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Abstract

Acoustic telemetry is a powerful tool for aquatic animal movement studies, and to enhance its potential to inform man-
agement and conservation, sound data management and quality control structures are crucial. The Ocean Tracking Network
(OTN) has been a leader in the coordination of acoustic telemetry researchers globally, connecting tracking programs through
standardized data formats and processes. The OTN Data Centre (OTNDC) provides reliable, transparent, and internationally
certified data management structures, which support researchers as they embark on their animal tracking programs. This ar-
ticle details OTNDC’s data pipelines and processes, governance, and “network of networks” data model (implemented via database
nodes) and how this system influences the acoustic telemetry research landscape. The OTNDC is continually adapting to meet
the needs of the research community, and its partner networks, to remain relevant and reliable. Researchers supported by OT-
NDC’s structures are addressing key questions about the movements of ecologically, culturally, and economically important

species across the globe.
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1. Introduction

Acoustic telemetry networks (a formal or informal, multi-
organizational, collaborative research group, committed to
fostering shared expertise, and research outcomes) have
proven to be critical for data sharing between acoustic
telemetry research projects, enabling the coordinated mon-
itoring of animals across large areas (O’Dor and Stokesbury
2009; Cooke et al. 2011; Hussey et al. 2015; Block et al. 2016;
Hoenner et al. 2018; Young et al. 2020). The Ocean Tracking
Network (OTN) supports acoustic telemetry networks glob-
ally through its Data Centre with a mission to inform the
sustainable management and stewardship of aquatic animals
by providing knowledge on their movements, habitats, and
survival in the face of changing global environments (O’Dor
and Stokesbury 2009; Cooke et al. 2011; Iverson et al. 2019;
“Ocean Tracking Network” 2025). OTN’s core infrastructure
is built around acoustic telemetry, a technology which uses
stationary or mobile receivers in conjunction with encoded
acoustic transmitters to detect the presence and location of
aquatic animals (Matley et al. 2022). Collaboration and data
sharing are especially important in movement ecology and
biologging (Bangley et al. 2020) since animals regularly leave
their study area and cross borders into neighboring research
regions (Griffin et al. 2018; Hays et al. 2019; Lédée et al. 2021;
Lennox et al. 2024). Matley et al. (2022) state that “the im-
plementation of collaborative acoustic telemetry networks is
the most promising pathway to effectively address these ex-

isting spatiotemporal constraints because they pool regional
resources and possess the infrastructure to maintain equip-
ment and databases. The establishment of acoustic teleme-
try networks also creates opportunities for a wider variety
of species to be studied (e.g., threatened and non-exploited
species) with relatively minimal financial investment.” Be-
yond detection-sharing and capacity-sharing across project
borders, acoustic telemetry networks facilitate the quality
control (QC) of acoustic telemetry data, share it among net-
work members, and can provide archiving of project data
(Hoenner et al. 2018; Krueger et al. 2018; Bangley et al. 2020;
Young et al. 2020). The formation of many acoustic telemetry
networks happens at the regional scale, sometimes according
to conservation and management priorities or to the proxim-
ity of researchers (Reubens et al. 2019; Matley et al. 2022).
While regional communities and common goals have been
instrumental in building these networks, and have proven
beneficial to participants (as outlined in Hussey et al. 2015;
Block et al. 2016; Hoenner et al. 2018; Iverson et al. 2019;
Bangley et al. 2020; Young et al. 2020; Friess et al. 2021; Lédée
et al. 2021; Matley et al. 2022; Lennox et al. 2024; Livernois et
al. 2025), changing climates and increasing globalization re-
quire researchers to work on even larger scales to understand
aquatic animal movements, hence making a global network
like OTN relevant.

