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Abstract

Stable isotope data have made pivotal contributions to nearly every discipline of the physical
and natural sciences. As the generation and application of stable isotope data continues to
grow exponentially, so does the need for a unifying data repository to improve accessibility
and promote collaborative engagement. This paper provides an overview of the design,
development, and implementation of IsoBank (www.isobank.org), a community-driven initia-
tive to create an open-access repository for stable isotope data implemented online in 2021.
A central goal of IsoBank is to provide a web-accessible database supporting interdisciplin-
ary stable isotope research and educational opportunities. To achieve this goal, we con-
vened a multi-disciplinary group of over 40 analytical experts, stable isotope researchers,
database managers, and web developers to collaboratively design the database. This paper
outlines the main features of IsoBank and provides a focused description of the core meta-
data structure. We present plans for future database and tool development and engagement
across the scientific community. These efforts will help facilitate interdisciplinary collabora-
tion among the many users of stable isotopic data while also offering useful data resources
and standardization of metadata reporting across eco-geoinformatics landscapes.

1. Introduction

Stable isotopes are widely used across the physical and natural sciences to trace a wealth of geo-
chemical, environmental, and biological processes [1, 2]. Stable isotope analysis measures the
abundance of rarer, heavier forms of an element relative to more abundant, lighter forms
(herein ‘isotopes’) such as hydrogen (*H/'H), carbon (*C/'2C), nitrogen (N/MN), oxygen
(*80/"0), sulfur (**$/*S), and strontium (*”Sr/*®Sr). Elemental isotopes vary in mass due to
their number of neutrons, which affects reaction rates and bond strengths but not other chem-
ical properties.

Recent improvements in analytical capabilities have made many isotopic measurements
routine and cost-effective, such that the number of publications reporting isotopic data have
now exceeded the number of publications using gene sequences when GenBank was estab-
lished [3]. In genetics, the long-term benefits of combining data across disciplines are evinced
by the wealth of discoveries enabled by databases such as GenBank [4]. Despite the exponential
growth of isotope-based research, the centralized hosting and sharing of isotopic data have not
followed the same pattern. Several repositories have emerged to promote isotopic data sharing
and centralization, such as IsoMemo (archaeology, ecology, and environmental & life sciences,
isomemo.com), IsoArcH (archaeology; [5, 6]), Iso2k (hydrology and climatology; [7, 8]), and
the Waterisotopes Database (wiDBj; hydrology; [9, 10]). Isotopic data from some fields have
been integrated into databases elsewhere with broad proxy data types, such as the Faunal Iso-
topes within the Neotoma Paleoecology Database [11, 12] or narrowly focused on a particular
isotope for example SrIsoMed [13, 14] and iRHUM [15, 16]. These platforms show the poten-
tial for data repositories to enable scientific research and new discoveries and have made
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headway in improving access to isotopic data [3, 17]. However, the stable isotope research
community has lacked a globally available, cross-disciplinary data repository with unifying
metadata fields. This has limited development of big data isotope-based research and restricted
the potential of isotopic information to facilitate systems-based thinking. For example, ecologi-
cal studies have shown that combining isotopic information from avian feathers and freshwa-
ter bodies can permit the tracking of bird migration patterns [18]. But isotopic records from
animals and from the hydrosphere are typically preserved in distinct archives whose metadata
customs differ substantially. By creating a repository in which isotopic information from
diverse disciplines is normalized through a unifying data and metadata template, IsoBank
facilitates vast opportunities for novel scientific discovery.

A series of initial concept papers first provided a justification and vision to support the
development of an TsoBank’—a centralized, online repository that provides a platform for
uploading, hosting, and sharing isotopic data within and across scientific communities [3, 17].
A key challenge identified was unifying the hosting and storage of data across a diverse group
of users and analysis types, including the management, long-term storage, quality-assurance-
quality-control (QAQC), and standardization of data. Of highest priority and key to the suc-
cess of a centralized repository was a well-designed metadata structure that adequately
described the structure, type, and relationship of data, was guided by the needs and expecta-
tions of the scientific community, and promoted effective data re-use and synthesis [3]. Begin-
ning in 2017 with an award from the National Science Foundation (Advances in Biological
Informatics), a multi-disciplinary group of analytical experts, stable isotope researchers, data-
base managers, and web developers were convened to lead the design and implementation of
IsoBank [19]. IsoBank is now a fully operational open-access repository with an online user
interface.

This paper provides an overview of IsoBank’s core features including key aspects of data-
base design and development, metadata structure, data upload and access, and planned future
developments. We highlight how IsoBank’s transparent, community-driven development has
been key to the database’s design and has allowed for continued refinement of a unified meta-
data structure that supports a diverse set of disciplines. Finally, we summarize existing and
planned community engagements that will help users orient to the database, learn how to
upload, and download data, share IsoBank resources, and discuss plans for future data
resource/tool development among database users.

2. A community-driven approach to database design and
development

A series of workshops brought together experts in the measurement, application, and curation
of stable isotope data. These workshops identified many challenges associated with developing
a database that supports broad and low barrier uptake across isotope-using disciplines and led
to the formation of an executive committee for IsoBank. The executive committee comprises
experts in five, core sub-disciplines: QAQC, Organismal Biology and Ecology, Archaeology
and Paleoecology, Environmental Systems, and Technical Implementation. Members of the
executive committee are responsible for the overall vision of IsoBank, and each member leads
a discipline-specific sub-committee (DSSC) comprising 5-7 additional experts in their core
area.

The DSSCs were responsible for the design of the metadata schema (see Section 4.0), which
was refined over a series of bi-annual workshops between March 2017 and November 2021.
These workshops were initially hosted in-person, rotating among the institutions of executive
committee members, but moved to an online format due to the COVID-19 pandemic. The
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workshops ensured that all components of the IsoBank data model included support for rigor-
ous QAQC information [20, 21]. This rigor was achieved by working closely with personnel
from several well-established stable isotope facilities, such as the University of California Davis
and University of Wyoming Stable Isotope Facilities who were central to the QAQC sub-
committee.

