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Abstract. The global biodiversity crisis, driven by habitat loss, climate change, and overexploitation, demands
efficient data management and accessibility to inform conservation decisions. While open-access biodiversity
data have increased, a substantial portion, termed “dark data,” remains unpublished and inaccessible. We ex-
plored the mobilization of dark data existing in Environmental Assessment (EA) reports in Spain to improve the
Digital Accessible Knowledge for 43 field-recorded threatened species. Based on the IUCN Red List criteria,
we evaluated the impact of EA-related dark data on two required metrics: the extent of occurrence (EOO) and
area of occupancy (AOO). Our results show that integrating dark data increased EOO and AOO for 23% and
93% of the field-recorded threatened species, respectively, including endangered species like Aquila adalberti.
We highlight the importance of mobilizing data collected during the EA processes and ensuring that data are
made findable, accessible, interoperable, and reusable (FAIR) to inform conservation decisions. Mobilizing
EA-related dark data offers a cost-effective approach by which to strengthen biodiversity management, facilitate
decision-making, and justify biodiversity conservation.
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INTRODUCTION

Threats to biodiversity are escalating globally and at
unprecedented rates (Barnosky et al., 2011; Pimm et al.,
2014; Baldauf & de Oliveira Lunardi, 2020), leading to
precipitous declines in global biodiversity (WWF, 2022).
Habitat loss, climate change, pollution, and overexploita-
tion are among the main drivers of this biodiversity decline
(IPBES, 2019; WWE, 2022), which science has increas-
ingly been able to document and measure via global indi-
cators such as the Living Planet Index (Loh et al., 2005).
These indicators reveal that the biodiversity crisis affects
different species differently (Hochkirch et al., 2023), thus
requiring the assessment of species’ extinction risk to pri-
oritize conservation actions effectively.

To address this variation, species are commonly clas-
sified based on their conservation status in different inter-
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national, national, and regional catalogues, which often
leads to specific protection measures and conservation
funding (Butchart et al., 2006; Hoffmann et al., 2015). The
TUCN Red List of Threatened Species (IUCN Red List) is
widely acknowledged as the most comprehensive, objec-
tive global approach for assessing the extinction risk of
biodiversity according to five quantitative criteria, eval-
uating indicators such as population trends or geographic
ranges (Butchart et al., 2007; Mace et al., 2008). Although
the IUCN Red List is based on robust and standardized
guidelines (IUCN Standards and Petitions Committee,
2022), the precision and consistency of the assessments
depend primarily on the amount, quality, as well as acces-
sibility of primary biodiversity data or records (PBR) that
support the estimation of species distribution and trends
(Ribeiro et al., 2022).
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PBR are “data that place a taxon in time and space”
(Sousa-Baena et al., 2014; Barve, 2014), and are essential
to estimating species richness and distribution patterns,
understanding species’ environmental requirements, com-
piling checklists, and describing new species (Cadman
et al., 2011; Sousa-Baena et al., 2014; Ball-Damerow et
al., 2019; Escribano et al., 2019). When PBR are digital,
accessible in standard formats, published openly, and en-
able integration with other data, they are called “Digital
Accessible Knowledge” or DAK (Sousa-Baena et al.,
2014), and therefore, they can be openly used to support
decision-making, monitor, and identify gaps in knowledge
(Tenopir et al., 2011; Costello & Wieczorek, 2014; Escrib-
ano et al., 2019; Gonzalez-Alonso & Arifio, 2022). Over
the past few decades, international approaches such as the
Global Biodiversity Information Facility (GBIF), a glob-
al research infrastructure established in 2001, have sub-
stantially improved management and accessibility to these
data by providing free, open, and standardized digital ac-
cess to biodiversity data worldwide (Edwards, 2001; Cur-
ry & Humphries, 2007; Muiioz et al., 2019). As a result,
over 3.5 x 10 occurrence records are currently publicly
available in the portal and rising.

Despite successful approaches, as with an iceberg,
only a small portion is visible, while most biodiversity
records remain hidden below the surface (Arifio, 2010;
Ball-Damerow et al., 2019). The remaining biodiversity
data, in the submerged section of the biodiversity “da-
taberg,” remain inadequately managed, locked, unpub-
lished, and largely unused. These “DarK Data” (herein-
after DKD) are existing data that are nearly invisible to
potential users, potentially valuable but likely to remain
underused and eventually lost (Heidorn, 2008; Lewis et
al., 2018; Peterson et al., 2018). DKD represent lost op-
portunities to strengthen baseline knowledge and, ulti-
mately, to support evidence-based conservation decisions
and integrated biodiversity management, one of the goals
established on the Kunming—Montreal Global Biodiver-
sity Framework, adopted during the 15th Conference of
Parties to the United Nations Convention on Biological
Diversity (Convention on Biological Diversity, 2022).