Despite the success of the research generated within
collaborative acoustic telemetry networks, data-sharing
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between networks can be difficult when no single data
standard is followed, or when individual researchers dis-
agree on data ownership (Hoenner et al. 2018; Bangley et
al. 2020). Networks have grown to support the demand for
expanded interconnectivity, becoming national (Block et al.
2016) and then continental (Hoenner et al. 2018; Krueger et
al. 2018; https://europeantrackingnetwork.org/en), but these
scales still result in fragmentation when viewing oceans
and animal movement in a global context. Each of these
regional-to-continental scale networks have different data
policies, which guide when and by whom their information
can be accessed. Each network may also collect and share
information of different granularity and organize their data
products with different schemas and naming conventions,
which requires pre-processing to make information gen-
erated by different networks compatible. Additionally, the
data management capabilities of networks vary, but can be
limited by resources or funding, and can span from offering
long-term archival data storage to operating only a shared
email list. These factors, along with the variable attitudes
toward data sharing both beyond and even within networks,
result in a fragmented ability to detect animals that travel
globally (Matley et al. 2022; Davidson et al. 2025). A method
to addresses the aforementioned limitations, build compat-
ibility, and improve data access across disparate networks
is the aggregation of individual networks into a “network
of networks” (this model is also highlighted in Vanderbilt et
al. 2015, 2017; Waide and Kingsland 2021), wherein each
member network operates an intercompatible data system
(referred to herein as a database “node”) and continues to
serve their community while also contributing, in a stan-
dardized way, to other networks and the global science
community (Krueger et al. 2018; Bangley et al. 2020).

To support the database node model OTN, through its
Data Centre (OTNDC), has established data pipelines and
data products that follow international standards, are repro-
ducible, and can be shared widely (https://github.com/ocean-t
racking-network; Ocean Tracking Network 2024). Using these
pipelines and outputs, individual networks can contribute
into a global network (OTN) in a manner that allows each
network to maintain their independence and organize them-
selves in the ways that best serve their community (Iverson
et al. 2019). This “network of networks” approach thereby fa-
cilitates data sharing at the global scale based on the geo-
graphical coverage of member networks (Waide and Kings-
land 2021). The OTNDC is working to maintain global com-
patibility of animal movement data while building a com-
munity of researchers working in diverse locations. OTN’s
mandate could not be accomplished by one network alone;
it is only through relationships with network partners that
OTN can work to support the needs of the research com-
munity and build a common framework of animal move-
ment data. The “network of networks” model contributes to en-
hanced insights into animal movements across scales (Hays
et al. 2019; Lennox et al. 2024) and, to maximize the sci-
entific outcomes within this framework, OTN has also cre-
ated pipelines to publish eligible data to higher endpoints
which are findable by those outside of any individual net-
work (e.g., the Ocean Biodiversity Information System (OBIS),

the Global Biodiversity Information Facility (GBIF), Environ-
mental Research Division Data Access Program (ERDDAP)).
This high-level data publishing allows networks to move
from coordinated regional monitoring to coordinated moni-
toring across political boundaries and on global scales, with
positive outcomes for the researchers associated with the
networks.

The objectives of this article are to (1) introduce OTNDC’s
“network of networks” database node model for global teleme-
try data exchange, (2) describe OTNDC’s data processing
pipelines to provide data system users with a transparent
overview of implemented protocols, and (3) to highlight the
international data certifications and governance oversight
that makes OTNDC’s data flows trustworthy and reliable (re-
liability in data can be described as accuracy, completeness,
and traceability as per Riskin et al. (2025)). This article can
provide data system users with enhanced trust, confidence,
and deeper understanding of how OTNDC and its partner net-
works manage data.

2. Database node model

As a global organization, OTN strives to facilitate research
collaboration on a global scale, but building collaborations
with regional research communities as outsiders is a chal-
lenging task. Ecological systems and their research needs
are more similar when they are nearer to each other (such
is Tobler’s Law; Tobler 1970; Miller 2004), which is also the
same for research communities who may form collaborations
based on spatial proximity. In response to the reality of To-
bler’s Law in acoustic telemetry research networks, OTN has
partnered with several regional acoustic telemetry networks
across the globe to enable data sharing between these net-
works, effectively increasing the geographic detectability of
tagged animals. Telemetry researchers who have formed nat-
ural collaboration networks across the movement range of
their animals are able to share resources, expertise, and im-
prove scientific outcomes. Supporting these local collabora-
tions, instead of replacing them, is an important way OTN has
grown globally. There are many ways in which OTN supports
local networks, the culmination of which is the installation
of OTN database nodes.

