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Abstract: The concept of ecosystem services developed in the second half of the 20th century, and
the Millennium Ecosystem Assessment was crucial for its acceptance. This assessment identified
the services that ecosystems provide to society, but geodiversity (as an indispensable component of
ecosystems) was somewhat underestimated. At present, geodiversity is intensively used by human
society and it provides numerous services including cultural as a resource for tourism, recreation,
as a part of natural heritage, and to satisfy matters of spiritual importance. The main purpose of
this paper is to present the geocultural issues of Stranska skala (a limestone cliff with caves and
an anthropogenic underground) in Brno (Czech Republic) and to evaluate the cultural ecosystem
services of geodiversity by using the abiotic ecosystem services approach. This assessment of cultural
ecosystem services of the Stranska skala enables the identification and description of the functions
and services which are provided by geodiversity and confirms the high cultural and geoheritage
value of the site.
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1. Introduction

Geodiversity (of an abiotic or inanimate nature) is defined as the natural range (diversity) of
geological (rocks, minerals, fossils), geomorphological (landforms, topography, physical processes),
soil, and hydrological features including their assemblages, structures, systems, and contribution to
landscapes [1,2]. Within this broad concept, geodiversity is a non-evaluative entity that encompasses
all the diversity of abiotic nature, regardless of the partial diversity of its individual components [3].

Geodiversity offers multiple functions and services both for nature and for human society [2-6].
It is an essential part of natural ecosystems and it directly or indirectly determines and influences
biodiversity [7-15].

The importance of geodiversity for human society is also indisputable: geodiversity is a resource
for construction materials or fuels, it provides a platform for numerous human activities, or it
contributes to regulating processes as flood control or biochemical control [2,4]. Moreover, geodiversity
provides resources or background settings for tourism, sporting activities, and recreation [16-18], and
also has numerous cultural functions [19-21].

Despite its undeniable importance, the role of geodiversity is still a bit neglected and is not given
as much attention as biodiversity, especially within nature conservation and landscape planning. A
complex view of this issue can significantly contribute to the “emancipation” of geodiversity, acceptance
of its protection, and its rational use: geodiversity is by no means a competitor of biodiversity, but
rather a “basis” for biodiversity [2,8,22-24].

Ecosystem services are the benefits (goods and services) that society obtains from nature [25].
The concept of ecosystem services gradually developed in the second half of the 20th century [26-28],
for an overview of the development of the concept, see e.g., [29-31], but the Millennium Ecosystem
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Assessment [25] is considered to be a basic document where the definitions and approaches were
presented together with justifications on why the further developing of the concept of ecosystem services
was necessary. Today, this concept is fully accepted as an important base for nature conservation,
landscape planning, as well as responsible and sustainable use of resources within different types of
ecosystems, as proven by numerous papers and monographs [31-33]. The assessment of ecosystem
services is considered as a basis for their quantification and environmental accounting [34,35] and
references therein, and as an important issue in land-use policy [36,37].

The acceptance of geodiversity within the concept of ecosystem services by a wider
community is still ambiguous [38,39]. According to [2,6,40], geodiversity (as an indispensable
component of ecosystems) was somewhat underestimated within the Millennium Ecosystem
Assessment [25]. These authors point out, for example, the underestimation of non-renewable
natural resources, and insufficient consideration of geomorphological processes or insufficient analysis
of geodiversity-biodiversity relations.

Based on this, Gray [2,4] Gordon, Barron [6], and Gray et al. [5] define the so-called “abiotic
ecosystem services” or “geosystem services” which include regulatory, support, supply, and cultural
services. Van Ree and van Beukering [41] as well as Van Ree et al. [42] also emphasize the importance
of subsurface and its role in ecosystems. Lele et al. [43] state that it is necessary to include minerals
and other abiotic processes in the framework of ecosystem services. Van Der Meulen et al. [44] also
propose for abiotic components to be included in the concept of ecosystem services. Ruban et al. [45]
discuss the provisioning and cultural ecosystem services of mineral and geoheritage resources and
propose to include them into the ecosystem services concept as well. The ecosystem services of water
environments (according to [2], water is considered to be a part of geodiversity) were also identified
and recognized [46—48]. The ecosystem services of coastal areas, which can be considered as an
environment where biotic and abiotic components meet, were also recognized and evaluated [49,50].