During the workshops, DSSCs met in break-out sessions to discuss metadata and system
needs from their disciplinary or prior shared database development perspectives. These con-
versations were guided by interactive walkthroughs of the working metadata schema led by
the executive committee (i.e., DSSC leads). Committee-specific online workspaces were cre-
ated in Google drive that contained editable, shared documents for DSSC members to express
needs, write notes, and capture comments. Following breakout sessions, DSSCs rejoined a
group session and reported on their discussions and decisions. In this setting, all members had
the opportunity to determine where needs overlapped and diverged, and then to reach a con-
sensus in a group conversation.

Following each workshop, the information provided by DSSCs was reviewed, aggregated,
and synthesized by the Executive Committee and metadata requirements and system fea-
tures were prioritized based on the agreements reached in workshops. The Executive Com-
mittee used an iterative development process to design basic functionality in the IsoBank
system, and then added and adjusted features following input from DSSCs during work-
shops. The metadata schema including specific metadata field definitions, controlled terms,
and logical relations across fields was developed iteratively over several years (see Section
4.0 for more details). Beginning with known standards such as DarwinCore [22, 23], for
capturing descriptive metadata and initial input from the Executive Committee, the meta-
data schema was refined after each workshop and through follow-up communications with
each DSSC. Refinements and additions were made to meet the needs across and within spe-
cific disciplines. In April of 2021, IsoBank was implemented [19] and members of the Exec-
utive Committee designed a series of online and in-person workshops that focused on
engagement with the broader community of isotope users. Specifically, these workshops
aimed to increase familiarity with the metadata schema and facilitate the upload of new
datasets into the repository. These initial engagements were highly successful and began
with a 40-person online workshop run through the IsoEcol conference in May 2021 (see
(24]).

3. Core features of the IsoBank system

The IsoBank system is built on a PostgreSQL database with a web interface developed using
the Django framework. Many IsoBank features, such as accessing metadata templates, are pub-
licly accessible and do not require a user account. To be sensitive to researcher challenges with
data sharing and open access policies, registered users can choose to upload datasets that are
either private (i.e., can only be viewed and queried by the uploader with no embargo period)
or can be accessed by any registered user. Storing private data on IsoBank aids users in 1) gen-
eral data management and/or fulfilling funder requirements for data management and 2) ease
of publication and/or making data publicly available at the appropriate time. User registration
was initially facilitated by providing an email address and password; however, the system now
requires manual approval of new users by administrators to filter non-authentic users (e.g.,
bots). Below we provide further information on the features that can be accessed at public, reg-
istered user, and administrator levels (Tables 1 & 2).
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Table 1. Available functionality of IsoBank (www.isobank.org) at public, registered user, and administrator levels.

Webpage Function

IsoBank Project Home

IsoBank Guide

Project Details

Dataset Statistics

Dataset Lists

Data Search

Upload Templates

Register Lab

My Profile

My Data

Site Administration
Tools

Metadata
Management Tool

Description

This page provides an overview of recent news and updates related to the IsoBank system, including
but not limited to metadata updates, bug fixes, and information on current and upcoming
engagement opportunities, such as workshops. We also provide a brief description of IsoBank’s
functionality including contact details for technical support.

The IsoBank guide provides information related to data upload, including a brief tutorial, accessible
links to key metadata documentation, frequently asked questions, and several discipline-specific
CSV templates to aid users with data formatting prior to upload. Example templates are currently
available for several biological (animal tissue 5'°C and 8'°N) and paleoecological (tooth enamel
8'80) datasets.

This page provides access to planning materials and documentation related to community
workshops that have taken place since IsoBank’s inception. This includes documentation related to
the history, design, and project structure of IsoBank—the latter outlining current members of the
executive committee and corresponding DSSCs. A full comprehensive list of current members can
be found at www.isobank.org.

This tab provides a basic summary detailing the total number of records currently uploaded to
IsoBank. Information is ordered based on the metadata schema (see below), including total number
of 1) submitted datasets, 2) analysis records, 3) analysis metadata records, 4) measurement records,

and 5) measurement metadata records (for full definitions, see Table 2).

Here registered users can access previously uploaded datasets, which can be downloaded as CSV
files. Datasets can be ordered based on the IsoBank ID, submitter, time of submission, file name,
title of the dataset, or the dataset description. IsoBank also allows for individual analysis records to
be accessed together with metadata supporting each analysis record.

IsoBank integrates an advanced search interface allowing users to select one or more metadata fields
for their search. Once they have chosen the metadata fields, the user enters their preferred search
terms. For example, a user can choose to search for data based on the "Collection Date", then specify
the dates or date ranges in which they are interested. When adding multiple search terms, the results
can be filtered using logical "AND" (data containing all the terms provided by the user) or "OR"
(data containing at least one of the terms specified) terms. Results can then be viewed in one of two
modes: a tabular view with a list of the data records available, and a map-based view that shows the
locations where samples were collected for records containing geographic coordinates. Currently,
there is no functionality that supports the download of specific data subsets, or aggregations (i.e.,
subsets of data from multiple datasets sharing a unifying metadata field), following data search.
Therefore, users must download full datasets as CSV files from the Dataset Lists tab.

Registered users can generate data upload templates by selecting elements from the current
metadata schema (see Section 4.0). Core metadata fields are automatically selected, and the user can
add additional suggested or optional fields applicable to their data type(s). Once all fields have been

selected, the user can download their template as a CSV file.

To ensure full transparency and QAQC between analytical laboratories and users of isotopic data,
the analytical facility at which measurements were conducted is included as a required metadata
field for all IsoBank datasets. While many analytical facilities are already registered, new facilities can
be added through the ‘register lab’ tab by providing a unique, character-constrained lab abbreviation
(typically no more than four characters) and the full name of the facility. Lab registrations are then
reviewed and approved by an IsoBank administrator. Lab abbreviations are entered as controlled
terms (i.e., must include one of several pre-specified terms in a required format) when populating
the data upload templates, linking each data record to the lab from which it originated.

Once the user’s registration has been created, personal information can be added to their personal
profile including first and last names, a contact email address, short bio, and affiliation. This
information, while brief, will ensure that data users may contact data submitters with any additional
questions or concerns relating to uploaded data.

