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Abstract
Establishing sustainable and responsible speleotourism development is a major challenge and involves complex activities.
Adequate theoretical starting point is the application of geoethical values related to the conservation and protection of the caves
to be used for touristic purposes. Positive and negative cases of human behaviors towards speleological geoheritage are
discussed, in order to highlight what should be done in cave management to avoid malpractices and on what elements could
be founded adequate strategies aimed at promoting sustainable speleotourism. This is important to tourism management orga-
nizations involved in the promotion of caves and in creating economic opportunities for local populations, while respecting cave
ecosystems. Modern cave management must be focused on the protection of the cave ecosystems, finding ways to achieve at the
same time an economic development of local communities. But this approach needs the adoption of a geoethical framework of
values to be shared by all stakeholders involved so that successful cooperation can be achieved despite differences in interests and
expectations. The aim of this paper is to raise the awareness about the need to apply the values of geoethics to speleotourism,
stimulating new fields of discussion within the scientific and technical communities involved in studies and activities related to
geotourism and geoheritage. The possibilities of developing new ways to manage caves, in order to promote a sustainable socio-
economic development of local communities, have to be balanced with the protection of natural environments as much as
possible. The proposed theoretical frameworks have the goal to increase the discussion on the best ways of connecting
speleotourism to sustainable and responsible cave management, presenting two case studies, and pointing out potential solutions.
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Introduction

Sustainable forms of tourism development refer to touristic
activities that minimize negative impacts on the environment,
have positive repercussions on social communities, local
economy (Romelić and Tomić 2002), and management of

natural sites and resources, which often are the main interest
of tourists and excursionists for a specific area (Newsome
et al. 2012). The growing global need to use natural environ-
ments for touristic purposes requires a sustainable approach to
manage natural sites, and quality management strategies
should be implemented especially in very sensitive areas, such
as regions with rich geodiversity.

Geodiversity represents the natural range of geological,
geomorphological, soil, and hydrological features
(Gray et al. 2013) and it is a crucial aspect of geosystem
services that bring cultural, educational, and social benefits
to the society (Gray 2018; Gray 2019). A sound knowledge
of geodiversity is an important factor in the holistic approach
for sustainable tourism development (Newsome and
Downling 2018), but it is also highly relevant to the wider
nature conservation agenda (Gordon 2020). In addition to sus-
tainable (geo)tourism development, the geoconservation, pro-
tection, and continuous sustainability should be the goal of
geoheritage management structures. Geoconservation
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includes the protection of geoheritage features and geosites
(Gordon 2020), allowing geosystem to support numerous ser-
vices that provide human well-being through ecosystems
(Brilha et al. 2018). Furthermore, the efficiency of conserva-
tion management can have social and ecological outcomes on
geosites and bring prosperity to people living near protected
areas (Abukari and Mwalyosi 2020).

Cave tourism, i.e., speleotourism, is a type of tourists’
movement within speleological objects, which include tour-
ist interpretation of speleological and hydrological
geoheritage, biodiversity, as well as anthropogenic factors,
speleo-archeological artifacts, and cave paintings (Cigna
1993). Numerous examples of using speleotourism with
significant economic returns can be found around the world,
like Postojna Cave in Slovenia and Mammoth Cave in the
USA (Tičar et al. 2018). Nevertheless, implementing care-
fully strategies for sustainable development are necessary to
achieve a balance between tourism development and eco-
logical protection of the cave systems (Tomić et al. 2019).
This should be applied to all geoheritage sites, but in the
case of karst geosites, such an approach is crucial for main-
taining their delicate geological features and ecosystems,
due to the level of fragility existing inside caves (Lobo
et al. 2013).

