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In recent years, the popularity of rock-climbing has grown tremendously, setting an
increasing pressure on cliff habitats. Climbing may be particularly harmful in the
Mediterranean biome due to its appropriate environmental conditions for climbing. A few
studies have identified the effect of climbing on plant diversity at a small-scale (namely
locally or even just in specific climbing areas). However, no studies exist assessing the
potential risk of rock-climbing on a broad-scale (e.g., regional or national). The study
aims to identify the priority locations and priority cliff plant species in Spain to focus
future study efforts. Spain was selected because it is a plant biodiversity hotspot, with
a great diversity of endemic and endangered species, and one of the most popular
destinations for climbers. We used a geographic information system-based approach
to model the spatial concurrence among Spanish climbing areas (and climbing intensity),
natural protected areas (NPAs), and distribution of threatened cliff plants (and their IUCN
threat category). We found that 53.5% of climbing areas in Spain are located within
a NPA, most of them falling into NPAs of medium protection level. We mapped 151
threatened cliff plants, identifying four medium priority Mediterranean locations and eight
priority species in which future research efforts should be focused. High-priority study
locations are absent in Spain according to our spatial modeling. For the first time on
a national scale, this study identifies areas in which climbing represents a potential
threat for cliff habitats and threatened plants. These findings contribute to designing field
studies on the effects of rock-climbing on Mediterranean cliffs, laying the groundwork for
a sustainable, yet challenging, balance between the protection of these unique habitats
and rock-climbing.

Keywords: biodiversity conservation, Mediterranean plants, priority natural areas, rock-climbing impact, spatial
analysis, threatened cliff plant species, IUCN protection categories

INTRODUCTION

Human activities are changing ecosystems worldwide, being a major threat to the biodiversity
of the planet (Vitousek et al., 1997; Newbold et al., 2015). To prevent further biodiversity
loss, today conservation efforts, concentrated on natural protection areas, must not only focus
on conserving iconic landscapes and wildlife but also consider a framework of social welfare
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(Watson et al., 2014). Sports activities in natural areas such
as hiking, trail running, and rock-climbing contribute to this
social welfare and increased exponentially in recent decades
(Cordell, 2012; American Alpine Club Report [AAC], 2019).
These activities are now considered to be a key aspect of
people’s wellbeing and leisure, but, at the same time, pose a
potential threat to the natural environment where they take place
(Burgin and Hardiman, 2012).

Among these outdoor sports activities, rock-climbing
represents a challenge for the management and conservation of
natural protected areas (NPAs), especially now that its popularity
has grown tremendously and climbing represents a motivation
for tourism (Caber and Albayrak, 2016). Currently, there are
more than 1.6 million active climbers in Europe and forecasts
show a huge increase in the following 30 years (Hanemann,
2000; Cordell, 2012; American Alpine Club Report [AAC],
2019)–especially after the presence of climbing at the Tokyo
Olympic Games, which can raise interest on this discipline. The
inclusion of indoor climbing at the Olympic Games reflects the
evolution of climbing in the last century, from a niche sport
only practiced by a minority to a popular sport, made more
accessible through the increasing number of indoor climbing
gyms (UIAA, 2000, 2014). However, the transition from climbing
in gyms to the natural environment is often undertaken with
little awareness of conservation and, for instance, fails to consider
cliff organisms in a climbing route (UIAA, 2000, 2014). Such a
trend could accelerate a loss of biodiversity, the degradation of
cliff habitats, and even lead to a loss of recreational amenities
(Burgin and Hardiman, 2012).