Here users are provided with a summary of past uploads ordered by submission date and time.
Options are available to delete and reupload datasets if updates are required. From this page, users
can access their data in the format of a ‘data list’ (see above), from which individual records and
associated metadata can be viewed.

These tools allow administrators to view submitted data and metadata records, manage users and
user groups, and update website pages.

The Metadata Management tool allows administrators to adjust the metadata schema by defining
new metadata fields, adding controlled terms, and indicating where the metadata fields appear on
the Upload Templates page. New metadata fields are added based on community recommendations
and authorized only by the Executive Committee.

https://doi.org/10.1371/journal.pone.0295662.t001
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Table 2. Definitions for reported dataset statistics for IsoBank.

Statistic Definition
Submitted Datasets The total number of submitted datasets currently stored on IsoBank.
Analysis Records Total number of records associated with a specific sample of some substance (e.g.,
walrus whisker) that can produce multiple measurements (e.g., 8°H, 8"°N, §'%0).
Analysis Metadata Records Unique metadata elements associated with each analysis.
Measurement Records The total number of records associated with each unique isotope measurements.
Measurement Metadata Unique metadata elements associated with each measurement.
Records

https://doi.org/10.1371/journal.pone.0295662.t002

3.1 Public access

Public access with no registered user account allows researchers to browse the main features of
the repository, access online learning resources, search, and query data, and download hosted
datasets (Table 1).

3.2 Registered user access

Features associated with uploading data and registering new analytical laboratories require
users to create an account that is currently approved by members of the DSSCs and IsoBank
development team.

3.3 Administrator access

Administrator access is currently limited to the Executive Committee and core technical devel-
opment team at the Texas Advanced Computing Center (TACC). As IsoBank evolves adminis-
tration will likely expand to trusted users and consistent contributors to the repository’s future
vision (See section 5.0 Current and Planned Developments).

4. The metadata schema
4.1 Conceptual framework

The DSSCs defined the overall metadata requirements for data submitted to IsoBank, which
focused on identifying the information that researchers need for stable isotope data discovery
and reuse. To guide DSSC group conversations, the Executive Committee created a framework
for organizing related information. This framework uses several conceptual entities to describe
the context of stable isotope data creation (Fig 1), including a collected sample, a material sam-
ple, and an analytical sample, which are defined as:

o a collected sample is defined as a physical sample collected in the field or lab from a physical
or biological object;

o a material sample is the part or whole of the collected sample that is prepared for isotopic
analysis according to the methodologies of various disciplines;

o an analytical sample is the subset of the material sample, which is analyzed within an analyti-
cal lab.

Sample collection and preparation is conducted or overseen by an individual in the role of
an investigator (Fig 1). Material samples are then processed by an analytical lab, which may or
may not be run by the investigator (Fig 1). An analytical lab implements additional procedures
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Fig 1. General overview for isotopic analysis of inorganic and organic samples that provided the basis for the
metadata schema.

https://doi.org/10.1371/journal.pone.0295662.9001

once it acquires a sample, resulting in an analytical sample on which the measurement is made.
An analytical lab typically then reports measurement data that is quality controlled according
to the lab standards (Fig 1).

Based on this context, the IsoBank metadata schema organizes descriptive metadata fields
into nine groups associated with the collected, material, and analytical sample entities and
their processing (Table 3). As of August 2021, ten groups were used to organize 113 metadata
fields within an upload template generator (Fig 2).

4.2 Schema design

The IsoBank metadata schema provides a flexible structure for describing isotopic measure-
ments and the context of their creation. Its design attempts to overcome several challenges,
including 1) capturing sufficient descriptive information without overburdening data submit-
ters, 2) balancing the needs and expectations of various academic disciplines working with iso-
topic data, and 3) meeting the requirements of multiple user groups who handle both newly
generated and older (i.e., legacy) data. Where possible, the IsoBank schema incorporates meta-
data fields from existing standards. For example, many fields in the ‘Collection Location’
group follow the DarwinCore metadata standard. In other cases, metadata fields that are
unique to stable isotope data and were defined by members of the DSSCs, for example ‘Prepa-
ration Step’.

To balance the information needs of data users against the metadata reporting workloads
placed on data submitters, IsoBank’s metadata schema emphasizes capturing information
essential to the interpretation and reuse of isotopic data, which is pertinent for finding, under-
standing and comparative reuse (republication) of data available in the IsoBank system. The
schema design omits detailed information about physical samples and descriptions of other
data derived from the samples, and for example, does not provide other chemical measure-
ments made on samples for which isotopic data are reported. Since these data and metadata
may be available in external data systems, the schema includes metadata fields for linking to
records elsewhere. For example, the “External Record Provider” and “External Record Identi-
fier” fields in the ‘Collected Sample’ metadata group (Table 3) allow users to refer to sample
records in systems like NEON [25], Neotoma [11, 12], or the Arctos data platform for museum
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Table 3. Definitions of nine major metadata groups associated with the IsoBank upload template generator.

Metadata Group Definition
Core Analysis Information on the analytical facility that performed the isotopic measurements,
Information including ‘Analytical Facility’.
Measurement Types Information on the specific isotope systems analyzed, for example ‘5"°C’, ‘§"°N’, “%C’,
‘%N’ etc.
Quality Assurance and | Information about the analyte or compound destructively analyzed by an analytical lab,
Control as well as quality assurance/control information associated with the reported
measurements, including ‘Analysis Type’, ‘Measurement Scale’, and ‘Quality Control
Material’.
Material Sample Information about the material prepared for submission to an analytical lab and the
preparation process, including ‘Material Type’ and ‘Preparation Step’.
Material-Specific Information associated with specific material types, for example a sample of the type
Information "tooth" is associated with a ‘Dental Element’ metadata field. Other examples include
‘Sediment Particle Class’ and ‘Water Phase’.
Collected Sample Information about the physical object or substance acquired by an investigator and its
storage prior to preparation, including ‘Collected Sample Mass’ and ‘Collected Sample
Preservative’.
Collection Context Information about the context in which the collected sample was acquired, including
‘Collected Sample Source’ and ‘Collection Site Description’.
Collection Location Three-dimensional spatial information, primarily associated with the collection of
samples in the field, including ‘Collection Latitude’, ‘Collection Longitude’, and
‘Minimum Depth’.