The detailed description of ecosystem services provided by geodiversity is elaborated e.g., by
Gray [2,4] or Gordon and Barron [6] and they correspond to the classical scheme of ecosystem
services [25,51]. To these services, the category of so-called “knowledge services” has also been
added [2,38]. Since 2018, abiotic ecosystem services have been included in the Common International
Classification of Ecosystem Services (CICES) [51]. Nevertheless, there are still numerous methodological
questions regarding the mutual relations between CICES, the concept of natural capital, and geodiversity
services as defined by Gray [2,4,38]. Practical applications combining geodiversity research and the
concept of abiotic ecosystem services are rather scarce with the exception of water ecosystem services
or coastal ecosystem services, as noted previously. To mention some examples: Garcia [52] focuses on
the ecosystem services of geodiversity at a coastal area of Brazil and she uses a qualitative approach
(identification and description of the ecosystem services of different ecosystems mapped in the study
area), Pilogallo et al. [53] apply a GIS-based approach and perform a multiple linear regression analysis
for identification of cultural ecosystem services of geosites in southern Italy.

In this paper, an emphasis is placed on the cultural ecosystem services of geodiversity because
they are closely related to the issues of geoheritage, geoconservation, and geotourism [2,4,17,19,21]. As
a study area, Stranska skala in Brno (Czech Republic) was selected. It is a site with specific geocultural
issues which is protected and widely used for (geo)tourism, recreation, and environmental education.
The cultural and knowledge ecosystem services as defined by Gray [2] were identified there for the
purposes of landscape planning and updating the Care plan for this National Natural Monument.
It is supposed that this site, where abiotic components play a crucial role, offers numerous cultural
services and benefits for society and thus should be considered when developing geotourist activities
and managing geoheritage.
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2. Methods and Theoretical Background

People have benefited in many ways from cultural ecosystem services, including aesthetic
enjoyment, recreation, artistic and spiritual fulfillment, and intellectual development, thus cultural
values of ecosystems are as important as other services [25,54].

Generally, cultural ecosystem services can be defined as the nonmaterial benefits people obtain
from ecosystems through spiritual enrichment, cognitive development, reflection, recreation, and
aesthetic experiences [25]. The conceptual and methodological aspects of cultural ecosystem services
were discussed in numerous papers [54-60]. Within cultural ecosystem services, different subcategories
can be described (Table 1).

Table 1. Cultural ecosystem services and their subcategories (adapted from [25,36,55]).

Values Examples

Landscape features (or sites) used for recreational activities (walking, horse
riding, swimming, gathering wild foods, hiking, sport activities, climbing, etc.)
Landscape features (or sites) of particular beauty, Aesthetic quality of the
landscape, based on e.g., structural diversity
Landscape features (or sites) of spiritual, religious, or other forms of exceptional
personal meaning
Landscape features (or sites) that widen knowledge about plant and animal

Recreation and ecotourism
Aesthetic values

Spiritual and religious values

Educational values species or about landscapes and landforms, past climate or
paleogeographical changes
Cultural heritage values Landscape features (or sites) relevant to local history and culture

Landscape features (or sites) that have inner values independent on the human
perceptions, specific landscape features as a part of natural heritage
Landscape features (or sites) that stimulate new thoughts, ideas, or creative
expressions. Landscape features or species with inspirational value to human arts
Landscape features (or sites) that foster a sense of authentic human attachment,
landscape features as a part of local identity
Importance of the landscape features (or sites) for research activities, e.g.,
paleogeographical, paleoclimatical studies, history of research, and knowledge
Landscape features (or sites) serving as meeting points with friends, e.g., on
special occasions

Cultural diversity The diversity of ecosystems that underpin the cultural diversity

Bequest, intrinsic and existence value
Inspiration
Sense of place
Knowledge systems

Social relations

Cultural ecosystem services have been discussed within various frames, but very limited attention
has been paid to geodiversity. There are only a few exceptions where geodiversity is considered within
these frameworks, e.g., Bryce et al. [61] who mention geodiversity as being one of the attributes of
environmental spaces that are considered as a basis for cultural ecosystem benefits, or de Groot et
al. [36] who indicate that a “landscape feature” can be considered as an example of the particular
values of cultural ecosystem services (if we consider “landscape features” to be both biotic and abiotic).