An OTN database node is a copy of OTN’s database struc-
ture provided to partner networks to operate independently
and allows for direct cross-referencing between every partic-
ipating group due to its identical structure. Providing infras-
tructure to regional networks supports them by standard-
izing and organizing datasets and data sharing (Bangley et
al. 2020). By finding and connecting existing research col-
laborations and networks, OTN has supported global acous-
tic telemetry growth and scientific outcomes (Bangley et al.
2020; Young et al. 2020; Matley et al. 2022; Lennox et al. 2024).
Instead of requiring all researchers to communicate and
share data directly with OTN, each can participate in their
regional networks and maintain their local relationships.
Network-to-network level arrangements are created which
benefit local and international collaborators alike, while
enabling local communities to be in control of their own
data.
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Fig. 1. Current geographic coverage of Ocean Tracking Network’s (OTN’s) “network of networks” model of database nodes. Each
colour is a different participating network (iTAG, Integrated Tracking of Aquatic Animals in the Gulf, is excluded due to data
sharing limitations but is centered in the Gulf of Mexico, USA), and the points are locations where acoustic receivers have been
deployed, denoting the rough geographic region of each node. There are additional networks that exist between these points
that do not currently host database nodes and are therefore not included in this global map. Basemap: © OpenStreetMap con-
tributors, web Mercator projection (EPSG:3857), WGS84 datum. NEP, OTN’s North East Pacific Node; ACT, Atlantic Cooperative
Telemetry Network; ATAP, Acoustic Tracking Array Platform; PATH, Pacific Aquatic Telemetry Hub; PIRAT, Pacific Islands Region
Acoustic Telemetry Network; RAFT, Riverine Acoustic Fish Telemetry Network; N-PAcT, Northeast Pacific Acoustic Telemetry

Network.

The OTN node concept empowers each network to hold
the best-possible copy of their regional data, leveraging
OTNDC’s existing tools, training, and infrastructure to de-
velop highly qualified data management personnel at lo-
cal scales (Young et al. 2020). Standardization and sharing
of data ingestion, quality control and assurance (QA/QC),
and analytical tools are possible because the metadata for-
mats, database structure, and outputs are identical across
all nodes. OTNDC hosts training and capacity building
events for networks to enhance regional collaboration,
ensuring that networks will continue to grow and ex-
pand independently of OTN support. Data standardization
across nodes supports the FAIR data principles of findabil-
ity, accessibility, interoperability, and repeatability, which
guide data management groups including OTNDC during
all phases of data flow development and implementation
(Wilkinson et al. 2016; OTN 2024). The deployment of
the OTN node system has been successful in connecting
research communities across multiple continents (Fig. 1).
At time of writing, member networks implementing OTN
nodes include the FACT Network (https://secoora.org/fact/),

the Atlantic Cooperative Telemetry Network (https://theact
network.com/), MigraMar (https://www.migramar.org/), the
Acoustic Tracking Array Platform (https:/[saiab.ac.za/platfo
rms/acoustic-tracking-array-platform/), the Pacific Aquatic
Telemetry Hub (https:/[path.wfcb.ucdavis.edu/), the North-
east Pacific Acoustic Telemetry Network (https:/npact.aoos
.orgf), Riverine Acoustic Fish Telemetry Network (https://
umesc-gisdb03.er.usgs.gov/raft), Pacific Islands Region Acous-
tic Telemetry Network (https://piratnetwork.org/), and inte-
grated Tracking of Aquatic Animals in the Gulf (https://itag
science.com/) with additional nodes under development in
2026.

Membership in a regional network builds trust and sup-
port in a smaller community while the OTN node system
provides infrastructure and capacity which may be needed
by networks. By connecting regional networks through
database nodes, the acoustic telemetry community can
align data standards, support data sharing, and enhance
scientific outcomes. Global acoustic telemetry connectiv-
ity has been strengthened through OTN’s regional “network
of networks” model, where shared standards and FAIR data
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principles (Wilkinson et al. 2016) have been disseminated
across scales.

3. Data pipeline/pathways

To reinforce transparency and trust between OTNDC and
data-users or node members, below is an outline of OTNDC’s
database node structure, suite of QA/QC tools, and protocols
for supporting open software and code.

