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Abstract

Although significant biodiversity has been safeguarded by protected areas (PAs), biodiver-
sity trends continue downward. Within the frameworks of the EU Biodiversity Strategy for
2030 and the new EU Restoration Regulation (2024), conserving critical biodiversity areas
is essential. One promising approach is other effective area-based conservation measures
(OECMs), which offer alternative pathways for in situ conservation. We identified sites
across the EU that are not PAs but could contribute to conservation and be recognized as
OECMs, and determined the potential contribution of these sites to biodiversity conserva-
tion. We partially applied the IUCN framework for OECM establishment across the entire
EU with a focus on Greece and France. This framework is a three-step process (screen-
ing, consent, and full assessment), the full application of which requires data related to the
governance and management regime of the atea, long-term goals, and other site-specific
information. Such data are typically available only at the site-based level. Hence, we based
our analyses primarily on capturing biodiversity values within geographically defined areas
based on freely available European data (e.g;, landscape indices, habitats, and species sta-
tuses). We found that areas suitable for OECMs could cover up to 10% of European land
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INTRODUCTION

Global biodiversity is declining, with observed impacts on
ecosystem services and human society (Pereira et al., 2024).
Strategies, policies, and initiatives centered around protected
areas (PAs) alone have safeguarded important biodiversity ele-
ments; however, they have not fully mitigated biodiversity loss
(Diaz et al, 2019; Xu et al,, 2021). The Kunming—Montreal
Global Biodiversity Framework (KMGBF) (CBD, 2022) and
the revised 2030 European Union (EU) Biodiversity Strategy
(EC, 2020b) highlighted the need to enhance biodiversity pro-
tection through the expansion of area-based conservation of
marine, terrestrial, and freshwater realms to halt and reverse bio-
diversity decline. This raises the question of whether expanding
or establishing PAs is the solution, particularly in cases where
intense pressures often cause existing ones to fall short of their
objectives (Liu et al., 2024; Mammides, 2020).

Target 3 of the KMGBF highlights the need to improve PA
network quality alongside its expansion. This includes enhanc-
ing landscape connectivity, increasing ecosystem representation,
and improving management effectiveness and equitable gov-
ernance (CBD, 2022). Research on biodiversity governance to
date has given one additional message: biodiversity conserva-
tion needs to go beyond PAs to be considered within global,
regional, and local policies, including those not directly related
to biodiversity (Maxwell et al., 2020; Gurney et al., 2021). Within
this context, novel conservation approaches aim to identify
areas with important biodiversity value (Jones et al., 2018; Kear-
ney et al., 2022; Visconti et al., 2019) that are not yet protected
under existing conservation efforts; these areas are called “other
effective area-based conservation measures (OECMs)” (IUCN;
2019).

Although PAs must aim “to achieve the long-term conserva-
tion of nature with associated ecosystem services and cultural
values” (Dudley, 2008), OECMs can have variable management
objectives but must deliver effective conservation outcomes
(CBD, 2018). OECMs provide an opportunity to recognize
areas outside PAs that are managed for a range of purposes
and under diverse governance regimes, where they contribute
positively to biodiversity conservation. This can include areas
managed and governed by government entities, Indigenous
Peoples, local communities, a private group, or different sec-
tors (e.g, archaeological sites, agricultural or hunting areas),
operating under specific governance regimes based on sectoral
needs and structures. Through their management, OECMs can

and make substantial contributions to the EU’ target of protecting 30% of its land by
2030. At the national level, we found that achieving biodiversity conservation outcomes
with OECMs was uncertain. Accordingly, OECM confirmation must account for both the
biodiversity value of proposed sites and the governance and management practices that
support their effectiveness. Our approach highlights the potential of OECMs to enhance
conservation efforts in support of a more resilient biodiversity landscape across Europe.

biodiversity conservation, EU Restoration Law, Europe, OECMs, protected areas

simultaneously and sometimes unintentionally safeguard biodi-
versity (Belote & Wilson, 2020; Elleason et al., 2021). Under
the recognition that biodiversity conservation needs to shift
away from disciplinary and sectoral approaches (Gurney et al.,
2021), the OECM concept, which embraces the role of other
socioeconomic sectors operating in the same or adjacent space,
offers a new tool for biodiversity conservation. OECMs can
highlight the multiuse and multifunctionality of the natural
environment, while considering sectoral and societal priorities
(Visseren-Hamakers et al., 2021).

To date, recognition of OECMs by Parties to the Conven-
tion on Biological Diversity (CBD) is an ongoing process, with
only 16 countries having reported such areas to the World
Database on OECMs (WD-OECM). As of June 2025, OECMs
cover 1.48 million km? of terrestrial and 861,304 km? of marine
realms (UNEP-WCMC & IUCN, 2025). In the EU, although
the new European Biodiversity Strategy (BDS) (EC, 2020b)
refers to the contribution of OECMs toward the achievement
of its targets, we only detected a few attempts to describe those,
whereas most policy efforts are devoted to the designation,
effectiveness, and coherence of traditional PAs. To date, there
are two studies that identify and assess OECMs at the EU
level (Lazaro et al., 2021; Petza et al., 2019) and two at the
national level for Spain (Rodriguez-Rodriguez et al., 2021) and
Cyprus (Vogiatzakis & Stavrinides, 2024). Yet, at the EU level,
only Sweden has recognized and reported OECMs within the
WD-OECM (UNEP-WCMC & IUCN, 2024).

