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1. Policy challenge

Biodiversity monitoring under Article 17 of the EU Habitats Directive (Council
Directive 92/43/EEC) remains inconsistent across European Member States. Al-
though all Member States follow the same reporting framework, national assess-
ments are based on national monitoring programmes that vary considerably in
spatial coverage, methodology and taxonomic scope, making consistent assess-
ments across the EU more challenging (Roschel et al., 2020).

At the same time, the Global Biodiversity Information Facility (GBIF) aggregates
millions of species occurrence records from monitoring programmes, citizen sci-
ence initiatives, research projects and museum collections. Despite representing
a valuable source of complementary biodiversity information, these data remain
largely untapped in formal Article 17 reporting workflows.

The EU Biodiversity Strategy for 2030 highlights the need for improved biodiversity
knowledge and better use of data to support evidence-based decision-making. Also,
the Nature Directives are currently undergoing a Commission “Stress Test” and are
the subject of a proposed Regulation on faster environmental assessments, both
seeking to simplify, digitalise, and reduce administrative burden while safeguarding
EU competitiveness and environmental goals, with digitalisation and better data
access flagged as key to more efficient, transparent permitting and reporting.

Against this backdrop and given that many European species and habitats remain
in unfavourable conservation status, and that existing knowledge gaps and under-
funding partly contribute to continue missing conservation targets, B-Cubed devel-
oped tools to integrate open biodiversity data from GBIF into Habitats Directive
policy workflows. B-Cubed’s automated, reproducible workflows based on species
occurrence cubes aim to facilitate the integration of open biodiversity data into
species assessments while supporting FAIR (Findable,Accessible, Interoperable and
Reusable) data principles. Scientifically robust, transparent, and reproducible work-
flows built on open data can make assessments more cost-effective, deliver more
frequent and timely biodiversity information for reporting, and complement Mem-
ber States’ targeted monitoring.

This policy brief presents the findings of a stakeholder-driven case study, with
stakeholder consultation, undertaken to explore the integration of open biodi-
versity data into the species-level assessment of the Habitats Directive Article 17
reporting. For over 1500 taxa mentioned across the latest assessment cycles of
the Habitats Directive (2001/2006; 2007/2012; 2013/2018), there are more than
two decades of data available in GBIF (Figure 1).

Open biodiversity data available through GBIF can help Member States im-
prove species assessments under Article 17 of the Habitats Directive by com-

plementing national monitoring, reducing reporting costs, increasing trans-
parency and improving the reproducibility of assessments, while maintaining
national ownership of reporting decisions.

Despite its great taxonomic coverage and the exponential increase of data pub-
lished through GBIF, nearly one third of the Habitats Directive species in each
reporting cycle had no information in GBIF (Figure 1). Many taxa listed at sub-spe-
cies level regionally do not appear as such in GBIF, with data occurrences often
reported at species level, which partially explains the missing taxa information.
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Figure 1. Overview of the percentage of species listed in the annexes of the Habitats Directive (Art. 17) of the three past
reporting cycles, 2001 to 2018 (left), with data available in the Global Biodiversity Information Facility (GBIF); orange
points represent the observed annual total number of GBIF occurrence records, with yellow error bars indicating the 95%
bootstrap confidence intervals. The solid blue line shows the smoothed temporal trend, and the light blue shaded area
represents the confidence interval around the smoothed trend (right).

2. Stakeholder perspectives on GBIF integration

Insights gained on current reporting practices, barri-
ers to the integration of data available through GBIF
and reproducibility of workflows, from discussions
with Member State representatives, GBIF National
Nodes and European institutions, were digested into
recommendations in support of future reporting.

There is considerable variation in current practices
regarding the use of data available through GBIF
in the Habitats Directive reporting (Machado et al.,
2026). While some Member States integrate GBIF
records into their national workflows, others relied
exclusively on national monitoring data. These dif-
ferent approaches reflected varying levels of expe-
rience with open biodiversity data, as well as differ-
ences in national reporting systems, institutional
practices, and confidence in the use of occurrence
data available through GBIF.

