.,
offered by the Movebank Data Repository, Movebank’s formal data archive;
Kays et al., 2020), to avoid misinterpretation of overlapping data used in
multiple publications. Data papers, supported by many publishers and journals,
allow researchers to describe and publish complete datasets without requiring
substantial analysis (Walters, 2020).

New role proposed in the present article.

Examples include global acoustic and radio telemetry data platforms that
require information sharing between owners of transmitters and receivers
(European Tracking Network, Motus Wildlife Tracking System, Ocean
Tracking Network); AniMove training courses (https://animove.org); user
support, data linking, archive service and live feeds on Movebank (Kays et al.,
2022); collaborative software development on MoveApps (Kolzsch et al.,
2022); Ocean Tracking Network webinars and workshops
(https://oceantrackingnetwork.org/events-workshops).

Bio-logging scientists commonly request automated data transfer between
devices and platforms (Kays et al., 2022), driving interest in more efficient
protocols. They have also led development of community software compatible
with specific platforms, including Motus (R package motus;
https://motuswts.github.io/motus), Movebank (Kays et al., 2022; Kdlzsch et al.,
2022; R package move2 [https://cran.r-project.org/web/packages/move2]; R
package movepub [https://github.com/inbo/movepub]), and Ocean Tracking
Network (R package glatos [https://github.com/ocean-tracking-
network/glatos]). If such software could adopt data standards adopted by many
bio-logging data platforms, this could expand their use. In addition, bio-logging
scientists have published works serving as guides to bio-logging data
management and archiving (Urbano and Cagnacci, 2014; Lisovski, et al., 2020;
Urbano and Cagnacci, 2021).

Conservation NGOs actively participate in platform and standards development
by providing feedback on making tools useful for applied conservation,
including their use as data discovery and acquisition tools. For example, see the
Y2Y Room2Roam project (https://ceg.osu.edu/Y2Y Room2Roam) and
Audubon Bird Migration Explorer (https://explorer.audubon.org; Kays et al.,
2022; Scarpignato et al., 2023).
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Funding agencies

Permitting agencies

Publishers

Universities

Wildlife agencies

Bio-logging
coordinating body

Grow participation

Grow participation

Grow participation

Grow participation

Grow participation

Define and ensure access
to sensitive data

incentivise use of
standardised discipline-
specific data platforms for
funded research; fund
shared bio-logging data
infrastructure; fund data
management as part of
project grants

incentivise use of shared
bio-logging data platforms
for permitted research; fund
training for permittees

incentivise use of
standardised, discipline-
specific data platforms to
meet data availability
requirements for published
research; develop methods
for machine-readable, large-
scale data attribution

incentivise use of
standardised discipline-
specific data platforms for
research at the institution;
offer data management
training for researchers and
students; credit participation

offer guidance for platforms
to provide useful services
for applied wildlife
management and
conservation; fund data
management training for
staff

maintain best practices and
share resources

The European Research Council advises grantees to archive data in
‘thematic/community’ repositories and to use community data standards, if
sustainable options are available (ERC Scientific Council, 2022). Open
Research Europe (https://open-research-europe.ec.europa.eu/) is an open access
publishing platform for the publication of research stemming from European
Commission funding that supports the use of community-recognised standards
and open data practices. The US National Science Foundation requires data
management and sharing plans to include existing standards where available
and plan for preserving access to data (US National Science Foundation, 2024).

The Centre de Recherches sur la Biologie des Populations d’Oiseaux (the
French national bird ringing scheme) and Wyoming Game and Fish Department
use Movebank to organise permitted data to support their archive programs
(Kays et al., 2022). Permitting agencies could collaborate across jurisdictions
by participating in the development of a global tag registry (Rutz, 2022), which
over time could assume the role of a bio-logging ‘meta-repository’ (Sequeira et
al., 2021; Rutz, 2022).

In their research data policy framework for publishers, Hrynaszkiewicz et al.
(2020) advise preference or possible requirement for community/discipline-
specific repositories, standards and formats, when available. Springer Nature’s
data policy recommends that data be submitted to ‘discipline-specific,
community-recognised repositories’ and mandates their use for many types of
biological data (https://www.springernature.com/gp/authors/research-data-

policy).

University and institutional libraries, and offices of research, can support
researchers in using disciplinary data repositories and platforms, for example,
through helping them find relevant resources and offering training. Further, they
can advocate for researchers to be recognized for efforts to participate in
community standards and data platforms.