Mapping OECMs is a significant step toward multisectoral
biodiversity conservation. We aimed to identify suitable areas
for terrestrial OECMs by applying IUCN’s framework (which
provides guidance on applying the CBD definition and cti-
teria [CBD, 2018]), while assessing their biodiversity value.
We had two main objectives: to propose and test a step-
wise approach to map areas suitable for OECM establishment
(i.e., areas that could be considered as OECMs if biodiver-
sity value is confirmed and the full list of the IUCN criteria
is formally validated), and to estimate the biodiversity value in
these areas. To ensure scalability of the methodology, the anal-
ysis was conducted at the EU level and the national level for
Greece and France. Based on the outcomes, the paper dis-
cusses the reproducibility of the approach across scales, the
next steps toward the formal confirmation of OECMs, and
the implications their establishment may have, in the context
of the EU Green Deal (EGD) and the new EU Restoration
Regulation.
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TABLE 1  Criteria for screening sites and full assessment steps of the International Union for Conservation of Nature’s guidance and data used in each step
(adapted from Jonas et al. [2023]).
Fulfilled

Criterion Data used EU 27 Greece France
Step 1: Screening assessment
1.1: Site is not a protected area Protected areas provided by WDPA Yes Yes Yes
Criterion 1.2: Reasonable likelihood that the site Habitat and species (Article 17, Yes Yes Yes
supports important biodiversity values 92/43/EEC and Article 12,

2009/147/EC)

Forest landscape integrity index

Landscape fragmentation index

European roadless areas
Step 2: Consent for full assessment
Criterion 2: Consent has been given to a potential ~ Criterion not assessed
OECM to carry out a full assessment
Step 3: Full assessment
Criterion 3.1: Site is a geographically defined area  Criterion 1.2 Yes Yes Yes
Criterion 3.2: Site is confirmed to support K?y biodiversity areas Yes Yes Yes
. o High nature value farmlands
important biodiversity values

Greece
Criterion 3.3: Institutions or mechanisms exist to Criterion not assessed ~ Yes Yes

govern and manage the site

Archaeological sites
Forest Map

Criterion 3.4: Governance and management of the France

site achieve or are expected to achieve the insitu ~ UNESCO geoparks

conservation of important biodiversity values
o . . . Natural spaces
Criterion 3.5: In situ conservation of important . .
A . Station verte villages
biodiversity values is expected to be for the long

term

Criterion 3.6: Governance and management
arrangements address equity considerations

Criterion not assessed ~ Uncertain or Uncertain or

partial partial

National geological heritage sites

Criterion not assessed ~ Uncertain or uncertain or partial

partial

Criterion not assessed ~ Uncertain or Uncertain or

partial partial

METHODS
Spatial identification of OECM areas

To identify potentially suitable areas for OECMs at the EU27
and national levels, we utilized as a guide the IUCN’s three-step
process: (Table 1): Step 1, screen; Step 2, consent; and Step 4,
full assessment (Jonas et al., 2023).

In Step 1, two criteria must be met for any area to be consid-
ered as an OECM: the site must not already be a designated PA
(Criterion 1.1), and there is a reasonable likelihood that the site
supports significant biodiversity value (1.2). In Step 2, approval
from the governing authority, Indigenous People, local com-
munities, and other right holders is obtained. In Step 3, the
site must meet the following six criteria to be confirmed as
an OECM: site is a geographically defined area (Criterion 3.1);
site supports important biodiversity values (3.2); institutions or
mechanisms are in place to govern and manage the site (3.3);
governance and management of the site are to achieve or are
expected to achieve in situ conservation of important biodi-
versity values (3.4); important biodiversity values are conserved
in situ over the long term (3.5); and equity considerations are
addressed in governance and management of the site (3.6). If
all criteria are met, the site could be confirmed as an OECM. If

the response for some criteria is uncertain or partial, the site is
a candidate OECM until further information or characteristics
allow for confirmation. If one or more criteria are not met, the
site cannot be confirmed as an OECM (Figure 1). Table 1 lists
all criteria that were tested at the assessments conducted across
spatial scales. Additionally, Appendix S1 includes a step-by-
step, GIS-based technical guide detailing the full methodological
approach.

Classification of OECMs

Biodiversity value plays a crucial role in the identification of
OECMs, offering a scientific basis for recognizing areas that
contribute to long-term biodiversity conservation. To meet Cri-
terion 1.2, we assessed areas that are likely to support significant
biodiversity value with data on species abundance and richness,
landscape quality, and degree of human pressures. Species sta-
tus and trends were estimated based on data at the EU and MS
levels. The higher the abundance and richness, the higher the
biodiversity value. We included species and habitats designated
as priority and/or exhibiting declining trends, as reported in the
EU datasets, because our selection focused on areas that meet
Criterion 2 of the IUCN’s OECM framework, which empha-
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FIGURE 1

sizes that for OECMs to be recognized, rare, threatened, or
declining species should be present (Jonas et al., 2023). The
landscape quality was assessed through fragmentation and con-
nectivity indices based on the assumption that less fragmented
landscapes support more biodiversity (Valente et al., 2023).
Finally, the degree of human pressure was used to indicate that
the absence (or low levels) of these pressures indicates a higher
(and longer-term) biodiversity value.

Capturing biodiversity value

To map areas that can be considered as OECMs in the EU, at the
EU27 level, we identified potential OECMs solely based on bio-
diversity value as determined through initial scoping, whereas at
the national level, additional criteria related to governance and
management were examined. Three types of OECMs were iden-
tified: potential OECMs, areas with potentially high biodiversity
value but with undefined boundaries or, in cases where bound-
aries are defined, lacking governance or management schemes;
candidate OECMs, areas with defined boundaries and exist-
ing governance or management schemes that could support
conservation actions (this differs from the IUCN definition,
which requires screening and consent from the relevant govern-
ing authority); and confirmed OECMs, areas where biodiversity
value has been validated and formally recognized as OECMs.
Here, the terms potential, candidate, and confirmed OECMs are
based on IUCN’ framework, but their meaning has been
adapted for the purposes of this article.

