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INTRODUCTION 

Caves can be considered natural voids in the Earth’s crust big enough to be potentially explored by 

humans. Their formation depends on several geological processes which are used as a reference for 

cave classification. Wind, volcanism, tectonics, ice, are among the less important factors responsible 

for cave formation, whereas water remains the major actor in speleogenesis.  

Caves formed by water are divided into three main groups: epigenic (excavated by meteoric water), 

hypogenic (formed by rising thermal water) and flank margin (mixing of water presenting different 

chemical composition, i.e. fresh water and sea water) caves (De Waele, 2017).  

Although caves can potentially develop in any type of rock, soluble rocks are the ones which host the 

majority of Earth’s karst systems and are mainly represented by carbonates. Karst phenomena are 

frequent also in gypsum and halite, characterised by higher solubility than carbonates, and, 

surprisingly, in poorly soluble rocks such as quartzites (Wray & Sauro, 2018). 

Despite their geological origin, in most cases caves are low energy environments: far from the surface, 

they are protected from the strong weathering processes occurring in the external environment and 

present relatively stable conditions. Stable temperatures, absence of strong seasonal modification and 

permanent darkness characterise this underground world. Despite their stability, these dark places, 

which might be thought as a world apart, are deeply connected with the external environment. 

Information about the processes occurring in the surface world are constantly transferred to this 

underground world and protected through time. Indeed, caves are excellent places to study past 

environmental and climate modifications which have been recorded and protected into sediments 

(e.g. pollen content) and speleothems (e.g. calcite stable isotope composition, petrography, trace 

elements...) (Fairchild and Baker, 2012). Cave environments can also be characterised by unique 

conditions which can cause the precipitation of rare mineral phases, making these environments 

extremely interesting for earth science research (Hill and Forti, 1997). But not only geologists are 

interested in caves. Indeed, these environments, characterised by the absence of sunlight and low 

organic matter availability, are extremely interesting to study both ecological adaptation of 

vertebrates and invertebrate species and bacterial colonies. The latter is a growing field since it can 

provide important information that can be used in medicine but that can also help in understanding 

the origin of life on our planet (Barton and Northup, 2007)  

Given the characteristics of stability and the “conservation” properties of these environments, caves 

can also be a source of information about past cultures since they were often used as shelters or for 
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ritual purposes. Thus, archaeologists and anthropologists as well find these places particularly 

interesting for the huge amount of information they can provide.  

It is thus clear that cave environments can potentially provide huge amounts of information regarding 

several aspects of our past, while representing an actual ecosystem. However, their stable and 

conservative conditions make these environments extremely fragile and sensitive to any artificially 

induced perturbation. As showed above, caves are extremely important places from both a natural 

and a scientific point of view and it is of primary importance to protect them and raise awareness 

towards their fragility among people frequenting this underground world.  

INTERNATIONAL GUIDELINES 

Existing guidelines for show caves 

At present, the only important official document produced by international associations regarding 

guidelines for cave frequentation is related to show caves and it was issued by the International Show 

Cave Association (I.S.C.A.) and the International Union of Speleology (U.I.S.) in 2014. 

This document does not represent legal requirements, but aims at providing indications as “best 

practices” about how to create and manage a show cave in order to make up a standard which should 

be considered as a reference and as goal to reach while managing a show cave. It is actually an open 

document to be periodically updated according to new finding and technologies.  

In the recent past, low attention has been paid to cave environments during the opening of caves to 

tourist, because of a lack of awareness towards the sensitivity and the scientific and environmental 

importance of these environments. As a result of this, a strong impact was often produced in caves. 

The redaction of these guidelines represented a starting point to improve the protection of caves and 

a conscious approach to these environments.  

This document introduces the need of performing detailed studies concerning not only the economic 

and technical feasibility of the realization of new show caves, but also to safeguard the cave 

environment itself and the external areas by minimizing the impact of tourist frequentation on the 

chosen cave ecosystem. In particular, it underlines the importance of understanding cave dynamics 

and its interaction with the external environment, also in relation with external infrastructures (e.g. 

parking places, buildings, eventual alteration in the natural water infiltration paths and the presence 

of potential sources of contamination…). Some basic indications are also provided for the 

construction of artificial entrances, whose realization must not cause any change in natural cave 
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ventilation, for the construction of internal pathways and the materials that are best to be used and for 

artificial lighting, which can have a strong impact on speleothems causing the formation of 

lampenflora. Finally, this document provides advice regarding the possible limitation of the number 

of visitors according to environmental parameters and measures to respect cave fauna, especially bat 

colonies, and basic instructions for cave monitoring (e.g. radon emissions, temperature, humidity, 

CO2…).  

