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ABSTRACT

Aim: Sacred natural sites (SNS) are culturally governed places that often retain remnants of natural vegetation, safeguard
species of conservation concern and maintain landscape continuity, positioning them as potential Other Effective Area-Based
Conservation Measures (OECMs). Despite increasing ecological interest, national datasets remain unavailable, limiting repro-
ducibility of studies and preventing systematic evaluation of SNS as OECMs. Here we release the first harmonised, openly acces-
sible, geospatial inventory of SNS in Italy, comprising 2332 records, explicitly designed to support their assessment as potential
OECMs at the national scale. The dataset provides detailed information on the types of SNS, their ecological attributes and their
landscape context, offering a valuable resource for biodiversity conservation, enabling systematic evaluation of SN'S within con-
servation planning applications, as well as research in biogeography, landscape ecology and biocultural science.

Location: Italy.

Feature: SNS of Catholic tradition (e.g., shrines, hermitages, monasteries, chapels, pilgrimage sites, groves, springs).

Methods: The dataset derives from a standardised nationwide identification protocol combining documentary sources, remote-
sensing geolocation and land cover filtering to identify sites embedded within natural or semi-natural landscapes. We provide a
georeferenced point vector dataset, with each point representing the location of an SNS. For each site, we report geographic coor-
dinates, elevation, bioclimatic variables, proximity to road infrastructure, surrounding land cover composition and indicators of
formal protection status.

Results: The dataset contains 2332 georeferenced SNS distributed across Italy, mainly concentrated in central and northern
regions. Only a small proportion of SNS occur within protected areas (17%), with the greatest proportion corresponding to sites
lacking an assigned TUCN category (38%). SNS are predominantly situated at low- to mid-elevations (mean =458 m, SD =343 m)
and in landscapes dominated by agricultural (45%) and natural land covers (38%). Their climatic space overlaps with, but extends
beyond, that encompassed by the protected area network, indicating potential complementarity in conservation representation.

Main Conclusions: This dataset represents the first standardised and policy-relevant national resource for assessing SNS as po-
tential OECMs, providing a useful baseline for their integration into conservation planning and contributing to the global target
of protection (i.e., 30% coverage by 2030) in Italy—a country that still lacking official OECMs. While our analytical framework
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is transferable, its application depends on the availability of comparable national datasets and may require adaptation to local

ecological, cultural and institutional contexts.

1 | Introduction

Sacred natural sites (SNS) represent one of the oldest and most
widespread forms of area-based conservation, where cultural
and spiritual practices have contributed to the conservation of
species, habitats and ecological processes (Dudley et al. 2009;
Verschuuren 2012). Through taboos, customary governance,
pilgrimage traditions and ritual restrictions, communities have
historically protected forest patches, groves, springs, moun-
tains and other natural features, often preserving ecological
integrity in otherwise intensively used landscapes across a
broad spectrum of geographical and cultural contexts (Zannini
et al. 2021). For this reason, SNS are increasingly interpreted
as biocultural refugia, where long-term cultural practices align
with biodiversity persistence (Verschuuren and Furuta 2016).

This growing recognition of SNS contributions to biodiversity
has strategically positioned them within the current debate on
Other Effective Area-Based Conservation Measures (OECMs).
OECMs complement protected areas by delivering positive bio-
diversity outcomes as a by-product of governance systems not
primarily aimed at conservation (IUCN WCPA 2019). In this
context, the Kunming-Montreal Global Biodiversity Framework
explicitly calls for conservation targets to be achieved through
integrated systems of protected areas and OECMs, prompting
many countries to identify, report and incorporate OECMs
into national biodiversity strategies (Convention on Biological
Diversity 2022). Because many SNS safeguard old-growth forest
structures, sustain rare or threatened species or enhance habi-
tat continuity in fragmented landscapes, several studies suggest
they could qualify as OECMs and contribute to achieving the
Convention on Biological Diversity's 30x 30 target (Frascaroli
and Verschuuren 2016; Zannini et al. 2021, 2022).