3.1. The path of acoustic telemetry data in the

OTN database

As part of the OTNDC’s reproducible pipeline, acoustic
telemetry data are received, ingested, cleaned, and pro-
moted into the database. First, researchers can upload a va-
riety of data (i.e., acoustic telemetry detections) and meta-
data (i.e., project, tag, and deployment metadata) to a pri-
vate folder on OTN’s Data Portal website. These files are
then visually inspected by OTNDC staff and run through the
OTN nodebooks—a suite of interactive python scripts that are
communally maintained through OTN’s GitLab code repos-
itory (https://gitlab.oceantrack.org/otn-partner-nodes/ipytho
n-utilities|). These nodebooks programmatically check for a
suite of possible discrepancies to ensure the data are of the
highest quality (specifications about the QA/QC checks in
the nodebooks can be found in Section 3.2). If any errors or
warnings are reported, they are reviewed and assessed by
the nodebook user, and the data-provider is consulted to re-
solve problems. After the submitted dataset passes the initial
QA/QC checks, it is promoted to intermediate-level tables in
the database, again through the nodebooks (Fig. 2).

These data are then verified against existing project data
by the nodebook scripts, and any new errors or warnings are
assessed, and relevant researchers are consulted. Finally, data
are promoted to the upper-level tables in the database (Fig.
2), where they are verified once again. Data at this level are
considered to be the “best possible dataset” for a given project
and are then aggregated with all other submitted data in the
database in the highest-level tables (inherited tables) through
an automatic process within the database called inheritance
(Fig. 3).

Every 4 months OTNDC coordinates an event called the
“Data Push”. During a Data Push, the highest-level tables un-
dergo a final round of verification, and a process called cross-
matching is performed. During cross-matching, tags and detec-
tions are compared across all node databases, looking for
relevant detection-tag matches. All steps up to cross-matching
have occurred locally within each node database, and it is
only during a Data Push event that QC steps occur between
databases. The highest-level tables within each database,
which now include additional detection-tag matches, are
then summarized into discovery tables. These discovery ta-
bles are used to populate the OTN website and can be used
as a source for data access and publishing platforms, such as
GeoServer and ERDDAP (Fig. 4). Information is summarized in
the discovery tables according to the data policies that gov-
ern each network and may or may not be shared between net-

works and OTN according to data policies and sharing agree-
ments.

In addition to publishing data to open data portals such
as GeoServer and ERDDAP, projects can update their public
data archive in global biodiversity repositories such as OBIS
and GBIF after each Data Push. This is done by tracking each
project’s publication dates and permissions based on their
data policy, then calculating a “publish date” for each indi-
vidual animal record. A nodebook is then used to summarize
any animal data that has reached its publish date into a Dar-
win Core Archive and contributes that data summary to OBIS
(a high-level view of all OTN data currently published to OBIS
can be seen on OTN’s OBIS webpage https://obis.org/node/68
f83ea7-69a7-44fd-be77-3c3afd6f3cf8).

3.2. Data assurance/quality control (QA/QC)

processes

Ensuring excellent data and metadata quality is essential
for producing reliable, consistent, and interoperable datasets
for researchers around the world (Molloy 2011; Wilkinson
et al. 2016; Hoenner et al. 2018; Katz et al. 2019). Quality-
controlled data reduce the risk of errors in analysis and im-
prove the long-term usability of complex datasets (Wang and
Strong 1996). However, both human- and machine-generated
data can contain subtle errors, such as formatting inconsis-
tencies, time zone issues, or mislabeled instruments, that
may go unnoticed without a structured QA/QC process. To
address this, OTNDC has designed a combination of visual in-
spection, automatic nodebooks, and database-level checks to
catch and resolve issues as early as possible. These pipelines
have been created to appropriately check both metadata sub-
mitted by users and machine generated data files, which re-
quire a different approach.

Metadata submitted by users first undergoes a visual in-
spection, as mentioned in Section 3.1. This allows for quick
identification of common errors typically associated with
metadata entry, allowing for a fast turn-around and prompt
resolution of any corrections requested from researchers. If
any errors remain undetected following the visual inspec-
tion, the subsequent automated steps in the QA/QC and load-
ing process will flag any outstanding issues. These steps in-
clude checking data types, vendor specifications, geospatial
results, and date formatting. Some data quality checks com-
pare data submission values to the database, checking for
differences in key columns between the tables. Common er-
rors include “overlapping” deployments of tags or receivers
caused by one serial number appearing in two rows. Node-
books also query the World Register of Marine Species to
align user-submitted taxonomic data with global taxonomic
standards. Through the nodebooks, these QA/QC checks re-
main consistent across partner nodes and are updated and
expanded regularly based on user feedback.

