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Abstract: Geodiversity has an irreplaceable significance for both biodiversity and for human society
as it has numerous functions and offers various benefits and services. These have been already
recognized and assessed by using numerous approaches and methods (e.g., geosite assessment
methods, geodiversity indexes, and evaluation of geodiversity functions within the concept of
ecosystem services). Nearly all these procedures were elaborated by professionals in the Earth
sciences or related domains. The assessment of geodiversity functions and services within nature
conservation by the public was not the subject of detailed research yet (with an exception of geotourist
assessment). This communication presents the results of a pilot research that is focused on the analysis
and interpretation of the public opinion on geodiversity and geoconservation. The data were collected
by using the semi-structured questionnaire, and based on them, the interpretation was done and
comparison or confrontation with original hypotheses was undertaken.
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1. Introduction

Geodiversity (defined by Gray [1] as the natural range (diversity) of geological, ge-
omorphological, soil and hydrological features, including their assemblages, structures,
systems and contribution to landscapes) has an irreplaceable significance for both the
biodiversity [2-5] and for human society, especially for understanding the history of Earth,
for its cultural /historical values [6] or as a resource for tourism and recreation [7-9]. The
functions, services, and benefits of geodiversity have already been recognized [1,10-12]
and assessed by using numerous methods and approaches including the concept of ecosys-
tem services [10,13-17]. Particular methods for assessing the geological and geomor-
phological sites were also introduced (for a critical overview of the methods see, e.g.,
References [18-22]), especially within the context of geoheritage management and geocon-
servation. Geodiversity was also a subject of quantitative and statistical assessment by
creating and using geodiversity or geomorphodiversity indexes [4,23-27].

These procedures were mainly elaborated by professionals/experts in geosciences or
related branches and they are used as an effective tool for implementing the conservation
policies or included into the regional or local planning [11,13,16,28].

The use of sociological methods in geodiversity and geoconservation research is not
as common as in geotourism studies [29-34]. Nevertheless, there are studies focused on the
perception of environmental changes [35], community perceptions for geoconservation [36]
or the local community perception of selected geomorphosites [37]. The last mentioned
paper also states that perception studies concerning the evaluation of geoheritage are
essential for the land management and environmental policies and that the analysis of the
perception may support the implementation of geoheritage preservation and management
measures [37].
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This communication presents the results of a pilot study focused on the simple assess-
ment of geodiversity importance and on the perception of geoconservation needs. The aim
of this pilot survey was to find the answer to the following questions:

(1) Does the public recognize geodiversity importance?

(2) Is the public aware of the need for geoconservation?

(3) Which sites would public include in the natural heritage (geoheritage)?
(4) What are the main factors influencing tourist choice?

(5) Which sites/localities are preferred as a tourist destination?

Based on this, and before the survey itself, four hypotheses were formed: (1) the public
accepts the nature conservation in general, but puts a higher emphasis on conservation and
protection of living nature, (2) the public prefers to visit abiotic components of nature (e.g.,
significant or aesthetically valuable landforms) instead of “strictly biotic” sites, (3) public
would include into the natural heritage mostly aesthetically significant sites (e.g., caves,
mountains or remarkable outcrops), (4) the main factors influencing the visitor’s choice are
aesthetic aspect, accessibility /safety, and uniqueness. The results of the survey are then
confronted with these hypotheses.

2. Materials and Methods

The respondents were addressed personally in an abandoned limestone quarry of
Hady, situated on the northern border of the Brno city. The quarry has been appropriately
restored and its geoheritage values were conserved. The area is currently used for eco-
tourism and geotourism activities, geoeducational purposes, short-term recreation, and
walking/hiking and it serves as a traditional leisure or tourist destination for both people
from the city and visitors (see Figure 1).