In Italy, SNS range from mountain sanctuaries and hermitages
to chapels, springs, groves and monastic complexes embed-
ded within diverse natural or semi-natural contexts (Frascaroli
et al. 2016, 2019). Many of them coincide with areas of high
conservation interest, such as remnant forest patches, ecotonal
habitats or landscapes partly included in the national protected
area network, yet they remain largely absent from conservation
policy. The national inventory of Italian SNS was first compiled
by Frascaroli et al. (2019), following methodological criteria de-
veloped for Central Italy (Frascaroli 2013). Subsequent studies
used versions of these data to evaluate bio-cultural relationships
(Frascaroli and Verschuuren 2016) and to examine long-term
forest-area dynamics around sites (Zannini et al. 2022), showing
that SNS often coincide with areas of long-term ecological sta-
bility, underscoring their potential relevance for conservation.
However, despite these advances, previous efforts have relied on
datasets that were not fully standardised, consistently structured
or readily reusable for broader analyses, limiting reproducibility
and preventing their integration into conservation planning ap-
plications. As a result, a coherent, harmonised and policy-focused
national dataset of SNS remains unavailable, constraining a com-
prehensive evaluation of their role as potential OECMs.

Here, we fill this gap by providing the first openly accessi-
ble, harmonised and quality-controlled geospatial dataset of
Italian SNS, comprising 2332 georeferenced sites and their as-
sociated attributes, available via an open data repository (see
Data Availability Statement). Beyond compiling existing infor-
mation, this work standardises and integrates a suite of envi-
ronmental and conservation variables, including bioclimatic
variables, elevation, road proximity, land cover composition at
multiple spatial buffers and overlap with protected areas and
TUCN management categories, within a unified and reproduc-
ible framework. This dataset provides the first standardised
and policy-relevant resource for evaluating SNS as potential
OECMs, supporting their integration into conservation plan-
ning and assessment of the 30x 30 target in Italy. The system-
atic and harmonised mapping of SNS enables the identification
of sites with potential conservation value and establishes a re-
producible baseline for their possible inclusion as OECMs.

2 | Methods
2.1 | Data Origin and Scope

The dataset presented here originates from a standardised
protocol for identifying and mapping SNS originally devel-
oped for Central Italy (Frascaroli 2013) and later expanded
nationwide (Frascaroli et al. 2019). The earlier version pro-
vided only SNS locations and was not structured in a stan-
dardised or readily reusable format for broader analytical
applications. The present release provides the first harmon-
ised, quality-checked and openly accessible version of the na-
tional SNS dataset. We integrated multiple data sources into
a unified dataset in which classifications, spatial referencing
and attribute structures were checked and standardised to
ensure consistency and comparability. Our dataset includes
2332 SNS distributed across mainland Italy and its major and
minor islands, spanning a wide range of Catholic devotional
contexts, including shrines, hermitages, chapels, monasteries,
pilgrimage destinations, sacred groves and springs. Each SNS
is represented as a single georeferenced point (with no surface
area information). The same set of environmental and conser-
vation attributes is provided both as a spatial vector dataset
and as a non-spatial tabular file (see Supporting Information).
Both formats include geographic coordinates and a suite of en-
vironmental and conservation attributes, including elevation,
bioclimatic variables, minimum distance to the road network,
land cover composition at multiple spatial buffers, overlap
with protected areas, [IUCN management categories and, for
unprotected SNS, the distance to the nearest protected area.

2.2 | Environmental Variables
We extracted elevation for each SNS using the nationwide Tinitaly

digital elevation model (DEM) v 1.1 (Tarquini et al. 2023; https://
tinitaly.pi.ingv.it/), ensuring topographic accuracy, particularly
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in mountainous terrain. To characterise the bioclimatic context
of SNS, we also extracted the full set of CHELSA v2.1 biocli-
matic variables (BIO1-BIO19—Brun et al. 2022; https://chelsa-
climate.org/), representing long-term climatic averages for the
period 1981-2010 at 30 arc-second resolution (~1km). Climate
values were extracted at point locations; as such, they describe
macroclimatic conditions.