The existence of DKD reflects infrastructural-tech-
nical (e.g., lack of data management and accessibility in-
frastructure), socio-cultural (e.g., limited incentives and
lack of recognition for data sharing), policy-political and
legal (e.g., legal indeterminacy), and economic (e.g., in-
sufficient funding) limitations impacting data management
and accessibility practices (Chavan & Ingwersen, 2009;
Escribano et al., 2018; Mufioz et al., 2019). Over time,
the biodiversity informatics community has been refining
standards and principles, such as the Darwin Core (DwC)

standard—developed in 1999 and formally ratified by Bio-
diversity Information Standards (TDWG) in 2009 (Wiec-
zorek et al., 2012)—and the FAIR principles (Wilkinson
et al., 2016)—to make scientific data easy to find through
standard search engines (findability), easy to access (ac-
cessibility), standardized to facilitate their use (interop-
erability), and well-documented to allow their reuse for
different purposes (reusability). Although organizations
such as GBIF have encouraged data publication and have
invested heavily in tools like the Integrated Publishing
Toolkit to simplify the process in line with these frame-
works (Robertson et al., 2014; Figueira et al., 2023), their
implementation remains delayed in some sectors, limiting
mobilization of large volumes of biodiversity data into
global knowledge.

One significant source of DKD is Environmental As-
sessments (EA), the leading technical and administrative
procedure for controlling human development impacts on
biodiversity, applied across many countries worldwide,
including Spain (Dias et al., 2022; Ley 21/2013, 9 de dic-
iembre). EA was introduced into Spanish regulations in
1986 for the Environmental Impact Assessment (EIA) of
proposed projects and, later, in 2006 for the Strategic En-
vironmental Assessment (SEA) for plans and programs
(Ley 21/2013, 9 de diciembre). EA procedures routinely
involve field surveys that generate PBR, but the absence of
efficient data management (e.g., standardization, quality
control, documentation, and long-term storage) and acces-
sibility practices leads to EA-related PBR typically being
stuck in technical or administrative EA reports and rarely
published in standardized, reusable formats (Cadman et
al., 2011; King et al, 2012). In Spain, the central govern-
ment is responsible for EA activities whose authorization
corresponds to the state, while, in the remaining cases, re-
gional governments are in charge (Enriquez-de-Salaman-
ca et al., 2016). Therefore, these administrations not only
regulate development activities but also store large vol-
umes of EA-related biodiversity data, including PBR for
priority species. These data remain inaccessible for reuse
to inform future studies, scientific research, environmental
planning, and decision-making (Cadman et al., 2011; Ca-
las et al., 2020).

In this context, EA-related DKD are not being used
widely enough to realize their potential because they are
unavailable (Stall et al., 2019). This problem becomes
even more significant when we refer to threatened or listed
species. At the national level, the Spanish National Cata-
logue of Endangered Species (CEEA, acronym in Span-
ish) is a public administrative register that identifies and
categorizes threatened species populations as endangered
(EN) or vulnerable (VU); the same occurs at the regional
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level. For such listed species, public administrations are
required to inform about their conservation status and
implement specific conservation measures to manage
their populations actively (Real Decreto 139/2011, de 4
de febrero; Comision Estatal del Patrimonio Natural y
la Biodiversidad, 2012). While considerable amounts of
EA-related data could serve these ends, they go largely
wasted. If we could make these EA-related DKD findable,
accessible, interoperable, and reusable (FAIR), they could
become a complementary but powerful tool for better
decision-making and conservation planning. Mobilizing
such DKD is a very cost-effective strategy to strengthen
the backbone of biodiversity DAK with relatively low in-
vestment and would increase the efficiency of biodiversity
data management.

In this study, we explore the contribution of the EA-re-
lated DKD once mobilized and integrated into the existing
GBIF-published DAK for threatened species in Spain.
Specifically, we evaluate whether incorporating EA-relat-
ed DKD introduces changes in DAK temporal coverage
and in the estimation of extent of occurrence (EOO) and
area of occupancy (AOO), two spatial metrics widely used
for evaluating the conservation status of species according
to the IUCN Red List Criteria. The outcome is a view of
the degree to which DKD can be mobilized to enrich cur-
rent data that are in currency for science and policy.

