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Abstract

Geoconservation is an action of conserving and enhancing geological, geomorphological, hydrological
and soil features and processes. Particular geoconservation measures are very often applied on the
site-level to protect important geodiversity sites. Nevertheless, despite established legal protection and
related geoconservation activities, threats to geodiversity sites related to the multiple use and human
society demands can arise and reaching a compromise can be difficult. In this contribution, a two-level
threat assessment is applied and discussed. The first level of threat assessment is based on the
already used criteria within geosite/geomorphosite concept. The second level of threat assessment is
represented by Risk Assessment Matrix, which may be considered a useful tool providing a complex
view on the threats to geodiversity sites. The methods are applied on two different sites and their
advantages and limits are discussed. Based on the assessment, specific management proposals may
be implemented in order to balance conservation needs and demands resulting from human activities
related to the sites.
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Introduction

Currently, declaring a natural site or area as legally protected is considered as one of the effective
tools of how to protect valuable geodiversity phenomena from negative impacts. However, despite the
existing and established legal protection, there is still a range of possible threats to geodiversity and
geoheritage, both of natural and anthropogenic origin (Gray 2013, Garcia-Ortiz et al. 2014, Fuertes-
Guttiérez et al. 2016, Crofts et al. 2020). Thus, the identification, assessment and management of
these threats, risks and conflicts of interests should become an integral part of every geoconservation
effort which can contribute to the balance of all the needs and demands on the site or area. In our
case study, we use a two-level methodological approach to risk assessment: the first one is
represented by assessing degradation risk based on geosite/geomorphosite approach (Selmi et al.
2022) and the second level is represented by assessment of identified threats by using the Risk
Assessment Matrix (Kubalikova and Balkova 2023). These methods are applied on two different sites
situated in the South Moravian Region: Ledové sluje in Podyji National Park and Rudice-Se¢ Natural
Monument. Based on the results, specific management measures can be proposed and the
advantages and limits of both approaches are discussed.

Methods

The method used for this case study consists of the following steps:

1) Description of geodiversity phenomena on the site including the identification of threats (especially
based on the fieldwork);

2) Assessment of the degradation risk by using the criteria based on the geosite/geomorphosite
concept (Kubalikova and Balkova 2023, Table 1);

3) Assessment of the threats to geodiversity by using the Risk Assessment Matrix (Figure 1);

4) Interpretation of the results, proposals for risk treatment, further management and monitoring.

Study areas

The proposed methodological approach is applied on two different legally protected geodiversity sites
(Figure 2): Ledové sluje (a site with limited anthropic influence) and Rudice-Se€ (a site intensively
used by public).

Ledové sluje (“Ice caves”) are situated in the heart of Podyji National Park (NP) declared in 1991. The
site is formed by BiteS orthogneiss of the Dyje Massive and it is shaped as a rocky spur. On the
slopes, numerous cryogenic landforms (frost cliffs, debris fields) can be found. The meandering Dyje
River has influenced the static of the slopes and the sequence of subsidence movements occurred

258



during Late Pleistocene creating numerous cavities and pseudokarst phenomena. Generally, the
biodiversity (resp. species diversity) is very high thanks to the diversity of the geomorphological and
specific microclimatic conditions: 159 species of lichens, 133 species of moss, 28 species of
liverworts, 502 species of vascular plants, 58 species of spiders and 39 species of mammals. The
occurrence of 21 relic species of Araneae (spiders) and specific case of vegetative reproduction of
spruce (Picea abies) make the site unique from the biodiversity point of view. Although the site is still
affected by active geomorphological processes (e.g. slow slope movements or occasional rock fall;
last one in February 2021), they do not disturb the site in general. Currently, the site is not accessible
for tourists (Novakova et al. 2018, Reiterova et al. 2022), however it is visited illegally by an average of
50 visitors per month, in exposed months (summer) it is more than double. An interesting fact is that
there are some visits even during winter season. The only accessible place within the site is the upper
part with a marked path and a viewpoint.