Landscape structure was retrieved from Corine Land Cover (CLC)
2018—a pan-European land cover dataset with a spatial resolution
of 100m (EEA 2019; https://land.copernicus.eu/). For each SNS
site, we calculated the proportion of land cover classes within buf-
fers of 50, 100, 150, 200 and 250m using the official Level 1 CLC
classification scheme. These include (1) artificial surfaces (e.g.,
urban fabric, industrial areas and infrastructure), (2) agricultural
areas (e.g., arable land and permanent crops), (3) natural areas
(e.g., forests and semi-natural vegetation), (4) wetlands, (5) water
bodies. To capture both the immediate environment of SNS and its
larger landscape context, we selected these distances to represent
multiple spatial scales commonly used in landscape ecology stud-
ies (Frascaroli 2013; Riva and Fahrig 2023). We estimated proxim-
ity to roads as the minimum distance from each SNS to the nearest
road segment from the OpenStreetMap (OSM) network (https://
www.openstreetmap.org/), used as a proxy for accessibility and
potential anthropogenic pressure.

Finally, to assess the conservation context of each site, SNS lo-
cations were intersected with the World Database on Protected
Areas (WDPA)—a global database maintained by UNEP-
WCMC and TUCN (https://www.protectedplanet.net/; accessed
28 March 2024). WDPA data were used without applying pre-
processing or filtering steps beyond those inherent to the orig-
inal release, except for the exclusion of marine protected areas,
as SNS locations are exclusively terrestrial and no spatial overlap
with marine features occurred. Currently, Italy has not officially
recognised OECMs recorded in either global or national data-
bases. As a result, their inclusion would not have allowed for a
consistent or reproducible comparison.

Sites falling within protected areas were reclassified into three
management groups: ‘Conservation focused’ IUCN Categories
Ta-IV), ‘Non strictly protected’ (protected areas with less restric-
tive TIUCN management, e.g., Category V-VI) and ‘Protected
(N.C.—non-categorised)’ (designated protected areas lacking an
assigned JTUCN management category in the database, typically
due to incomplete or inconsistent reporting). This classification
follows widely used approaches distinguishing between strictly
managed protected areas (IUCN Categories I-IV) and those
allowing more flexible or mixed-use management (Categories
V-VI), while also accounting for areas without an assigned cate-
gory (e.g., Lewin et al. 2024). Sites located outside any protected
area were classified as ‘Unprotected’.

2.3 | Data Verification

The core identification and mapping of SN'S follow a standardised
methodological protocol established in Frascaroli (2013) and
subsequently implemented nationwide in Frascaroli et al. (2019).
Candidate sites were first identified through documentary

sources with national coverage. Each candidate location was
georeferenced using high-resolution satellite imagery, enabling
visual verification of churches, hermitages, chapels, monastic
complexes and associated landscape features and ensuring the
correction of obvious geolocation inaccuracies.

The dataset focuses exclusively on the SNS of Catholic tradition,
reflecting the availability of systematic and nationwide docu-
mentary sources for this category. While other types of SN'S may
exist in Italy, to our knowledge, no systematic and spatially ex-
plicit datasets comparable in scope and resolution are currently
available. Their exclusion is therefore primarily due to data
availability constraints and is acknowledged as a limitation of
the study. However, given the historical and cultural context of
Italy, non-Catholic SNS are likely to represent a relatively small
proportion of the overall SNS network, suggesting that their
omission may have limited influence on the spatial coverage of
the dataset.

2.4 | Analytical and Visualisation Methods

To characterise the dataset and provide reproducible descriptive
summaries, we carried out a set of exploratory analyses based on
the environmental and conservation variables described above.
Distances from each SNS to the nearest protected area and asso-
ciated road proximity measures were summarised to character-
ise the conservation setting and accessibility of the sites. Land
cover proportions calculated at multiple buffer distances were
also examined to describe variation in the immediate and peri-
site landscape context.

To assess whether the observed spatial relationships between
SNS and protected areas differ from random expectations, we
implemented a set of simulation-based analyses designed to
compare observed patterns against null models of spatial ran-
domness. Patterns in the proximity of unprotected SNS to pro-
tected areas were evaluated by focusing on the subset of sites
located outside protected areas (n=1993). We generated 999
random sets of sampling points from the unprotected portion of
the Italian land area. For each simulated dataset, distances to
the nearest protected area were recalculated, producing a ref-
erence distribution against which the observed distances were
compared.