Geologically, the area is built of crystalline rocks of Brno massif, Devonian sedimentary
rocks, and Jurassic limestone. In the lower part of the Hady quarry (RtiZenin lom), the
tectonic thrust of the older rocks of Brno Massif on the younger Upper-Devonian and
Lower-Carbon limestones of the LiSeri formation can be observed. Additionally, the
alternation of limestone, clay limestone and calcic claystone is visible, together with other
facies that reflect the turbulent sedimentation [38]. In the upper bench of the Hady quarry,
the uncomformity of the Jurassic limestones and the folded Devonian limestones can be
seen. The Jurassic limestones are paleontologically rich: ammonites, belemnites, crinoids,
brachiopods and sporadically shark teeth can be found here [39]. The original relief of
the area is strongly influenced by human activity, especially quarrying. Since the Middle
Ages, there were small limestone quarries on the upper plain. Currently, these landforms
are not so distinctive and can be confused with natural landforms (especially sinkholes).
Since the 1960s, the limestone was extracted intensively and the original slope practically
disappeared. However, when the quarrying has been finished, the area was successfully
restored and parts of it became legally protected within the lowest category of general
nature protection—"Important Landscape Element” and the lowest category of territorial
nature protection—“Natural Monument” [40].

Concerning the anthropogenically conditioned processes, it is possible to observe
the formation of debris cones (both in the lower and upper part of the quarry), which
has a remarkable geoeducational potential. The bottom of the quarry is flooded by a
lake important from the ecological point of view; halophytes and steppe species can be
found here. The site is well accessible; there are several marked paths in the area and an
educational trail about the natural features. The site is also widely used as an excursion
locality for university students. This complex of anthropogenic landforms is a good
example of how the overall geodiversity and biodiversity can be increased by human action
and how the anthropogenic landforms can serve educational and recreational purposes.
Close to this area, a new recreational zone is proposed—it should have the character of a
park (according to the land-use plan of the Brno city) with the possibility of sports activities.
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Figure 1. The area of collecting the data: abandoned limestone quarry of Hady (a)—position within
the Brno city, (b)—limestone folds on the upper bench, (c)-lake on the bottom of the quarry, and
(d)-a view from the upper bench. Photo: authors.

The visitors to this area were the target group of the survey. The sample of respondents
was random, not considering socio-economic and demographic aspects such as gender,
income, education level, and occupation. In total, 51 respondents were interviewed, 58%
were women and 42% men. The age structure was the following: up to 20 years: 4%,
21-30 years: 39%, 31-40: 22%, 41-50: 20%, 51-60: 10%, 61 and older: 6%. Regarding
education, the structure was the following: 8% respondents with primary education, 55%
respondents with secondary education and 37% respondents with higher education.

The questionnaire covered four groups of questions: (1) recognition of geodiversity,
geoconservation need and their importance, (2) geoheritage, (3) visitor’s preferences,
(4) geotourism aspects of geodiversity (factors that can influence the decision making of
visitors). There was a group of closed questions (yes/no/I don’t know). For the evaluation
of geodiversity functions and services, a Likert scale was used [41]—for every criterion,
a value 1-5 was attributed. Some questions used pictures—it was supposed that the use
of illustrations could help to surpass the lack of scientific knowledge of the respondents
about the landforms [37]. There was also a space for expressing own opinion, which
was not covered by any question or the possibility to add any comment to the questions
containing pictures.

3. Results

The first group of questions was focused on geodiversity importance and geocon-
servation need. While some of the questions were verbal and closed (e.g., knowledge of
geodiversity, opinion on the need of geoconservation, the sufficiency of geoconservation
measures) or open (the legal tools of nature protection intended for geoconservation), other
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guestions were accompanied by pictures, which could help to overcome the problems with
explications. The following pictures were presented: (1) plant, (2) rocky landform (tor),
(3) mammal, (4) fossil, (5) insect, (6) abandoned quarry, (7) karst cave, and (8) river.

The term “geodiversity” is unknown to approx. 25% of respondents; over 40% of
respondents know the term and are able to explain it. The rest of respondents (35%) have
heard the term, but they do not know its exact meaning. 95% of respondents agree that
geodiversity should be protected, however, the respondents prefer the protection of liv-
ing nature (plants, mammals and insects); concerning abiotic nature, the karst features
are considered as the most worthy of protection and conservation. 63% of respondents
state that the geoconservation is not suf cient and that it should be supported somehow.
Approximately half of the respondents state that they know some legislative tools for the
geoconservation; they usually gave the examples as “Natural Monuments”, “National
Parks” and “Geoparks”. Only a few of them mentioned lower categories of nature pro-
tection (which are also applicable to geosites)—Important Landscape Element or Natural
Park, which (according to Act n. 114/1992 Coll. [ 42]) protect the landscape appearance.
No respondent mentioned the general protection of the caves, fossils and mineral deposits
de ned in Act n. 114/1992 Coll. and included in the general nature conservation. The
detailed results are presented in Figure 2.