2.1 Current practices

There are contrasting levels of experience with the
use of GBIF-mediated data in Habitats Directive Ar-
ticle 17 reporting. While some organisations already

consider or integrate data available in GBIF into their
reporting workflows, others still do not use data on
GBIF for this purpose.

The diversity of practices suggests that the integra-
tion of open biodiversity data into Article 17 reporting
remains uneven. Many countries use the data on GBIF
as a complementary source of information alongside
closed monitoring programmes, rather than as a re-
placement for existing reporting systems.

The perceived value of data in GBIF also differs by
taxonomic group. Groups requiring greater identi-
fication expertise raised more concerns about data
quality on open platforms and were more likely to be
discarded, while taxa with less structured monitoring
coverage were more likely to be integrated into na-
tional reporting. Stakeholders not using GBIF-mediat-
ed data tended to view these data as a single source,
rather than a large number of different datasets, each
with its own data quality control and scope.

Many datasets accessible through GBIF already origi-
nate from national monitoring programmes, research
institutions, and public authorities. However, not all



of them use the platform to automate the data flow
into their own national reporting. The added value of
GBIF lies not only in data access, but also in facilitating
harmonisation, reuse,and reproducible analyses across
Europe. For that, data flows must be streamlined.

2.2 Barriers to Integration

Countries that do not currently use data on GBIF iden-
tified a range of barriers to its integration into Article
17 reporting. The most frequently cited challenges
were concerns about data quality and trust, particu-
larly regarding the suitability of opportunistic occur-
rence records for regulatory assessments, together
with limited awareness of the potential contribution
of data available through GBIF to national reporting.
Citizen science data, for example, now one of the larg-
est sources of biodiversity data within GBIF, continue
to raise concerns regarding their reliability among
many institutions.

Additional barriers reflected national and institutional
contexts rather than common concerns. These includ-
ed technical difficulties in integrating records in GBIF
with national datasets, the need for tools and capaci-
ty-building to facilitate data use, and challenges relat-
ed to sensitive species records and the interoperability
of institutional databases. GBIF’s adoption of the Cata-
logue of Life is a step that will facilitate the harmoni-
sation of databases and help overcome taxonomic dis-
crepancies when merging data from different sources.

2.3 Approaches Where Integration Exists

Countries using data available through GBIF described
arange of approaches to integrate these data into Arti-
cle 17 reporting. Rather than replacing standard mon-
itoring programmes, GBIF data were primarily used to
complement existing datasets, particularly by filling
distribution gaps or supporting species assessments
where additional occurrence records were available.

Integration approaches varied across institutions.
Some reported developing independent, repeatable
workflows, while others worked in coordination with
their national GBIF node. It was also emphasised that,
often, integration practices remain dependent on insti-
tutional capacity and project-specific requirements.

Most countries using data available through GBIF
reported applying some form of data quality evalu-
ation before using occurrence records in reporting.

The approaches described included selecting records
within known species ranges, verifying taxonomic or
author information, checking geographic coordinates,
tracking and selecting data according to provenance
and applying institutional quality assurance and
quality-control. These responses indicate that data
available through GBIF are generally treated as com-
plementary evidence requiring appropriate quality as-
sessment rather than being incorporated directly into
reporting workflows.

Key barriers identified by
participants

Concerns about data quality and fitness for
purpose

Difficulty assessing data quality, selecting
reliable data,and reporting on it

Limited awareness of the potential of data
on GBIF

Technical challenges in integrating records
in GBIF and national datasets

Need for tools, capacity building and
interoperable data infrastructures

Limited understanding of how differences
in species detectability affect quality-
control decisions and error-mitigation
strategies
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3.What B-Cubed Workflows Offer

3.1 Species Occurrence Cubes

B-Cubed has developed a data structure — the spe-
cies occurrence cube — that aggregates occurrence
records available through GBIF into spatial and tem-
poral cells. This enables consistent analysis across
taxa, regions, and time periods, providing a common
framework for biodiversity indicators that can support
policy reporting.