The proposed areas were characterized based on biodiversity
value and grouped into five classes: very high, high, moder-
ate, low, and very low. In addition, the location of these areas

Overlay
. ,)-:
Criterion 3.2
S Potential Candidate
OECMs OECMs

5-;" e ‘}

5 Biodiversity-Landscape

Composite Index

Steps in spatial identification of suitable areas for other effective area-based conservation measures (OECMs).

in relation to existing PAs was assessed using a GIS-based
proximity analysis. Each potential OECM was evaluated for its
adjacency to PAs. Based on the number of adjacent PAs, we clas-
sified spatial configurations as surrounding OECMs (areas that
share a boundary with exactly one PA); corridor OECMs (areas
adjacent to two or more PAs, potentially serving as ecological
linkages); or nonadjacent OECMs (areas with no spatial contact
with any existing PA).

EU-level assessment

To map areas suitable for OECMs, we used freely available
spatial data that cover all EU territory (Table 1). During the
screening step, PAs, as reported to the World Database on Pro-
tected Areas (WDPA) (UNEP-WCMC & IUCN, 2025), were
identified. This included data on the EU-wide Natura 2000
PA network and national PA designations as reported through
the European inventory of nationally designated areas. The
space they occupy was excluded from further processing, as,
based on the OECM definition, areas recognized as PAs can-
not be OECMs (Criterion 1.1). In the case of Sweden, OECMs
reported in the WD-OECM were not considered because we
focused exclusively on identifying suitable areas for OECMs
rather than reassessing already reported sites. This may have
led to a degree of overlap between the areas we identified and
OECMs already recognized in Sweden.

To determine the likelihood that a site supports impor-
tant biodiversity value (Criterion 1.2), we applied the rationale
explained in the section “Capturing biodiversity value.” For the
EU-level assessment, we developed the biodiversity—landscape
composite index. The primary data were related to biodiver-
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sity, landscape quality, and human threats. Data from the most
recent biodiversity reporting by EU Member States of Arti-
cle 17 habitat types and species (Directive 92/43/EEC) and
bird population status and trends from Article 12 (Directive
2009/147/EC) were used to develop a composite spatial layer
(layer a) representing occurrence counts per 10-km grid cell
(EC, 20202) Despite known limitations (Lorilla et al., 2025),
these datasets offer full spatial coverage at the scale required
for this assessment and were collected through a standard-
ized procedure every 6 years. From these datasets, we selected
only those species and habitats designated as priority, exhibit-
ing declining trends, or both. Specifically, we included species
for which the field priority was Y (i.e., yes) and the popu-
lation trend was D (decreasing), as well as habitat types for
which priority was Y or the coverage trend was D (decreas-
ing). This selection, although consistent with ITUCN guidance
on OECM identification, which emphasizes sites that support
rare, threatened, or declining biodiversity (Jonas et al., 2023), still
omitted species and habitats in poor or unknown condition that
may be ecologically significant. All selected species and habi-
tat occurrences were combined without applying normalization
or taxonomic weighting. Species and habitat types with greater
reporting density may exert proportionally stronger influence
on richness patterns and may introduce biases related to uneven
data coverage (Appendix S1).

To assess landscape quality, we developed a composite index
(layer b). This index was estimated as the average of the nor-
malized values of the forest landscape integrity index (FLII)
(Grantham et al., 2020) and the landscape fragmentation index,
known as effective mesh size (MESH) (Appendices S2 & S3).
The FLII was used to assess forest condition as determined
by the degree of anthropogenic modification. It was estimated
by integrating four spatially explicit datasets describing the for-
est extent, pressures from human activities, pressures associated
with edge effects, and changes in forest connectivity due to
anthropogenic forest loss. MESH expressed the probability of
two randomly chosen points in a landscape being connected.
The indicator was selected because it indicated areas with
well-connected landscapes. It was estimated by the European
Environment Agency (EEA, 2021) and accounted for built area
and transportation routes relevant to fragmentation geometry
(OpenStreetMaps, 2024) (Jaeger, 2000). Hence, high index val-
ues indicated areas with high potential to maintain biodiversity
(i-e., low landscape fragmentation and high integrity).

To assess human threats, data on European Roadless Areas
were used (Ibisch et al., 2016) (layer c). This dataset was used to
indicate areas with limited or no human pressures, which, along
with the other indicators, could serve as refuges for wildlife,
maintain ecosystem functions, and enhance landscape connec-
tivity. Data on human threats reported under the Habitats and
Birds Directive were not used due to data gaps in the reported
data (Lorilla et al., 2025; Tsiafouli et al., 2013).

The integration of the biodiversity, landscape fragmentation,
and integrity layers was performed through a spatial overlay and
classification. Both layers were normalized to a scale of 0—1.
Both biodiversity and landscape layers were classified into three
categories (low, moderate, high) using the natural breaks (Jenks)

method, which identifies optimal class divisions based on nat-
ural groupings in the data (Appendix S4). We selected three
classes to maintain clarity in the interpretation of the findings,
as these classes were subsequently used to generate combined
categories. The natural breaks method was selected due to its
ability to minimize within-class variance and better represent the
skewed distribution of the indicators, thereby producing more
interpretable groupings.

The classified layers were then combined at a 10-km resolu-
tion using a cell-by-cell comparison to create a composite index.
For each grid cell, the average values of the biodiversity and
landscape indices were used to define the five final categories
based on the intersection of the two classified layers: very high,
both biodiversity and landscape values are high; high, one data
type is in high and the other moderate; moderate, both biodiver-
sity and landscape layer values are moderate; low, one data type
is low and the other moderate; and, very low, both data types are
low.

As a final refinement, any grid cell overlapping with des-
ignated roadless areas was reclassified into a higher class
to reflect its increased potential for ecological integrity and
landscape connectivity. Hence, the biodiversity—landscape com-
posite index identified regions with high biodiversity value (i.e.,
areas of potential OECMs) (Appendix S5).

We did not consider the consent step because it was not pos-
sible to perform a regional spatial analysis of areas that can serve
as OECMs. The consent step can only be carried out at the site
level with the governing authorities of a potential OECM.