The idea of conservation and management of karst sites is
particularly important for cave protection, in the perspective
of speleotourism development. Karst resources need to be
managed because of their relative rarity, the high recreational
demands, and the fragility and vulnerability of features found
in karst areas. The importance of karst management and
(show)cave protection strategies is a prerequisite for the utili-
zation and development of various forms of speleotourism
(Parise 2011). Whether it is developed speleotouristic sites
with high tourist traffic or caves with national or regional
significance without touristic impact, it is necessary to carry
out a wide range of activities in order to achieve the sustain-
ability of speleotourism development. First and foremost, con-
tinuous monitoring of caves and the implementation of an
appropriate carrying capacity strategy should be implemented
(Lobo 2015), in order to maximize the protection of all valu-
able elements found in caves. An all-in strategy requires also
of applying values of geoethics (Peppoloni et al. 2019) that
can significantly influence the responsible management of
caves and other geosites and their protection.

Tourism management of caves should depend on their
types. Caves or parts of them that are active and have a
high-energy environment, such as those with high water flow,
are much less sensitive to internal changes caused by humans.
However, the presence of humans in a cave with a low energy
environment, and/or the simple placement of an entrance
door, can much alter the temperature and humidity regime
(Freitas 2010). Therefore, it is necessary to carefully consider
the tourist arrangement of the caves and devices used. Prior to

the decision to design the cave for touristic visits, a series of
detailed multidisciplinary analyses should be carried out, in
order to establish an adequate strategy aimed at speleotourism
purposes. Many anthropogenic impacts on caves are cumula-
tive and often lead to irreversible degradation of cave ecosys-
tems. Additional emerging issues relate to the feasibility and
cost of monitoring, frequency of replication andmeasurement,
quality control, data analysis plan, management standards,
and impact indicators.

Ensuring sustainable speleotourism means guaranteeing
the prolonged use of a speleotouristic geosite over time, and
this implies the capability of assuring also its conservation.
This requires a cultural change that can lead to consider a
speleotourism site as a social, economic, and cultural resource,
as well as economic, of a given territory. To achieve this, it is
necessary to put in practice geoethics values (Peppoloni et al.
2019) to speleotourism. Geoethics can significantly influence
the responsible management of caves and other natural sites.
The lack of literature focusing on connections linking
geoethics, geoheritage, and geotourism (and in a more specific
case, speleotourism) makes this article a novelty in the field
and a way to provoke new insights into the relationships be-
tween ethical aspects affecting responsible cave management.

Geoethics: Definition and Content

Since ethics concerns the rightness and wrongness of human
behaviors related to a given circumstance that implies a choice
by the agent, it is linked to all human activities while
impacting the Earth system. In the last few years, special at-
tention has been given to geoethics, an emerging field in
geosciences, and in 2012, the International Association for
Promoting Geoethics (IAPG – http://www.geoethics.org), a
scientific and multidisciplinary network for developing and
spreading geoethics, was founded. Today, this NGO has
more than 2500 members in 129 countries on five
continents. Its main goal is to widen the discussion and
create awareness about ethical issues that arise in conducting
activities in different fields of geosciences. Issues such as
management of geo-resources and georisks, promotion of
geoeducation and geosciences communication towards socie-
ty, climate change and ocean science studies, and global and
local changes of socio-ecological systems have many ethical
and social repercussions, of which geoscientists are not suffi-
ciently aware, and even more the society. In addition, the
IAPG highlights the ethical and societal relevance of
geoheritage and geodiversity and the necessity to enhance
and protect them at the same time.

The existence of such a scientific association enables nu-
merous scientific organizations and institutes to participate in
the global plan for emphasizing the importance of geoethical
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thinking not only within the scientific community but also in
the society as a whole.

The theoretical frameworks of geoethics have been ana-
lyzed in a large number of scientific publications (Bohle
2019; Peppoloni and Di Capua 2012, 2015, 2017,
2018; Peppoloni et al. 2015; Bobrowsky et al. 2018;
Gundersen 2018; Wyss and Peppoloni 2015). The most com-
prehensive definition of geoethics is provided by Di Capua
and Peppoloni (2019):

(Geoethics) Consists of research and reflection on the
values which underpin appropriate behaviours and prac-
tices, wherever human activities interact with the Earth
system. Deals with the ethical, social and cultural impli-
cations of geoscience knowledge, research, practice, ed-
ucation and communication, and with the social role and
responsibility of geoscientists in conducting their activ-
ities. Encourages geoscientists and wider society to be-
come fully aware of the humankind’s role as an active
geological force on the planet and the ethical responsi-
bility that this implies. Is considered a point of intersec-
tion for Geosciences, Sociology, Philosophy and
Economy