However, the importance of cultural and knowledge functions and services of geodiversity was
already analyzed by [2,6,19,20] and later supported by numerous examples:

1. geodiversity (mainly landforms) underlines the aesthetic value of landscapes and provides
resources for tourism, sports activities, and outdoor recreation [6,16-18], and thus it contributes
to sustainable economic development and benefits public health

2. geodiversity elements represent a part of local identity, landforms can be a part of a typical
landscape panorama [20,62-64]

3. geodiversity is closely related to religion or spirituality [19-21,65,66]

4.  geodiversity’s valuable part (geoheritage) represents a part of natural heritage [67,68]

5. geodiversity possesses numerous knowledge functions and services—from the possibility for the
reconstruction of paleogeographical environments and enriching the knowledge of the history of
the Earth to the use of geodiversity knowledge in forensic geology [2].

The first step (before the proper description of ecosystem services) involves the identification
of ecosystems with important abiotic components. This is based especially on the literature review,
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fieldwork and it takes into account the biotope classification (Care plan) and methodologies for
ecosystem services for Czech ambience [69].

For the proper identification of cultural ecosystem services of geodiversity of the study area
(Stranska skala in Brno), a slightly modified approach elaborated and presented by Gray [2,4] and
Gordon [20] was used (Table 2). Gray [2,4] presented a very complex scheme for geodiversity services
following the classical division of ecosystem services to into regulating, supporting, provisioning, and
cultural services. A special category of “knowledge” services was added; these services are included
in the cultural services in general. Gordon [19,20] also elaborated a scheme for the cultural ecosystem
services arising from geodiversity and geoheritage.

Table 2. Abiotic cultural ecosystem services approach adapted from Gray [2] and Gordon [19,20].

Service Examples
Environmental quality and aesthetic values local landscape character; therapeutic landscapes for health and well-being
Geotourism, recreation, leisure spectacular mountain views; outdoor recreation; rock climbing; fossil collecting
Spiritual and religious meanings folklore; sacred sites; legends; sense of place
Artistic inspiration literature; music; poetry; painting
Other cultural values archaeological and historical; values relevant to local history and culture
Social development local geological societies; volunteering; field trips
Earth history evolution of life; extinction; origin of landforms; paleoenvironments
History of research early identification of unconformities; fossils; igneous rocks
Environmental monitoring and forecasting baseline studies for climate research; sea-level change; geoforensics
Education and employment sites for field trips and professional training; employment in geoparks
Heritage values a site or landscape feature as a part of natural heritage

Abiotic ecosystem services were also included in the CICES as an “extension”, however, there
is still no consensus on this decision, as it has a lot of pros and cons [25]. There are five abiotic
cultural services (or subcategories) defined which try to cover all the variability of services which
can be provided by geodiversity (Table 3); nevertheless, some aspects of this classification system are
rather problematic and the explication remains rather ambiguous. Moreover, CICES introduced the
abiotic ecosystem services as a “supplement” or “extension”, so there is a question of whether abiotic
ecosystem services are counted as a “full-value” component of the ecosystem services concept within
this approach [38].

Table 3. Cultural Abiotic ecosystem services according to CICES Extended (2018).