The process for manually verifying issues in machine-
generated data files that are submitted to the OTN Data Por-
tal requires different pipelines due to the different nature of
the data. OTN’s suite of nodebooks can also efficiently detect
common issues associated with machine-generated data. Key
checks include verifying changes in output format, identify-
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Fig. 2. The path of data through the Ocean Tracking Network’s (OTN’s) Python nodebooks. Data start as a metadata template,
submitted to the OTN Data Centre by the researcher. Using the nodebooks, data are added to the database first as a raw table
and, through various stages of quality control/quality assurance checks and database tables, ends up in inherited tables in the

database, which hold the highest quality aggregated data.

Project Metadata

—_—
ot Template

[ Finish 4—]' Inherited tables %— Upper Tables «<——— Intermediate Tables ‘

—— > Raw Tables }7

v

Fig. 3. The path of data through the database, showing the specific tables relevant to each type of common telemetry data.
Beginning at the bottom with the original metadata submitted by the researcher, then the blue boxes denote raw tables in
the database, purple boxes denote intermediate-level tables, yellow boxes denote the upper-level tables, and dark grey boxes
denote the inherited tables which contain the highest quality aggregated data.
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puts, and removing duplicate data from uncleared receivers.

The QA/QC processes described above are designed to en-
sure that the OTN and node databases maintain the best copy
of the data at all stages. The structure of the nodebooks ensures
that errors can be caught earlier in the process so researchers
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can be consulted before data are aggregated to higher lev-
els of the database or shared with researchers, thus main-
taining the integrity of the higher-level tables. In advance of
each Data Push, another suite of nodebooks, the Full Database
Checks, are used to find and address any errors that may exist
in the higher-level tables. If an error is found in the upper lev-
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Fig. 4. The process through which data move from individual researchers to public endpoints, while aligning with the relevant
data policy. Light green boxes denote data acquisition activities, orange denotes quality control (QC) processes, purple denotes
project-specific schemas, yellow denotes common schemas shared across projects, light blue denotes database nodes, dark
blue denotes partner web pages, teal denotes Ocean Tracking Network (OTN)-hosted data services, and light grey denotes
external global archives. GBIF, Global Biodiversity Information Facility; ERDDAP, Environmental Research Division Data Access
Program; OBIS IPT, Ocean Biodiversity Information System Integrated Publishing Toolkit.
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els of the node databases, or a researcher corrects a mistake
they have identified since submitting, there is also a suite of
Database Fix nodebooks intended to ensure that higher-level
errors can be properly corrected in a standardized way across
all the necessary locations in the database. For thoroughness,
many tables across the OTN database contain an update log
in the form of a “datelastmodified” column that tracks when
metadata rows have been changed by either corrections from
the researcher or node data managers.

3.3. Community-supported development

To understand and respond to the needs of the commu-
nity, an array of formal and informal communication chan-
nels are employed to support active engagement between OT-
NDC and researchers. Platforms such as Slack, GitHub, virtual
Study Hall sessions, workshops, and social media are all used
to facilitate rapid feedback from researchers and encourage
the reporting of issues related to OTNDC’s software products.
This approach informs a continuous improvement plan and

6 Can. J. Fish. Aquat. Sci. 83: 1-11 (2026) | dx.doi.org/10.1139/cjfas-2025-0341



http://dx.doi.org/10.1139/cjfas-2025-0341

Can. J. Hsh. Aquat. Sci. Downloaded Trom cansciencepun.com by 195.191.154.1 on U9/ 20/ 26
For personal use only.

allows OTNDC to be responsive to the needs of the commu-
nity.

This type of open-science community-supported develop-
ment promotes transparency, reproducibility, and collabo-
ration in scientific research by integrating user feedback
and community standards into software and data work-
flows. As highlighted by Katz et al. (2019), sustainability
in research software relies on three pillars: strong leader-
ship, community collaboration, and open-source develop-
ment. Data pipelines developed and maintained by OTNDC
encourage consistent and accessible data sharing. Through
these pipelines, data are transformed into widely adopted
open science data formats and systems such as Darwin Core,
OBIS, GBIF, enhancing interoperability, and global accessibil-
ity.

