Co-producing biodiversity data infrastructures:
Mexico’s Agrobiodiversity Information System as a

case study

Irene Ramos'?’, Francisca Acevedo Gasman?, Vicente Arriaga*, Caroline Burgeff®, Maria-José
Ibarrola-Rivas®, Mahelet Lozada-Aranda®, Oswaldo Oliveros-Galindo®, Maria Andrea Orjuela

Restrepo?, Alicia Mastretta-Yanes?”

1 Posgrado en Ciencias de la Sostenibilidad, Universidad Nacional Autbnoma de México,
Mexico

2 Royal Botanic Gardens, Kew, Richmond, Surrey, United Kingdom

3 Comision Nacional para el Conocimiento y Uso de la Biodiversidad (CONABIO), Mexico City,
Mexico

4 Comision Nacional Forestal, Mexico

5 Instituto de Geografia, Universidad Nacional Autbnoma de México, Mexico

* corresponding authors (Irene Ramos: i.ramos@kew.org, Alicia Mastretta-Yanes:

a.mastrettayanes@kew.org)

Summary

e Agrobiodiversity data, rooted in place and in community, expose tensions around
sustaining the involvement of data collectors across the data lifecycle and embedding
their context-specific expertise as data are mobilized beyond their sites of origin. These
challenges extend to biodiversity data infrastructures that integrate diverse socio-
ecological information. We examine how a co-production approach to infrastructure
design and development can sustain data collectors’ participation beyond data
generation, drawing on our experience developing the Agrobiodiversity Information
System (SIAgroBD) in Mexico.



e We analyze three participatory strategies implemented during SIAgroBD’s development:
data literacy workshops, collaborative assessment of data collection tools, and co-design
of a data management plan. Our analysis draws on workshop materials, facilitation
notes, surveys, focus groups, and project documentation.

e Data literacy workshops helped collectors situate their work within the wider
infrastructure, thus creating conditions for participation beyond the data generation
stage. Participatory tool assessment surfaced context-specific adaptations and tacit
knowledge, which collectors translated into shared documentation. Through scaffolded
co-design, context-specific expertise from data collectors informed access and reuse
agreements for sensitive data.

e Involving data collectors did not, on its own, make the development of SIAgroBD a co-
production process. Meaningful participation required spaces for knowledge exchange
and mechanisms through which their expertise could inform infrastructure development
beyond the data collection stage, with different levels of involvement across the data
lifecycle. These activities required substantial time, coordination and resources. Capacity
building and feedback processes should therefore be recognized as integral components

of infrastructure development.
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Introduction

Data collectors remain the backbone of biodiversity data infrastructures. Their situated
expertise, such as the purposes for which data were collected and collection protocols, is
essential for data interpretation and evidence-based decisions (Pasquetto et al., 2019). For
example, data collected during a botanical expedition for a site inventory (e.g. Davies et al.,
2024) are different in scope and granularity than seed data collection for ex-situ conservation
(e.g. Kallow, 2014). Across these and other contexts, data collectors may be researchers, field
technicians, citizen-scientists, or local community members bringing context-specific expertise,

from taxonomic knowledge to the judgement needed to adapt standard sampling protocols to



field conditions. However, large-scale data aggregation, cross domain integration, and
automated data generation pipelines increasingly stretch the distance between collection and
reuse (Borgman & Groth, 2025); the farther data travels for reanalysis and reuse, the more
challenging it is to retain data collectors’ context-specific knowledge. This reflection is timely,
given the growing body of research integrating data into biodiversity syntheses for both research
(Callaghan et al., 2023; Weigelt et al., 2020) and environmental policy (e.g. IPBES, 2024). It is
particularly important for plants: while plant data comprise only 19% of the records available
through the Global Biodiversity Information Facility (GBIF), a flagship platform for open
biodiversity data, they account for roughly 44% of published research reusing GBIF data
(Heberling et al., 2021).