Investigator Information | Information about the individual(s) associated with and responsible for the production
of the stable isotope data, including ‘Investigator Email’ and ‘ORCID ID’.

Related Publication Information about publications related to the data which may provide additional
context, including ‘Related Publication Citation’ and ‘Related Publication Identifier’.

https://doi.org/10.1371/journal.pone.0295662.t1003

collections [26, 27]. IsoBank also connects to external sources to look up additional informa-
tion. For example, if a user provides a “Scientific Name” for an organism when submitting
data, IsoBank will query the Global Biodiversity Information Facility (GBIF, [28]), for addi-
tional information and to standardize entries.

In addition to organizing fields, the IsoBank schema also defines how the metadata fields
function. Each metadata field has several attributes, including a display name such as “Material
Type” and a description that appears on the user interface. Metadata fields will accept a specific
type of value, such as free text, numeric, or a term from a controlled list or hierarchy. The
value type is then enforced by a validation process when users provide metadata. Importantly,
controlled terms (e.g., ‘Analysis Type’, ‘Instrumentation’, and “Material Type’) serve to stan-
dardize values within certain metadata fields and improve the effectiveness of each search.

The schema also encodes whether a field is required and the number of values a field can
contain. Some fields can contain only one value, while other fields may contain multiple val-
ues. IsoBank has only ten required, core metadata fields (Table 4), since researchers from a
variety of different disciplines expressed opinions about which metadata fields should be
required. These include: ‘Analytical Lab’ (controlled term), ‘Investigator Name’ (free text),
‘Analysis Type’ (controlled term), ‘Analytical Matrix or Compound’ (free text), ‘Measurement
Scale’ (controlled term), ‘Measurement Unit’ (controlled term), ‘Material Type’ (controlled
term), ‘Preparation Step’ (controlled term), ‘Collected Sample Source’ (controlled term), and
‘Investigator Email’ (free text).

To balance the needs and expectations of various disciplines for specific contextual infor-
mation, the IsoBank metadata schema allows for logical dependencies between metadata fields.
Thus, the value within one field can affect the requirement to use another. Some fields become
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Fig 2. IsoBank template generator used to facilitate data upload. A) Metadata fields are ordered by specific groupings related to the analytical pipeline
(Fig 1) and are expanded by clicking on each grey box before manual selection of metadata fields. B) Core/Required (orange), suggested (blue), and
optional (gray) metadata fields are selected to maintain uniformity and sufficient levels of QAQC. The user can manually select additional suggested and/or
optional fields appropriate to their data types, for which definitions and example terms are highlighted(B). C) For some metadata fields valid values
illustrate controlled vocabularies that must be entered for successful upload of data (C). Once all appropriate fields are selected, the user can download the
metadata template as a CSV file to begin entering their own data (D).

https://doi.org/10.1371/journal.pone.0295662.g002

recommended, and others become required based on the value in another metadata field. For
example, choosing “Feather” as the ‘Material Type’ changes the ‘Feather Type’ field from
optional to required. The Upload Template Generator uses the logical dependencies defined
within the metadata schema to automatically add dependent fields to templates created by
users. Because these dependencies are complex, we provide a glossary of all metadata terms,
that includes definitions, deonticity, whether fields are considered controlled, their conditional
dependencies, and expected values (see S1 File).

4.3 Metadata schema management

An administrative interface on the IsoBank website allows administrators (See Administrator
Access) to manage the metadata schema and field definitions. IsoBank administrators can add
metadata fields and adjust their definitions. In addition, administrators can also manage the
lists and hierarchies of controlled terms, as well as define dependencies between fields that are
conditionally recommended or required. Each metadata field definition includes attributes
determining how the field is implemented within the schema (Table 5).
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Table 4. Definitions associated with IsoBank’s core metadata fields.
Expected Controlled | Deonticity | Conditional | Number of

Metadata Metadata Field | Template Column Description
Group Name Value Terms Use Values
Allowed
Core Analysis | Analytical Lab analytical_lab The facility at which the isotope Text Required Required None 1
Information measurement was conducted.
QAQC Analytical analytical_matrix The substance whose chemical Text Recommended | Required None 1+
Matrix or constituents were measured during
Compound analysis.
QAQC Measurement | measurement_scale | Zero-point material that defines the Text Required Required None 1
Scale isotope delta-scale to which the
measurement is anchored. The
international reference scale to
which the measurement is being
corrected.
QAQC Measurement | measurement_unit The unit of measure for a value. Text Required Required None 1
Unit
Material Material Type material_type The type of material in a sample Text Required Required None 1
Sample submitted for analysis.
Material Preparation Step | preparation_step Preparation step(s) performed on Text Required Required None 1+
Sample the collected sample that resulted in
a material sample submitted for
isotopic analysis.
Collection Collected collection_source An indication of where the Text Required Required None 1
Context Sample Source collected sample was acquired.
Investigator Investigator investigator_name The full name of the primary Text None Required None 1
Information Name investigator serving as the contact
point for the related analysis
record.
Investigator Investigator investigator_email The email of the primary Text None Required None 1
Information Email investigator serving as the contact

point for the related analysis
record.

https://doi.org/10.1371/journal.pone.0295662.t004

Table 5. Definitions of IsoBank metadata attributes that determine how each metadata field is implemented
within the current schema.
Metadata Definition

Attribute
The name for the metadata field as displayed on the IsoBank interface.

The name for the metadata field as used within the database.

Display name
Database name

The type of values accepted by the metadata field, including text, numeric, lookup (list of

Value type
controlled terms), tree (hierarchy of controlled terms), and date.

Metadata group The group to which the metadata field belongs for organization within the interface: Core
Analysis Information, Measurement Types, Quality Assurance and Control, Material Sample,
Material-specific Information, Collected Sample, Collection Context, Collection Location,
Investigator Information, Related Information.