Division Group Class

Direct, in-situ, and outdoor interactions
with natural physical systems that depend
on a presence in the environmental setting

Natural, abiotic characteristics of nature
that enable active or passive physical and
experiential interactions

Physical and experiential interactions with
natural abiotic components of the environment

Intellectual and representative interactions with Natural, abiotic characteristics of nature
abiotic components of the natural environment that enable intellectual interactions
Indirect, remote, often indoor interactions Spiritual, symbolic, and other interactions with Natural, abiotic characteristics of nature
with physical systems that do not require a the abiotic components of the that enable spiritual, symbolic, and
presence in the environmental setting natural environment other interactions

Natural, abiotic characteristics or features of
nature that have either an existence, option,
or bequest value

Other abiotic characteristics that have a non-use
value

Other abiotic characteristics of nature that

have cultural significance Other Other

In addition, cultural abiotic services in CICES does not match very well with the already recognized
functions, services, and benefits of geodiversity proposed by Gray [2,4,38] or Brilha et al. [39]. The
definitions and ambiguous examples are another problem with this approach. That is why the concept
proposed by Gray [2,4] was used for the identification of cultural ecosystem services of the presented
study area. Until now, any coherent method for quantifying ecosystem services of geodiversity has not
been developed and used, while only the qualitative description or assessments are represented by
several examples and case studies [5,6,52]. That is why the descriptive approach according to [2,19,20]
was selected for our case study.
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3. Study Area

The elevation of Stranska skéla (Figure 1) is situated in Brno city, in the southeastern part of the
Czech Republic (South Moravian Region). It covers an area of approximately 16 ha with its highest
point at 310 m a.s.l. Since 1978, the site has been protected (today, according to Act 114/1992 Coll. [70],
as a National Natural Monument).

Figure 1. Stranska skala in Brno, Czech Republic: Location of the study area.

The site represents a denudation relic of the Upper Jurassic limestones (Figure 2a) which are
paleontologically rich (Figure 2b). According to Gregorova [71], the first paleontological findings
were discovered during the 19th Century. In practice, all significant groups of Jurassic marine fauna
are included, e.g., crinoids, cephalopods or decapods [71-74]. The talus cone profile (Quaternary
sediments) offers fossils from the Pleistocene [75,76]). A sequence of Jurassic rocks (over 50 m high)
was uncovered through quarrying and was traditionally divided into lower chert limestones, crinoid
limestones, and upper chert limestones. The limestones are strongly affected by karstification—the
relics of three caves have been preserved (Figure 2c). As the site was affected by quarrying since
the Middle Ages (see below), it is sometimes difficult to decide which outcrops and depressions are
of a natural and anthropogenic origin. It is assumed that depressions were originally natural karst
sinkholes that have been modified by surface quarrying.

Two levels of fluvial sediments have been preserved in the abandoned valley of Svitava between
Bila hora and Stranska skala (younger and older gravel cover), which represent complex fluvial strata
that are important from a paleogeographical point of view [72,77,78]. In close proximity, the Neogene
sediments (sands and clays) with rich paleontological findings occur [71].

Concerning anthropogenic transformations, the northwestern slope was considerably changed
by quarrying. During WWII, several hundred meters of tunnels for the underground factory
Flugmotorenwerke Ostmark and air protection objects were developed [79,80]. The site is botanically
valuable with the occurrence of xerothermic communities which represent the relics of thermophilic
species that have spread from the Mediterranean during the warm Holocene periods. Numerous
protected species (e.g., Pulsatilla grandis) can be found here.

Stranska skala was repeatedly inhabited during the Paleolithic period, the oldest settlements at
about 600,000 BC [81-84]. It is a site where the evidence of fire use by Homo Erectus was confirmed, so
the site can be considered as one of the oldest sites of fire use in Europe [85].
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About 45,000 years ago, the site was inhabited again, which has been confirmed by findings of the
mature chipped stone industry (“bohunicien”) that used local material (Figure 3a). The exploitation
and use of local material (especially cherts) were confirmed by other findings from the Eneolithic
period as well [84,86]. During the Last Glacial Maximum (Epigravettian) (circa 20,000 BP), the site was
a settlement of horse hunters [87].

(a) <

Figure 2. Stranska skala in Brno, Czech Republic: (a) Upper Jurassic limestones displayed in an old
quarry; (b) A detail of Crinoidea limestone with debris of Jurassic (Oxfordian) fossils; (c) Underground
spaces: most of the caves are modified by human activity. Sources: personal collection.