Wildlife agencies can use community bio-logging data platforms for their data
and actively participate in platform and standards development by providing
feedback on making tools useful for applied bio-logging projects; for example,
see the Y2Y Room2Roam project (https://ceg.osu.edu/Y2Y Room2Roam).
They could also collaborate across jurisdictions by participating in the
development of a global tag registry (Rutz, 2022), which over time, could
assume the role of a bio-logging ‘meta-repository’ (Sequeira et al., 2021; Rutz,
2022).

New role proposed in the present article.
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Bio-logging data
platforms

Conservation NGOs

Funding agencies

Museums

Permitting agencies

Define and ensure access
to sensitive data

Define and ensure access
to sensitive data

Define and ensure access
to sensitive data

Define and ensure access
to sensitive data

Define and ensure access
to sensitive data

2

1

2

1

2

support storage of non-
public data; offer embargos
and other tools to support
partial public access;
maintain links to owners
and stewards to address
requests for use

maintain accessible lists of
sensitive species and
populations; provide
guidance on risk of
exposure to location
information; serve as data
steward to provide a long-
term point of contact and
address requests for use of
non-public data

develop data policies to
ensure sustained access to
non-public data

serve as data steward to
provide a long-term point of
contact and address requests
for use of non-public data

serve as data steward to
provide a long-term point of
contact and address requests
for use of non-public data

Several platforms offer time-based embargos, including the European Tracking
Network (European Tracking Network, 2024), IMOS Integrated Marine
Observing System Animal Tracking Facility
(https://imos.org.au/facility/animal-tracking), Movebank (Kays et al., 2022),
and the Ocean Tracking Network (Pye et al., 2024). Others have protocols to
steward data-sharing requests on behalf of owners for agreed-upon uses,
including Euromammals, HerpMapper and the Seabird Tracking Database.
Platforms could offer tools that integrate existing recommendations for defining
data exposure risk and generalising sensitive data (Hartter et al., 2013; Tulloch
et al., 2018; Chapman, 2020).

The International Union for Conservation of Nature’s Red List of Threatened
Species (https://www.iucnredlist.org) maintains machine-readable information.
Bio-logging practitioners note that local threats may not be reflected in
international or national lists or known by researchers not familiar with the
region (pers. comm. to SCD) — a forum to aggregate such information could
offer a novel resource for cost-benefit analysis in defining data sensitivity
(Tulloch et al., 2018).

Data management plans are increasingly required by funding agencies (Hartter
et al., 2013); for example, for the Horizon Europe funding scheme of the
European Commission, open science is a legal obligation, including open access
to research data (https://rea.ec.europa.eu/open-science_en). Where applicants
state that data may not be made public, procedures should guide reviewers in
assessing the stated sensitivities and cost-benefit of making data public (Tulloch
et al., 2018; Lennox et al., 2020). In cases where exemptions to public data
archiving are approved, incentivise the use of embargoes and disciplinary
repositories, and require a legacy plan to ensure a point of contact to address
requests for use beyond the end of the project period.

Museums may be the world’s most experienced institutions on the stewardship
of human knowledge, including biodiversity specimen and data collections
(Malaro and DeAngelis, 2012; Hardisty et al., 2022). They could inherit digital
bio-logging collections and serve as a point of contact to link to data platforms
and address data-sharing requests.

Permitting agencies are well-placed to assess data-sharing requests for sensitive
data, and may have authority to require archiving of data collected with the
permits they issue.
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Publishers

Universities

Wildlife agencies

Define and ensure access
to sensitive data

Define and ensure access
to sensitive data

Define and ensure access
to sensitive data

2

2

2

develop data availability
requirements for published
data to ensure sustained
access to non-public data

serve as data steward to
provide a long-term point of
contact and address requests
for use of non-public data

serve as data steward to
provide a long-term point of
contact and address requests
for use of non-public data

Publishers of academic research could take responsibility for ensuring access to
data underlying published works, even when data cannot be made public. They
can require such data to be stored in disciplinary data platforms
(Hrynaszkiewicz et al., 2020), and could establish procedures to become the
point of contact for data-sharing requests if the authors are no longer available
and for revisiting exemptions to data-sharing policies and updating data
accessibility if the reason for the exemption becomes obsolete. We are not
aware of examples of the latter two suggestions, but there is ongoing relevant
work within the Research Data Alliance.

Universities and other research institutions commonly steward access to
sensitive data, for example through their libraries, data repositories, institutional
review boards, and offices of research. Ecologists, including bio-logging
scientists, can leverage these resources to offer a long-term point of contact for
their research data if it cannot be made public. The Research Data Alliance
offers a venue to coordinate efforts across institutions.

Wildlife agencies can maintain an institutional point of contact to link to data
platforms and address data-sharing requests; see examples in the Arctic Animal
Movement Archive (Davidson et al., 2020).
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