Rudice-Se¢ is an abandoned sandstone and caoline pit declared as Nature Monument in 2022. So
called Rudice Beds lie on an undulating relief with deep karst depressions which are supposed to
originate during Lower Creatceous (one of the oldest known period of karstification within the
Bohemian Massive). The Rudice Beds consist of remains of laterite-kaolinite weathering products,
forming limonite layers at the base which were extracted by prehistoric people already in Halstat
period. The layers of kaolinic quartz sands, reddish coloured ferruginous sandstones and colourful
kaolinic clays contain numerous flints, hornblende concretions and quartz geodes (so called Rudice
balls) which are attractive for mineral hunters. On the upper part, lenticular layers of quartz pebble
gravels and loess clays of variable strength appear. The site is important from stratigraphical,
paleontological and mineralogical point of view (Czech Geological Survey 2023, AOPK 2022). The
bottom of the pit is flooded, creating a specific ecosystem important for protected species (Bombina
bombina) and suitable for the reproduction of amphibians. The unstable slopes are covered by pioneer
vegetation (birches, aspens, pines) and protected Lycopodium clavatum can be found here. The site is
very well accessible and very often visited by tourists.

Tab. 1: Degradation Risk assessment criteria: each criterion is evaluated on the scale from 0 to 1, a
total sum then represents a degree of risk degradation; if the sum exceeds 4.5 points, the site is
considered endangered

criterion scoring

Integrity 0 - excellent conditions; 0.25 — good conditions; 0.5 — medium, average
conditions; 0.75 — bad conditions, but with a possibility to recover; 1 — bad
conditions, site is damaged

Accessibility | 0 — more than 1 km both from a parking place and stop of public transport;
0.5 — the stop and/or parking in the distance 0.2 and 1 km; 1 — the stop and/or
parking place no more than 0.2 km from the site

Current 0 — site practically not endangered; 0.25 — low anthropic and natural threats; 0.5 —
threats and | potential threats, but managed well or possible to decrease; 0.75 — current
their anthropogenic threats but existing plans how to decrease them; 1 — existing and
management | ongoing processes leading to the destruction of the site with no plans to recover
Legal 0 — protected on national level; 0.25 — protected on regional level; 0.5 — protected
protection on municipal level; 0.75 — ongoing monitoring of the site; 1 — no legal protection

Proximity to |0 — site located less than 1 km of a potential degrading area/activity; 0.5 — site
problematic |located less than 0.5 km of a potential degrading area/activity; 1 — site located
areas less than 0.2 km of a potential degrading area/activity

Currentuse |0 — 1 activity; 0.5 — 2 different activities; 1 — 3 and more different activities

Visitation 0 — low; 0.5 — medium; 1 — high

Number  of |0 — no threat; 0.25 — 1 threat; 0.5 — 2 threats; 0.75 — 3 threats; 1 — 4 and more
threats different threats

Use 0 — the use is very hard due to limitations difficult to overcome (legal,
limitations permissions, safety etc.); 0.5 — the site can be used occasionally after
overcoming limitations; 1 — no limitations for public use
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Fig. 1: Risk Assessment Matrix: for every identified threat, the probability and impact is established,
the product then indicates the level of risk
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Results

For both sites, existing and potential threats have been identified based on the fieldwork and literature
review (e.g. Crofts et al. 2020, Kubalikova and Balkova 2023 and references therein). The results of
the degradation risk assessment and evaluation of particular threats are presented in Table 2 and 3.
The site Ledové sluje has reached a relatively low degree of degradation risk, main identified threats
are represented by current use and a number of different threats. However, when looking at Table 3, it
is evident that the site is very vulnerable — some potential threats (construction, landuse change)
would generate rather higher impact even if their probability is low. In such cases, these threats have
to be considered and taken into account. Nevertheless, mainly thanks to the existence of legal
protection and official limited accessibility, the risks are on moderate level. The possible solutions can
be the fostering nature guides that would give penalties to the illegal entries to the site. Perhaps it
would be appropriate to define dangerous and critical places within the site of interest with regard to
the stability of rock blocks and walls. Other threats are difficult to influence (e.g. change of
mesoclimatic conditions).