For the full assessment step and to identify geographically
defined areas (Criterion 3.1), we considered the two main data
sources for which data were available with a full EU MS cov-
erage. We therefore restricted our analysis to areas in the EU
that are not designated as PAs but still have cleatly defined spa-
tial boundaries, namely, the key biodiversity areas (KBAs) and
high nature value farmlands (HNVFs) (Table 1). The KBAs
meet standardized criteria for the presence of threatened or
geographically restricted biodiversity, ecological integrity, and
important biological processes (IUCN, 2016). The HNVFs
refer to agricultural areas that support high biodiversity value
due to their traditional, low-intensity farming practices and the
presence of seminatural habitats (EEA, 2012; Paracchini et al.
2008).

These spatial data were integrated with the classified
biodiversity—landscape composite index. The generated spatial
layer combined areas with increased biodiversity value (Crite-
rion 1.2) with areas with clear spatial boundaries. The generated
layer included the areas with clear boundaries and different bio-
diversity conditions. Based on the analysis of Criterion 1.2, areas
with high biodiversity value were prioritized into five priotity
classes (Criterion 3.2). Regarding the governance or manage-
ment criterion (Criterion 3.3) necessary to support appropriate
managerial actions for HNVTFs, no such schemes were in place;
thus, these areas were characterized as potential OECMs. In
the case of KBAs, as defined under the Global Standard for
the Identification of KBAs (IUCN, 2016; IUCN SSC/WCPA,
2022), additional criteria have been established, including con-
ditions related to manageability. This implies that it must be
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possible to implement actions to ensure the conservation of
the biodiversity elements for which a KBA has been identified.
Accordingly, the KBAs included in this analysis could be consid-
ered as candidate OECMs. However, the specific governance
or management schemes assigned to the KBAs could not be
identified. As a result, similar to HNVFs, the included KBAs
were classified as potential OECMs. Criteria 3.4-3.6 were not
assessed at this level of analysis due to a lack of homogeneous
and unified information at the EU level.

National-level assessment

To showcase the applicability of the proposed methodology, we
downscaled it to two EU MS, Greece and France, and identi-
fied the areas that could be characterized as candidate OECMs.
Both countries are recognized as biodiversity hotspots, hosting
an estimated 28,752 and 65,773 species, respectively. Both coun-
tries established extensive networks of PAs, with terrestrial sites
covering 35.01% of Greece and 28.63% of France, including
Natura 2000 sites, which cover 27.30 % and 12.98% of each
country, respectively (EEA, 2024b). In Greece, the governance
and management of PAs are centralized because they are coordi-
nated mainly by the Natural Environment and Climate Change
Agency, whereas local management units conduct conservation
and monitoring activities within each PA. In France, the gov-
ernance and management of PAs are pluricentric. The French
Office for Biodiversity, a state-owned public body, coordinates
public entities managing PAs. In addition, regional natural parks
created by regional authorities develop key actions to manage
and preserve landscapes and natural and cultural heritage. The
nature reserves in France are federated through an association,
registered under the Environment Code since 2016, and work
to protect natural heritage.

In the national-scale adaptation of the proposed approach,
a screening step was also conducted following the ratio-
nale described above and using the developed biodiversity—
landscape composite index. At this level of analysis, we assessed
the criteria outlined in Step 3 of the IUCN approach by incor-
porating additional geographically defined sites beyond KBAs
and HNVFs (Criterion 3.1) (Table 1). Portions of these sites
that overlapped with existing PAs were excluded from further
analyses. All sites were prioritized based on their biodiversity
value, estimated using the biodiversity—landscape composite
index (Criterion 3.2). However, only those with an existing
governance or management mechanism for proposed OECMs
were included (Criterion 3.3).

In Greece, additional datasets included archaeological sites
located outside PAs, as well as spatially defined forest areas.
Archaeological sites are protected by legislation and man-
aged by the local Ephorate of Antiquities. Although their
primary aims involve the protection, promotion, and restora-
tion of cultural heritage, biodiversity conservation can occur
as a byproduct of these efforts (Kanellou et al., 2024; Pan-
itsa et al., 2022). Forest ateas were designated by the Ministry
of Environment and Energy and the National Cadastre,
which defines forested areas managed by local Forest Ser-

vice Divisions (FSDs). These divisions are responsible for
implementing management plans, determining permitted land
uses, and overseeing activities related to biodiversity and forest
restoration.

In France, four additional site types were included in the
analysis: UNESCO global geoparks, national geological her-
itage sites, natural spaces, and villages with the stazion verte
label. Characterization of these areas was based on national
and/or international criteria assessing their natural and cultural
value. Governance structures vary for each type—for exam-
ple, the Ministry of Culture’s Directorate-General for Heritage
and Architecture implements the UNESCO Convention for
cultural heritage, and the Ministry for Ecological Transition
oversees natural heritage. Natural spaces are managed by the
Conservatoire d’Espaces Naturels within various frameworks—
international, European, national, or local—to meet specific
conservation goals for natural heritage.

Despite the existence of institutional mechanisms, full com-
pliance with the criteria outlined in Step 3, particulatly those
related to governance and management, was not achieved.
Specifically, the criteria stating that governance and manage-
ment of the site achieve or ate expected to achieve the in
situ conservation of important biodiversity values (Criterion
3.4); that in situ conservation of these values is expected to
be long term (Criterion 3.5); and that governance and man-
agement arrangements address equity considerations (Criterion
3.6) received responses of uncertain or partial. This was due
to uncertainties stemming from political decisions and eco-
nomic factors, which posed challenges to consistent adherence
to the criteria. As a result, the proposed areas were classified as
candidate OECMs in the national-level assessment.