OTNDC also maintains and improves community-built data
analysis software products, serving the research community
by updating products in an iterative approach. OTNDC’s
software products are developed with open-source frame-
works and made publicly available on the Ocean Track-
ing Network GitHub repository (https://github.com/ocean-t
racking-network). These tools, such as the collection of
community-built R packages that make up the trackyverse
(https://trackyverse.org/) empower researchers to explore and
validate their standardized data in novel ways. When us-
ing OTNDC-authored software products, users can submit
tickets for feature requests and bug fixes via GitHub or
GitLab. These fixes and requests are actioned during peri-
odic OTNDC software development cycles and ultimately re-
sult in code improvements for the benefit of the research
community.

OTNDC also offers more targeted support by triaging is-
sues related to specific vendors and data formats, conducting
troubleshooting and pair programming sessions, and host-
ing data rescue sessions in which members of the OTNDC
team work closely with a research group to get a substan-
tial amount of data converted to OTN format and loaded into
the node databases. These efforts are designed to support re-
searcher engagement with ongoing and future open science
directions (Thibault et al. 2023). Examples of the academic
impact that OTN has had on aquatic research can be seen
through the tracking of publications (Colavizza et al. 2024).
The number of publications supported by OTN has exceeded
669 since 2008 by 988 authors who are direct OTN collab-
orators (Fig. 5). The community-supported model that OTN
is built on ensures continuous improvement and responsive-
ness to the evolving needs of users while advancing the prin-
ciples of open science.

4. Data governance

This section highlights how OTNDC’s data pipelines are
trustworthy and internationally recognized as reputable. Col-
laborative telemetry networks use OTN’s shared data system
to aggregate independently collected data from hundreds of
distinct research efforts, effectively extending the observing
capabilities of all participating researchers and institutions
(Bangley et al. 2020; Young et al. 2020).

‘Canadian Science Publishing

4.1. Data oversight

To adhere to the expectations of the tracking commu-
nity and international data quality standards, the OTNDC is
transparent and open about its data validation and QC pro-
cesses (Section 3 above). Through certifications by globally
respected data management standards bodies like CoreTrust-
Seal and the World Data System, as well as standards pro-
moted by the International Oceanographic Data Exchange
(IODE), OTN has obtained multiple certifications for its data
infrastructure, pipelines, and quality management frame-
work (OTN 2024). These certifications catalogue all aspects
of the data pipelines implemented by OTNDC and its part-
ners, ensuring data validation and QC processes are under-
standable, auditable, and meet the needs of the research
community and the public. Additionally, OTN’s status as
an accredited Associate Data Unit of IODE communicates
to the ocean data community the global excellence of our
animal telemetry data platforms. These activities are im-
portant to maintain international data stewardship certi-
fications, signaling to data users that OTN-mediated data
products meet FAIR data principles and are of the highest
quality.

The work of OTN and of its Data Centre is guided by diverse
advisors through its governing bodies: the OTN Council, the
OTN International Science Advisory Committee (ISAC), and
the OTN International Data Management Committee (IDMC)
(see details here https://oceantrackingnetwork.org/governa
nce/). OTN’s Council guides and positions the operations of
OTN in the global landscape of aquatic biodiversity conser-
vation and sustainable development of the blue economy.
The ISAC ensures that OTN is meeting the changing needs
of the researchers who depend on its infrastructure, explor-
ing innovative technologies and developments in data analy-
sis, advocating for greater instrument compatibility, as well
as identifying knowledge gaps in translating animal tracking
data to policy. Of these groups, the IDMC is most directly in-
volved in guiding the operations of the Data Centre by rep-
resenting the opinions of the research community on topics
such as data publication, attribution for collaborative data
contributions, and public data formats and endpoints. IDMC
membership strives to represent diverse perspectives from
the global animal tracking, research data management, and
data sovereignty communities. Our certifications and gover-
nance structures are in place to ensure that OTNDC remains
trustworthy and transparent in data management practices
and is positioned to adapt to the changing needs of the global
telemetry research community.