The effect of rock-climbing may be especially harmful to
plants, due to their inability to rapidly move away from
unfavorable conditions and disturbances (unlike birds nesting on
cliffs; e.g., Larson et al., 2000). Despite their roughness and the
harsh conditions for the plants’ growth, cliff habitats can support
a great diversity of plant species, harboring a high amount of
endemisms and endangered species (Larson et al., 2000; Lavergne
et al., 2003). Thus, rock-climbing poses a potential threat, not
only for the diversity of cliff vegetation but also for unique and
threatened plant species (Larson et al., 2000). However, only a
few local small-scale field studies exist on the effect of rock-
climbing on cliff plant species (e.g., Clark and Hessl, 2015; Lorite
et al., 2017; March-Salas et al., 2018; Schmera et al., 2018; Strumia
et al., 2020), and these have not always been properly conducted
(Holzschuh, 2016). Moreover, these isolated case studies did not
state the criteria used to select study sites, leading to an unknown
relevance of the sites for conservation purposes. Thus, studies
assessing the potential risk of rock-climbing for threatened
plant species at wider spatial scales are needed to design more
informative and successful field studies in the future.

The assessment of the effect of rock-climbing on cliff plant
species is especially relevant for Mediterranean cliffs (Lorite
et al., 2017; March-Salas et al., 2018). The Mediterranean biome
is a plant biodiversity hotspot (Myers et al., 2000; Médail
and Diadema, 2009), harboring a large amount of endangered
and endemic cliff plant species (Larson et al., 2000). This
is especially true in Spain (mostly Mediterranean) since it is
one of the most biodiverse countries in the European Union,

and has been designated as a key territory for conservation
(National Biodiversity Strategy, 2020), and holds the highest
number of protected areas in Europe (covering 27% of its
land area; Ministerio para la Transición Ecológica [MITECO],
2018; UNESCO, 2020). These protected areas are divided into
different degrees of protection (see Supplementary Table 1),
they are meant to protect rare and threatened animal and
plant species and serve as fundamental tools for ecosystem
management and conservation. Moreover, Spain is one of the
most popular international rock-climbing destinations due to the
appropriate environmental conditions for rock-climbing and the
great amount of well-developed climbing crags (i.e., climbing
locations, the basic unit grouping climbing routes). As a result,
there are more than 1,000 climbing crags in Spain (Martos, 2018)
and it is estimated that there are more than 200,000 climbers
with at least 100,000 of these climbers having emerged in the
last decade (Lorite et al., 2017). Thus, the combination of these
three elements (i.e., a plant biodiversity hotspot, an outstanding
percentage of protected surface, and a well-established and
growing rock-climbing destination) makes Spain ideal for a
broad-scale study of the potential risk of rock-climbing for
cliff plant species.

This study aims to identify priority areas and species for
future in-depth field studies of the potential risks posed by
rock-climbing for plant biodiversity. Specifically, we (1) describe
the distribution of rock-climbing in Spain and the NPAs in
the country; (2) identify study priority locations based on the
distribution of rock-climbing and threatened cliff plant species;
and (3) identify study priority species of threatened cliff plant
species based on the degree of climbing intensity on each
species’ distribution.

MATERIALS AND METHODS

Scope of This Work
This study covers mainland Spain (494,011 km2) and the
Balearic islands (4,992 km2). Geologically, three main units
have been recognized (Vera, 2004). (i) Hercinian Basement,
composed of metamorphic (gneiss, quartzite, slate, and schist)
and plutonic rocks (i.e., granite). (ii) Alpine reliefs, mainly
formed by limestone, sandstone, or marls, often with limestone
massifs where Hercinian materials also emerged. (iii) River
depressions, formed by tertiary or quaternary materials (marl,
sand, conglomerates, etc.). The Western part of Spain, mainly
composed of Hercinian material, usually presents soft relief,
while eastern areas where alpine materials are widely extended
form rugged relief (Supplementary Figure 1). This Eastern part
is where most of the climbing activity is concentrated. The
climate is mainly Mediterranean (or Sub-Mediterranean), a bi-
seasonal climate type in terms of temperature and precipitation,
characterized by cool-wet winters with low solar irradiance and
hot-dry summers with high solar irradiance and unpredictable
environmental conditions (Lionello et al., 2006; March-Salas
et al., 2019). Plant diversity is especially high with 6,276 native
taxa, being 1,258 species (22.8%) endemic (Aedo et al., 2017).
Here, cliff faces have acted as anthropogenic and environmental
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refuges, resulting in unique habitats with a high number of
rare and endemic species (Larson et al., 2000), many of which
are threatened by different factors such as high dryness and
erosion, intense radiation, and poorly developed soils, etc.
(Moreno-Saiz et al., 2003).