MATERIALS AND METHODS

Species occurrence data

We targeted the 119 species present in Spain cata-
loged as EN (50 species) or VU (69 species) in the CEEA
from the taxonomic groups of interest: amphibians, birds,
fishes, mammals, and reptiles (Appendix S1). We restrict-
ed the analysis to peninsular Spain (i.e., not including the
Balearic or Canary islands).

We selected threatened species occurrence data from
a dataset gathering all EA-related stray records of spe-
cies included in CEEA between 1994 and February 2023,
found in the Records of Decision (RODs) published in the
Official State Gazette (Telletxea et al., 2025). This dataset
was generated through automated text-mining techniques
and manual curation to identify, validate, and categorize
EA-related species records. By mobilizing non-actionable
stray data from EA reports into a structured and interop-
erable format, this resource constitutes an important con-
tribution to both biodiversity knowledge in Spain and data
mobilization practices. Telletxea et al. (2025) provided a
dataset including species records categorized into litera-
ture-based records, absences, and PBR, the latter avail-
able in GBIF. We quantified the total number of published

RODs citing threatened species and calculated the propor-
tion that reported new PBR for the last four years. Tem-
poral trends in EA-related PBR reporting were assessed
by comparing annual counts and percentages across years.
The PBR of field-recorded threatened species included in
the dataset, minus discarded records, such as detection er-
rors and duplicates, constituted a sample of the Spanish
threatened species’ DKD.

Presence-only occurrence data for the threatened
species in Spain were obtained from GBIF (GBIF.org, ac-
cessed on 9 and 27 October 2023). The search was limited
to the 43 species for which DKD were found in the RODs.
Given the documented biases and gaps in GBIF-published
data (Gaijietal., 2013), also for the Iberian Peninsula (Ron-
quillo et al., 2020), we applied a conservative data filtering
to minimize their potential effects. Species searches were
performed using the accepted scientific names according
to the GBIF taxonomic backbone to avoid record omission
owing to extensive taxonomic synonymy; subspecies-lev-
el records were excluded. Records listed as material sam-
ple or fossil specimen from the ‘basisOfRecord’ field were
discarded, retaining primarily observation-based records.
Occurrence data were constrained to include only those
with consistent coordinates (i.e., falling in the specified
country), no geospatial issues, and coordinate uncertainty
not exceeding the maximum DKD uncertainty. Records
that did not meet these characteristics were considered
poor-quality, and were excluded from further analyses.
This filtering was intended to guarantee that the resulting
dataset provided a broad temporal and geographic baseline
for threatened species in peninsular Spain, representing a
sample of these species’ DAK prior to the mobilization of
EA-related data.

Data processing

The DKD and DAK for the threatened species were
mapped using a geographic information system (GIS),
QGIS v. 3.24.3 (QGIS.org, 2022). Occurrences outside
a 0.45° (approximately 55 km) buffer around peninsular
Spain were excluded, including coastal records of threat-
ened species but avoiding Spanish island territories that
administratively belong to peninsular provinces, such as
Alboran Island or the Columbretes Islands.

The potential impact of the EA-related DKD incorpo-
ration into DAK was assessed from the number of records,
the temporal coverage of DKD and DAK, and the two
spatial metrics used in the [UCN Red List Criteria: EOO
and AOO. These metrics were applied as a methodological
approach to quantify changes in threatened species’ geo-
graphic range resulting from the incorporation of EA-re-
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Figure 1. Impact of Environmental Assessment (EA)-related records on threatened species. A) Alluvial diagram summarizing the
transition of targeted threatened species (n = 119) to not cited in Records of Decision (RODs, n = 27), cited but not field-recorded (n
= 49), and cited and field-recorded (n = 43). B) Taxonomic composition (outer ring) and national threat category (inner ring) of the
947 EA-related primary biodiversity records (PBR) associated with the 43 field-recorded species. C) Number of field-recorded spe-
cies showing increased or unchanged area of occupancy (AOO) after the inclusion of EA-related PBR. D) Number of field-recorded
species showing increased or unchanged extent of occurrence (EOO) after the inclusion of EA-related PBR.

lated DKD into GBIF-published DAK. QGIS v. 3.24.3
was used to measure these Red List parameters, providing
an objective and repeatable methodology.