Figure 2. The results of the rst group of questions. The differences between the need of protection for particular objects;
there is a remarkable difference in opinion on the protection of abiotic nature—in some cases the abiotic components of the
nature are not estimated as those that need the protection.

The second part of the questionnaire was focused on natural heritage, geoheritage,
and potential geoheritage sites. 94% of respondents say that they have heard the term
“natural heritage” and 75% of respondents are able to clarify the term. Only 6% have never
heard this term or do not absolutely know what it is. Based on the pictures (erratic boulder,
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block eld, sandstone rock city, abandoned quarry with columnar basalt jointing, limestone
cliffs, abandoned quarry with folds, karst cave, and river valley), respondents decided
that rather aesthetically attractive geodiversity sites should be included in the “natural
heritage” (e.g., sandstone rocks, karst caves, and columnar jointing of basalts). The rivers,
quarries or erratic boulders are not very often included in the natural heritage. For detailed
results, see Figure 3.

Figure 3. According to the survey, the karst caves and sandstone rock cities are those that deserve
protection and inclusion into the natural heritage.

The third part of the questionnaire included a set of pictures that represented potential
tourist destinations situated in the Czech Republic. All were natural, some of them included
mainly the abiotic nature elements, some of them displayed biological sites, and some of
them represented both aspects. They were the following: (1) a biological site with important
ora, (2) block eld with frost-riven cliffs, (3) mountain meadow with scattered conifer
trees, (4) abandoned quarry with columnar basalt jointing, (5) beech forests, (6) limestone
cliffs without trees surrounded by steppe vegetation, (7) karst caves, and (8) river valley
with oodplain forest. The visit preferences of the public were not determined. However,
the karst cave, aesthetically valuable basalt quarry and limestone cliffs slightly prevail. For
detailed results, see Figure 4.
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Figure 4. The results of the third group of questions: there are no big differences between the choice of destinations.

The last section was focused on the factors or criteria that may affect the tourist's or
visitor's choice. For the assessment, the following factors were considered: (1) aesthetics of
the site, (2) uniqueness, (3) the proximity to the place of living, (4) accessibility, dif culty
of the terrain, (5) safety, (6) entrance fees, (7) legislative protection of the site, (8) presence
of the tourist infrastructure, (9) the number of visitors to the site, and (10) possibility of
obtaining any knowledge on the site.

The most important factors are the aesthetics of the locality and its uniqueness. Sur-
prisingly, the possibility to get information about the site and the number of visits also
play an important role. The less important factors are the presence of tourist infrastructure,
entrance fees and proximity of the residence. The detailed results are presented in Figure 5.

Figure 5. The results of the fourth group of questions: the aesthetics of the site is the most important factor that in uences

the visitor's choice.

4. Discussion

The results from the rst part of the questionnaire con rm the hypothesis that the
public accepts nature protection. The majority of respondents believe that geological and
geomorphological components deserve protection. Nevertheless, for the public, it is still
more important to protect living nature (see results in Figure 2). This is probably due
to the following factors: (1) within the nature conservation in general, an emphasis has
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been placed on living nature for a long time and geodiversity has been neglected [ 43-45)].
This can be re ected in public attitudes, as there is a popular belief that it is necessary to
take care of vegetation cover and animals and that rocks protect themselves because they
are indestructible [46]; (2) in some cases, inanimate nature is erroneously considered as
something unchangeable because the rate of change processes in the abiotic environment
is much lower than the speed changes in populations or areas of distribution of living
organisms, or geological time is incomparably slower than biological time [3,46,47].

At the same time, it is clear that the loss of geodiversity has occurred (since the late
Middle Ages—mining, crushing of rocks for the purpose of navigating rivers, changes in
river bed morphology, etc.), and in some cases, the intensity of anthropogenic processes
is much higher than the intensity of natural processes [ 48]. Geodiversity is signi cantly
endangered by these activities [36,46,49,50], which is re ected in changes in landscape
character and eventually in changes in biodiversity. These human-induced changes then
have a reciprocal effect on other human activities [48].

The results of this part of the questionnaire can serve as an argument for further
developing and supporting geodiversity and geological heritage education programs and
for projects aimed at promoting the importance of geodiversity in general.