This study includes all styles of climbing practiced on natural
rock in the natural environment regardless of the safety-gear
used: sport climbing (which uses fixed gear on the rock),
traditional climbing (which uses removable gear, leaving the rock
as it was found), bouldering (which uses no gear on the rock
as it takes place on low height rock-boulders), and deep-water-
soloing (which uses no safety gear as it takes place over the
water). This work includes aid-climbing routes within sport or
traditional styles.

Data Sources
We compiled the locations, climbing popularity, number of
routes, and climbing style for all available Spanish climbing
crags using specific climbing literature (Martos, 2018). So,
due to the subjective nature of the popularity of climbing
areas, this variable was retrieved from a single standardized
source. Only missing coordinates were completed following
approach descriptions in the source, multiple local guidebooks,
specific websites, or climbers’ comments. We downloaded the
polygon layer for the NPAs from the Spanish Ministry website
(Ministerio para la Transición Ecológica [MITECO], 2020a).
Afterward, we included the equivalence among categories in the
NPAs System of Spain and IUCN protected areas classification
(Supplementary Table 1).

To compile the cliff threatened species for Spain, we used the
Atlas and red book of Spanish threatened vascular flora (Bañares
et al., 2004; updated at Ministerio para la Transición Ecológica
[MITECO], 2020b–AFA). The selection was made using species’
habitat information for species strictly rupicolous or preferential
(i.e., mainly rupicolous occasionally living in other habitat
types). Information about the habitat was double-checked using
reference floras for Spain (Castroviejo, (1986-2019); Blanca et al.,
2011). Hence, the final list comprised 151 taxa (Supplementary
Table 2). Once the final list was obtained, we used rgbif package
(Chamberlain et al., 2016) to download occurrences from Global
Biodiversity Information Facility (GBIF)1 and taxize package
(Chamberlain et al., 2020) to get the gbif IDs of the taxa,
using R (version 3.6.1; R Development Core Team, 2019).
Specifications for large species dataset compilation followed
Waller and Grosjean (2019). We revised the resulting occurrences
from GBIF and excluded the ones lacking coordinates or with low
precision coordinates (i.e., less than three decimal places).

Data Analysis
First, we computed “climbing intensity” as a function of two
variables describing each climbing crag: climbing popularity and
number of routes. Popularity is a categorical variable, ranged
from 1 to 6 in our data set (Supplementary Table 3) and the
number of routes is a continuous variable ranging from 2 to 4000
in our data set. The climbing intensity of each climbing crag was

1https://www.gbif.org

calculated as popularity × log10(number of routes), where the
number of routes was log10 transformed (thus, ranging 1–4) to
have both variables scaled to a similar magnitude.

Second, we rasterized climbing intensity and threatened cliff
plant species occurrence data. To do this, we set the grid scale
to 10 × 10 km, fitting best with our information sources (i.e.,
climbing routes, plant species distribution, and NPAs). In each
grid cell, we conservatively selected the maximum climbing
intensity of occurring crags and the richness of threatened cliff
plant species (as the number of occurring species). Both variables
were rescaled dividing them by the maximum value in the whole
study area (thus, ranging 0–100%).

Third, rasterized variables were overlapped. Point-data of each
climbing crag was used to calculate the proportion of routes
occurring at each conservation level (i.e., NPAs and their IUCN
conservation category correspondence). To evaluate the spatial
overlap between climbing intensity and plant richness we added
the values of both rasterized variables. A non-spatially explicit
replotting of this data led to grid cell prioritization. To identify
the threatened cliff plant species, a priority of this study, we
selected all grid cells in which a species occurred and computed
their mean percentage of climbing intensity (%). All spatial
analyses were performed using packages rgdal, sp, and raster in
R (version 3.6.2; R Development Core Team, 2019).