 

Cave habitat in European legislation 

The only international directive regarding the protection of cave environments, at least at the 

European level, is represented by the Council Directive “Habitat” n. 92/43/CEE. This document aims 

to promote the maintenance of biodiversity, taking account of economic, social, cultural and regional 

requirements. In particular, it provides guidelines to protect and/or restore different habitats and 

species (animals and plants) of Community Interest identified in the same document, through the 

creation of a network of protected areas (Natura 2000; art. 3) and the promotion of scientific research 

(ISPRA, 2016). 

The habitat types identified in this directive comprehend “terrestrial or aquatic areas distinguished 

by geographic, abiotic and biotic features, whether entirely or semi-natural” (art. 1-b). These habitats 

are grouped in Annex 1 – “Natural habitat types of community interest whose conservation requires 

the designation of special areas of conservation”. Each habitat is associated to a numeric code which 

has been modified from the original code of the 1992 Directive when the Natura 2000 network was 

created. Habitats related to cave environments are now identified as “caves not open to the public” 

and found inside the group “Rocky habitat and Caves” and correspond to the code 8310 (Fig. 1). 

Annex II of Directive 92/43/CEE identifies instead “Animals and plant species of Comunitary interest 

whose conservation requires the designation of special areas of conservation”. A list of protected 

species is thus provided comprising several troglophiles and troglobitic species (i.e. specialised to 

cave environments).  
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Fig. 1 – Extract from the “Interpretation Manual of European Union Habitats – EUR28” (2013) 
 

 

MONITORING STRATEGY AND MONITORING TECHNICAL SYSTEMS 

Cave microclimate 

 

Temperature and relative humidity 

Caves are rather low energy environments characterised by relatively stable temperatures (e.g. 

Wigley and Brown, 1976; Moore and Sullivan, 1978). This parameter, which in most cases averages 

the external temperature value, can have some fluctuations related to natural processes (e.g. seasonal 

cave ventilation, floods...) and whose amplitude strongly depends on cave dynamics (e.g. distance 

from cave entrances, cave air circulation...). Relative humidity in caves is usually high, except in 

caves found in particularly dry climates. As for temperature, relative humidity can have small 

variations if compared to weather dynamics occurring in the external environment, but that can still 

be related to external changes and cave dynamics (e.g. cave air circulation, temperature changes, 

seasonal variations in water infiltration, floods...). 
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Fig. 2 – Example of cave ventilation influencing cave temperature and radon concentration in Postojna Cave 

(Gregorič et al., 2014) 

Both temperature and relative humidity can also be influenced by people frequentation, both cavers 

and tourists, who produce energy in form of heat and release moisture in cave air due to their own 

biological processes (e.g. breathing, sweating, burning calories...; e.g. Sebela and Turk, 2014; Linhua 

et al., 2000). Long term modifications of these parameters can have a strong impact on the delicate 

equilibrium characterising cave environments, both on fauna (e.g. bats biological processes like, for 

example, hibernation; aquatic fauna, indeed important changes in air temperature induce 

modifications in water pond temperature, thus influencing underwater life...), bacterial colonies and 

speleothems and cave morphologies (e.g. Hill and Forti, 1997; Manenti, 2014).  

In order to understand how much human cave frequentation can interfere with both cave temperature 

and relative humidity it is important to understand natural variations of these parameters, allowing 

for the identification of the magnitude cave frequentation impacts these parameters.  
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To measure cave air temperature and relative humidity continuously it is important to use specific 

rugged data loggers, suitable for conditions which are usually tough for electronic devices (e.g. high 

humidity and presence of mud). These data loggers should have a high reading resolution (at least 

0,01 °C and 0,1%) to detect the small natural fluctuations characterising cave environments (detailed 

information of suggested instruments is provided in Annex I).  

Considering the portion of caves that can be visited by tourists, and then, relatively short sections of 

a chosen karst system and/or a relatively small cave (i.e. a sub-horizontal branch/small cave), 

temperature and humidity should be monitored in at least 3 points of the route: 

• in the furthest area from the cave entrance; 

• in a place relatively close to the cave entrance, but where the external temperature starts 

having low influence; 

• in an intermediate location between the first and the last monitored sites. 