Regarding the second hypothesis (incorporating speci ¢ objects into the natural her-
itage), the results have shown that the public indeed chooses the aesthetically interesting
sites to be included in natural heritage, probably regardless of their scienti ¢ value. While
the site's aesthetics is important in terms of geotourism and recreation, in most cases it is
not the main criterion when deciding to include a site in natural heritage and subsequent
proposals for legislative protection [ 19,51]. However, UNESCO [ 57] includes natural aes-
thetic components among the objects of natural heritage (“natural features of physical and
biological formations, which are outstanding universal value from the aesthetic or scienti ¢
point of view"). This document operates with the term “natural beauty”, which, however,
is never de ned. In most cases, the methods for assessing geosites for the management of
natural heritage (geoheritage) take into account the aesthetic aspect, e.g., Referencesi1,53]
evaluate the aesthetics of the site based on color contrasts or space structuring, but this
value still remains very subjective and partially ungraspable. The public probably takes
into account similar criteria (shape diversity, color, contrasts, and expressiveness) and
gives them more weight than the scienti ¢ or intrinsic values of the site. This may be
because public is not suf ciently aware of the scienti ¢ value of geosites. This result can
also serve as an argument for promoting awareness-raising activities on the importance of
geodiversity within natural heritage (e.qg., through geological nature trails).

The third hypothesis (the public prefers to visit the abiotic components of nature) was
only con rmed partially—the preferences of the visitors were not clear. The most attractive
for visitors was the karst cave, which may be due to the fact that the caves have always
been a traditional destination in the Czech Republic [ 54]. However, the differences in the
assessment of sites as an attractive tourist destination were not signi cant. Regarding the
results on site preferences, no anticipated discrepancy was found between “protection
needs” and “visitor preferences”. The preference hypothesis was intended as an interesting
paradox: while in the eld of nature conservation, the public prefers to protect the living
component, in the area of tourism preference is given to sites with a distinctive element of
inanimate nature (e.g., rock formation). This paradox was based on the works of Gray [ 1]
and Dowling and Newsome eds. [ 8]. However, the investigation did not reveal the facts
that would con rm these claims.

The last hypothesis concerning factors in uencing the choice of geotourism site was
based on the works of Allan [ 29], Mao et al. [55], Ruban et al. [56], Kirillova et al. [ 57],
Dowling [ 58, Strba et al. [32] and Strba [34]. For example, Strba [34] states that the most
signi cant in uence is the visual attractiveness of the site (here the aesthetics of the site),
accessibility/safety of the site and its uniqueness. However, the target group in this survey
were potential visitors, not visitors surveyed at the sites. Based on our investigation, it was
found that aesthetics plays an important role, but the criterion of the uniqueness of the site
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References

exceeded access and safety. The discrepancy between the ndings of Strba 4] regarding
the possibility of obtaining information about the locality is interesting (possibility to learn
something)—this criterion is ranked at the penultimate place (the last one is the number of
tourists on the site), while in our study, this criterion is one of the top ones. Site accessibility
and safety have not been evaluated as high as in the mentioned study. Again, it is possible
that the difference is given by a different target group. Additionally, the importance of
safety as a factor in uencing the choice of geotourism site corresponds to the ndings
presented in Reference [56] and eventually to Grant's typology of geotourists [58].

5. Conclusions

The results of the study con rmed the hypotheses especially in the eld of the conser-
vation of abiotic nature and natural heritage. On the basis of these, it can be stated that,
while the protection of geoheritage is accepted, it is still being overlooked in comparison to
the protection of the living nature. Activities aimed at promoting geodiversity in general
(both in rural and urban areas) and raising awareness of geodiversity as an important part
of the natural heritage could improve the situation. All this can lead to a better acceptance
of the proposed measures within the territorial and general protection of nature and land-
scape, including the protection of geological elements and phenomena. At the same time,
the results are partly usable in planning and strategic documents.

The study is considered to be a pilot study both in terms of its scope and the target
group de nition. In order to nd out what opinion the general public has on the protection
of abiotic nature or how it evaluates related geotourist aspects, more respondents would
be needed whose structure would correspond to the demographic structure of the current
population. One of the limitations of this study is that it re ects the opinion of the small
dataset of the Czech public with a relatively good level of education. The positive thinking
about nature conservation can be caused by the fact that the age structure mainly involved
younger respondents. However, the results of this study are applicable to local develop-
ment strategies and can provide arguments for nancial support for activities related to
education, promotion and the future rational use of geodiversity.
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