The importance of Stranska skala for Pleistocene studies was already noted in 1968 [88] and its
significance was again confirmed by Musil ed. ([81] and the chapters there), where the research is
summarized. Even now, the site is considered to be an exceptional locality for Quaternary geology
research [84,87,89,90].

The extraction of building stone probably started at the beginning of the 13th century [91-93].
The material was used for the first time in the Church of St. Jilji in Brno-Komarov and St. Kunhuta
in Brno-Zabrdovice, which was consecrated in the spring of 1211. Thus, the quarry was opened
before then. Later, the material was extensively used in numerous monuments and sacral buildings
in Brno, e.g., the crypt in Petrov cathedral, the cloisters of the Dominican and Minorite monasteries,
épilberk and Vevefi castles, the Old Brno basilica, the Church of St. Thomas and St. James, and the
portal of Old Town Hall (Figure 3b). The material was also used in sculptures (Stone Virgin on Orli
Street n. 16, Zderad’s Column, statues in Petrov Cathedral, Parnas fountain in Zelny Trh—-Figure 3c),
and as a tombstone [91]. The limestone was quarried until 1925 and temporarily renewed during
1940-1944 [79]. Nowadays, the deposit of crinoid limestone is not mined anymore and the site is
protected as a National Natural Monument [80].
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Figure 3. Geo-cultural issues of Stranska skala: (a) Stone artifacts from the Cromerian age—the

testimony of Neolithic settlements; (b) Example of the use of the Crinoidea limestone—portal of the
Old Town Hall; (c) Use of limestone on Parnas Fountain at Zelny Trh Market; (d) Stranska skala
at the beginning of 20th Century when individual quarries were still in operation; (e) A mosaic of
rock outcrops, grasslands and bushes contributes to the aesthetical qualities of the site. Sources:
(b,c,e)—personal collection; (a,d)—Musil ed. [81].

Concerning its artistic aspects, Stranska skala has appeared in several drawings and old
photographs (Figure 3d). Currently, it is a favorite place for hiking, walking, or climbing and it
serves as one of the recreational areas within Brno [80]. Thanks to its visual attractiveness and
environmental qualities (a mosaic of rock outcrops, grasslands, bush vegetation and numerous
viewpoints), the site can be considered to be aesthetically valuable (Figure 3e).

Stranska skala has inspired several poems e.g., [94] and urban legends that are based on real
stories [95]. The underground spaces are considered by a certain group of people as a place where
paranormal phenomena occur [96].

4. Results

Based on the fieldwork observations, considering the method for ES assessment for Czech
conditions [69], the method of Garcia [52] and biotope classification in the Care plan, the main types of
ecosystems where the abiotic components play a crucial role were identified: (1) limestone outcrops
and quarries (defined within one category; thanks to the long history of quarrying, it is not possible
to decide clearly which outcrop is natural and which was modified by quarrying or other human
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activities); (2) underground spaces (be they natural or modified by human activities—caves, adits,
remains of industrial spaces); (3) sedimentary areas, especially alluvial fans and talus cones. More
details about the geodiversity elements of each ecosystem are presented in Table 4. Abiotic cultural
ecosystem services were identified and described based on Gray’s scheme [2] for every ecosystem. The
results are in Table 5, while specific examples of cultural ecosystem services provided by geodiversity

are in Figure 4.

Table 4. Characteristics and elements of geodiversity associated with ecosystems.