In doing so, the value of data in GBIF shifts from
individual datasets to the collective value created
through their aggregation. Consequently, the ap-
proaches required to extract meaningful signals from
aggregated data differ from those used to evaluate
bias in individual datasets. Another added value of
the species occurrence aggregation service is the ca-
pacity for filtering systemically the data sources be-
fore aggregation, for example only camera trap data
or museum collections.

IS Use Cubit® to generate your own data cubes
=7 and merge them with data cubes from GBIF
data.

Taxonomic dimension

Temporal dimension

3.2 Automated and Reproducible
Indicator Workflows

By embedding quality checks, uncertainty quantifi-
cation, and indicator calculation into scripted, repro-
ducible pipelines, B-Cubed workflows allow reporting
bodies to update assessments efficiently as new data
become available, with b3gbi! facilitating calculation
of indicators and maps (Figure 2).

Species occurrence records represent only one com-
ponent of Habitats Directive (HD) reporting’, which
also requires locality-specific information on species
status, habitat, and conservation. While GBIF cannot
replace national reporting, its extensive species oc-
currence data can complement the occurrence and
distribution component by providing a more complete
and timely pan-European perspective. In particular,
B-Cubed workflows facilitate the detection of chang-
es in species distributions, where biodiversity data
available through GBIF can provide valuable comple-
mentary evidence for Habitats Directive reporting.

3.3 Data Quality and Uncertainty

Recognising that concerns about data quality and trust
were among the main barriers identified by countries,
B-Cubed developed reproducible workflows that inte-
grate data preparation and bias diagnostics (Figure 3),
data selection based on information quality, such as
temporal structure (Figure 4), indicator calculation and
uncertainty assessment within a transparent analytical
framework.

These workflows enable biodiversity indicators de-
rived from species occurrence cubes to be generated
consistently while explicitly quantifying and commu-
nicating both statistical uncertainty and evidence sta-
bility, supporting more transparent interpretation of
results for policy applications.
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The case of Galanthus nivalis L. illustrates GBIF added value. The species is native in some European
biogeographic regions but non-native in others, meaning that HD reporting captures only its natural
distribution as defined under the Article 17 reporting framework. Consequently, distribution maps do
not reflect its full occurrence across Europe, including naturalised populations outside the native range
(Figure 2).

Integrating GBIF occurrence data with HD reporting can help identify emerging range expansions that
may otherwise remain undetected, supporting early awareness and more informed conservation and
policy responses. More broadly, this example illustrates the challenges of aggregating and interpreting
national reporting into a coherent pan-European assessment and highlights the value of open biodiver-
sity data in complementing existing reporting frameworks

The correspondence of GBIF taxonomic keys in the GBIF Backbone Taxonomy to the taxa reported under
the EU Habitats Directive (Article 17), for the 2001-06, 2007-12 and 2013-18 cycles, is available in the
(Machado & Teixeira, 2026) for reproducibility.
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Galanthus nivalis var. scharlockii Casp.
Galanthus nivalis f. pleniflorus PD. Sell

GBIF data (2007-2012)
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GBIF data (2013-2018)
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In the Global Register of
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Figure 2. Distribution of Galanthus nivalis
reported by national assessments in the Habitats
Directive national reports (top) and observations
available in GBIF (bottom),a species listed in

the Global Register of Introduced and Invasive
Species (GRIIS) for Belgium, France, UK, Denmark,
Sweden, Estonia, Lithuania, Netherlands. The
biogeographical range distribution reported
under Habitats Directive assessments overlooks
its range expansion and current distribution.
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Figure 3. Bias-detection diagnostics generated using the dubicube* functions in the B-Cubed R package. The diagnostics
show inflated mean numbers of observations per grid cell for Salmo salar (speciesKey = 7595433) and Cottus gobio (spe-
ciesKey = 7807208), attributable to methodological bias in fish-trapping sampling datasets. This bias may reduce evi-
dence stability by making the resulting patterns and conclusions sensitive to the inclusion or treatment of these datasets.
The y-axis shows the Leave-One-Species-Out Cross-Validation (LOSO-CV) Error, representing the change in the estimated
mean number of observations per grid cell after removing each species from the analysis. Species with large absolute
LOSO-CV Error values have a disproportionate influence on the indicator.
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Figure 4. Reporting dynamics of species in GBIF. Example of occurrences of Rana temporaria from 2001 to 2024, high-
lighting the strength of the temporal information for biodiversity trends across Europe. P: probability of presence in 2001

and in 2024; McFadden R? (alpha): [0-1].
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4. National Experiences and Opportunities for Policy
Integration