In this paper, we draw on our experience developing the Agrobiodiversity Information System
(SIAgroBD) in Mexico as a case study of how a co-production approach (see Table 1
Glossary) to the design and development of biodiversity data infrastructures can sustain the
participation of data collectors across the data lifecycle, shortening the distance from the field
to research and policy. This distance between data collection and reuse is particularly
consequential for agrobiodiversity data, which encompass cultivation practices, local uses,
agronomic traits, and other socio-ecological information that can be deeply place-based, and
are often collected in collaboration with local knowledge holders and local actors, including
farmers and community leaders). Agrobiodiversity data is also often mobilized beyond its site of
origin for analysis, policy and decision making that must remain relevant to a local context.
Maintaining this connection to a local context becomes challenging as infrastructures aggregate

and mobilize data.

If the initial growth and development of biodiversity data infrastructures was largely driven by
digitizing existing collections, it has now expanded to a distributed system of data production
(Heberling et al., 2021; Soberdn, 2022). Today, biodiversity data, and especially plant data, are
generated and aggregated across scales, ranging from individual research projects to
coordinated institutional efforts (Soberén, 2022), government monitoring programs, and
participatory or citizen science projects led by local communities (e.g. Mason et al., 2025;
Reyes-Galindo et al., 2023). National and regional systems have become intermediaries by
coordinating collection, curation, and mobilization at sub-national scales and linking these
efforts to global aggregation platforms (Glntsch et al., 2025). Despite this increasing
complexity, data collectors remain a key pillar of biodiversity data production. For example, 95%

of plant data records available through GBIF derive from human observations or preserved



specimens, with only a small fraction (0.05%) from machine observations like photographs,
videos or satellite images (see this dashboard for a breakdown of plant data records by basis of

record).

At the same time, global environmental challenges such as climate change, biodiversity loss,
and food security, require the integration of biodiversity information with diverse types of socio-
ecological data (Heberling et al., 2021; IPBES, 2024). Biodiversity data platforms are thus
expected to facilitate interoperability, mobilization, and reuse, while also supporting the
communities of practice that produce, use, and steward data (Glntsch et al., 2025); their
functions have shifted from repositories to knowledge infrastructures. As we explore here, this
in turn suggests a shift in the role of data collectors serving not just as providers but also playing

a key role in shaping the infrastructures.

Designing data infrastructures that foster the continued participation of the communities that
produce and reuse data is a socio-technical challenge involving redesigned data pipelines,
training, and governance considerations (Heaton, 2022; Ribes & Finholt, 2009). Participatory
approaches to the development of biodiversity data projects have been mostly connected to
citizen science initiatives (e.g. Grattarola et al., 2025) and focused on usability improvements,
adoption of specific tools, or the development of data standards (e.g. Wieczorek et al., 2012),
rather than on the participatory design and governance of infrastructures across the data
lifecycle. While user-center design is a standard practice, and an important foundation, it can
reinforce a distinction between users and developers by treating participation as consultation,
and positioning communities as end users rather than co-designers or co-stewards of the
infrastructures. This distinction matters in biodiversity infrastructures, where users may be both
data collectors and reusers whose practice shapes data quality and interpretability. For
instance, researchers working in a herbarium may collect data in the field, recording a species
occurrence and other relevant information alongside a specimen; later, as curators, they may
revise the species identification of the record based on their taxonomic expertise and knowledge
of the environment where it was collected, a decision that affects how the record can be
interpreted and reused. Infrastructures operating at national or regional scales, our scale of

interest, are also often built on existing systems, constraining what can be redesigned and how.