This definition clearly shows the strong link between
ethics, geosciences, and human activities and proposes the
concept of geoheritage as a social value to promoted among
citizens (Peppoloni and Di Capua 2016; Peppoloni et al.
2019). Therefore, also in the case of speleotourism develop-
ment, it is necessary to consider geoethical values and respon-
sibilities involved in the management of caves, in order to
maximize their protection and guarantee their enjoyability
for the future.

Values and Responsibilities in Geoethics

Studying the interrelationships existing in geosciences re-
quires the integration of multidisciplinary approaches and dif-
ferent skills and methods to address complex issues. Modern
science requires that professional scientists work in multidis-
ciplinary teams. Responsible scientists understand the impor-
tance of sharing the results of their research properly and ap-
preciate the importance of transferring their scientific knowl-
edge to society. Sharing data and ideas with colleagues, deci-
sion-makers, and citizens can open the way to valuable and
functional relationships that will benefit the humanity and the
planet. Geoethics stresses responsible conduct and coopera-
tion in geosciences (Bobrowsky et al. 2018; Mogk 2017;
Peppoloni et al. 2015). Geoethics can orient towards best or
at least more acceptable choices that arise from careful analy-
ses of pros and cons for a certain circumstance, aiming to find

a balance between environmental protection and human
needs, in the long-term perspective of guaranteeing sustain-
ability to socio-ecological systems.

For these reasons, considering some values to be consid-
ered a common reference framework in problem-solving be-
comes indispensable. Individual values such as honesty,
awareness, reliability, and competence, together with social
values such as safety, cooperation, prevention, adaptation, ed-
ucation, and cultural values such as conservation of geological
landscapes, geodiversity, and geoheritage are fundamental for
a sustainable management and development of speleotourism
activities.

The geoscientist is the core of an ethical reference system
in which individual, professional, social, and environmental
values coexist. Geoethics refers to the correctness and the
benignity of the individual behaviors of the scientist as well
as to his/her behaviors towards colleagues in terms of integrity
and professionalism, but it also includes aspects of responsi-
bility towards society and the environment and more in gen-
eral the Earth system (Bobrowsky et al. 2018; Peppoloni et al.
2019). Geoscientists can act at various scales, and therefore,
they have to deal with these diverse ethical levels of interac-
tions. The goodness of behaviors is best measured based on
common values. These values refer to four geoethical do-
mains: individual, inter-personal/professional, societal, and
environmental (Peppoloni et al. 2019). In the individual do-
main, the value and benefits of research and technological
implementations vitally depend on the honesty and integrity
of scientists, and personal skills and abilities, which have to be
developed, strengthened, and maintained at a high level of
competence and professionalism. The inter-personal/profes-
sional domain refers to the relationships between colleagues,
to the management of multidisciplinary research and profes-
sional practices, and to the internal relationships between in-
dividuals and hosting research institutions, academia, or pro-
fessional bodies. The societal domain comprises responsibili-
ties for the communication and dissemination of data and
findings, education of citizens and their direct involvement
in scientific and technological activities, duties towards gen-
eral public, decision-makers, local authorities, and industry.
The environmental domain refers to the interaction between
scientific and technological activities and the natural environ-
ment, both in its biotic and abiotic elements, in the awareness
that scientists have to approach the Earth system by protecting
as much as possible its geodiversity and biodiversity, and by
adopting innovative strategies and technologies in order to
avoid contributing to the irresponsible depletion of its re-
sources and irreversible alterations of ecosystems (Di Capua
et al. 2018; Peppoloni et al. 2019).

Geoscientists have adequate knowledge, expertise, and
professional and cultural sensibilities to help protecting natu-
ral environments, preventing society from georisks, managing
natural resources (minimizing negative impacts on
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ecosystems), and enhancing scientific, educational, cultural,
and esthetic values of geodiversity and biodiversity, also for
assuring to future generations the right to enjoy the richness
and beauty of ecosystems. But this requires a responsible ap-
proach to profession and introducing a geoethics training in
university curricula (Bobrowsky et al. 2018; Mogk and
Bruckner 2020).