EOO is defined as “the area contained within the
shortest continuous imaginary boundary which can be
drawn to encompass all the known, inferred or projected
sites of present occurrence of a species, excluding cases
of vagrancy” (IUCN Standards and Petitions Committee,
2022). The recommended method for estimating EOO is
the minimum complex polygon, also called the convex
hull (Joppa, 2016; IUCN Standards and Petitions Commit-
tee, 2022), defined as “the smallest polygon in which no
internal angle exceeds 180 degrees, and which contains
all the sites of occurrence” (IUCN, 2012). EOO was es-
timated by measuring the area of the minimum complex
polygon using two sets of data for each threatened species:
DAK and combined DAK-DKD. The DKD contribution
was estimated as the percentage of the increase in EOO.

AOO is defined as “the area within its EOO which
is occupied by a taxon” (IUCN Standards and Petitions
Committee, 2022). Although the IUCN Red List guide-
lines recommend 2x2-km cells as the reference for esti-
mating AOO (IUCN Standards and Petitions Committee,
2022), we used 10x10-km grid as the scale used in na-
tional biodiversity reporting' by the Spanish Ministry for
the Ecological Transition and the Demographic Challenge

! Available in https://www.miteco.gob.es/es/biodiversidad/te-
mas/inventarios-nacionales/inventario-especies-terrestres/inven-
tario-nacional-de-biodiversidad/bdn-ieet-default.html.

(Comision Estatal del Patrimonio Natural y la Biodiversi-
dad, 2012) and to match the spatial resolution of the avail-
able occurrence data. Since this analysis targets relative
changes in spatial metrics, rather than absolute values or
species recategorization, the choice of grid size does not
invalidate the results. AOO was estimated by adding the
area of the cells occupied by each threatened species us-
ing two sets of data: DAK and combined DAK-DKD. The
DKD contribution was estimated as the percentage of the
increase in AOO.

ResuLrs

After removing discarded and poor-quality occurrenc-
es, the initial dataset of 43 threatened species GBIF-pub-
lished records was reduced to 126,749 occurrences in
peninsular Spain. The majority of excluded records were
associated primarily with high coordinate uncertainty, fol-
lowed by geospatial issues and missing coordinates. Sim-
ilarly, a dataset of 4630 threatened species records was
obtained from Telletxea et al. (2025). After removing 271
automatic detection errors and 29 duplicate records, the fi-
nal dataset of EA-related records comprised 4330 records,
including 947 field-recorded EA-related records in penin-
sular Spain.

Seventy-seven percent (92 out of 119) of targeted
threatened species were cited in RODs, but PBR existed
only for 47% (43 out of 92) of cited species (Figure 1A).
Specifically, in RODs for peninsular Spain, there were
767 occurrences for 25 bird species, 175 occurrences for
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Figure 2. Dark data (DKD) records from endangered species (red points) and vulnerable species (grey points) in Records of Deci-

sion (RODs) published in the Official State Gazette.

13 mammal species, two occurrences for two amphibian
and two reptile species, and one occurrence for one fish
species, comprising 947 DKD records of field-recorded
threatened species: 327 records for EN species, and 620
records for VU species (Figure 1B).

EA-related PBR have been reported irregularly in
RODs since 2013. However, the number of EA reports
documenting field-recorded data has increased in recent
years. Up to 2019, the number of published RODs report-
ing PBR was seven. In 2020 and 2021, only 10.2% (6 out
of' 59) and 21.4% (15 out of 70) of the published RODs, re-
spectively, provided PBR. In 2022, the percentage rose to
53.8% (77 out of 143), and in 2023, it was 87.2% (123 out
of 141 provided new PBR). This implies that the EA-re-
lated PBR are temporarily concentrated between 2020 and
2023. EA-related PBR were also irregularly distributed
across peninsular Spain, with a higher concentration of re-
cords in specific sites, whereas large areas remained poor-
ly represented (Figure 2).

Mobilizing EA-related DKD extended the DAK tem-
poral coverage for 19% (8 out of 43) of field-recorded
threatened species by incorporating more recent records,
adding on average 1.9 years of occurrence information for
these eight species. Mobilizing EA-related DKD increased
spatial knowledge derived from DAK, increasing both
AOO and EOO, for 23% (10 out of 43) of field-record-
ed threatened species (Figure 1C-D). For 70% (30 out of
43) of field-recorded threatened species, mobilizing DKD
slightly increased their AOO but not EOO. The remaining
7% (3 out of 43) corresponded to field-recorded threatened
species whose spatial knowledge (AOO and EOO) did not
increase after DKD mobilization (Figure 1C-D). The esti-
mated AOO of the 43 species are presented in Appendix
S2.