RESULTS

Distribution of Rock-Climbing in Spain
and Its Natural Protected Areas
We compiled and used a total of 1,183 climbing crags, gathering
111,384 climbing routes in Spain. Out of these climbing crags,
53.5% occurred inside any of the 3,304 NPAs in Spain, and the
remaining 46.5% are located in natural areas without any legal
protection status.

Climbing crags showed different sizes (i.e., number of routes),
climbing popularity, and climbing style. In terms of climbing
routes, 65.2% occurred inside NPAs (Figure 1). However,
most of those routes (ca. 90% falling in any NPAs, 58.3% of
total climbing routes) fell within NPAs of medium protection
level (IUCN category IV: “Habitat/species management area”;
Figures 1A,B; see Supplementary Table 1 for correspondence
with Spanish categories), which is the most frequent IUCN
category in the NPAs of Spain (65.5% of all NPAs). On the
contrary, no routes occurred in NPAs of the highest protection
level in Spain (i.e., category Ib-Wilderness area; Figures 1A,B;
Supplementary Table 1).

The routes in climbing crags occurring at IUCN category
IV, were distributed evenly across popularity levels (Figure 1A;
see Supplementary Table 3). The distribution of routes is
centered on popularity level 4 (described in Martos, 2018,
as “Interesting crags for their possibilities, location”), slightly
skewed toward popularity level 6 (i.e., “The best crags of the
country”; Martos, 2018) and negligible at popularity level 1 (i.e.,
“Crag with no particular interest”; Martos, 2018). Regarding
climbing style, most of the routes in Spain were located at sport
climbing crags (57.5%) or mixed with traditional climbing routes
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FIGURE 1 | Distribution of climbing routes in Spain across IUCN categories classifying NPAs in which routes are located. (A) Popularity and (B) climbing styles within
IUCN categories.

(13.4%). These proportions were particularly noticeable in IUCN
category IV and climbing crags located in natural areas with
no protection status (Figure 1B). However, there was a striking
higher proportion of traditional climbing within IUCN category
II (41%) than that in category IV (5.5%).

Priority Study Locations
Climbing crags spread across 788 10 × 10 km grid cells
(Figure 2A). Threatened cliff plant species occurrences were
distributed across 1046 grid cells in Spain (Figure 2B), with
maximum grid cell richness reaching 12 threatened cliff species.
The grid cells in which climbing and threatened cliff plants
overlapped (279–35.4% and 26.7% of those grid cells with
climbing data and richness data, respectively; Figure 2C)
were classified into four priority classes (Figure 2D): least
priority (both variables below 25%, blue area), moderate
priority (either variable in the 25–50% range, green area),
medium priority (either variable in the 50–75% range, orange
area) and high priority (both variables above 75%, red area).
There was no overlap between climbing and threatened cliff
species richness in the highest study priority range (75–
100%). However, four grid cells were classified as medium
priority locations (50–75%). These four medium priority grid
cells are located within NPAs of IUCN category IV in the
municipalities of Gaidovar (Cádiz), Álora (Málaga), Collbató
(Barcelona), and Escorca (Mallorca) (for more details, see
Supplementary Table 4). In addition, 87 grid cells were
classified as moderate priority locations (25–50%; 31.2% of
all overlapping grid cells), and 188 grid cells (67.4%) were
classified as least priority locations (i.e., with both climbing
intensity and/or threatened cliff species richness falling in the 0–
25% range).

Priority Study Species of Threatened Cliff
Plant Species
None of the threatened cliff plant species had a mean climbing
intensity greater than 50% (Figure 3), including those with
restricted distributions (i.e., present in less than five grid cells).

However, eight threatened cliff species were present in the
range of climbing intensity between 25 and 50%: Alchemilla
pentaphyllea, Alchemilla serratisaxatilis, Galium pulvinatum,
Linaria aeruginea subsp. pruinosa, Saxifraga catalaunica,
Saxifraga cotyledon, Saxifraga felineri, and Petrocoptis pardoi.
All of these threatened cliff species were present in less than
10 grid cells, except P. pardoi that occurred in 28 grid cells.
According to their IUCN threat category, one of these eight
priority species (with climbing intensity between 25 and 50%) is
considered as Endangered (EN) (G. pulvinatum), four of them
as Vulnerable (VU) (A. pentaphyllea, S. cotyledon, S. felineri,
and P. pardoi), two of them as Near Threatened species (NT)
(S. catalaunica and L. aeruginea subsp. pruinosa), and one as Data
Deficient (DD) (A. serratisaxatilis), the latter requiring further
fieldwork to confirm its distribution. Finally, 143 threatened
cliff plant species were found in the range of climbing intensity
between 0 and 25%.