In contrast with user-centered design, co-production has not widely informed biodiversity
infrastructure development, despite its prominence in sustainability science as a way of

producing knowledge that is scientifically robust, socially relevant, and legitimate for decision


https://www.gbif.org/occurrence/search?basisOfRecord=FOSSIL_SPECIMEN&basisOfRecord=HUMAN_OBSERVATION&basisOfRecord=LIVING_SPECIMEN&basisOfRecord=MACHINE_OBSERVATION&basisOfRecord=MATERIAL_CITATION&basisOfRecord=MATERIAL_SAMPLE&basisOfRecord=OBSERVATION&basisOfRecord=OCCURRENCE&basisOfRecord=PRESERVED_SPECIMEN&occurrenceStatus=present&taxonKey=P&view=dashboard&layout=basisOfRecord.v-TABLE_basisOfRecord

making (Norstrom et al., 2020). Co-production, and closely related approaches like co-design or
participatory research, emphasize shared problem framing, recognize diverse forms of
expertise, and support iterative negotiation of priorities. Because data infrastructure
development is typically framed as technical delivery, rather than a knowledge-making process,
projects rarely include dedicated roles for embedded research; responsibilities are assigned to
software engineering, data management, or other technical positions (Ribes & Finholt, 2009),
and infrastructure design decisions and implementation are less often documented as scholarly
outputs. We draw on co-production as a framework for this work because digital infrastructure
design is, in effect, a knowledge-making intervention that shapes how information travels across

contexts (Heaton, 2022), and more accurately describes our experience in this case study.

What, then, does it mean to meaningfully engage user communities in the design and
development of biodiversity data infrastructures? For us, this question emerged as we
embarked in the development of the Agrobiodiversity Information System (SIAgroBD). As part of
a small team leading SIAgroBD’s development, we encountered questions about how to engage
data collectors beyond the data generation stage, how to maintain their contextual expertise
legible as data were mobilized for policy, and how to accommodate design interventions while

building within an existing public digital system.

SIAgroBD is part of the Mexican National Biodiversity Information System (SNIB) hosted by the
National Commission for the Knowledge and Use of Biodiversity (CONABIO), a governmental
organization with 34 years of experience in biodiversity conservation and the sustainable
management of natural resources in Mexico (CONABIO, 2018; CONABIO et al., 2023).
SIAgroBD provides access to open data on native Mexican crops and crop wild relatives,
including maize, beans, cacao, agave, squash, chilli, among other crops of high cultural,
economic and ecological importance. Beyond serving as a repository, the system facilitates data
mobilization to inform conservation and food security policies, and it provides data collection
and visualization tools, data management support, and upstream integration with national and
global biodiversity platforms. SIAgroBD serves a community of practice working on
agricultural biodiversity and sustainable food systems, including researchers, academic

institutions, civil society organizations, and governmental agencies.

SIAgroBD offers an interesting case study to explore what co-producing biodiversity data
infrastructures can mean in practice, under real-world constraints. It brings into focus tensions

between contextual knowledge and data mobilization: maintaining interpretability and local



relevance even as data travel far from their site of origin, as they are repurposed, and are
aggregated across contexts. SIAgroBD also reflects the complexities of co-production during
ongoing infrastructure development. In this work, we use SIAgroBD as a study case to
describe, analyze, and reflect on adaptations towards more participatory approaches to the
design of data infrastructures, focusing on capacity building, participatory tool assessment, and
data governance. Our objective is to examine how biodiversity data collectors can be
meaningfully engaged during data infrastructure development beyond the data generation
stage. We connect these insights to the broader development of national biodiversity
infrastructures, where demands for aggregation and interoperability sit in tension with the need

to safeguard local knowledge and community stewardship.

Methods

Case study: Mexico’s Agrobiodiversity Information System (SIAgroBD)

Our work focuses on the participation of plant data collectors in the development of SIAgroBD
beyond the data generation stage. In this case study, “data collectors” refer to members of
fourteen research groups funded by CONABIO to conduct field data collection from 2020 to
2022. These research groups were selected through an open call for proposals supporting in
situ data collection on agrobiodiversity taxonomic groups underrepresented in national
biodiversity databases. The call prioritized teams who demonstrated established ties to the local
communities where they proposed to conduct fieldwork. Selected proposals came from
universities and civil society organizations across Mexico and combined field data collection
with research aimed at improving taxonomic or ethnobotanical knowledge of crops and crop wild

relatives. Teams were not expected to have prior experience in data management.