4.2. Data policies

While sharing and cross-referencing compatible teleme-
try data can offer advantages to scientists (Hussey et al.
2015), concerns remain regarding the ownership of animal
tracking data (Hawkes et al. 2024). The OTN Data Policy
(https://[members.oceantrack.org/data/policies) balances the
benefits of data sharing within the acoustic telemetry com-
munity and the broader public while addressing concerns
over sensitive ecological information. It serves as an agree-
ment between OTN, its partner networks, and its contribut-
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Fig. 5. Cumulative number of publications (sponsored by the Ocean Tracking Network in forms of Authorship, Funding, Field
Support, Infrastructure, and Data; green bars) and authors (black line) who are direct collaborators with the Ocean Tracking

Network.
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ing researchers, emphasizing that animal presence informa-
tion often requires greater protection than moored instru-
ment data.

OTN’s Data Policy applies to OTN data, and other poli-
cies and data sharing agreements are developed by each net-
work. Responsibility for upholding the relevant data policy or
data sharing agreement is shared between OTNDC, the rele-
vant partner network, and the users submitting data. Those
submitting data are responsible for timely and accurate re-
porting of all project-related data and metadata, maintain-
ing data integrity (for example by notifying their network
data manager if an error was found in previously submitted
data), providing equipment specifications to allow for bet-
ter QA/QC, and updating contact information when neces-
sary. Data users are responsible for properly attributing data
sources in publications, notifying OTN of related publications
or applications, understanding the data limitations, and ac-
knowledging that data are provided as-is without liability for
inaccuracies. OTNDC and other networks are responsible for
generating aggregated data products for their users, securely
managing restricted data, upholding data embargoes, facili-

[l Total Publications
@ Total Authors

tating data access for authorized users, and promoting best
practices in data management.

In special circumstances, OTN can develop alternate data-
use agreements with data providers. These cases are espe-
cially relevant when a collaboration includes Indigenous-led
data. Alternate agreements can be established at any stage to
ensure alignment with First Nations Principles of Ownership,
Control, Access, and Possession for Canadian collaborators or
the international principle of Collective Benefit, Authority to
Control, Responsibility, and Ethics (Carroll et al. 2020). OT-
NDC supports Indigenous data sovereignty and policies have
flexibility to allow custom agreements in all cases where the
data-owners require it.

In accordance with established data sharing agreements
and policies, remotely matched tags and detections (i.e., tags
matched to detections in other nodes) have their original
source-network designated as their “primary database” dur-
ing cross-matching. This designation is used to inform the data
citation, tag embargo, and publication status for these data.
Regional data sharing values are preserved and maintained
in each network by promoting each to have a distinct Data
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Policy which supports its users. To ensure the database nodes
work together effectively, the one key uniting concept shared
by all networks is the idea that the detection of a tagged
animal should always be shared to the tagger and never
withheld by the array operator. In addition to this univer-
sal agreement by all networks, each network can set their
own protections for that tag data, and these policies will fol-
low the tag as it is detected across the databases of other
networks. In cases where partner databases have conflicting
Data Policies, cross-matching cannot occur until project collab-
orators agree to all Data Policies. OTNDC supports networks
to maintain autonomy over data sharing at their local scale
through individual Data Policies, which builds trust within
communities and reduces hesitation to sharing data between
researchers.

While data security and quality are assured through the
processes outlined above, data availability and transparency
are fostered by the OTNDC publication pipelines described
in Section 3.1. Publication to OBIS is based on the Data Pol-
icy relevant to the tagged animal data and dictates what in-
formation can be published to OBIS and when. The current
OTN Data Policy considers tagged animal data as “default pub-
lic” but embargoes are available upon request. Each network
can have a unique Data Policy, and the publication pipeline
ensures the correct Data Policy is being followed. Data are
published to OBIS on a tag-by-tag basis, not at a project-level.
Researchers can opt to make data public at any time, even
if their network data policy has a 2-year embargo, and those
projects can then be added to the publication pipeline.

5. Discussion

OTNDC’s certifications in data management show that OT-
NDC’s data pipelines and pathways do not just align with
global data stewardship standards, but are also transparent
and FAIR. OTN’s oversight committees, governance struc-
tures, and regular certification renewals affirm the contin-
ued ability to serve the needs of the community in a trust-
worthy manner. In this way, the methods outlined above re-
main aligned with the latest updates to global data standards
and enable OTNDC to effectively serve as the global telemetry
data aggregator.