Sustainable Speleotourism

Sustainable tourism results in the management of resources in
order to meet all economic, social, and esthetic needs, while
preserving cultural integrity, basic ecological processes, bio-
logical diversity, and life-support systems. As indicated in
Stamenković and Lutkić (2008), sustainable tourism should:

1. Make optimal use of resources, helping to conserve natu-
ral heritage and biodiversity;

2. Respect the socio-cultural authenticity of the local human
communities to protect their cultural heritage and tradi-
tional values, and;

3. Ensure sustainable long-term business, generating eco-
nomic benefits as a contribution to poverty reduction.

Visiting the caves is one of the significant forms of tourism.
Speleotourism flourished in the early 1980s, when it was re-
ported that 26 million people visited caves around the world
(Cigna 2016). By analyzing the available literature in the field
of sustainable tourism and speleotourism (Tomić et al. 2002;
Antić 2018; Tičar et al. 2018; Font et al. 2019; Hall 2019;
Nepal et al. 2019; Tomić et al. 2019; Vuković and Antić
2019), it can be concluded that the main objective of sustain-
able speleotourism would be to establish a healthy cave eco-
system, which fosters the co-presence of geomorphological,
hydrological, biological, and anthropogenic factors and pro-
duces economic results for the local population.

Speleotourism includes visits to underground caves and
similar geomorphological features. An important aspect of
the attractiveness of caves lies in the subjective experience
of every individual (Kim et al. 2008; Liso et al. 2020).
However, the presence of visitors can bring some negative
aspects, which can have consequences for the bio- and geo-
environment of caves. The most common threat to the esthetic
and natural state of caves is garbage disposal and graffiti writ-
ings. The responsible management of the caves in the light of
a geoethical perspective can bring to their protection, but it
requires a professional approach and financial support, in or-
der to assure sustainability to those valuable sites.

Caves are often in the focus of geoscientists. Stalagmites
are increasingly being used for paleoclimate research.
Because the number of stalagmites in a cave is finite, sampling
conflicts with cave conservation, especially for caves

containing few speleothems. Therefore, the sampling strategy
must be selective and trying to reach a compromise between
the scientific goal and cave conservation issues (Baeza et al.
2018). Achieving sustainability with speleotourism is essen-
tial, but it requires numerous considerations both in the fields
of tourism development and scientific studies.

One of the initial steps towards the protection of a cave is
the establishment of cave-security systems. Electronic tech-
nology makes it possible to establish secure systems in caves.
Setting alarms and surveillance equipment (cameras) can ad-
ditionally provide security and prevent potential vandalism.
Light, vibration, and magnetic sensors can distinguish be-
tween humans, bats, and other animals, suggesting that their
application is extremely practical (Elliott 2004).

Audible alarms are most prevalent in the USA (Elliott
2004). However, using them can annoy animals that may
damage the equipment. A silent alarm would alert only the
authorities who could arrest or warn vandals.

There are many options for implementing security systems,
among them light detectors, infrared light rays, motion detec-
tors, vibration detectors, magnetic detectors, and infrared flash
cameras. All these sensors can be connected to a system that
transmits information from the cave, either through a cable or
through wireless networks. The system may then initiate an
automated telephone call, radio call, or satellite signal to the
competent authority. Covert video and cameras are routinely
used to obtain evidence, leading to the arrest and conviction of
lawbreakers (Elliott 2004).