Changes in spatial knowledge of field-recorded threat-
ened species resulting from mobilizing EA-related DKD
varied by taxonomic groups and national threat category.
All mammal species, the only fish species, and all but one
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Figure 3. Number of field-recorded species showing an increase or no change in A) area of occupancy (AOO) and B) extent of
occurrence (EOO) after the mobilization of Environmental Assessment (EA)-related primary biodiversity records (PBR), cate-
gorized by taxonomic group and national threat category. Red bars represent endangered (EN) species and grey bars represent
vulnerable (VU) species. Taxon colors correspond to those used in Figure 1.

bird species showed increases in AOO (Figure 3A). How-
ever, only six birds and four mammals showed increases
in EOO (Figure 3B); data by species are in Appendix S3.
All EN field-recorded species showed increases in AOO,
as did 90% of VU field-recorded species (Figure 3A).

Table 1 highlights the contributions to the number
of records, AOO, and EOO for the 10 threatened species
whose AOO and EOO increased. The Common Noctule
(Nyctalus noctula), a vulnerable bat species, showed the
highest increase in the number of records with EA-related
DKD contributing 10.1% to the DAK. These records made
important contributions to the AOO of all species (Figure
4A), with an increase of 14.2%, and a slight 4.6% increase
in EOO (Table 1). The Spanish Imperial Eagle (Aquila
adalberti), an endangered bird species, showed the highest
increase in EOO with EA-related DKD contributing 9.1%
to the EOO based on DAK. These records also contributed
to the AOO estimated based on DAK (Figure 4B), with
an 11.9% increase (Table 1). The Giant Noctule (Nyctalus
lasiopterus) and Cinereous Vulture (4egypius monachus)
also showed considerable increases in their AOO: 8.6%
and 7.2%, respectively. On the other hand, species such
as Montagu’s Harrier (Circus pygargus) and Little Bus-
tard (Zetrax tetrax) showed only minor increases in AOO
without EOO expansion (Figure 4C-D), and species such
the Spur-thighed Tortoise (7estudo graeca) and the Long-
tailed Salamander (Chioglossa lusitanica) did not show
detectable changes (Figure 4E-F).

DiscussioN
The mobilization of EA-related DKD measurably in-
creased the estimated AOO based on DAK for 40 threat-
ened species. This represents one-third of the total threat-
ened species, but 93% of field-recorded species. Species

showing increases in EOO fell to 23% of the field-record-
ed species, meaning that increases in AOO were notice-
ably more frequent than increases in EOO. This difference
suggests that EA-related PBR predominantly completed
AOO estimates rather than redefining species distribution
limits. The fact that all EN field-recorded species showed
an increase in AOO suggests that spatial gaps in DAK
and lack of monitoring may still exist even for the most
threatened species at the national level (Lomolino, 2004;
Kaplan et al., 2023), which may be present in more areas
than initially known.

The mobilization of EA-related DKD also extended
the temporal range of eight threatened species by adding
more recent records to the DAK, which is key to estab-
lishing sound time series, essential for detecting changes
in species’ geographic distributions and evaluating trends
(Magurran et al., 2010; Figueira et al., 2023). The fact that
EA-related PBR were concentrated in recent years reflects
that, although EA procedures have traditionally included
some—more or less appropriate—field surveys (Treweek,
1996), the data collected during this fieldwork have only
recently begun to be reported systematically in RODs
(e.g., Resolucion de 14 de mayo de 2021; Resolucion de
23 de septiembre de 2022; Resolucion de 12 de enero de
2023). This increasing trend allowed the mobilization of
more than 1200 PBR (Telletxea et al., 2025), and our re-
sults suggest that fieldwork in EA can provide valuable
information to the DAK if the PBR are properly managed
and subsequently made accessible.

Although DAK published via GBIF provided a broad
temporal and spatial baseline for current knowledge of
threatened species, a high proportion of records were dis-
carded during filtering, mainly because of high coordinate
uncertainty, followed by previously documented geospa-
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Figure 4. Area of occupancy (AOO) of A) Nyctalus noctula, B) Aquila adalberti, C) Circus pygargus, D) Tetrax tetrax, E) Testudo
graeca, and F) Chioglossa lusitanica. Green: estimated from GBIF presence data. Purple: AOO added by the mobilized Environ-
mental Assessment (EA)-related dark data (DKD).
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Table 1. Summary of the contributions to the number of records, area of occupancy (AOO), and extent of occurrence (EOO) of the
ten threatened species (red: endangered; black: vulnerable) that increased their EOO when incorporating dark data (DKD). The com-

plete table of the field-recorded species is in Appendix S4.