Harmonizing QC tools across regional networks allows re-
searchers to use data collected by partners in other networks
reliably. Without unified standards, QC and QA protocols dif-
fer between research labs, regions, and networks who have
built their own custom tools, code, and pipelines. This means
that data provided by another researcher may not match the
same standards for analysis or publication as a target dataset.
To prevent data integrity issues, or excessive time spent re-
cleaning partner data, OTNDC’s node concept for networks
makes sharing easier and trustworthy. The “network of net-
works” model supports scientists by matching trustworthy
detections across larger spatial scales, providing researchers
with new insights into long-range movements (Lennox et al.
2024) and resulting in fruitful international collaborations
with enhanced outcomes for research (Iverson et al. 2019;
Bangley et al. 2020; Young et al. 2020).
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While the node model has been successful, the expertise re-
quired to operate the database system, maintain its pipelines,
and train regional groups requires numerous personnel and
significant financial investment. Due to OTN’s funding model
and mission to support external research groups, OTNDC is
uniquely positioned to provide these services to the global an-
imal tracking community. As the node network has grown, so
too has the number of OTNDC staff, the server hardware bud-
get, and the complexity of the data products created by the
team. While always looking for ways to enhance the data sys-
tem’s capability, a limiting factor for OTNDC is the need for
examples of new, emerging data types upon which to build
new features. To adapt and grow OTNDC services to accept
new types of data or unique datasets, a researcher needs to
first share that data with OTNDC, before the database sys-
tem can be modified to handle it. As technologies advance
and new technologies emerge in animal tracking, the OT-
NDC team also must expand their knowledge and skillsets,
through both team development and additions to the staff.
Building robust, reliable, and secure data pipelines takes time
and researcher input. Qualified data personnel are essential
to the process, and budgets need to account for this.

The standardized data formats utilized by OTNDC have sup-
ported research excellence across the global telemetry com-
munity. For instance, spatially disconnected researchers have
come together to write synthesis papers (Brodie et al. 2018;
Bangley et al. 2020; Udyawer et al. 2023), and new conclusions
have been revealed through the data shared by networks
(Friess et al. 2021; Lennox et al. 2024). These researchers are
also able to easily meet the requirements of their funding
agencies and journals for data publishing through OTNDC’s
public data pipelines. Publication of project data through OT-
NDC aligns with the requirements of many academic journals
and funders by meeting international data standards, align-
ing with FAIR principles (Wilkinson et al. 2016), and provid-
ing open access to anyone (Molloy 2011).

OTN database nodes support researchers who are working
to advance aquatic species management and conservation by
tracking species of ecological, cultural, and economic impor-
tance across spatial scales (Matley et al. 2022). Understanding
the habitat use and movement patterns of important species
can directly assist in their conservation planning by inform-
ing spawning sites, movement corridors, or interactions with
anthropogenic threats (Lea et al. 2016; Hays et al. 2019; Jacoby
and Piper 2023). With the clean, transparent data provided by
the OTN data system, researchers are better able to answer
key questions about critical species. In this way, OTNDC’s
pipelines are supporting good scientific outcomes for users
of the data system.

While this manuscript highlights the current data
pipelines, processes, and policies at OTNDC, the tools
will continue to grow and adapt to serve community needs
effectively. Current initiatives include developing OTNDC
data pipelines to include non-acoustic telemetry technolo-
gies: including cleaning and archiving of satellite-collected
animal detections, ingesting and matching tags and detec-
tions from Passive Integrated Transponder tagging arrays,
and more robust archiving of anchor tag records (i.e., Floy,
dart, or T-bar tags) to ensure mark-recapture efforts are
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adequately documented. Future developments may include
the use of automation and modelling to enhance workflows
and reproducibility.

Interoperability, through the adoption of database nodes
or other means, is an important goal for OTNDC as the global
network expands to support other regional telemetry net-
works. Acoustic telemetry technology is continually chang-
ing (Lennox et al. 2023, 2025; Aspillaga et al. 2024) and as
a global leader in the field, OTN is committed to remaining
compatible and adaptable, changing as technologies change.
To support interoperability in analysis methods, OTNDC will
continue to prioritize the creation and dissemination of ani-
mal movement analysis code by hosting weekly peer-support
Study Halls, regular workshops, and initiatives such as the
trackyverse. OTN’s mission to generate knowledge on aquatic
animal movements is upheld by its Data Centre, and by docu-
menting OTNDC’s database node model, data pipelines, and
governance we supply this article to demonstrate our support
for the global acoustic telemetry research community.
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