Ecosystem

Description and Elements of Geodiversity

Limestone outcrops and quarries

Underground spaces

Sedimentary areas

Jurassic limestone (Oxfordian; Crinoidea limestone, Chert limestones) with fossils
Limestone cliffs that are both natural and modified by quarrying
Depressions (sinkholes) affected by quarrying
Karst microforms (e.g., pavements or scarps)
Less developed soils (rendzinas)
Caves and accompanying karst features (e.g., speleothems, fissures filled with secondary calcite)
Cave sediments with fossils
Hydrogeological components (the level of underground water)
Alluvial fans, talus cones, river terraces
Neogene sediments (sands and clays of Miocene age — Ottnangian, Badenian with microfossils)
Quaternary sediments (loess, deluviofluvial deposits, fluvial sands) with fossils
Paleosoils, current soils (rendzinas, limited occurrence of luvizems)

Figure 4. Examples of cultural ecosystem services provided by geodiversity at Stranskd skala: (a)
Abandoned valley of Svitava River between Stranska skala and Bila hora Hill is important for
palaeogeographical studies; (b) Sinkholes on the plateau allow us to study karst features and the impact
of old mining on the landscape; (c¢) Anthropogenic underground has strong links to the industrial
history of the city and it is also a resource for the modern urban legends; (d) Stranskd skala is a part
of the geoheritage of Southern Moravia, protected as a National Natural Monument; (e) The site is
popular for local people and visitors. Source: personal collection.
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Type of Value/Service/Benefit

Limestone Outcrops and Quarries

Underground Spaces

Sedimentary Areas

Environmental quality and aesthetic values

Geotourism, recreation, leisure
Spiritual and religious meanings

Artistic inspiration

Other cultural values

Social development

Earth history

History of research

Heritage values

The outcrops contribute to the typical
panorama of Brno city, they increase the
environmental quality of the urban area. From
a certain point of view, the outcrops and
quarry walls can be considered as dramatic
and they are aesthetically valuable thanks to
their configuration. The site forms an
important part of the city’s prehistory
and history.

Popular for local people and visitors, climbing,
fossil collecting, and recreation. A viewpoint
of the surroundings.

For local people, it is a site with a strong sense
of place.

The site with its outcrops was the subject of
several drawings and old photographs. It
appears in several poems.

The stone which was extracted here in the
Middle Ages was used on numerous buildings
in Brno and became the iconic rock of Brno.
Archaeological findings (e.g., flint processing)

The site is a favorite one for non-governmental
organizations (NGOs) that organize
educational programs focused on
nature protection.

An important plaeontological site (Jurassic
fossils) for palaeogeographical studies
(paleovalley of Svitava River), the remains of
river terraces.

One of the best-explored sites in the Moravian
region, a classical site of Moravian
paleontology, numerous important findings in
the past (e.g., shark teeth)

Officially, the underground spaces are not
accessible (except to speleologists and with a
permit), so the assessment of this value was
not possible. The mystic underground partly

contributes to the specific genius loci.

Practically accessible only for speleologists.
Unofficially explored by people interested in
underground spaces and related phenomena.
The caves (both natural and artificial) are the

subject of several modern legends.

Not found.

The anthropogenic landforms (tunnels of the
underground factory) have strong links to the
industrial history of the city. The use of the
bunker of the civil defence has been important
for military history.

Officially not accessible, so the social aspects
cannot be described and assessed.

Analysis of cave sediments, Quaternary
deposits in the caves that consist of bones and
teeth of Quaternary (Pleistocene) animals.

Contribution to the early findings of Moravian
Paleontology and Quaternary geology, an
important place for exploring cave systems in
Jurassic limestones.

Forestless areas are covered mostly by steppe
and bush vegetation and they complement the
overall pleasant look of the site and they
contribute to the configuration of the space
(the study area is a mosaic of outcrops,
grasslands, bush and forests). The site forms
an important part of the city’s prehistory
and history.

Popular for local people and visitors, walking,
recreation. Viewpoint of the surroundings.

For local people, it is a site with a strong sense
of place.
The site with its outcrops was the subject of
several drawings and old photographs. It
appears in several poems.

Archeological findings (first evidence of fire
use by Homo Erectus, evidences from
Paleolithic, Neolithic, Eneolithic, traces of
opportunity horse hunting)

The site is a favorite one for NGOs that
organize the educational programs focused on
nature protection.

An important site for paleogeographic
reconstructions, fossils (animal bones) in
Quaternary sediments deposited on the slopes
and depressions.

One of the best-explored sites in the Moravian
region, important for Pleistocene studies since
the second half of 20th century.