Research teams included project leads and principal investigators, students, technical staff and
early career researchers. They typically came from a background in botany, taxonomy,
ethnobotany or agronomy, and had varying levels of experience with biodiversity databases.
Data collectors collaborated with local communities, local knowledge holders, seed and data
donors to collect agrobiodiversity occurrences (observations, specimens, and accessions) and
related socio-ecological information. CONABIO provided data management support,

infrastructure, and training.



Field data were captured by data collectors through standardized digital surveys implemented in
CONABIQO’s instance of KoboToolbox, an open source platform for digital data collection (Kobo,
2026). Data collected included biological, geographic, agronomic, social, and cultural variables,
enabling records to retain contextual information (Figure 1, data collection stage). Upon data
submission to KoboToolbox, data curators at CONABIO reviewed the information and shared
feedback on data quality issues (from typos to taxonomy identification) that was then addressed

by collectors (Figure 1, data curation stage).

We examine three participatory strategies aimed at steering SIAgroBD’s development toward
engaging data collectors beyond the data generation stage: data literacy workshops,
collaborative assessment of data collection tools, and co-design of data management plans.
These strategies were implemented iteratively in response to the challenges described below,
which emerged at different stages of SIAgroBD’s development and implementation. We draw on
workshop materials, facilitation notes, feedback surveys, focus groups, and project
documentation to describe, analyze, and reflect on how we designed these strategies and what
forms of participation they enabled. We present each strategy by first describing the underlying

challenge, followed by our response and its implementation.

Data literacy workshops

Challenge: Staff responsible for curation and data management (Figure 1, data curation stage)
primarily communicated at specific project delivery checkpoints with data collection team leads,
but there was limited engagement with other team members also working in the field. An initial
survey about data skills revealed uneven adoption of data collection tools and uneven data
literacy across teams, for example, collectors had little experience working with open data and
open licenses. The limited visibility and inconsistent expectations about workflows, curation, and
data quality, all central to data infrastructure literacy (Gray et al., 2018), restricted their

involvement in later stages of the data lifecycle, including as reusers.

Response: To establish a shared understanding of data concepts and workflows, we organized
a series of workshops on data literacy skills with mentorship from OLS’s Open Seeds
programme (Bernaldo et al., 2025). We began with an internal workshop for 22 CONABIO staff
members in June 2021, bringing together curators, engineers, SIAgroBD leadership, and
agrobiodiversity domain experts, individuals with distinct roles who often only interacted through

specific tasks delegated across their different areas (e.g. repository administrators received a



spreadsheet from the data curation team). Similar to data collectors, technical staff had limited
visibility on the redesigned workflows and practices introduced to CONABIO for SIAgroBD’s
development, like KoboToolbox. The session aligned staff members around open data concepts
and FAIR principles, and provided an overview of workflows from data collection to publication.

Participants from this workshop later helped facilitate workshops with data collectors.

A month later, in July 2021, we invited 27 data collectors to an online workshop delivered in
three two-hour virtual sessions. These sessions introduced open data and FAIR principles,
CONABIO’s data portals, agrobiodiversity data lifecycles, and ethical data use. We prioritized
hands-on activities, small group discussions, and structured reflection on data infrastructures,
deliberately excluding data analysis and computer coding tools to focus on building a shared
vocabulary around data. Participant surveys before and after the workshops documented self-
reported familiarity with open data and tools, requested feedback on the activities, and asked

about training needs. Workshop materials are archived in Zenodo (Ramos, 2022).