With and Without the Values of Geoethics

The Case Study of Gabrovnica Cave (Eastern Serbia)

Aunique example that can be distinguished as a representative
act of vandalism towards speleological geoheritage is the
carving on cave paintings in a small cave of Gabrovnica, in
Eastern Serbia (Fig. 1). The cave is located on the left bank of
the Trgovište Timok river, nearby the village of Gabrovnica
(close to the town of Knjaževac), only 10 m from the road, but
it is almost impossible to see because the entrance to the cave
has grown into thorns and shrubs. The cave painting is vertical
and is located at the entrance. It is the only recorded example
of cave paintings in Serbia, discovered in 1997 during the
research conducted jointly by the Faculty of Philosophy in
Belgrade and the local museum. It is assumed that cave art
relates to the end of the Bronze Age and the beginning of the
Iron Age (Mihailović and Jovanović 1997). The ruined paint-
ing is the most significant and visible one of several in the
cave. The drawing represents a horse with a rider and is done
in black color. Physical damage was done by using a sharp
object. Figure 1 shows the appearance of a cave painting be-
fore and after the vandalic act. The damage is evident and
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devastating. Such incidents occur due to the lack of adequate
care of the caves and the absence of responsible behaviors by
some people towards them, since they are not capable to ap-
preciate the cultural value and the significance of maintaining
this ancient trace of human civilization for current and future
generations. A society in which the values of geoethics are
known and with people more aware of their importance can
substantially reduce the possibility of such acts repeating, and
it can directly influence the maintenance of all scientific and
tourist advantages of the caves. Geoethics instills respect for
geological heritage and geodiversity, as well as highlights the
importance of preserving the value of natural places in a ter-
ritory as a fundamental element of the identity of local popu-
lation, indispensable witness of a continuous interaction of
humans with the land in which live, and potential source of
economic, cultural, and social development of the community.

From a geoethical perspective, it is necessary to implement
the following two measures of conservation, in order to im-
prove the condition of this cave towards a more responsible
use:

& Involving local NGOs to create tours to visit ancient
drawings,

& Educating the local population on the importance of those
drawings to understand human cultures and history.

The Case Study of Lascaux Cave (Southern France)

Adequate implementation of a geoethical approach to
cave management can be seen in the Lascaux Cave
(Southern France). Although this cave cannot be com-
pared with the cave in Serbia in terms of cave paintings
by any parameters, it is necessary to emphasize the
difference in their approach of organizational and man-
agerial structures.

The Lascaux Cave, located in the Dordogne department in
France, is considered to be one of the most important prehis-
toric caves in the world, containing some of the best-known
Upper Paleolithic art, and is included in the list of UNESCO
World Heritage Sites (Xu et al. 2015).

Thе green biofilm and other deteriorations linked to
tourism led to the closure of this cave in 1963. This dam-
age was attributed to alterations induced by visitors’
breath and the lighting which favored microbial and algal
growth (Bastian and Alabouvette 2009). In order to as-
suage the public’s substantial disappointment, the French
government set about creating a facsimile copy of the
original cave named Lascaux II. A second minor evolu-
tion occurred with the construction of a partial replica of
Lascaux by Jean François Tournepiche in 1993 (Fig. 2).
This new replica was named Lascaux 2.5. The next stage
in the evolution of Lascaux came about with the construc-
tion of a virtual reality version. This project was headed
by the American electronic artist and academic, Benjamin
Britton (Wilken 2005). Although this approach is the re-
sult of an imposing Paleolithic heritage, it is necessary to
point out the quality measures being implemented that
have had the goal to protect and conserve the natural
integrity of the cave and its humans’ drawings, creating
the possibility to admire this precious heritage of human
culture through alternative means, including modern tech-
nologies, a smart way to find a balance between nature
and archeological conservation and fruition for touristic
purposes. This could be considered a positive case of
applying geoethical values in managing a cave that suf-
fered damages from overtourism.

Fig. 1 Ruined drawing in a cave
in Eastern Serbia; a before the act
of vandalism; b after the act of
vandalism that jeopardized the
prehistoric drawing (authors’
own)

Fig. 2 Artist restoring Lascaux Cave paintings replica. Source:
(sciencesource.com)
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Results and Discussion

The application of the geoethics values to caves management
can have very positive implications, which can prevent the
degradation due to anthropogenic factors. After reviewing
both theoretical aspects of geoethics and its practical applica-
tion, as well as the theoretical framework of speleotourism, it
is necessary to efficaciously integrate all the activities into the
light of those values. The theoretical framework of
speleotourism is crucial for determining the goal of
speleotourism development, which is economic profit, reduc-
tion of unemployment, respect for natural environments and
its dynamics, and sustainable development of the local human
community.