RESULTS
Potential OECMs in Europe

Areas suitable for OECMs at the EU level were classified as
potential OECMs, given that the full assessment step was not
conducted at this level. These areas correspond to 9.68% of
the EU’ land area (408,849 km?) (Appendix S6) with concen-
trations mostly in central Europe, near the Alps, and in Spain,
Italy, and southern France (Figure 2). Specifically, in Spain,
Portugal, and Austria, coverage of potential OECMs reaches
nearly 20% per country (25% [125,533 km?] for Spain, 20%
[17,975 km?] for Portugal, and 19% [15,732 km?] for Aus-
tria). At the other extreme, for Denmark and Cyprus, potential
OECMs cover only 0.9% (397 km?) and 2.3% (216 km?),
respectively (Figure 2). Regarding the spatial configuration
of potential OECMs, the vast majority (approximately 67%)
were not adjacent to any PA, whereas 29% were classified as
surrounding and 4% as corridors (Appendix S0).

These areas, when added to the already established Natura
2000 sites, suggested that the combined total of PAs and
OECMs in most countries could potentially cover or even
exceed 30% of their total land area. In some countries, for
example, Spain, Slovenia, Greece, and Bulgaria, the overall con-
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FIGURE 2 Distribution of potential other effective area-based conservation measures (OECMs) in Europe and potential OECMs (a) surrounding PAs, (b) as

corridors among PAs, and (c) not adjacent to PAs.

servation areas could then surpass 45%. In a few countries,
primarily in northern Europe, the total coverage of both PAs
and OECMs could reach up to 15% of the national tetritory
(Figure 3). Over 50% (204,862 km?) of the identified potential
OECMs were classified as very high or high priority based on
their biodiversity value, 33% (134,393 km?) as moderate priority,
and 17% (34,796 km?) as lower priority (Figure 3; Appendix S6).
In Belgium, Croatia, Czechia, Latvia, and Sweden, high-priority
areas for OECMs reached 90% of the total potential OECMs
at the national level. In contrast, in Denmark, Hungary, Ire-
land, Portugal, Romania, and the Netherlands, the majority of
potential OECMs were classified as moderate priority (Figure 3;
Appendices S6 & S7).

In terms of biodiversity value, the high-ptiority potential
OECMs identified can potentially conserve an additional 1553
species and 222 habitat types based on the data reported under
the Habitats and Birds Directives (Appendix S8). Potential
OECMs located in novel areas (i.e., regions where PAs have not
been established) covered approximately 3% (436,000 km?), 2%
(148,000 km?), and 5% (920,500 km?) of the cumulative moni-
tored ateas for species, habitats, and bird species across Europe,
respectively (Appendix S8). In terms of species, 379 new bird
species could be conserved through the OECM establishment,

followed by vascular plants (116 species) and arthropods (82
species). Regarding habitats, forests (51 habitat types) and grass-
lands (23 habitat types) would predominantly benefit from
further protection (Table 2). OECMs have only been reported
to the WD-OECM for Sweden. No other OECMs have been
confirmed or included for EU MS, and thus, for most countties,
the aforementioned species and habitats were not managed in
areas where PAs do not exist.

Candidate OECMs at the national level

Given that the national-level analysis was further developed
to fulfil more criteria within the OECM mapping process, the
identified areas met the criteria for being considered candidate
OECMs, as they partially fulfilled the requitements of the full
assessment step. In Greece, candidate OECMs covered 13.25%
(17,503 km?) of the total land area, whereas in the EU-wide
assessment, they appeared to cover 18.38% (24,283 km?). In
France, candidate OECMs covered 2.61% (16,651 kmz), com-
pared to the EU-wide assessment where these areas appeared
to cover 8.95% (57,721 324 km?) (Appendix S9; Figure 3). The
candidate OECMs were characterized by very high and high pri-
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Relative percentage of potential other effective area-based conservation measures (OECMs) by level of priority based on their biodiversity value
and Natura 2000 designation.

TABLE 2  Number of species and habitats that could be further protected by other effective area-based conservation measures.
Species group No. of species Habitat group No. of habitat types
Amphibians 40 Bogs, mires, and fens 10
Arthropods 82 Coastal habitat 18
Fish 70 Dune habitat 14
Mammals 70 Forests 51
Mollusks 14 Freshwater habitats 18
Nonvascular plants 16 Grasslands 23
Other invertebrates 4 Heath and scrub 9
Reptiles 49 Rocky habitats 11
Vascular plants 116 Sclerophyllous scrub 8
Birds 412

Sum of species

Sum of bird species

461 (36% of species”)
379 (74% of bird species”)

Sum of habitat types

162 (70% of habitat types®)

*Habitats Directive (Article 17, 92/43 /EEC): 233 habitat types and 1276 species.
PBirds Directive (Article 12, 2009/147/EC): 508 bird species.
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ority for 3.58% (4734 km?) of Greece and 1.41% (9.001 km?) of
France (Appendices S9 & S10).

Regarding the spatial distribution of the candidate OECMs,
in Greece, more than 80% were classified as nonadjacent to any
PA. Similatly, in France, the majority of candidate OECMs were
also categorized as nonadjacent (51%), whereas 40% were clas-
sified as surrounding PAs (Appendix S9). In Greece, most of
the candidate OECMs were located within the Pindus Moun-
tain Range (central and western Greece), a region with a high
concentration of PAs (Figure 4). Other clusters of candidate
OECMs were found in the mountains of central Peloponnese
and the Rhodope Mountain Range in northern Greece. In
France, candidate OECMs were primarily located in the south-
ern and eastern parts of the country, in regions with an existing
high density of PAs (Figure 4). However, unlike Greece, many
areas in France were also distributed in regions with few or no
protected sites, particularly in the central and northern parts of
the country (Figure 4).

With a focus on high-value candidate OECMs for biodi-
versity conservation in Greece, the majority of the nationally
monitored species and habitats could be included: 236 species
(84%), 95 habitats (93%), and 204 bird species (96%). In France,
these numbers were slightly lower, with 237 species (76%), 116
habitats (87%), and 253 bird species (87%) potentially bene-
fiting from complementary protection by OECMs (Appendix
S11).