GBIF

Records contribution

AOO contribution

1 1 1 0,
Species DKD records records %) %) EOO contribution (%)
Aquila adalberti 69 3309 2.04 11.90 9.08
Nyctalus noctula 16 142 10.13 14.19 4.61
Milvus milvus 168 15849 1.05 3.35 2.43
Aegypius monachus 63 5207 1.20 7.17 2.33
Neophron percnopterus 45 7311 0.61 1.84 1.48
Microtus cabrerae 1 607 0.16 0.33 1.25
Aquila fasciata 51 7315 0.69 2.52 0.70
Nyctalus lasiopterus 12 202 5.61 8.55 0.61
Oxyura leucocephala 1 3643 0.03 0.87 0.39
Mpyotis myotis 27 1280 2.07 2.88 0.13
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Figure 5. The distribution range of seven threatened species not reported in Environmental Assessment (EA) processes. Colored
10x10-km cells represent the officially reported species distribution area by the Spanish Ministry for the Ecological Transition and
the Demographic Challenge under the Habitats Directive for the 2013-2018 period (Ministerio para la Transicion Ecologica y el
Reto Demografico, 2020). Green polygons represent the protected areas designated in Spain near the distribution of the seven spe-
cies. Black dots indicate locations where EA processes were conducted.

tial issues and missing coordinates (Otegui et al., 2013;
Ronquillo et al., 2020). This reduction in DAK records
points to a fundamental idea about evidence-based con-
servation: conservation decisions must be based on suffi-
cient, robust, high-quality data (Pullin & Knight, 2001).
Much of traditional conservation practice has been based
on anecdotal information instead of evidence, which has
limited ability to make decisions or assess the status of
threatened species (Pullin & Knight, 2001; Sutherland et
al., 2004). In a new scenario in which we increasingly rely
on evidence, insufficient fit-for-use records (Hill et al.,
2010) hinder assessment of species’ conservation status.
In this context, when many records are discarded due to
uncertainty, with associated loss of spatial representation,
our ability to detect trends or adequately assess the species
extinction risk is compromised. These information gaps
draw attention to the need to identify strategies to increase

the available DAK, improve data quality, and maximize
the amount of fit-for-use data to inform threatened species
assessments or to guide decision-making, such as publish-
ing existing underutilized EA-related data.

Scientific studies and publications (King et al., 2012),
initiatives such as Data4Nature (Agence Francaise de
Développement, 2020), and best-practice guides (Agence
Francgaise de Développement, 2021; Cadman et al., 2011;
Rodrigues et al., 2022) discuss the importance of pub-
lishing already existing EA-related data. However, these
papers do not characterize and quantify the impact of
existing EA-related DKD on current biodiversity DAK.
In this context, our results present empirical evidence of
the contribution of EA-related records, showing that, in
some cases, EA studies may constitute the only inventory
conducted in an area for years (Figueira et al., 2023). As
such, when mobilized and standardized, EA-related data
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can contribute to building a solid base of scientific knowl-
edge (Weaver et al., 2008; King et al., 2012; Figueira et al.,
2023), particularly for threatened species.

However, our results show that about two-thirds of
threatened species included in the CEEA were cited in
RODs, but only about one-third of targeted threatened spe-
cies is reported in RODs as field-recorded. The fact that a
high proportion of threatened species were not field-docu-
mented does not necessarily indicate deficiencies in field-
work or EA methods. EA are not designed to systematical-
ly sample national biodiversity and environment, as other
inventories, monitoring networks, or projects do (Aguilar
et al., 1994; Area de Inventario y Estadisticas Forestales,
2021; Valdés, 2021), but to assess potential impacts in spe-
cific areas that may be affected significantly by projects,
plans, or programs (Ley 21/2013, de 9 de diciembre).