When choosing the monitoring sites, preference should be given to areas where future tourists are 

going to stop or areas presenting more fragile characteristics (e.g. presence of a bat colony, areas with 

strong mineralizations, areas with lower cave air ventilation). In the intermediate monitoring sites 

two sensors positioned at two different heights should be preferred (one lower and one higher, if 

possible respectively close to the ground and close to the ceiling), in order to monitor cave air vertical 

stratification and circulation. The selected sites have to be identified and marked in cave maps and 

will have to remain the same through the whole monitoring period. Pictures of the monitoring sites 

and instruments have to be taken. Logging interval should be set at 30 minutes.  

If a weather station in not available in the area where the cave is located, a temperature sensor should 

be left outside, in order to correlate the data coming from the cave environment with external 

temperature changes. 

 

Carbon Dioxide cave air concentration (CO2) 

Carbon Dioxide (CO2) concentration in karst systems is strongly controlled by soil and vegetation 

activity overlying the cave (Fig. 3). Further sources of CO2 are represented by degradation of organic 

matter inside the cave, geothermal sources, bat colonies and humans entering the cave. Natural 

fluctuations of CO2 cave air concentration mainly occur in relation to cave ventilation and water 

infiltration (Fairchild and Baker, 2012 and reference therein).  



   T2.2.1 Harmonised monitoring strategy and monitoring technical systems  

 

 

 

Fig. 3 – CO2 transfer from soil to cave environment (Cao et al., 2019) 

This parameter plays a fundamental role in speleogenesis and speleothem formation, since it controls 

the water calcium carbonate saturation index (e.g. Dreybrodt, 1980 and reference therein). Thus, it is 

a crucial parameter which determines when water becomes corrosive towards carbonate rocks (i.e. 

cave formation) or when it starts depositing calcite (i.e. speleothem formation). The natural 

occurrence of this gas can be a threat to people visiting the cave only in rare cases, especially in areas 

where active volcanism occurs or in cave portions where cave ventilation is absent. However, people 

visiting a cave can modify the natural CO2 concentration, especially if the number of tourists entering 

a cave exceeds the sustainable number of visitors of that cave. In most cases, natural fluctuations of 

CO2 strongly exceed the carbon dioxide produced by visitors, however every cave system is different.  

Considering the crucial importance of this parameter in cave environments it is fundamental to 

measure the natural fluctuation of this gas and the eventual impact visitors have on cave air 

composition. CO2 levels can reach high concentrations in natural caves, thus a CO2 data logger able 

to detect up to 10 000 ppm is strongly recommended with a reading resolution of at least 0.001%. 

Indeed 10 000 ppm (1%) is the limit also called “foul air” above which people can feel sick (note that 

the limit of CO2 concentration in work places is fixed at 0,5% or 5 000 ppm; Smith G.K., 1997; 

detailed information about suggested instruments is provided in Annex I).  
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Thus, CO2 should be monitored in at least one site inside a small cave or a small branch of a karst 

system opened to tourists, using a 30 minutes logging interval. When choosing the monitoring site, 

preference should be given to areas characterised by low to absent air ventilation, possibly located in 

topographic lower portions of the monitored cave. If large hibernating or breeding bat colonies are 

present, these sites should be monitored as well.  

 

Data Downloading 

Temperature, Relative Humidity and CO2 concentration data should be downloaded every month. 

If the monitored cave is periodically visited by tourists and/or cavers, a logbook with a table gathering 

information about the number of people visiting the cave, the date and timing of cave visits (when 

they enter and how long the visit lasts) and the motivation of cave visits (tourism, exploration, science, 

data downloading...) should be filled in every time a person or a group of people enters the cave 

(example of tables in Annex II). 

 

Radon 

Radon is a radiogenic and radioactive gas which is naturally produced inside the Earth’s crust. It is 

mainly associated to volcanic/magmatic and metamorphic bedrocks. However, Radon emissions are 

also common in carbonate bedrocks. Once this gas is released into the atmosphere it starts decaying 

fast and it is dispersed into the environment without any consequence on natural life, humans 

included. When this gas accumulates in buildings or in karst cavities it can reach concentrations which 

can be harmful to human health: when decaying, its progeny can attach to particles and become 

lodged into the lung, where they release harmful alpha radiation (Cigna, 2005; Fairchild and Baker, 

2012). In natural environments such as caves Radon can accumulate especially when ventilation is 

low or absent. At present the limits for radon concentration in buildings and workplaces is fixed at 

500 Bq/m3 (Cigna, 2005). 

Considering that strong concentration of Radon can cause severe health conditions, it is mandatory 

to monitor this parameter especially for people working in cave environments for long periods of time 

(e.g. cave guides).  
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Measuring Radon 

To measure Radon emissions, passive detectors are strongly recommended. Since Radon can be 

released by deep fractures and faults and its emission can be strongly punctual, at least 5 detectors in 

each monitored cave are suggested. These should be positioned along the tourist route. Preference 

should be given to areas where tourists stop for explanations, in poorly ventilated areas and in 

correspondence of natural fractures or faults. These detectors should be changed and analysed every 

3 months, which should correspond to the four seasons (e.g. June-August / September-November / 

December-February / March-May).  