In areas without existing PAs, candidate OECMs in Greece
covered approximately 3% (13,600 km?) of the cumulative mon-

Distribution of candidate other effective area-based conservation measures (OECMs) and protected areas in (a) Greece and (b) France.

itored areas for species, 2% (6700 km?) for habitats, and 2%
(8500 km?) for bird species (Appendix S11). These novel areas
included 102 species (20% of all species in Greece) and 39 habi-
tat types (38% of all habitat types in Greece) (Table 3). Among
individual species groups and habitat types, these OECMs could
primarily conserve bird species (36 species), followed by reptiles
(30 species) and mammals (11 species). Forest and coastal habi-
tat types were the most represented, with 11 and nine types,
respectively, whereas bogs, mires, and fens were not included
(Table 3). In France, candidate OECMs in ateas without exist-
ing PAs covered 1% (29,400 km?) of the monitored areas for
species, 1% (9200 km?) for habitats, and 2% (48,600 km?)
for bird species across the country (Appendix S11). In these
regions, OECMs could additionally conserve 96 species (31%
of all species in France) and 39 habitat types (29% of all habitat
types in France) (Table 3). Mammals and arthropods, with 29
and 25 species, respectively, would benefit the most from the
establishment of OECMs. However, birds and other inverte-
brates monitored under the Habitat and Bird Directives were
not present in identified suitable areas. For habitat types, for-
est and grassland were the most represented, with 10 and
eight types, respectively, whereas no coastal habitat types were
included in these suitable areas (Table 3).

The governance and management scheme of the candidate
OECMs in Greece would primarily rely on local FSDs, which
are responsible for developing and implementing management
plans, as most proposed areas (96% of the candidate OECMs)
were characterized as forest. Other proposed ateas wete in

85U8017 SUOWWIOD AITEID) 8]qel(dde aup Aq peusenob aJe Sspie YO ‘9Sn JO SNl J0) AreiqT8UlUQ A8]1/M UO (SUORIPUOD-PUE-SWBIALIO" A3 (1M AJeIq | BulUO//SdnL) SUORIPUOD pue swie | 8y} 89S *[9202/S0/ST] Uo Ariqiauliuo A8|im ‘ Bnuiod sueiyood Aq £920/ 1I00/TTTT OT/I0P/M00 A8 | 1M AeIq)BUIUO™01GU0D//STY Woj pepeoiumoq ‘0 ‘6ELTEZST



KEFALAS £E7AL.

TABLE 3  Species and habitats that may be further protected by other effective area-based conservation measures.

No. of habitat

Species group No. of species Groups of habitat types types
Greece France Greece France
Amphibians 8 10 Bogs, mires, and 0 2
fens
Arthropods 3 25 Coastal habitats 9 0
Fish 3 8 Dune habitats 5 1
Mammals 11 29 Forests 11 11
Mollusks 0 6 Freshwater 3 7
habitats
Nonvascular plants 0 5 Grasslands 4 8
Other invertebrates 1 0 Heath and scrub 1 3
Reptiles 30 5 Rocky habitats 4 3
Vascular plants 10 8 Sclerophyllous 2 4
scrub
Birds 45 0
Sum of species 66 (23% of 96 (31% of species") Sum of habitat 39 (38% of habitat 39 (29% of habitat

species”)

Sum of bird species 36 (17% of —

bird species”)

types types®) types®)

*Habitats Directive (Article 17, 92/43/EEC): 102 (Greece) and 134 (France) habitat types and 282 (Greece) and 311 (France) species.

PBirds Directive (Article 12, 2009/147/EC): 213 (Greece) and 292 (France) bird species.

areas recognized as archaeological sites (4% of the candidate
OECMs), governed by the local Ephorate of Antiquities. In
such cases, biodiversity protection and conservation are not the
end goals of management, which falls within the protection,
maintenance, and promotion of the monuments and antiquities.
Still, in such cases, the protection of these sites might unin-
tentionally safeguard biodiversity hosted within the identified
space. Similarly, in France, some proposed areas could be gov-
erned and managed by bodies where biodiversity conservation
is not central to their mission. For instance, areas proposed for
OECMs that fell under the UNESCO Conventions for cultural
heritage (58% of the candidate OECMs) might be overseen
by the Ministry of Culture’s Directorate-General for Heritage
and Architecture. Additionally, candidate OECMs within areas
designated as station verte (41% of the candidate OECMs)
could be managed by local governments that have achieved and
maintained this status.

DISCUSSION
Spatial identification of OECMs

At the EU level, the identified areas of potential OECMs cover
9.68% of terrestrial ecosystems. These are areas managed for
objectives other than biodiversity conservation, which have sig-
nificant biodiversity value. Although these areas have not yet
been formally assessed for their effectiveness in biodiversity
conservation, if they are confirmed to support important bio-

diversity values, pass all steps for OECM characterization, and
implement actions to mitigate impacts on biodiversity, they can
contribute to enhancing the conservation efforts of PAs and
increasing the societal benefits derived from them.

The spatial distribution and extent of the potential and candi-
date OECMs support the implementation of the EU BDS and
Restoration Regulation (NRR), as management actions beyond
existing PAs will be essential (Hermoso et al.,, 2022). Addi-
tionally, OECMs could support Target 3 of the KMGBF by
enhancing the overall quality of area-based conservation net-
works (CBD, 2022). The methodological approach and the data
used facilitate the integration of strategies, actions, and poli-
cies developed centrally by the EU and other initiatives. For
instance, the inclusion of HNVFs, apart from recognizing their
high biodiversity value, aligns with the EU BDS, which aims
to restore degraded habitats and promote sustainable agticul-
tural practices. This goal is also supported by the current EU
Common Agticultural Policy and the Farm to Fork Strategy
(Cuadros-Casanova et al., 2023; Hermoso et al., 2022). How-
ever, the conservation effectiveness of OECMs could change,
as in situ biodiversity conservation is, by definition, a byproduct
of a management objective. Therefore, alterations in the man-
agement regime of an area could also change the conservation
effectiveness of OECMs.