In addition, we evaluated the representation of SNS inside ver-
sus outside protected areas using the full dataset (n=2332). In
this case, 999 simulations were performed, generating 2332
random points across the Italian land area and recording how
many intersected protected area polygons. The observed num-
ber of SNS located inside protected areas was then compared to
this distribution using a chi-square goodness-of-fit test. Finally,
to provide an overview of the climatic conditions occupied by
SNS, we performed a principal component analysis to visualise
the positioning of SNS within the broader climatic space of Italy
and its protected areas.

All analyses were conducted in R (v. 4.2.3) (R Core Team 2025),
using the terra (Hijmans et al. 2022) and sf (Pebesma 2018)
packages.
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FIGURE1 | (A) Spatial distribution of SNS across Italy (yellow points) in relation to national and regional protected areas (green polygons). (B)
Elevation distribution of SNS. (C) Distribution of SNS by proximity to roads. (D) Number of SNS located within protected areas, grouped into three

management classes: ‘Conservation focused’ (IUCN categories Ia-1V), ‘Non strictly protected’ (protected areas with less restrictive IUCN manage-

ment, e.g., categories V-VI) and ‘Protected (N.C.)’ (designated protected areas lacking an assigned IUCN management category in the database, typ-

ically due to incomplete or inconsistent reporting). Sites situated outside protected areas are shown as ‘Unprotected’.

3 | General Overview and Prospects

The spatial distribution of the 2332 SNS reveals a dense and wide-
spread presence across the Italian peninsula, with pronounced
clusters in central and northern regions and along the Apennine
chain (Figure 1A). Elevation patterns indicate that SNS are pre-
dominantly located in low- to mid-elevation zones with a me-
dian elevation of 389 m above sea level (asl) (Figure 1B). Most
sites occur below 800 m asl (85%), followed by a sharp decline at
higher elevations. Nonetheless, 176 SNS are found above 1000 m,
especially in the Alps and central Apennines (7%). Road proxim-
ity metrics show that SNS have a mean distance of 342m (me-
dian =177 m) from the nearest road (Figure 1C), indicating that
most sites are easily accessible.

Despite their broad distribution and overlap with areas of eco-
logical relevance, most SNS (1933 sites, 83%) fall outside formally
designated protected areas (Figure 1D). The remaining 399 sites
(17%) occur within protected areas, with the largest proportion
lacking an assigned ITUCN management category (protected
[N.C.]; 154 sites; 6.6% of all SNS). Only 6.2% are located within
conservation-focused areas.

SN frequency declines steadily with increasing distance from
protected areas. More than half of all SNS occurrences are lo-
cated within 4km of the nearest protected areas (Figure 2).
Only a small fraction of sites were located beyond 10 km. Sites
closest to protected areas (0-2km) were predominantly asso-
ciated with protected (N.C.) areas, while the relative contribu-
tion of non-strictly protected areas decreased with distance.
Conservation-focused areas follow a similar decreasing trend
with increasing distance from protected areas, although they

represent a smaller proportion across all distance classes
(Figure 2).

The spatial distribution of distances between SNS and pro-
tected areas also deviates clearly from the expected distribution.
Unprotected SNS were, on average, 3.11km from the nearest
protected area, whereas randomly placed points (restricted to
unprotected land) exhibited a larger mean distance of 3.90km
(Figure S1). This corresponds to an absolute effect size of
—0.80km, indicating that unprotected SNS are approximately
20% closer to protected areas than expected under random spa-
tial placement. A similar pattern emerged for the median: the
observed median distance (2.32km) was markedly lower than
the null expectation (3.05km), with an effect size of —0.74km
(Figure S1). According to these findings, SNS are systematically
located closer to protected areas than randomly placed points.