Theoretical research clearly points three principles, which
are crucial for the sustainable management of caves for tour-
istic purposes, namely:

1. Monitoring (tourist arrangement and maintenance of the
cave ecosystem).

2. Educating to geoethics values (geoheritage and
geodiversity protection, local population inclusion and
cooperation, enhancement of sense of place as an element
of cultural identity of people).

3. Implementing solutions to develop speleotourism pro-
grams (establishing quotas of people visiting the cave,
organizing educational paths to explain the importance
and delicacy of cave’s ecosystem, including the possibil-
ity to involve young people in activities of citizen science,
creating links with local museums to attract people into
touristic tours within the territory in which the cave is
located, etc.).

Environmental quality monitoring of the cave should de-
termine the optimum range of temperature and humidity, as
well as the permissible level of carbon dioxide, in order to
avoid chemical and biological alteration of the delicate geo-
and ecosystems within the cave. The cave monitoring is im-
portant to assess the impact of human activity inside and out-
side the cave (changes in the surrounding winter ground or
basin), identify the local climatic changes and trends that can
affect the cave ecosystem, and control the cave’s microclimate
(Day and Koenig 2016), with the final goal to provide a re-
sponsible and sustainable cave management. Due to the fact
that caves are very sensitive and under constant pressure, the
following monitoring priorities should be set up:

1. Preserving biotic communities;
2. Conserving abiotic resources;
3. Establishing a healthy cave ecosystem (to be defined by

microclimate indicators);
4. Limiting the presence of humans, according to the calcu-

lated values of the carrying capacity of the cave;

5. Ensuring the integrity of the cave, as a natural laboratory
for multidisciplinary scientific research (Day and Koenig
2016).

Adequate speleotourism development requires the imple-
mentation of quality development strategies and a well-
prepared accompanying program. In particular, speleotourism
development needs the intersectoral linking and engagement
of stakeholders, such as business owners, scientists and scien-
tific institutes, educational institutions, speleological and
mountaineering organizations, political organizations, inves-
tors, and local authorities. A good cooperation between all
these different components will be ensured by the awareness
that each of them is working to achieve a common goal, name-
ly the protection of a common resource for that territory.

The initial steps towards modernizing and improving
speleotourism should include the following:

& Establishing a unique national association for the mainte-
nance, promotion, and development of speleotourism.

& Strategic linking with local and national authorities.
& Fostering educational activities on the importance of

geodiversity and biodiversity based on geoethical values.
& Mapping caves that could equipped for touristic purposes,

after scientific studies, with state-of-the-art systems and
instruments.

& Modernizing interpretative tables and signs for all touristic
caves.

& Establishing geoparks or karst parks, and including cave
sites into a touristic route.

& Developing active and constant observation of the micro-
climate of each cave, the impact of tourists, and the main-
tenance of ecosystems using the concept of carrying
capacity.

& Continually analyzing potential caves for tourism
development.

Active education, at all levels, the organization of sem-
inars, congresses, conferences, and other forms of scientif-
ic promotion of caves, is crucial for nurturing knowledge
of speleology and speleotourism. The value of karst and
the multidisciplinary study of caves further confirms the
need for permanent protection of karst regions. From a
natural point of view, karst regions are very vulnerable
natural systems that may suffer degradation in conse-
quence of many human actions; hence, their protection is
of great importance (Parise and Pascali 2003). However,
karst regions possess economic significance, due to their
capability to form attractive geological sites that can be in
the focus of many potential visitors, by guaranteeing a
balance between conservation and tourism development.