Over one third of the mapped potential and candidate
OECMs are classified as surrounding or connecting PAs, high-
lighting their complementary role. The OECM framework
provides an opportunity to recognize and support conserva-
tion efforts outside of PAs (Jonas et al., 2014). The design of

85U8017 SUOWWIOD AITEID) 8]qel(dde aup Aq peusenob aJe Sspie YO ‘9Sn JO SNl J0) AreiqT8UlUQ A8]1/M UO (SUORIPUOD-PUE-SWBIALIO" A3 (1M AJeIq | BulUO//SdnL) SUORIPUOD pue swie | 8y} 89S *[9202/S0/ST] Uo Ariqiauliuo A8|im ‘ Bnuiod sueiyood Aq £920/ 1I00/TTTT OT/I0P/M00 A8 | 1M AeIq)BUIUO™01GU0D//STY Woj pepeoiumoq ‘0 ‘6ELTEZST



CONSERVATION BIOLOGY

PAs can sometimes be inadequate, either by excluding regions
rich in biodiversity (Hilty & Laur, 2021; Kati et al., 2015) or by
being too small to support large-scale ecological processes and
the needs of all organisms (Cantta-Salazar & Gaston, 2010; Zeng
et al., 2023). Thus, the additional area offered by OECMs could
support ecological processes and functions that current PAs are
unable to accommodate (Canta-Salazar & Gaston, 2010; Hilty
& Laur, 2021; Kati et al., 2015; Zeng et al., 2023). In this regard,
the proposed OECM:s could offer protection to more than 1000
species and habitats not protected by existing PA networks.

To address connectivity issues among existing PAs, the BDS
and the NRR have strengthened the concept of a connected
network of PAs, creating a Trans-European Nature Network
(Naumann et al., 2021). The location and landscape characteris-
tics of the proposed OECMs indicate that these areas can play
the role of ecological corridors. This would help overcome the
connectivity issues of the Natura 2000 network, which is rec-
ognized as a common design weakness (Mazaris et al., 2018;
Opermanis et al., 2012).

The EU’s commitment to both halting biodiversity loss
and achieving climate neutrality through the EGD presents a
complex challenge (Hermoso et al., 2022; Kati et al., 2021).
Although the EGD aims to decouple economic growth from
resource use and ensure social justice, its various investment
areas, particularly “preserving and restoring ecosystems and bio-
diversity” and “supplying clean, affordable, and secure energy,”;
2019 can sometimes conflict. On the one hand, the European
Commission commits to financially supporting the restora-
tion of ecosystems, recognizing the contribution of nature to
economic growth and human health. On the other hand, the
decarbonization of energy production is promoted through the
development of renewable energy resources (RES), which is
crucial to tackling the climate crisis. For example, in Greece, the
existing capacity of RES reached 11 gigawatts in 2023, mark-
ing a 50% increase compared to 2022 (noting that in 2022,
22.7% of the consumed energy was produced by RES). Con-
sidering the goals of the EGD and national energy policy,
Greece has set a target to increase renewable energy to 60%
of its energy mix by 2030, indicating continued growth in this
sector.

However, poorly designed RES, especially in rich biodiver-
sity areas, could pose an obstacle to biodiversity conservation
(Hermoso et al,, 2022; Kati et al, 2021; Kiesecker et al,
2019). Potential conflict between renewable energy develop-
ment and the establishment of OECMs exists, where there is
overlap in northern Europe (Germany and the Netherlands),
the western and northern part of the Iberian Peninsula, and the
southern part of Italy (Appendix S10). In Greece, nearly all can-
didate OECMs ovetlap existing or planned renewable enetrgy
infrastructure (Appendix S12), similar to other regions where
OECMs have been proposed, such as in Cyprus (Vogiatzakis &
Stavrinides, 2024). Thus, the EU’s commitment to both halt-
ing biodiversity loss and achieving climate neutrality through
the EGD presents a complex challenge, highlighting a need for
careful planning and strategic decision-making (Hermoso et al.,
2022; Kati et al., 2021).

Challenges to OECM establishment

This study provides an analytical framework, based on TUCN’s
approach (Jonas et al., 2023), for identifying areas that could
be confirmed as OECMs. The study focuses on assessing areas
solely based on biodiversity value, as determined through ini-
tial scoping at the EU level. At the national level, an attempt is
made to carry out the full assessment steps of the process by
examining criteria related to governance and management. At
both levels, we omit the consent section, as it involves a process
requiring the engagement of stakeholders, decision makers, and
managers, which is beyond the scope of this study. This frame-
work utilizes a composite index that integrates biodiversity data
with landscape features, pinpointing areas potentially rich in
biodiversity and offering insights for conservation efforts. To
be effective, such frameworks should be scalable, user-friendly,
based on accessible data, and adaptable to incorporate new
information (Hoffmann, 2022; Margules & Pressey, 2000).