There is considerable variation in how Member States
currently use biodiversity data available through GBIF
in Habitats Directive reporting. While some countries
have started exploring or integrating GBIF data as a
complementary source of information, others rely pri-
marily on national monitoring programmes. None use
open data exclusively, even for records of non-sensi-
tive species. Differences reflect variation in national
data infrastructures, institutional practices, technical
capacity and confidence in the use of open biodiversi-
ty data for regulatory assessments.

GBIF National Nodes were recognised as important
intermediaries between biodiversity data infrastruc-
tures and reporting authorities, providing expertise
on data mobilisation, access, quality assessment and
workflow development. Strengthening collabora-
tion between reporting authorities, GBIF Nodes and
European institutions could facilitate the adoption
of more harmonised, effective and reproducible ap-
proaches across Member States.

Key opportunities identified during B-Cubed include:

Improving technical interoperability between
GBIF data infrastructures and national report-
ing systems through common standards and
reproducible workflows.

@ Building institutional capacity and guidance to
support the appropriate use of open biodiver-
sity data in Article 17 reporting.

@ Strengthening coordination at European level,
with EEA and DG ENV playing a role in pro-
moting harmonised approaches, sharing best
practices and supporting cross-Member State
learning.

@ Enhancing the role of GBIF National Nodes as
technical support hubs connecting biodiversity
infrastructures with national policy needs.

Going beyond statistical uncertainty to evi-

@ dence stability, B-Cubed complements uncer-
tainty estimates by assessing whether con-
clusions remain robust to changes in data,
assumptions and analytical choices. This pro-
vides a more complete picture of confidence in
biodiversity assessments.




5.Recommendations

5.1 For Member States

\2

\2
\2

\2
\2

Explore and pilot the integration of data available through GBIF into future Article 17 reporting,using reproducible
workflows and uncertainty tests such as those developed by B-Cubed.

Strengthen collaboration with GBIF National Nodes during reporting preparation.

Several EU Member States are still not part of the GBIF network, despite the well-documented benefits of
membership.

Document and share national integration approaches to build cross-Member State learning.

Use open science to make workflows reproducible and efficient,and the data more useful, transparent and safer.

5.2 For EEA and DG Environment

\Z
\Z
\Z

\2

Develop guidance explicitly endorsing the use of open biodiversity data (including GBIF) in Habitats Directive
reporting.

Coordinate a shared indicator framework based on harmonised, reproducible workflows.

Establish a forum for Member States to exchange reporting workflows, quality assurance and data integration
practices.

Integrate Open Biodiversity Data in compliance checking procedures of national assessments and for establishing
biogeographic trends.

5.3 For GBIF (Secretariat and National Nodes) and other Research Infrastructures

BDADD @D B

Strengthen node capacity for policy-facing support, including training on Habitats Directive reporting
requirements.

Promote GBIF's expanded capacity to support biodiversity monitoring through the Humboldt Extension
for Ecological Inventories. This development is particularly relevant for the Habitats Directive, as it enables
structured survey data to be more effectively shared and reused.

Formalise policy liaison roles within nodes to bridge the science-policy interface.

Improve metadata to support data quality assessments of species and datasets.

Maintain open, FAIR-compliant tools co-designed with reporting authorities.

Engage in structured co-creation with Member States and EU institutions to ensure workflows meet real
reporting needs.
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Definitions

Occurrence cube — A spatially and temporally aggre-
gated data structure used by B-Cubed to standardise
species occurrence records for analysis.

Statistical uncertainty — The degree of imprecision in
an estimate or result arising from limited data, sam-
pling variation, measurement error, or natural variabil-

ity.

Evidence stability — The extent to which a conclusion
remains consistent when reasonable changes are
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