Participatory tool assessment

Challenge: Although data collector team leads had co-designed the standardized data
collection surveys, differences in how teams used KoboToolbox became visible at the data
cleaning and review stage, delaying quality control processes. For example, instead of
collecting data directly on the app, some teams continued to collect data on paper, and then
digitized their information after fieldwork. The usual communication channels between data
collectors and CONABIO staff, which mostly relied on project delivery checkpoints, did not
provide enough insight into these differences. Requests for further KoboToolbox training after
the data literacy workshops also pointed to the need for additional support and alternative

communication channels.

Response: We drew on the data journeys framework to implement a participatory assessment
of KoboToolbox. Data journeys map how data move across stages, from field collection to
cleaning, standardization and revision, highlighting the social dimensions of data production by
making visible the roles individuals play at each step (Bates et al., 2016; Leonelli & Tempini,
2020).

We first distributed an anonymous survey to 255 data collectors and active KoboToolbox users.
The survey included multiple-choice questions on participant’s roles, perceptions of the tool’s

effectiveness, and open-ended questions about its main advantages and challenges.



Responses were collected over four weeks in November 2021, with 51 responses. We tagged
open-ended responses thematically, refined iteratively across two rounds, to identify recurring
challenges, perceived advantages, and insights that could support tool adoption during ongoing

data collection.

Building on the themes surfaced in the survey, we then organized a four-hour virtual workshop
over two days in January 2022, involving 25 representatives from data collection teams. On the
first day, participants co-developed KoboToolbox documentation, in the form of a Frequently
Asked Questions document, emphasizing adaptations to different field contexts and integration
of the app into their team workflows. On the second day, participants were assigned to focus
groups of four or five members, and collaboratively mapped their data workflows using a data
journey template documenting key stages of collection, review, and dataset management.
Facilitators guided discussions to ensure that participants captured detailed narratives of their
workflows, focusing on challenges, strategies for team coordination, and adaptations to their
own needs. The completed workshop templates were compiled and compared to identify
commonalities and differences among the teams’ approaches. Workshop materials are archived
in Zenodo (Ramos, 2025).

Co-design of Data Management Plan

Challenge: Standard open data policies and donor consent had guided data collection from the
onset, but during curation and preparation for public release, we identified data access and
reuse considerations specific to agrobiodiversity records that could not be resolved through
existing institutional practices. Socio-ecological information linked to data donors and
households required protections for personal information not usually applicable to biodiversity

occurrence records.

Response: We used a scaffolded process to develop a data management plan focused on
access and reuse. An internal review first established aspects of data management that were
not open to modification, including legal regulations and institutional practices for managing
sensitive information, such as data donor’s personal information (e.g. name, age, indigenous
identification, household location), as well as guidance for publishing records of taxa listed
under IUCN Red List categories (Chapman, 2020). We then drafted an initial framework and
invited asynchronous feedback from data collection team leads, specifically on risks not

captured by official classifications, such as species or landraces considered locally threatened.



In more nuanced cases, we also held follow-up discussions to negotiate recommendations

alongside technical requirements.

Results and Discussion

As we show in this section, a series of small interventions can be strategically articulated to
expand the participation of data collectors, even during ongoing infrastructure development and
within established systems. Three major takeaways emerged (Table 1): capacity building
enabled co-production, participatory tool assessment surfaced adaptations across contexts, and

contextual knowledge shaped data governance through scaffolded co-design.

Capacity building enabled co-production

Staff who attended the internal data literacy workshops developed a shared understanding of
how SIAgroBD adapted workflows for agrobiodiversity data management, and how those
adaptations required coordination across different areas at CONABIO (Table 1). As one
participant summarized in the post-workshop survey, the workshop helped them see that there
were more minds [in the institution] working on improving information management [...] and
[that] it is possible to build a team across areas that can address areas for improvement”. This
reflection was important because updating workflows had historically been a bottleneck at the
institutional level. By inviting participants to lead sessions in the follow up workshops with data
collectors, we created a pathway for staff to better understand field data collection constraints

and opened communication channels beyond project checkpoints and team leads.