The framework is designed to be straightforward for ecol-
ogists and geographers with a basic understanding of geo-
graphical data, making it accessible to both researchers and
practitioners. Key advantages of the framework are its adaptabil-
ity and scalability; it has the flexibility to incorporate additional
data, allowing it to remain up to date without requiring major
reconfigurations. Hence, if data with improved thematic and
spatial resolution become available, these can be integrated.
As such, this framework operates in a linear manner, where
the sequence of data and criteria integration does not impact
the result. Instead, the addition of more data enhances the
precision of OECM mapping, creating a robust tool for con-
servation planning that meets the attributes for effectiveness.
However, certain methodological choices, such as the division
of each input layer into three classes to enhance the oper-
ational practicality of the framework, may lead to different
spatial configurations and prioritization outcomes if alternative
classification approaches or numbers of classes were applied.
Consequently, some uncertainty is inherent in the workflow, and
such considerations are important when assessing the resulting
maps for decision-making,

However, challenges remain in ensuring data consistency and
meeting the IUCN-defined criteria for OECM confirmation
and management. Addressing these challenges tequires coot-
dinated efforts at both the EU and national levels. Adequate
financial and technical support is essential to ensure compliance
and long-term implementation. Additionally, the availability
of appropriate data is critical. This includes information on
geographical boundaries and the governance or management
regimes of potential OECM sites. Such information is necessary
to support site-level assessments and formal recognition.

Regarding biodiversity, data from the Habitats Directive
(Article 17, 92/43/EEC) and Birds Directive (Article 12,
2009/147/EC) offer valuable insights. These datasets help
identify areas with rich biodiversity and assess their conset-
vation status. However, despite shared EU-level guidance for
systematic monitoring, individual MS have implemented differ-
ent monitoring programs. In many cases, they have adapted
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national schemes to fit their specific needs. This vatiation
can limit consistency and comparability across regions. This
has led to inconsistencies in the provided datasets (Ellwanger
et al,, 2018; Lorilla et al., 2025). Therefore, countries where the
biodiversity—landscape composite index values were low might
maintain biodiversity levels comparable to those of other EU
MS. Howevet, such information may not have been adequately
monitored in existing national or European mechanisms. These
discrepancies can lead to either the underestimation or overesti-
mation of the status and trends of specific species and habitats
(Kudrnovsky et al., 2020). To address these inconsistencies, the
EU has been revising national methodologies for monitoring
habitat conditions and identifying common variables, with the
aim of aligning them with ecosystem accounting methods and
requirements (EEA, 2022). Despite these challenges, the dataset
remains the most comprehensive at the EU level compared to
other sources (Kefalas et al., 2025; Stephenson & Stengel, 2020;
Stropp et al., 2016). It is continuously improved and, as the only
dataset with consistent funding and regular updates, supports
the long-term monitoring of OECMs.

Obur screening also introduces another methodological limita-
tion: we included only species and habitats classified as priority
or declining. Although consistent with Criterion 2 of the IUCN
OECM framework, this choice excludes stable, data-deficient,
or pootly assessed taxa and may overlook ecologically impor-
tant areas. Despite the fact that this was done to comply with
the JUCN criteria, we recognize that because the prioritiza-
tion was not tested on the full set of reported biodiversity
features, the generalizability of our results remains uncertain.
Future work should assess the robustness of the screening
using broader inclusion criteria. To address these data gaps, we
integrated additional data into the analysis, focusing on other
aspects such as landscape structure and ecosystem integrity.
Additionally, the use of geographically defined areas estimated
with locally specific biodiversity data can help fill these data
inconsistencies while also serving as boundaries for the pro-
posed OECMs (Vogiatzakis & Stavrinides, 2024). Given that
the formal recognition of OECMs requires the confirmation of
biodiversity value, incorporating validated, refined, and context-
specific biodiversity information is essential to support robust,
evidence-based designations.

Beyond the data limitations related to biodiversity, the iden-
tification and confirmation of OECMs requite the fulfillment
of criteria concerning the agreement of local stakeholders,
governance, and management of proposed areas, as well as
assessment at the site level and on a case-by-case basis (Jonas
et al,, 2023). The inclusion of areas where the primary objective
may be beyond biodiversity conservation is a key characteris-
tic of OECMs and a defining attribute that differentiates them
from traditional PAs. Hence, without the integration of this
characteristic, the proposed methodological framework assesses
the areas only for their biodiversity value, like other frame-
works for the establishment of PAs (Aratjo & Alagador, 2024).
Meeting these features and criteria, additional data are needed,
which are currently unavailable at the European level. How-
ever, at the national scale, context-specific data may exist and
can be integrated into the analysis, allowing for a more detailed

identification and mapping of potential OECMs when utilized.
Additionally, a preliminary classification based on management
objectives is also possible. In the cases of Greece and France,
the majority of candidate OECMs are classified as areas where
biodiversity conservation is either a byproduct of management
objectives, such as archacological or UNESCO sites, or a sec-
ondary objective, as seen with HNVFs or station verte villages.
Nevertheless, meeting criteria focusing on achieving or expect-
ing to achieve biodiversity conservation outcomes cannot be
guaranteed (Jonas et al., 2023; Marnewick et al., 2021). In this
regard, governance and management authorities should address
key challenges in OECM confirmation, focusing not only on the
actual biodiversity value within the proposed site but also on the
governance and management practices of the OECMs.

To address these challenges, Gurney et al. (2021) propose
a five-step procedure that focuses on the governance aspects
of OECMs and their efficient management. Specifically, the
increased role of local governance concerning equity and rights
holders is crucial, while ensuring the security of financial sup-
port should be considered by donors and other traditional
resources (such as national and local governments and the
EC). In this context, one key advantage for the effective con-
firmation and implementation of OECMs is the concept of
polycentric governance (Nagendra & Ostrom, 2012) in which
responsibilities are distributed among multiple actors, which
can include government agencies, NGOs, private landhold-
ers, and local communities. The complex natute of OECMs,
along with their multiple values beyond biodiversity conserva-
tion, requires a multilevel decision-making system dedicated to a
specific sectoral domain. Multisectoral management approaches
can benefit from decentralization and participation of rele-
vant stakeholders and rightsholders from local communities
and higher levels of governance (Gurney et al., 2021). Inte-
grating local communities into OECM governance, as seen in
areas designated as station verte in France, enhances the effec-
tiveness of OECMs (Danielsen et al., 2024). Local expertise
and commitment contribute significantly to biodiversity con-
servation, whereas communities also benefit directly from the
management outcomes.
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