DISCUSSION

This is the first study to spatially assess the potential risk
of rock-climbing for threatened cliff plant species and NPAs.
Despite some authors have pointed out the need for a broad-
scale (e.g., regional, national) assessment to center evaluation
and conservation efforts (e.g., Attarian and Keith, 2008), to
our knowledge this is the first attempt in doing so. The
outcome of this geographic information-based approach has
successfully identified locations and threatened species in which
there is a higher chance of detecting effects of rock-climbing.
This study shows that slightly more than half of the climbing
routes in Spain occur within NPAs and most within medium
IUCN protection level, sport routes being the most frequent
style. Regarding study priority areas, only four locations are
above 50% of the maximum climbing intensity or cliff plant
richness in Spain but this work does not show high potential
risks of rock-climbing on endangered cliff species, according
to the criteria and model considered. Likewise, we highlight
the need of studying in-depth with continuous field monitoring
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FIGURE 2 | Spatial distribution across a 10 × 10 km grid of (A) climbing intensity as popularity × log10(number of routes), (B) richness of threatened cliff plant
species, and (C) their overlap highlighting medium priority grid cells (orange circles). Finally, (D) a plot representation of the overlapping grid cells, with four areas
classifying them into study priority levels. The priority locations are listed in the panels (C,D): (1) Gaidovar (Cádiz), (2) Álora (Málaga), (3) Collbató (Barcelona), and (4)
Escorca (Mallorca).

of the eight species whose distributions had a mean climbing
intensity of over 50%.

Distribution of Rock-Climbing in Spain
and Its Natural Protected Areas
Given the proportion of protected land in Spain (27%; Ministerio
para la Transición Ecológica [MITECO], 2018; UNESCO, 2020)
it is remarkable that such a high proportion of climbing routes
occur inside NPAs (nearly 40%, Figure 1). This is probably
because protection is usually focused on forested or mountainous
areas, where rocky outcrops do not allow human profitable
activities (cropland, urban areas), but are precisely the only
suitable areas for rock-climbing and other outdoor recreational
activities (Granero and Baena, 2007). The overall distribution
of climbing routes across IUCN protection categories mirrors
the distribution of the protected land surface in Spain in
those IUCN categories. That is, most of the protected land
in Spain falls into IUCN category IV (82.6%) and most
of the climbing routes in protected land also occur in this
category (ca. 90%).

According to climbing styles, sport routes stand out as the
most frequent. This reflects the recent growth in popularity of
climbing as a sport, which is mainly opposed to rock-climbing
as a technique within alpinism (Pérez-Brunicardi and Archilla-
Prat, 2015). This conception of rock-climbing as a discipline
of its own led to the establishment of practicing venues in
nature (i.e., climbing crags) and indoor climbing gyms (later in
history). These outdoor climbing locations (sometimes strikingly
called sports facilities) ease access and engage increasingly higher
numbers of participants (USDA, 2012) that, in turn, need more
climbing locations in nature. Sport climbers repeatedly use the
same stretches of the cliff face, which poses an evident threat
to plant species (March-Salas et al., 2018). This is especially
true in Spain, where the climate allows rock-climbing during
most of the year and rock cliffs are spread around the country,
not only in isolated mountain ranges (Myers et al., 2000; Di
Castri and Mooney, 2012). This is the most likely explanation
of why traditional routes are overrepresented in natural areas
protected under IUCN category II (Figure 1B); due to the
more adventurous spirit of traditional climbing, seeking more
inaccessible natural areas (UIAA, 2000), some of which have
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FIGURE 3 | Mean climbing intensity of the grid cells in which each threatened cliff plant species is present (occurrences as the number of grid cells). The color scale
represents the levels of IUCN threat, the lightest color represents the lowest IUCN threat category, and the darker color the highest IUCN threat category.