With respect to workshops with data collection teams, post-workshop surveys demonstrated
increased awareness of open data as a collective effort. One participant noted that “it was very
gratifying to see an interest in engaging directly with the people involved in collecting
information for CONABIO. This way, data quality will improve a lot, and it will be more valuable
and trustworthy for everyone”. This response suggests that by making the data lifecycle visible,
workshops helped data collectors locate their own work within a wider scale of infrastructure,
reframing their role not only as data providers, but as integral contributors shaping data quality

and reuse.

Participants valued the workshops as spaces for collective reflection and peer learning. A key

takeaway for one participant was “meeting collaborators from other data collection teams |[...]
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willing to share very frankly the challenges and concerns that have arisen in their projects [...]
meeting in these spaces helps very much with shared reflection and collaboration.” Situating
training within reflective processes that help connect practices to the contexts in which data are
produced and reused has been done in other participatory processes involving biodiversity data
tools. For example, Grattarola and collaborators (2025) describe how training in using citizen
science tools for local biodiversity monitoring sparked broader reflections on access to
information, and advocacy for local conservation priorities. In SIAgroBD, data literacy skills
workshops similarly encouraged reflection on collaboration and the roles of staff and data
collectors across workflows; opened a space for communication among data collectors, and
between data collectors and CONABIO staff; and surfaced the need for further KoboToolbox
support, which we describe next. In this sense, capacity building helped create the conditions

for participation further along the data lifecycle.

Participatory tool assessment surfaced adaptations across contexts

Survey responses provided an overview of the perceived advantages and challenges of
KoboToolbox. Data collectors valued its offline functionality and immediate data backup, while
common difficulties included the time required to complete the digital forms during fieldwork,
and editing data after submission. The teams mapped how team configurations and workflows
interacted with these challenges in the data journeys workshop. Small teams, for example,
struggled to balance interviewing and data entry, and sometimes preferred to record interviews
and take written notes before uploading information to KoboToolbox when returning from the
field. Larger teams could assign specific responsibilities to different people, but emphasized
coordination issues. The narrative format of the workshop was fruitful for peer learning, as one
participant noted: “/ really liked that the activities welcomed anecdotes so we could freely share
our experience using Kobo [...] | was surprised at how each team organized their work in
different ways, | learned a lot from them!” A recurring theme across discussions was that
KoboToolbox redistributed data management responsibilities that had been more centralized
within CONABIO'’s staff. For instance, more of the data cleaning was carried out by data
collectors themselves, creating an opportunity to strengthen their data management skills
through hands-on practice. However, we didn’t determine whether this made workflows more or

less efficient.

Collaboratively developing documentation provided a way to translate tacit knowledge into

shared learnings. Participants contributed recommendations for working with unstable internet
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connections, collaborating with data donors in the field, and even recognizing when
KoboToolbox was not the most appropriate tool, for example, some teams noticed that an
external GPS provided more reliable location data than the app on their mobile devices. Heaton
(2022) also recognizes the key role of this “intermediate knowledge” in allowing data to travel: in
a case study of herbarium digitization, volunteers exchanged practical knowledge to improve
workflows beyond what was documented in formal protocols; they aggregated this knowledge in
a manual for newcomers, allowing the knowledge to persist. This echoes how adaptations that
may have remained tacit knowledge within individual teams became tool documentation in
SIAgroBD.

Overall, what both staff and data collectors had flagged as a gap in technical training, was better
understood as a need to share how teams integrated KoboToolbox into their own workflows.
Participants described this “[knowledge] exchange across projects” as “an ideal way to find
solutions to shared problems”. Another participant reflected “on the way we organized ourselves
within our team, if it was the best way or where we could improve”. These comments illustrate
how, beyond mechanisms to report problems, feedback processes became a space for peer

learning and broadened opportunities for co-production.