Cardinality How many values the metadata field will accept: One to many, Zero to many, Zero to one, One
and only one.

The requirement for using the metadata field: Optional, Recommended, Required,

Deonticity
Conditionally Recommended, Conditionally Required.
Description. The text description indicating how the metadata field should be used.
Examples. Example values.
Detailed A longer description documenting the metadata field.
description

https://doi.org/10.1371/journal.pone.0295662.t005
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4.4 Data submission and discovery in IsoBank

4.4.1 The upload template generator. As users work through the metadata template gen-
erator to create custom data upload templates, they can choose to show or hide groups of
metadata fields (Fig 2A). Required metadata fields have grayed out selection boxes and cannot
be removed, recommended fields are pre-selected with a blue tick, and optional fields are not
pre-selected. (Fig 2B). Each field is followed by a description and valid values (Fig 2C), and
changes to the selected metadata fields are reflected at the bottom of the page (Fig 2D). Over
time, we envisage the need for the metadata template generator to diminish as scientists begin
to share discipline-specific templates with their respective lab groups, colleagues, and collabo-
rators. For example, individual working groups that routinely analyze the same substrate could
optimize a template for their specific projects.

4.4.2 Search features, advanced record view, and dataset download. The IsoBank Data
Search interface allows users to find data that has been made publicly available in IsoBank.
Users choose which metadata fields to search for and apply filter criteria to find relevant data.
For example, choosing “Analysis Date” as a search field enables a user to find data with an
exact analysis date, or set additional criteria to find data before, after, or between dates. The
search results can be displayed either in list (‘tabular’, Fig 3A) or map view, showing individual
data records or records based on sample collection locations, respectively. The user can further
explore individual records by clicking on any of the blue highlighted metadata entries, which
opens an ‘Analysis Summary’ page corresponding to all metadata fields associated with a spe-
cific sample (Fig 3C). This summary page provides an IsoBank ID Number, which corre-
sponds to specific datasets accessed and downloaded as a.csv file through the ‘Dataset List’ tab
(Fig 3C).

5. Current and planned developments

Here we describe in-progress, planned, and long-term developments of the IsoBank reposi-
tory. These developments will largely focus on improvements to usability, which can be
achieved through increased engagement with the scientific community and achieving a resil-
ient financial model to support long-term sustainability. While submission of competitive
grant proposals to funding bodies may provide short-term sustainability, more diverse and
innovative models are required to ensure sustainability and resilience to financial instability
over the long term. Strategies may include 1) subscription-based pricing, where users or insti-
tutions pay fees associated with the hosting of data, 2) integration of value-added services,
which may include paying for advanced access to data tools or data tracking (i.e., statistics on
how may users are utilizing uploaded datasets), 3) formal assignment of an institutional host
that can provide reliable funding in return for credibility, and 4) curated marketing opportuni-
ties that require a premium.

5.1 Developing community policies

As a community-driven project [29], open-source capabilities are a priority for IsoBank over
the long-term. Accordingly, we will develop policies allowing the community to suggest, add,
and refine the metadata schema over time. We anticipate this will encourage growth toward
shared vocabularies and uniformity in community standards. Further amendments will
include developing:

1. Controlled terms that encode shared vocabularies and community standards.

2. IsoBank-wide usage agreement, data licensing, and reuse policies.
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https://doi.org/10.1371/journal.pone.0295662.9003
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3. Data retraction and redaction policies that will support editing of previously uploaded data-
sets to comply with state-of-the art.

4. Methods for handling duplicate data hosted on IsoBank; this may become an issue for
older, legacy data that are not added by the original principal investigator, for example, if
they are deceased.

5. Data quality indicators and metadata completeness ratings for published data.
6. Visible versioning for published datasets.

7. Persistent Digital Object Identifiers (DOIs) for each unique dataset, thus providing a plat-
form to increase the citation capacity of data uploaded to the repository. This also provides
the opportunity to work with journals, especially those requesting the upload of data to a
database prior to publication.

5.2 Broader engagement and technological development

IsoBank has focused heavily on community outreach throughout its initial design and imple-
mentation phases, largely through a series of online, community-based workshops. Thus far,
IsoBank has reached over 260 individuals through workshops and other community engage-
ment initiatives (e.g., the IsoCamp short course [30]). Of these, a high proportion of workshop
participants were based at institutions in North America (63%) and Europe (27%) (Fig 4A),
comprising mostly the disciplines of biology (50%) and environmental systems (37% Fig 4B).
Workshop participants were engaged through a variety of outreach strategies, including short
courses (51%), word-of-mouth (12%), email listservs (12%), social media (2%), and academic
conferences (15%) (Fig 4C).

As IsoBank expands and matures, we will continue to design new engagement opportuni-
ties through attendance at professional conferences, symposia, and expansion of available
online content such as recorded tutorials and live workshops. We will also enhance an evolving
governance model, ensuring constant evaluation and integration of new members into DSSCs,
especially regarding community members from currently marginalized and underrepresented
groups. This will require looking beyond personal networks. This growth will be facilitated
largely by the diversification of outreach strategies, technological advances, journal/publisher
partnerships, and big data compilations (Fig 5).

5.2.1 Expanding outreach. We aim to provide a more diverse suite of outreach opportu-
nities that include continued online and in-person workshops focused on orientation associ-
ated with data ingest and search. Of particular importance is engagement with scientists at
early career stages (e.g., graduate students and postdoctoral researchers), with an interest in
big data approaches to science and who will continue to develop new analytical and statistical
approaches for isotopic data. IsoBank will continue to be further integrated into existing edu-
cational programs and short courses such as IsoCamp [30], SPATIAL [31], and the Survivors
Guide to Stable Isotope Ecology [32]. To provide a wide variety of recorded content, tutorials
and pre-recorded workshops will also be made available.