The involvement of young geoscientists and students as
volunteers should be also considered for the purpose of
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photographing, documenting, and then carefully removing
graffiti, garbage, and other factors resulting from unethical
behaviors. This can lead to the establishment of summer
schools and science camps in order to train them on appropri-
ate methods and techniques. Before restoring the cave to a
more natural state, it is necessary to consider how much the
cave has been altered and to define the realistic objectives of
restoration projects. In order to start planning projects, the
following questions should be answered:

& How well do we know the cave ecosystem? (animal spe-
cies, their numerical status, microclimate, variability of
physical, chemical, and biological parameters in the cave);

& How can we restore the cave to a more normal esthetic and
ecological state without causing additional damages?

The task of the cave manager is to bring together all parties
interested in the scientific, cultural, and recreational use of the
caves in order to find a reasonable alignment of needs, bene-
fits, interests: the conservation of the cave’s ecosystems and
natural environment, economic profit, and the involvement of
local residents in the tourism development.

Every showcave or open cave site has different geological
and sedimentological features, archeological elements (if
any), and ecological systems. This needs to be considered
when applying geoethical practices to manage those sites, in
order to take care of geodiversity, biodiversity, and cultural
diversity of each cave. All aspects of speleological exploita-
tion for tourist, scientific, or economic needs must include the
application of geoethical values and use an adequate sustain-
able strategy that can provide future generations with a well-
preserved speleological heritage.

Furthermore, the global health crisis is crucially affecting
any development in terms of tourism. Therefore, it is impor-
tant to establish all preventive measures, in order to provide
visitors with a safe tourist experience. Firstly, it is necessary to
provide themwithmasks, gloves, and disinfectants. Secondly,
limiting the number of visits to the caves accordingly to the
regulations prescribed by governments and/or local
authorities.

Conclusion

Conducting environmental quality cave monitoring is a very
complex activity, requiring careful consideration of a large
number of indicators. Before implementing any monitoring
strategy, it is necessary to investigate the speleomorphology
and cave ecosystems, to define the monitoring objectives and
to cooperate with organizations that will fund the project for
using the cave. Practice shows that these are time-consuming
processes, which often involve a great deal of effort.

Given that caves represent a non-renewable natural re-
source, responsible and professional behaviors by all stake-
holders should be applied, in order to minimize anthropogenic
impact, maximize protection, and develop an ecosystem-
friendly management. Applying values of geoethics can con-
tribute to the cave protection, ensuring benefits to local popu-
lation in the short term, and to future generations in the long
term. Therefore, geoethics brings a variety of advantages to
cave management and speleotourism activities, as it recalls all
societal stakeholders to a responsible approach in problem-
solving as a crucial pillar to guarantee a sustainable develop-
ment to economy, a balance between commercial operation
and sustainable tourism as an indispensable, modern strategy
to be adopted by cave operators. Responsible speleotourism
has the potential (a) to reduce unemployment in local commu-
nities, (b) to foster the protection of natural environments,
since those environments, if properly managed, can be also
protected through adequate legal frameworks and not left to
carelessness and acts of vandalism, and (c) to attract new
investments that can be used for increasing the richness of
population and fund activities capable to increase the means
for and the quality of caves’ protection. We are aware that
many showcaves in the world have been still operating for
decades, so introducing new methodologies in their manage-
ment would mean a complete business restructure and chang-
es of entrances/exits, lighting, and external buildings that are
in place from many years may be very costly. And guidance
should be considered for previous businesses; otherwise,
much of today’s current speleotourism would not assure ade-
quate standards for sustainable activity. It should also be noted
that many historically operating showcaves and cave sites’
ecosystems may have already been altered due to visitor
flows, temperature, and external cave lighting which in turn
affects the flora and fauna of the cave (for example high-
temperature lighting can create lampenflora as well as increase
the temperature of the cave which in turn can alter the cave
ecosystem).

Some showcaves and cave sites are run by local authorities
and therefore adequate amounts of funding are available to
introduce new measures for conservation and cave protection.
This may become more difficult for private businesses to
ascertain—particularly in regard to approaches such as capac-
ity restrictions, as many private businesses may rely on large
capacities.

But, introducing new business models and manage-
ment strategies is a necessity if we want to enhance a
geoethical approach to speleotourism, capable at the
same time to improve the local economy, sustain com-
munities, protect geoheritage, and enjoy the beauty of
nature.
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