Contextual knowledge shaped data governance through scaffolded co-

design

Co-designing the Data Management Plan brought contextual knowledge into data governance.
Some data access agreements reflected in the data management plan derived directly from
legal and institutional requirements. For instance, personal and personally identifiable
information was restricted to internal use, and coordinates associated with households (e.g. a
chili plant growing in a backyard) were obscured, meaning the precision of the published
coordinates was rounded to a degree proportional to the sensitivity of the data. Other decisions
fell outside standard institutional practice: based on their knowledge of locally threatened
species or landraces not officially classified as such, data collectors recommended also

obscuring location data; as a result, coordinate resolution was adjusted for these records.

Restricting location data may have implications for reuse, including misleading conservation
strategies (Contreras-Diaz et al., 2023), so these decisions involved non-trivial tradeoffs
between data accessibility and protecting sensitive information. Decisions regarding agave

records were particularly contested because concerns about local conservation intersected with
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commercial interests. In this case, a representative with expertise in agave conservation and
knowledge of the agave industry was invited to contribute to the discussion. Formalizing these
diverse, sometimes conflicting, concerns around who and how could access and reuse the data
created a mechanism through which contextual knowledge could remain embedded in the

metadata even through subsequent aggregation.

This was CONABIQO’s first experience collaboratively designing a data management plan for
agrobiodiversity data. The consultation process was bounded by legal, technical and
institutional constraints, involved data collection team leads rather than every collector or data
donor, and left final decision-making authority with CONABIO. Within these constraints,
meaningful participation depended on scaffolding the co-design process. This meant making
constraints explicit, identifying where contextual expertise was most relevant and could shape
governance decisions, and negotiating between standard institutional practices and the diverse

needs of contributors.

Conclusion

Meaningfully engaging data collectors in infrastructure development meant creating spaces for
knowledge exchange and reflection on shared challenges, as well as mechanisms through
which their contextual knowledge could persist beyond the initial data collection stage. The
involvement of many participants across institutions, roles, and areas of expertise did not, on its
own, make the development of SIAgroBD a co-production process. The form and degree of
participation varied across the data lifecycle depending on the expertise required and
institutional constraints, illustrating how co-production spans a spectrum of involvement. Future
research could explore what meaningful participation in infrastructure development could look
like for a broader diversity of actors who also bring valuable agrobiodiversity knowledge, such

as farmers, data donors, and local knowledge holders.

Our experience responding to challenges that emerged during the development of a biodiversity
information system led us to reconsider our role within the development team. Facilitating
spaces through which knowledge could be exchanged became an important part of our role,
and it required significant time and coordination. We therefore recommend treating the
maintenance of capacity building and feedback processes as part of infrastructure development

itself, and resourcing them accordingly.
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One limitation of this case study is that the responses were developed as challenges emerged.
This suggests an opportunity for infrastructure projects to establish mechanisms for learning,
reflection, and feedback with data collectors as part of their initial design. Our responses were
also not embedded in a longitudinal monitoring and evaluation framework. While participant
feedback gives us evidence of post-workshop learnings, we cannot determine which practices
persisted, whether they transferred to other contexts, or how they influenced data reuse.
Evaluations of biodiversity data infrastructures could therefore examine, alongside technical
aspects, the capacities and forms of stewardship that involving data collectors enables over
time. By documenting these strategies and their limitations, we hope to encourage other

infrastructure teams to share and reflect on their own experiences.

Agrobiodiversity data, rooted in place and in community, expose tensions around how to
mobilize data without losing the contextual knowledge needed to interpret them, and how to
sustain the involvement of data collectors as data move farther from their sites of production.
These challenges extend to biodiversity data infrastructures more broadly as they increasingly
integrate heterogeneous socio-ecological information. National-scale systems, in particular,
mediate access and reuse between local data providers and upstream systems; it is at this
scale that contextual knowledge may be diluted through aggregation, but also where decisions

about standards and governance can help such knowledge remain legible.