5.2.2 Technological advances. We believe that we can increase the efficiency and usability
of IsoBank through several key technological advancements that we hope to develop during
the next phase of IsoBank. First, developing data transfer between IsoBank and existing data-
base that host isotopic data such as Arctos [26, 27], NEON [25], Neotoma [11, 12], and wiDB
[9, 10] and, will facilitate greater uniformity and sharing of larger datasets. Second, growing
IsoBank’s capabilities beyond a data repository exclusively would allow for collaborative
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Fig 5. Proposed vision for continued development of community engagement initiatives for IsoBank (maroon boxes), including outreach, journal/
publisher partnerships, technological additionality, and facilitation of big data compilations. Gray boxes represent specific activities that improve each
engagement initiative.

https://doi.org/10.1371/journal.pone.0295662.9005

opportunities with members of the scientific community such as software developers. For
example, creating new data transfer protocols for analytical facilities that can directly export
newly generated data into an IsoBank-formatted CSV file. Additionally, we envisage the provi-
sion of online resources that can host and support the development of novel statistical tools for
the correction and analyses of isotopic data. Finally, our goal is to ensure effective integration
of older, legacy datasets that cannot currently be uploaded due to missing core metadata infor-
mation, implement persistent digital object identifiers (DOIs) and increase hosting
capabilities.

5.2.3 Journal/publisher partnerships. Scaling of IsoBanks usability would be greatly facil-
itated through official partnerships with academic publishers and scientific journals, especially
as many publishing outlets move toward models that require full transparency and open access
to data [33]. In fact, upon acceptance of scientific manuscripts, many journals provide guid-
ance and financial incentives for hosting data through repositories such as DRYAD [34].
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Therefore, the development of strong relationships with publishing partners can benefit both
IsoBank and the scientific community through advertisement and suggestions for archiving
and use of isotopic datasets within a community-defined metadata model. This will also neces-
sitate IsoBank’s compliance with FAIR (Findability, Accessibility, Interoperability, and Reus-
ability, [35]) principles that support effective reuse of scholarly data.

5.2.4 Big data compilations. As IsoBank grows in terms of the type and number of data-
sets, so will the capacity for cross-disciplinary big data initiatives and integration, which are
critical for supporting highly impactful scientific studies of global relevance [36, 37] and devel-
opment of novel research proposals. Given the high volume of published studies reporting iso-
tope measurements, integration of historical legacy data must be a core focus of IsoBank’s
future development. We anticipate that efforts to compile and upload legacy data could be pro-
posed and implemented as funded projects by disciplinary investigators. This would support
impactful macroscale research, such as development of novel isoscapes and refinement of
global biogeochemical models (e.g., hydrology, carbon cycling, nitrogen cycling etc.).

6. Conclusions

The development and implementation of IsoBank now facilitates the centralization of stable
isotope data across many disciplines. Through a community-driven approach, we developed a
web-based interface that supports the upload and re-use of isotopic data with rigorous report-
ing of metadata and quality assurance and control information. These data can be used at no
cost to the user. The future success of IsoBank depends on scaled engagement with the scien-
tific community and increased technological advances. Over time, we hope that IsoBank
becomes a unifying node for the hosting and sharing of isotopic data and associated educa-
tional resources, thus allowing for innovative scientific questions to be addressed at large spa-
tial, temporal, and disciplinary scales.

Supporting information

S1 File. IsoBank metadata guide. IsoBAnk metadata guide with full definitions and descrip-
tions of all metadata fields.
(PDF)

Acknowledgments

We thank all community members who assisted with the design, implementation, and testing
of the IsoBank repository. Any use of trade, product, or firm names is for descriptive purposes
only and does not imply endorsement by the U.S. Government.

Author Contributions

Conceptualization: Oliver N. Shipley, Anna J. Dabrowski, Gabriel J. Bowen, Brian Hayden,
Jonathan N. Pauli, Christopher Jordan, Lesleigh Anderson, Adriana Bailey, Clement P.
Bataille, Carla Cicero, Hilary G. Close, Craig Cook, Joseph A. Cook, Ankur R. Desai, Tim
R. Filley, Christine A. M. France, Andrew L. Jackson, Sora Lee Kim, Sebastian Kopf, Julie
Loisel, Philip J. Manlick, Jamie M. McFarlin, Bailey C. McMeans, Tamsin C. O’Connell,
Suzanne E. Pilaar Birch, Annie L. Putman, Brice X. Semmens, Chris Stantis, Craig A.
Stricker, Tara L. E. Trammell, Mark D. Uhen, Samantha Weintraub-Leff, Matthew J. Wool-
ler, John W. Williams, Christopher T. Yarnes, Seth D. Newsome.

PLOS ONE | https://doi.org/10.1371/journal.pone.0295662 September 6, 2024 16/19


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0295662.s001
https://doi.org/10.1371/journal.pone.0295662

PLOS ONE

Introducing IsoBank

Data curation: Oliver N. Shipley, Anna J. Dabrowski, Gabriel J. Bowen, Brian Hayden, Jona-
than N. Pauli, Christopher Jordan, Seth D. Newsome.

Formal analysis: Oliver N. Shipley, Anna J. Dabrowski, Gabriel ]. Bowen, Brian Hayden, Jona-
than N. Pauli, Christopher Jordan, Seth D. Newsome.

Funding acquisition: Gabriel ]. Bowen, Brian Hayden, Jonathan N. Pauli, Christopher Jordan,
Seth D. Newsome.

Investigation: Anna J. Dabrowski, Gabriel J. Bowen, Brian Hayden, Jonathan N. Pauli, Chris-
topher Jordan, Lesleigh Anderson, Adriana Bailey, Clement P. Bataille, Carla Cicero, Hilary
G. Close, Craig Cook, Ankur R. Desai, Jaivime Evaristo, Andrew L. Jackson, Philip J. Man-
lick, Bailey C. McMeans, Tamsin C. O’Connell, Seth D. Newsome.