Besides, many threatened species have a considerable
portion of their geographic ranges covered by protected
areas, such as natural parks, nature reserves, or Natura
2000 sites (Spiliopoulou et al., 2023), some of which, like
the latter, are specifically established to preserve target-
ed species and habitats (Council Directive 92/43/EEC of
21 May). In these protected areas, resource exploitation is
often limited or incompatible with the purposes that jus-
tified their creation (Ley 42/2007, de 13 de diciembre).
Consequently, EA procedures are less likely to be conduct-
ed in these areas, reducing the likelihood that EA-relat-
ed fieldwork will generate new records of species whose
presence is restricted to these areas. In fact, among the 29
uncited species were endemic species or species with re-
stricted distributional areas (Figure 5), such as the Galan’s
Rock Lizard (Iberolacerta galani), occurring in the Lake
of Sanabria Natural Park (Arribas, 2009), the European
Brook Lamprey (Lampetra planeri), present in the ZEC
Rio Cares-Deva (Decreto 156/2014, de 29 de diciembre),
and the Montseny Book Newt (Calotriton arnoldi), en-
demic to the Montseny Natural Park and Biosphere Re-
serve (Guinart et al., 2022).

Therefore, whether owing to the conditions requiring
specific projects, plans, or programs, or the existence of
protected areas restricting certain activities, the taxonomic
composition and, especially, the spatial distribution of the
EA-related PBR are strongly influenced by the location of
the proposed activities, rather than by the actual distribu-
tion of the threatened species. The taxonomic composition
of mobilized data across the different selected taxonom-
ic groups is consistent with the distribution of their total
data available through GBIF in Spain according to the last
annual activity report (GBIF, 2024). Birds accounted for
the majority of EA-related DKD, both in terms of spe-
cies and number of records, followed by mammals; thus,

they were the taxonomic groups that benefited most from
DKD mobilization. This situation suggests a well-known
taxonomic bias towards more easily observable groups of
species that are the focus of conservationists’ attention.
However, as discussed in other cases, the overrepresenta-
tion of bird records is not problematic (Gaiji et al., 2013),
as the critical issue is that each unused generated data had
already been mobilized and could already be used to lay
the foundation for knowledge of threatened species and
conservation. The spatial distribution of mobilized DKD
reflects dependence on EA activity, with records often
concentrated in areas of predictably more intense EA ac-
tivity. Therefore, the EA-related mobilized DKD should
be interpreted as complementary to, not a substitute for,
those systematic inventories and monitoring networks,
since they provide specific information on priority species
surveyed in the field and present in areas that may be—or
already are—affected by human development activities,
rather than offering a comprehensive representation of na-
tional biodiversity patterns.

Acknowledging their additional value, we must work
on the management and accessibility of EA data. In Spain,
ordinary EA procedures have an essential phase where
the plans, programs, or projects are announced for pub-
lic consultation (Ley 21/2013, de 9 de diciembre). Plans,
programs, or project details, such as the environmental
document and the environmental study, are published in
this phase for consultation in the Official State Gazette.
However, the information does not remain permanently
published. The EA procedure’s main documentary source,
permanently published and available to the public in the
Official State Gazette, are the RODs because their issuance
is mandatory to continue the EA procedure (Ley 21/2013,
de 9 de diciembre; Villarroya & Puig, 2013). These final
RODs are synthesis documents from which Telletxea et
al. (2025) were able to mobilize priority species records,
and commonly do not include all the biodiversity data
generated as part of EA. Furthermore, although publicly
available, the data are neither actionable nor standardized
to facilitate their future reuse for other purposes (King et
al., 2012).

The management and publication of EA-related bio-
diversity data should be mandatory or at least have incen-
tives. In the most stringent situation, the incorrect man-
agement of the new EA-related biodiversity data should be
reason enough to void the procedure. There is no culture
nor obligation of data management and publication in EA
practice (King et al., 2012), so this suggestion may sound
like a drastic solution; changes in established procedures
take time and persistence, but the problem of data man-
agement inefficiency and data loss is urgent now that opti-
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mizing resources is so essential (Stall et al., 2019). A more
conservative approach, that of offering incentives such as
scholarly recognition of the data (e.g., citable data papers)
may also provide a stopgap towards that goal (Chavan &
Penev, 2011). Even so, we can find examples from the pri-
vate sector that are increasingly making efforts to publish
biodiversity data. Through GBIF, 131 companies currently
contribute almost 14 x 10° records, including consulting or
energy companies (GBIF, 2025).