likewise been protected as National Parks (IUCN category II).
This could be due to the remarkable differences in regulation
among NPAs (Lorite et al., 2017). Contrary to other situations
in which conservation and sports meet, an association of
environmentally aware climbers, the Spanish Federation for
Mountaineering and Climbing (FEDME), and the National Parks
Autonomous Organism are aware of the conflicting interests
and are collaborating to develop evidence-based management
practices and reiterate the importance of including climbing crags
within NPAs (FEDME, 2018).

Priority Study Locations
Our results on the spatial distribution of threatened cliff plant
species show that about 35% of grid cells with climbing crags
also harbor these species. Among them, the vast majority of the
overlapping grid cells (98.6%) was classified as least or moderate
priority study locations since either the climbing intensity or
percentage of threatened cliff species richness was lower than
50%. This does not mean they do not deserve further study (or
even protection), but that the low value of one or both variables
is probably not enough to evaluate the effect of rock-climbing. In
this sense, the primary in situ study efforts should be focused on
the four locations (see orange symbols and area in Figures 2C,D).
Moreover, here we highlight that all of these four locations are
within the Mediterranean region of Spain, where most of the
threatened species are located (Domínguez Lozano et al., 2003).
The high vulnerability of Mediterranean habitats and biodiversity
to climate change (Giorgi and Lionello, 2008; Newbold et al.,
2020) might pose an extra conservation challenge regarding cliff
habitats, which are already under pressure from rock-climbing.

Field-studies in priority locations should include continuous
monitoring of cliff plants and implementing conservation

strategies according to in situ research results. We found
contrasting management strategies in Spanish NPAs with the
same protection status, ranging from total climbing ban to the
promotion of rock climbing. This denotes a positive effort in
designing spatially specific and temporally dynamic plans for
the conservation of the environment in climbing areas within
NPAs (not only in Spain but other countries; e.g., Yosemite
National Park in the United States, Peak District National Park in
the United Kingdom, Montagu Nature Reserve in South Africa,
Onkaparinga National Park in Australia, Saxon Switzerland
National Park in Germany, etc.). Such location-specific yet
temporally dynamic management avoids permanent climbing
prohibition that may reduce tourism, and social wellbeing, even
local economies (Caber and Albayrak, 2016; Koefod, 2019).

Priority Study Species of Threatened Cliff
Plant Species
Comparing data for the priority grid cells and priority species,
we conclude that, among the eight priority species with 25–
50% climbing intensity, seven have Mediterranean distributions
and four are considered species of special interest because,
among their cell distributions, they include a study priority grid
cell. They can be sorted into three levels: (1) S. catalaunica,
S. cotyledon are high priority species (under mean climbing
intensity of 37.5 and 25%, respectively; present in five and nine
grid cells, respectively) and both are present in a medium priority
grid cell with the highest climbing intensity defined in this study
(100%). (2) G. pulvinatum (under mean climbing intensity of
33.4%; among seven grid cells) is also of great study interest as it is
present in a high priority grid cell, in which the climbing intensity
is 83.3% (in the municipality of Álora, Málaga). Finally, (3)
the species L. aeruginea subsp. pruinosa (under mean climbing
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intensity of 30.1%; among four grid cells) is of less concern
but is present in a medium priority grid cell with a climbing
intensity of 42.7%. Cliff-specialist species seem less vulnerable to
the disturbance of rock-climbing than generalist species (March-
Salas et al., 2018). Thus, the strict-rupicolous nature of these four
species may attenuate the pressure of the high climbing intensities
found along their distributions. A more in-depth evaluation of
the study locations may help to minimize the potential damage
to these top-priority species, together with the rest of the 140
threatened species compiled in the present study and included
in atlas and red books of threatened plant species for Spain (see
Moreno-Saiz et al., 2003 for an overview).