Methodology: Oliver N. Shipley, Anna J. Dabrowski, Gabriel ]. Bowen, Brian Hayden, Jona-
than N. Pauli, Christopher Jordan, Lesleigh Anderson, Adriana Bailey, Clement P. Bataille,
Carla Cicero, Hilary G. Close, Craig Cook, Joseph A. Cook, Ankur R. Desai, Tim R. Filley,
Christine A. M. France, Andrew L. Jackson, Sora Lee Kim, Sebastian Kopf, Julie Loisel,
Philip J. Manlick, Jamie M. McFarlin, Bailey C. McMeans, Tamsin C. O’Connell, Suzanne
E. Pilaar Birch, Annie L. Putman, Brice X. Semmens, Chris Stantis, Craig A. Stricker, Paul
Szejner, Tara L. E. Trammell, Mark D. Uhen, Samantha Weintraub-Leff, Matthew J. Wool-
ler, John W. Williams, Christopher T. Yarnes, Hannah B. Vander Zanden, Seth D.
Newsome.

Project administration: Oliver N. Shipley, Anna J. Dabrowski, Gabriel J. Bowen, Brian Hay-
den, Jonathan N. Pauli, Christopher Jordan, Joseph A. Cook, Sora Lee Kim, Christopher T.
Yarnes, Seth D. Newsome.

Resources: Oliver N. Shipley, Anna J. Dabrowski, Gabriel J. Bowen, Brian Hayden, Jonathan
N. Pauli, Christopher Jordan, Andrew L. Jackson, Christopher T. Yarnes, Seth D.
Newsome.

Software: Christopher Jordan.

Supervision: Gabriel J. Bowen, Brian Hayden, Jonathan N. Pauli, Christopher Jordan, Andrew
L. Jackson, Seth D. Newsome.

Validation: Anna J. Dabrowski, Gabriel ]. Bowen, Brian Hayden, Jonathan N. Pauli, Christo-
pher Jordan, Andrew L. Jackson, Seth D. Newsome.

Visualization: Oliver N. Shipley, Anna ]. Dabrowski, Gabriel J. Bowen, Brian Hayden, Jona-
than N. Pauli, Christopher Jordan, Seth D. Newsome.

Writing - original draft: Oliver N. Shipley, Anna J. Dabrowski, Lesleigh Anderson, Adriana
Bailey, Clement P. Bataille, Carla Cicero, Hilary G. Close, Craig Cook, Joseph A. Cook,
Ankur R. Desai, Jaivime Evaristo, Tim R. Filley, Christine A. M. France, Sora Lee Kim,
Sebastian Kopf, Julie Loisel, Philip J. Manlick, Jamie M. McFarlin, Bailey C. McMeans,
Tamsin C. O’Connell, Suzanne E. Pilaar Birch, Annie L. Putman, Brice X. Semmens, Chris
Stantis, Craig A. Stricker, Paul Szejner, Tara L. E. Trammell, Mark D. Uhen, Samantha
Weintraub-Leff, Matthew J. Wooller, John W. Williams, Christopher T. Yarnes, Hannah B.
Vander Zanden, Seth D. Newsome.

Writing - review & editing: Oliver N. Shipley, Anna J. Dabrowski, Gabriel J. Bowen, Brian
Hayden, Jonathan N. Pauli, Christopher Jordan, Lesleigh Anderson, Adriana Bailey, Clem-
ent P. Bataille, Carla Cicero, Hilary G. Close, Craig Cook, Joseph A. Cook, Ankur R. Desai,
Jaivime Evaristo, Tim R. Filley, Christine A. M. France, Andrew L. Jackson, Sora Lee Kim,

PLOS ONE | https://doi.org/10.1371/journal.pone.0295662 September 6, 2024 17/19


https://doi.org/10.1371/journal.pone.0295662

PLOS ONE

Introducing IsoBank

Sebastian Kopf, Julie Loisel, Philip J. Manlick, Jamie M. McFarlin, Bailey C. McMeans,
Tamsin C. O’Connell, Suzanne E. Pilaar Birch, Annie L. Putman, Brice X. Semmens, Chris
Stantis, Craig A. Stricker, Paul Szejner, Tara L. E. Trammell, Mark D. Uhen, Samantha
Weintraub-Leff, Matthew J. Wooller, John W. Williams, Christopher T. Yarnes, Hannah B.
Vander Zanden, Seth D. Newsome.

References

1.

11.
12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

24,
25.

Attendorn HG, Bowen R. Isotopes in the Earth Sciences. 2012. Springer Science & Business Media,
Springer Dordrecht.

Eiler JM, Bergquist B, Bourg |, Cartigny P, Farquhar J, Gagnon A, et al. Frontiers of stable isotope geo-
science. Chemical Geology. 2014; 372: 119-143.

Pauli JN, Steffan SA, Newsome SD. It is time for IsoBank. BioScience. 2015; 65(3): 229—230.

Benson DA, Clark K, Karsch-Mizrachi I, Lipman DJ, Ostell J, Sayers EW. GenBank. Nucleic Acids
Research. 2015; 43(Database issue): D30. https://doi.org/10.1093/nar/gku1216 PMID: 25414350

www.isoarch.eu. Accessed 11/8/2023.

Plomp E, Stantis C, James HF, Cheung C, Snoeck C, Kootker L, et al. The IsoArcH initiative: Working
towards an open and collaborative isotope data culture in bioarchaeology. Data in Brief. 2022; 45:
108595. https://doi.org/10.1016/j.dib.2022.108595 PMID: 36188136
www.ncei.noaa.gov/access/paleo-search/study/29593. Accessed 11/8/2023,

Konecky BL, McKay NP, Churakova OV, Comas-Bru L, Dassié EP, Delong KL et al. The Iso2k data-
base: a global compilation of paleo-5'80 and 52H records to aid understanding of Common Era climate.
Earth System Science Data Discussions. 2020; 12(3): 2261-2288.

www.waterisotopesDB.org. Accessed 11/8/2023.

Putman AL, Bowen GJ. Technical Note: A global database of the stable isotopic ratios of meteoric and
terrestrial waters. Hydrology and Earth System Sciences. 2019; 23: 43894396
www.neotomadb.org. Accessed 11/8/2023.