Early data management and accessibility would
involve a moderate additional cost of an EA (Agence
Francaise de Développement, 2020) but would prevent
the loss of valuable information and the later mobilization
efforts. The average cost, mainly related to data format-
ting, is estimated at around 3300€ per EA, less than 0.7%
of the total cost of an environmental procedure (Agence
Francaise de Développement, 2020). However, following
the protocols proposed by GBIF for the publication of
data on its facility does not seem to entail such a budget;
the additional cost would rather translate into the hours of
data standardizing and publishing. Therefore, the cost of
efficient data management and publishing could be much
lower than the cost suggested by the Agence Francaise de
Développement, although the option of publishing a data
paper might in some cases incur into Article Processing
Costs (APC).

Improving the management and accessibility of
EA-related PBR should not be considered a purely techni-
cal matter, but rather a prerequisite for translating EA pro-
cedures into concrete results in conservation planning and
decision-making. Without data management and accessi-
bility, the EA-related PBR cannot be efficiently integrat-
ed into our baseline accessible knowledge on threatened
species, limiting their use in conservation status metrics
such as AOO or EOO, and, consequently, in extinction
risk assessments. Indeed, the ultimate value of mobilizing
EA-related PBR resides in their potential to be reused to
inform future conservation decisions, as they can help bet-
ter reflect the actual species’ distribution and trends. It is
important to note that, by improving our knowledge of a
species, reassessments could lead to its downlisting into a
lower category (Hoffmann et al., 2010), but this would not
necessarily imply a reduction in our duty to protect them:
it would lead to a clearer prioritization of actions and a
better allocation of conservation resources. In fact, from
a cost-benefit perspective, the mobilization and reuse of
existing but underutilized EA-related data, even with addi-
tional cost (Agence Francaise de Développement, 2020),
represents an efficient strategy for potentially improving
knowledge and assessments of threatened species without

requiring new fieldwork efforts and resources—that is, re-
ducing costs (Calas et al., 2020).

EA is described as one of the more successful policy
innovations of the 20th Century, and it is an established
and mandatory process in more than 100 countries (Petts,
1999). The Agence Francaise de Développement (2020)
estimates that each EA produces between 500 and 1000
PBR, suggesting that this procedure generates large vol-
umes of dark biodiversity data at the global level, estimat-
ed at up to 300,000 records (Agence Francaise de Dével-
oppement, 2020). If properly managed, standardized, and
mobilized, EA-related data has the potential to enrich the
information basis for decision-making and conservation
planning, both nationally and internationally.

CONCLUSIONS

EA-related DKD, while not designed to comprehen-
sively represent threatened biodiversity, increased the spa-
tial and temporal DAK for a subset of threatened species,
notably expanding the estimation of AOO for 40 threat-
ened species. Therefore, EA-related data are a specific and
complementary source of information useful for improv-
ing the amount and consistency of accessible biodiversity
data and obtaining the best available evidence to inform
conservation status assessments of threatened species. It is
sensible to utilize these newly mobilized data to guide con-
servation, especially when these data are readily available
and of known provenance. There are multiple ways to use
these data; for example, these FAIR-ified data are already
suitable for ecological niche modeling studies. However,
if we want to unlock their full potential and if outputs are
to be universally and indefinitely comparable, some data
management standards and publication guidelines must
be systematically adopted. Public administrations should
promote or require the use of existing infrastructures, stan-
dards, and protocols (provided by platforms such as GBIF)
to facilitate the accessibility and reuse of EA-related PBR.
In this way, EA procedures could contribute not only to
impacts assessment but also to flipping the databerg.

ACKNOWLEDGMENTS
We would like to acknowledge the Association of
Friends of the University of Navarra for the financial sup-
port for M. Telletxea, and Francisco Pando and an anon-
ymous reviewer for very thorough and thoughtful com-
ments that greatly improved the clarity of the manuscript.

CONFLICT OF INTEREST STATEMENT

The authors have declared that no competing interests
exist.

68



MAITE TELLETXEA ET AL. — THE RECOVERY OF STRAY BIODIVERSITY DATA IN ENVIRONMENTAL ASSESSMENT REPORTS

DATA ACCESSIBILITY

The dataset of Environmental Assessment (EA)-re-
lated stray data is available in Biodiversity Data Jour-
nal (https://doi.org/10.3897/BDJ.13.e142302), and the
DAK for threatened species was accessed via the Glob-
al Biodiversity Information Facility (GBIF) (https://doi.
org/10.15468/dl.a3rgze and  https://doi.org/10.15468/
dL.6jf8km). All of the Appendices (1-4) are available at
https://hdl.handle.net/1808/36303.
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