In Latin America, where biodiversity data infrastructures are maturing (e.g. Canhos et al., 2022;
De Vega et al., 2020), these discussions are timely. Regional environmental policy frameworks,
such as the Escazu Agreement, also emphasize access to environmental information and the
capacities needed to collect and reuse it (ECLAC, 2023). As SIAgroBD illustrates, these
capacities include the ability of infrastructure developers and data collectors to make contextual
knowledge legible across the data lifecycle, learn across institutional and disciplinary
boundaries, and participate in decisions about data governance and infrastructure design.
Approaching infrastructure development through a co-production framework may help ensure
that large-scale and automated aggregation does not overlook the expertise of the data

collectors on whom meaningful reuse depends.
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Figure 1. SIAgroBD’s development timeline and data lifecycle. SIAgroBD’s data lifecycle
encompassed three stages: data collection, data curation, and data sharing; these stages
overlapped throughout the development process of the system. During fieldwork, data collector
groups collaborated with local donors to collect agrobiodiversity specimens, accessions, and
observations, as well as associated socio-ecological data. Then, CONABIO’s data curators
checked data quality, including taxonomic validation, and gave feedback to collectors. When
datasets were approved for publication, data managers transformed and integrated data in
preparation for data sharing in SIAgroBD’s data portal. Responses to challenges that emerged

during the development process are highlighted in pink.
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Table 1. Synthesis of challenges, responses and outcomes

Challenge

Response

Outcome

Uneven data literacy
limited engagement
beyond data generation;
fragmented awareness of
the workflows connecting
data collection to curation

and publication.

Data literacy workshops
with CONABIO staff and

data collectors.

Capacity building created
conditions for participation beyond
the data generation stage, opening
channels for communication, and
helping collectors situate their work

within the wider infrastructure.

Uneven adoption of digital
data collection tools and
limited knowledge
exchange between data

collection teams.

Participatory tool
assessment through a
survey, data-journey
mapping, and
collaborative

documentation.

Participatory assessment surfaced
tacit knowledge, enabling data
collectors to compare adaptations
and translate practical knowledge

into shared documentation.

Standard institutional data
governance practices only
partially addressed access
considerations specific to

agrobiodiversity data.

Scaffolded co-design of a
Data Management Plan
within legal, technical, and

institutional constraints.

Data collectors’ contextual
expertise informed decisions about
sensitive information; access and
reuse needs were negotiated within
explicit boundaries, and embedded
as metadata that could persist

through data aggregation.
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Table 2. Abridged glossary of key terms

Term Definition
Biodiversity data Biodiversity data infrastructures encompass databases,
infrastructure computational tools (e.g. online portals, APls, dashboards), and

communities of collectors, users, developers, and other
stakeholders. These infrastructures span scales and functions,
and at the national level, are better understood in terms of the
services they offer as “providers, facilitators, mediators, and
platforms for effective biodiversity data management, integration,

and analysis” (Guntsch et al., 2025).

Community of practice

“Communities of practice are groups of people who share a
concern or a passion for something they do and learn how to do it

better as they interact regularly.” (Wenger-Trayner et al., 2023)

Data lifecycle

“The flow of research data starting from planning, collecting,
processing, analysing, preserving, sharing and finally reusing the
data.” (CODATA, 2026)

Knowledge co-production

“Iterative and collaborative processes involving diverse types of
expertise, knowledge and actors to produce context-specific
knowledge and pathways towards a sustainable future” (Norstrém
et al., 2020).

Knowledge infrastructure

“‘Robust networks of people, artifacts, and institutions that
generate, share, and maintain specific knowledge about the

human and natural worlds” (Edwards, 2013, p. 17).

Local data donor or

A person, often from a local community, who voluntarily provides
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knowledge holders

knowledge, information, or data (e.g., observations, practices,
local names, or uses) related to nature and culture to a research

project, based on free, prior and informed consent.
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