Williams JW, Grimm EC, Blois JL, Charles DF, Davis EB, Goring SJ et al. The Neotoma Paleoecology
Database, a multiproxy, international, community-curated data resource. Quaternary Research. 2018;
89(1): 156—-177.

www.srisomed.emmebioarch.com/. Accessed 11/8/2023,

Nikita E, Mardini M, Mardini M, Degryse P. SrlsoMed: An open access strontium isotopes database for
the Mediterranean. Journal of Archaeological Science: Reports. 2022; 45: 103606.

www.malewillmes.com/irhum-database. Accessed 11/8/2023,

Willmes M, McMorrow L, Kinsley L, Armstrong R, Aubert M, Eggins S. The IRHUM (Isotopic Recon-
struction of Human Migration) database—bioavailable strontium isotope ratios for geochemical finger-
printing in France. Earth System Science Data. 2014; 6(1): 117—122.

Pauli JN, Newsome SD, Cook JA, Harrod C, Steffan SA, Baker CJ et al. Opinion: Why we need a cen-
tralized repository for isotopic data. Proceedings of the National Academy of Sciences. 2017; 114(12):
2997-3001.

Bowen GJ, Wassenaar LI, Hobson KA. Global application of stable hydrogen and oxygen isotopes to
wildlife forensics. Oecologia. 2005; 143: 337—48 https://doi.org/10.1007/s00442-004-1813-y PMID:
15726429

www.isobank.org. Accessed 11/8/2023.

Jardine TD, Cunjak RA. Analytical error in stable isotope ecology. Oecologia. 144: 528-533. hitps://doi.
org/10.1007/s00442-005-0013-8 PMID: 15761780

Paul D, Skrzypek G, Forizs |. Normalization of measured stable isotopic compositions to isotope refer-
ence scales—a review. Rapid Communications in Mass Spectrometry. 2007; 21(18): 3006—-3014.
https://doi.org/10.1002/rcm.3185 PMID: 17705258

www.dwe.tdwg.org. Accessed 11/8/2023,

Wieczorek J, Bloom D, Guralnick R, Blum S, Déring M, Giovanni R. Darwin Core: an evolving commu-
nity-developed biodiversity data standard. PLOS ONE, 2012; 7(1): e29715. https://doi.org/10.1371/
journal.pone.0029715 PMID: 22238640

https://www.isoecol2024.com. Accessed 11/8/2023.
www.neonscience.org. Accessed 11/8/2023.

PLOS ONE | https://doi.org/10.1371/journal.pone.0295662 September 6, 2024 18/19


https://doi.org/10.1093/nar/gku1216
http://www.ncbi.nlm.nih.gov/pubmed/25414350
http://www.isoarch.eu
https://doi.org/10.1016/j.dib.2022.108595
http://www.ncbi.nlm.nih.gov/pubmed/36188136
http://www.ncei.noaa.gov/access/paleo-search/study/29593
http://www.waterisotopesDB.org
http://www.neotomadb.org
http://www.srisomed.emmebioarch.com/
http://www.malewillmes.com/irhum-database
https://doi.org/10.1007/s00442-004-1813-y
http://www.ncbi.nlm.nih.gov/pubmed/15726429
http://www.isobank.org
https://doi.org/10.1007/s00442-005-0013-8
https://doi.org/10.1007/s00442-005-0013-8
http://www.ncbi.nlm.nih.gov/pubmed/15761780
https://doi.org/10.1002/rcm.3185
http://www.ncbi.nlm.nih.gov/pubmed/17705258
http://www.dwc.tdwg.org
https://doi.org/10.1371/journal.pone.0029715
https://doi.org/10.1371/journal.pone.0029715
http://www.ncbi.nlm.nih.gov/pubmed/22238640
https://www.isoecol2024.com
http://www.neonscience.org
https://doi.org/10.1371/journal.pone.0295662

PLOS ONE

Introducing IsoBank

26.
27.

28.
29.

30.
31.
32.
33.

34.

35.

36.

37.

www.arctos.database.museum/home.cfm. Accessed 11/8/2023.

Cicero C, Koo MS, Braker E, Abbott J, Bloom D, Campbell M, et al. Arctos: Community-driven innova-
tions for managing biodiversity and cultural collections. PLOS ONE. In Review.

www.gbif.org. Accessed 11/8/2023.

Williams JW, Kaufman DS, Newton A, Von Gunten L. Building open data: Data stewards and commu-
nity-curated data resources. PAGES Magazine. 2018; 26: 50-51.

www.isocamp.org. Accessed 11/8/2023.
www.itce.utah.edu/spatial.html. Accessed 11/8/2023,
www.exedramc.com/course/stable-isotope-ecology-2019/. Accessed 11/8/2023.

Bloom T, Ganley E, Winker M. Data access for the open access literature: PLOS’s data policy. PLOS
Medicine. 2014; 11(2): e1001607.

www.datadryad.org. Accessed 11/8/2023.

Wilkinson MD, Dumontier M, Aalbersberg IJ, Appleton G, Axton M, Baak A et al. The FAIR Guiding Prin-
ciples for scientific data management and stewardship. Scientific Data. 2016; 3(1): 1-9. https://doi.org/
10.1038/sdata.2016.18 PMID: 26978244

Hampton SE, Strasser CA, Tewksbury JJ, Gram WK, Budden AE, Batcheller AL et al. Big data and the
future of ecology. Frontiers in Ecology and the Environment. 2013; 11(3): 156—162.

Todman LC, Bush A, Hood ASC. ‘Small Data’ for big insights in ecology. Trends in Ecology and Evolu-
tion. 20283; 38: 615-622. https://doi.org/10.1016/j.tree.2023.01.015 PMID: 36797167

PLOS ONE | https://doi.org/10.1371/journal.pone.0295662 September 6, 2024 19/19


http://www.arctos.database.museum/home.cfm
http://www.gbif.org
http://www.isocamp.org
http://www.itce.utah.edu/spatial.html
http://www.exedramc.com/course/stable-isotope-ecology-2019/
http://www.datadryad.org
https://doi.org/10.1038/sdata.2016.18
https://doi.org/10.1038/sdata.2016.18
http://www.ncbi.nlm.nih.gov/pubmed/26978244
https://doi.org/10.1016/j.tree.2023.01.015
http://www.ncbi.nlm.nih.gov/pubmed/36797167
https://doi.org/10.1371/journal.pone.0295662