A remarkable case within our study is the only species
classified as endangered (EN), G. pulvinatum, which is present
in seven grid cells with an average climbing intensity of 33.39%.
Bibliographic sources (Bañares et al., 2004, 2010; Blanca et al.,
2011) proved that this species is indeed present in two locations
confirming the accuracy of GBIF occurrences. Thus, a thorough
evaluation of its populations is required.

Further field-research aimed at cliff plant species should
include: (a) an assessment of the presence of endangered species
in the cliff-faces where rock-climbing is practiced as well as
in potential surrounding cliffs where new climbing routes can
be opened. When the presence of an endangered species is
confirmed, research should also undertake; (b) an exhaustive
study using standardized methods on the effect of rock-climbing
on its population biology (i.e., abundance/cover, stability of its
pollination network, phenology, fitness, etc.). Finally, studies
should also take into account, (c) long-term monitoring for a
comprehensive follow up of the species’ population dynamics
along seasons and years (even individual’s monitoring). This
should be accompanied by a strong environmental awareness
campaign by NPA authorities and climbers’ associations aimed
at climbers and a broader audience.

Study Limitations and Future Directions
This study identified a series of limitations that could produce
skewed results that should be taken into account when designing
conservation programs and management policies in the future.
These limitations arise mainly from the data sources. First, data
for climbing crags are incomplete. Despite we have compiled the
existing information, some crags might be missing in our dataset.
Second, the popularity of crags is based on expert-criteria. In the
future, a climbers-frequency index could be designed based on
field sociological data. Third, plant distribution data from GBIF
is known to be incomplete or geographically imprecise, in this
sense, alternative sources (e.g., literature and regional databases
of threatened flora) and field surveys could be included.

Measuring the diversity of cliff plants by calculating richness
is also most probably an oversimplification that could hide
essential information on the conservation status of populations.
A combination of several diversity indexes (based on field data)
would probably aid a better understanding of the health of cliff
plant species. Moreover, we only focus on measuring the diversity
of threatened cliff plant species as the most sensitive component.
Considering that generalist species can represent even the 70%

of the plants present on the rocks of climbing crags (March-
Salas et al., 2018), future studies could broaden the scope of these
analyses, including not only strict rupicolous species but also
generalist ones.

In addition, the rasterization of data in this study also
indirectly assumes that in each grid cell overlapping variables
coexist (i.e., all rocky outcrops present in each grid cell are
occupied by both plants and climbing routes). In the future,
building maps of available rock cliff habitat would help correct
for potential overestimation of the overlap of climbing and plant
populations. Nevertheless, we used a conservative approach to
summarize the intensity of climbing in each grid cell by selecting
the highest climbing intensity of the present climbing crags.
Again, further fieldwork is required to find more accurate ways
of summarizing the climbing intensity of nearby climbing crags.
All this being said, the results presented do show clear trends and
provide a useful picture of the potential risk of rock-climbing for
cliff environments in Spain.

CONCLUDING REMARKS

This is the first national-scale study on the potential risk of rock-
climbing for cliff habitats and the first to analyze in advance
(i.e., prior to the field study) the most informative areas and
species for field studies examining the effects of rock-climbing.
This spatial approach is an invaluable starting point to focus
study efforts toward areas or species conservation. However, the
findings provided by this study do not intend to be enough for
driving management policies or changing current regulations.
Nonetheless, this study helps prioritizing in situ follow up of
potentially sensitive locations, designing future field research, and
individual monitoring of identified priority species. Ultimately,
the locations highlighted here could work as seminal research
locations to test conservation strategies before applying them
to other Mediterranean regions worldwide. This literature-based
study urges researchers to implement exhaustive fieldwork that
will improve our understanding of the current and long-term
effects of rock-climbing on the cliff environment, specifically on
Mediterranean rupicolous flora. The unprecedented popularity
and growth of outdoor leisure-activities mean that it is imperative
to further understand the potential risk to the environment.
To conclude, this study lays the groundwork for finding a
sustainable balance between the protection of these unique
ecosystems and rock-climbing, fulfilling conservation criteria and
the needs of society.
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