A further divergence from random expectations emerged when
considering all SNS (n=2332) (Figure S2). The observed num-
ber of SNS located inside protected areas was markedly lower
than the values produced by the random simulations, all of
which generated higher counts of points within protected area
polygons (Figure S2). This deviation was statistically significant
(¥*=25.71, p=3.96x1077), confirming that SNS occur inside
protected areas far less frequently than expected under spatial
randomness. These patterns suggest that SNS, despite being
systematically located near the boundaries of existing protected
areas, largely remain outside their boundaries and may function
as candidate OECMs. By making this spatial relationship ex-
plicit and reproducible at the national scale, the dataset provides
a novel basis for integrating SNS into conservation planning
frameworks. This further highlights its relevance for identifying

4 0of 7

Journal of Biogeography, 2026

85UB017 SUOWILIOD BAIFeR1D 3|t |dde 8y} Aq pausenob a1e Sapiie O ‘88N JO SaIN1 10} ARIq1T 8UIIUO /8|1 UO (SUORIPUOD-PUR-SLLBY WD A8 | IMARIq 1 BUIIUO//SANY) SUORIPUOD PUe WS L 8L} 89S *[9202/20/T0] U0 A%iqIBUIIUO AB|IM ‘lfe}UeIyo0D AQ 0220L IGI/TTTT OT/I0P/WoD A8 |m AReiq | Ul |Uo//St1Y LWO.) pepeojumoq ‘9 ‘9202 ‘669259ET



A — |:
\\ éE, >6
2001 N
2 N 5o M
2| )
g 8 24 D
A c
2 3 .
]
1501 IR o 0-2
°© \
8 ot 0 250 500 750
[0 Y
° AN Number of SNS
§ R
.g 1001 \IEP n Conservation focused Protected (N.C.) L Non strictly protected
5 .
< 50 i \D‘
\EJ\
[T . o
0~=- -
[ra g™ S O e RO
0- B-E-B-B-g-8-g------- o
0 5 10 15

Distance to PA (km)

FIGURE 2 | Number of SNS located outside a protected area (PA) as a function of distance to the nearest protected area. Distances are grouped
into 0.5-km bins; each blue square represents the number of unprotected SNS in each distance bin and grey vertical segments show the corresponding
frequencies. The black dashed line represents a locally weighted regression curve fitted to the binned data, illustrating the overall trend in SNS fre-
quency with increasing distance from protected areas. The inset shows the distribution of unprotected SNS in broader distance classes (e.g., 0-2, 2-4,
4-6, 6-8km) broken down by the category of the nearest protected area: ‘Conservation focused’ (IUCN categories [a-1V), ‘Non strictly protected’
(protected areas with less restrictive IUCN management, e.g., categories V-VI) and ‘Protected [N.C.]’ (designated protected areas lacking an assigned
IUCN management category in the database, typically due to incomplete or inconsistent reporting).

8

6

4 ) SNS
— : 60
X N 40
® 2 RN 20
N . —
O . q
o OfF---=-=---- \_‘_\,__ _______ x

~ - - ltaly
S (x — Protected areas

-13 -8 -3 3 8
PC1 (55%)

FIGURE 3 | Plot of the first two PCA axes computed from the 19 CHELSA bioclimatic variables (PC1=55% variance; PC2=19%). Hexagonal
bins show the density of SNS occurrences across climatic space (warm colours indicate higher density). The black dashed contour outlines the full
climatic space of Italy, whereas the green contours show kernel-density isopleths of the climatic space encompassed by the national protected area
network, with the outermost line approximating the full climatic space currently occupied by protected areas. Black arrows indicate the loadings of
the most influential bioclimatic variables on the first two PCA axes. Acronyms of bioclimatic variables: Iso, isothermality; Pann, annual precipita-
tion; Pseason, precipitation seasonality; Pwet/Pdry, precipitation of the wettest/driest month; PwetQ/PdryQ/PwarmQ/PcoldQ, precipitation of the
wettest/driest/warmest/coldest quarter; Tday, diurnal temperature range; Tmean, annual mean temperature; Trange, annual temperature range;
Tseason, temperature seasonality; TwetQ/TdryQ/TwarmQ/TcoldQ, mean temperature of the wettest/driest/warmest/coldest quarter.