The locality as a whole (including all the ecosystems) is a part of the geoheritage of Southern Moravia. Currently, it is protected as a National

Natural Monument.
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The identification of ecosystem services can then serve as a basis for a SWOT (Strengths, Weaknesses,
Opportunities, Threats) analysis of the locality and its geocultural aspects and above all, it may be
considered as a source for the Care plan update for this National Natural Monument. Moreover, it can
be used as a basis for valuing and quantifying the ecosystem services as well.

5. Discussion and Conclusions

The application of a cultural ecosystem services concept on ecosystems where the abiotic
component plays a crucial role (e.g., caves, rock outcrops) helps us to identify the importance of
the geocultural aspects of the geological and geomorphological localities. Based on the literature
review, it was decided to use the abiotic ecosystem services approach as elaborated and presented by
Gray [2,4], Gordon [19,20], and Gordon, Barron [6]. For the pilot study, these approaches seemed to be
more comprehensive and suitable than the use of the CICES designed by EEA [51], as that offers only
several criteria which are not clearly defined. The identification of the cultural ecosystem services of
geodiversity by using CICES could be problematic because this classification stems from the assessment
of biotic ecosystem services. Some of the categories defined by Gray [2,4], cannot be assigned to the
categories of CICES unambiguously, although the categories defined by Gray [2,4], correspond (and
most probably are based on) with the classification of ecosystem services presented in MEA 2005 [25]
or de Groot et al. [36]. However, in the future, the concept of CICES should be employed as well, as it is
officially recognized and can serve a basis for environmental accounting and calculation of ecosystem
services values [97].

In general, the inclusion of geodiversity in the identification and assessment of ecosystem services
is also vital in terms of understanding and emphasizing its importance. The concept of abiotic
ecosystem services needs to be further developed and researchers are encouraged to use it [38,98],
as it can help foster a more favorable acceptance of geodiversity in both landscape planning and
nature conservation, and because it can contribute to the definition of geodiversity variables [98].
However, it has to be stated that development and the use of clear and unambiguous methods and
frames for quantifying abiotic ecosystem services are at the beginning of being outlined [52,98], and
their development and use is outside the frame of this paper. The development and application of
the assessment and quantification of ecosystem services of geodiversity is one of the possible further
directions of this research.

The identification of cultural ecosystem services of the Stranska skala site enabled us to describe
the functions and services which are provided by geodiversity, and confirmed a high cultural and
geoheritage value of the site. This should be taken into account when updating the Care plan and
other strategic documents that deal with nature conservation or sustainable tourism development.
The results of this pilot study can be seen as a basis for planning and managing natural resources
as well. To a limited extent, these findings can be used as an argument when discussing proposals
for educational, tourist, or recreational use of this site. However, to assess the suitability of the site
for these purposes, it would be preferable to apply classical methods of geosite and geomorphosite
assessment e.g., [99-104]. The proper assessment would be elaborated by experts, but local stakeholders,
authorities, or managing organizations would use the results of the assessment for identifying the
sites with a geotourist potential [102,105] or designing various geotourist activities such as geopaths or
geotourist itineraries [106,107].

The cultural functions of geodiversity are particularly important for their overlaps and mutual
relationships with natural and cultural heritage, as evidenced by the example of Stranska skala: on the
one hand, the site represents a significant aspect of natural heritage especially thanks to paleontological
findings and paleogeographical studies; on the other hand, the site provides a background and settings
for recreation, sport, and tourism, it has strong links to various archaeological issues and the built
heritage of Brno City, and it is an important site in terms of scientific knowledge and an understanding
of environmental history. A comprehensive description of cultural abiotic ecosystem services enables
these linkages to be explored and their significance to be highlighted.
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The identification of the cultural ecosystem services of Stranska skdla thus confirmed that the

cultural ecosystem services of geodiversity can be numerous and should not be neglected when
assessing ecosystem services in general. The evaluation of particular geosites and geomorphosites by

using the concept of ecosystem services can provide additional arguments to support the sustainable
use of geodiversity and finance the management of particular localities.
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