Tab. 2: The assessment of the total level of degradation risk (using the concept of geosites)

Criterion: Int Acc Thr Leg Prob | Use Vis Num | Lim Sum
Ledové sluje | 0 0 0.5 0 0 0.5 0.5 075 |0 2.25
Rudice-Se¢ | 0.5 1 0.75 1025 |05 1 1 1 1 7

260



Tab. 3: Risk assessment of identified threats (using the Risk Assessment Matrix)

Threat to geodiversity Prob | Imp | Sum | Prob [Imp | Sum
Ledové sluje Rudice-Se¢
Urbanisation, construction 1 5 5 2 5 15
Mining, re-opening the quarry or pit n/a n/a | nla 1 5 5
Changes in I.and use management on site and in > 5 10 3 5 15
close proximity
Recreation, tourism (littering, breaking the rules) 5 15 5 5 25
Change of mesoclimatic conditions 3 5 15 3 5 15
Geomorph. processes: erosion, accumulation 4 1 4 5 1 5
Res_torahon of pit (landfill, restoration of n/a na | nla 1 5 5
agriculture or forest land)
Collecting fossils and rock specimens. n/a n/a | nla 3 3 9
Confu§|pn in legal protection (different types and n/a n/a | n/a 2 4 8
authorities)
Vegetation overgrowth n/a n/a | nla 5 5 25

The site Rudice-Sec¢ is quite different. Although enjoying the legal protection, there is a very high total
sum of degradation risk and two threats may be considered as severe (visitation and vegetation
growth). In this case, the urgent action is needed to resolve the possible negative impacts. At first, the
visitation needs to be managed well and it is necessary to ensure following the rules (including the
entries outside the marked paths or prohibition of bathing in the pond, which disturb the amphibians
and other species). The natural erosion is not considered an important threat here as it enable the
renovation of the Earth Science phenomena. However, the vegetation growth can obscure the
phenomena and contribute to disappear it. The possible solution is to regularly cut the overgrowing
trees and maintain the good visibility of the Earth Sciences phenomena. Other threats are represented
by urbanisation and changes in landuse in the surrounding area which may generate higher pressure
on the site (both resulting from the higher visitation and changes of natural conditions). Mesoclimatic
conditions may change as well, especially due to the long lasting droughts — this does not endanger
the Earth Science phenomena so much, but the fragile ecosystems and protected species may suffer.
Mining or re-opening the quarry may be considered a moderate threat — although the site is protected
according to Nature conservation Act (114/1992 Coll.), the protected deposit area according to the
Mining Law (44/1988 Coll.) is still valid. There is a very low probability of this threat, but in the case of
its realization, the site would be heavily damaged. The same apply for restoration and landfill. A
related threat is represented by confusion of different types of protection and de facto two different
authorities that somehow manage the site (Nature Conservation Agency and Mining Office).

Discussion and conclusions

The assessment of risk degradation based on geosite concept represents a quite useful tool which
enable to evaluate the total degree of risk on the site, but it does not allow to prioritize the particular
threats. For this purpose, it is suitable to use the risk assessment matrix where we can simply
evaluate the degree of particular threats; it allows to see which threat is urgent and may have
significant impact on the site’'s geodiversity. The method also allows to estimate the degree of
vulnerability of the site which may be less obvious when applying just geosite approach. Thus, when
assessing the degradation risk on sites, a traditional geosite approach should be complemented by
the risk assessment matrix.

In this preliminary study, both approaches have been applied on two different geodiversity sites. The
main threats have been identified and prioritized and possible solutions have been proposed. Ledové
sluje (lce Caves) are less endangered, however, it is suitable to continue watching the illegal
visitations and follow some recommendations (e.g. fostering nature guides) taking into account a very
high vulnerability of this site. Rudice-Se¢ NM is more endangered and some of the threats are
necessary to resolve as soon as possible (especially vegetation overgrowth or high visitation and
related pressure on site). However, to effectively manage the threats, it is suitable that all the
stakeholders involved in this site cooperate, be they nature conservation institutions, universities,
owners, municipalities and local public. Also, environmentally educative activities (information panels,
geoeducation programmes) may contribute to the better acceptation of the proposed measures and to
balance conservation needs and human activities on site.
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Souhrn

Pfispévek se zabyva hodnocenim hrozeb a rizik na geolokalitach. Prvnim krokem je podrobny terénni
prazkum vcetné identifikace moznych hrozeb, nasleduje zhodnoceni pomoci vybranych kritérii
(vychazejicich z metodiky geomorphosites), rizika a hrozby jsou také analyzovana pomoci matice rizik
(pravdépodobnost a dopad hrozby). Metodicky pfistup je aplikovan na Ledovych slujich v NP Podyji
a v ramci nové vyhlasené PP Rudice-Se¢. Na zakladé hodnoceni jsou navrzena opatfeni, ktera
mohou pfispét ke zmirnéni dopadU hrozeb, pfipadné rovnou k jejich eliminaci.
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