Journal of Biogeography, 2026 50f 7

5US01 7 SUOLUWIOD) BAITERID) 3|01 ddke aU) Ag PoUBAOB 21 DI VO ‘35N JO'SBINI 10y AX2iq 1T 8UIIUO 431 UO (SUONIPUOD-PUE-SULEY W00 A3 1w ARG PUIIUO//STY) SUONIPUOD PUE S 1 3L 39S *[9202/20/T0] U0 AXeiq 1 8UIIUO AB]IM *B1fEYBLRIUR0D Ad 02202 IAI/TTTT'OT/I0p/w00 A3 |1 ARRIqIPUIIUO//SNY LIS POPOIUMOQ ‘9 ‘9Z0Z ‘669ZS9ET



and assessing candidate OECMs in contexts where formal re-
porting is still limited.

SNS are typically embedded in landscapes where agricultural and
natural land covers dominate (Figure S3). Agricultural areas are
most prevalent in the immediate surroundings of SNS, whereas
the proportion of natural land cover increases with distance from
sites. Urban surfaces contribute minimally within the smallest
buffer (50 m) but increase at larger buffers, indicating that many
SNS occur in peri-urban or rural-urban transition zones rather
than in densely urbanised areas (Figure S3). Wetlands and water
bodies are associated with only a small subset of sites (0.1%
and 1.2%, respectively), reflecting their occurrence in specific
cultural-ecological contexts (Figure S3). The PCA of the 19 biocli-
matic variables shows that SNS occupy a broad but non-random
portion of Italy's climatic space (Figure 3).

Most sites cluster within intermediate-temperature and
intermediate-precipitation conditions, corresponding largely
to low- and mid-elevation zones of the peninsula. The density
of SNS steeply decreases towards the cold, high-elevation cli-
matic conditions and towards the warm-dry extremes typical of
Mediterranean lowlands. When compared with the climatic en-
velope of the national protected area network—that is, the range
of climatic conditions represented across protected areas—SNS
largely overlap with protected area climatic space (i.e., the mul-
tidimensional bioclimatic conditions encompassed by protected
areas) but extends slightly beyond it, suggesting potential com-
plementarity in representing bioclimatic conditions not fully en-
compassed by existing protected areas.

One limitation of the dataset is that SNS are represented as point
features rather than spatial polygons, which constrains appli-
cations requiring precise estimates of site extent or area-based
conservation metrics. This choice reflects the nature of the orig-
inal data sources, which systematically document site locations
but do not provide consistent information on spatial boundaries.
However, this limitation does not affect analyses based on rela-
tive spatial positioning (e.g., distance to protected areas), which
remain robust under a point-based representation.

To partially address this limitation, users may approximate
the spatial extent of SNS by applying buffer-based approaches
around point locations. While the appropriate buffer size will
depend on the specific research question and local context,
small buffers (e.g., 50-250m) can provide a reasonable approx-
imation of the immediate ecological surroundings of sites, con-
sistent with the spatial scales adopted in the landscape analyses
presented here. Nevertheless, such approximations should be
interpreted with caution, as the actual spatial extent of SNS can
vary substantially depending on site typology (e.g., isolated cha-
pels vs. monastic complexes or sacred groves). Improving the
spatial delineation of SNS boundaries, therefore, represents an
important priority for future research.
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Supporting Information

Additional supporting information can be found online in the
Supporting Information section. Figure S1: (A) Distribution of mean
distances from 999 simulations, with the observed SNS mean (orange
line) and the random mean (blue dashed line). (B) Distribution of me-
dian distances from the same simulations, with the observed SNS me-
dian (orange line) and the random median (blue dashed line). In both
panels, the position of the observed value relative to the random dis-
tribution indicates whether observed distances are unusually small
or large compared to expectations under spatial randomness. Figure
S2: Distribution of the number of points falling inside protected areas
across 999 random spatial simulations (grey bars). The dashed blue line
indicates the mean expected value under spatial randomness, while the
dashed orange line marks the observed number of SNS located inside
protected areas. Figure S3: Proportion of land-cover classes surround-
ing sacred natural sites (SNS) across five spatial buffers (50, 100, 150,
200, 250m). Boxplots show the distribution of percent cover for each
land-cover class across SNS, with points representing individual sites.
Extreme outliers (values beyond 1.5XIQR) were removed for visuali-
sation purposes. For water bodies and wetlands, only non-zero values
are shown because most observations were equal to zero. Percentages
are plotted on a log (x+1) scale to enhance comparability among land-
cover classes.
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