 

Cave fauna  

Caves are natural low energy environments characterised by rather stable conditions which are 

determined by a delicate equilibrium that can be easily broken. Far from the outside world, they 

represent an actual ecosystem inhabited by highly specialised species which can be divided into two 

main groups:  

• troglobites: highly specialised species which can be found only in cave environments (e.g. 

proteus, niphargus...);  

• troglophiles: highly specialised species which need caves for part of their biological cycle 

(e.g. bats). 

A third group, gathering species which can be found in caves only occasionally, but that are not 

strictly specialised for these environments, is represented by the trogloxene fauna (e.g. some 

amphibians like toads or frogs).  

Particular attention must be paid to the “invisible world”, that means the often-forgotten 

microorganisms living in these environments.  

Considering the peculiarities of caves and the stability of their environmental characteristics, it comes 

out that all species adapted to live in this habitat are deeply specialised. This characteristic represents 

both the cave fauna’s strength and weakness: evolution allowed these species to colonise hostile 

environments, but at the same time, their extreme ecological specialization prevents them from 

surviving to fast environmental modifications, which can be caused by human frequentation.  

In order to protect cave fauna from tourists/cavers frequentation, it is fundamental to know which 

species inhabit the chosen cave. 
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Thus, if detailed information about local cave fauna is not available, specific monitoring should be 

performed in order to identify the tourist route and the best practice for sustainable cave visiting. 

The following information should be gathered in each monitored cave: 

• presence of bat colonies (if possible, bat species and numbers); 

• type of bat refuge: hibernating site, nursery or both, casual presence; 

• terrestrial invertebrates, the eventual presence of endemism and of species of Community 

Interest (see Annex II of European Directive 92/43/CEE); 

• stigofauna, the eventual presence of endemism and of species of Community Interest (see 

Annex II of European Directive 92/43/CEE);  

• evidence of bacterial colonies or any microbiological research performed in the monitored 

cave; 

• presence of endangered fauna living part of its biological cycle (e.g. breeding, bird nesting...) 

in the proximities of the monitored cave entrance.  

 

Flora in karst areas 

Far from the surface, cave environments are deeply influenced by the external dynamics (e.g. 

temperature, vegetation activity, precipitation). At the same time, also the external environment can 

be influenced by the presence of caves: close to cave entrances particular microclimatic conditions 

can occur, favouring the establishment of a peculiar flora.  

Indeed, caves work as breathing systems: during the warm season, fresh/humid air tends to exit the 

cave, while during the cold season the opposite happens. This phenomenon is responsible for the 

establishment of permanently fresh/humid conditions in the proximities of cave entrances, especially 

when they are found in depressions like dolines. Thus, around cave entrances a strongly localised 

vegetation, characterised by species related to fresh/humid climates can be found: a perfect place for 

ferns, mosses and liverworts. In temperate warm climates, these environments represent the last 

shelter for some vegetation species which were widespread during cooler climate phases, thus 

becoming home of some regional endemism.  

Considering how localised these vegetated areas are, it becomes clear that human frequentation of 

these environments can have a strong negative impact on vegetation. To protect the eventual presence 

of endemism and better constrain cave entrance tracks, it is important to have a detailed knowledge 
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about the vegetation species living in the proximities of cave entrances in relation to the vegetation 

association characterising the region where the cave is found.  

If not available, a detailed investigation of vegetation species found in the proximities of the 

monitored cave entrance should be provided, with particular attention towards ferns and species 

present in Annex II of Council Directive 92/43/CEE.  

 

Karst Water Protection  

Karst aquifers are extremely important for human provision of drinkable water. At present at least 

25% of the world’s population receives clean water from this type of aquifer (Parise and Gunn, 2007).  

The high quality and abundance of water provided by karst aquifers is increasing their use for drinking 

water supply and they are thought to become the first source for drinkable water in the near future. 

However, these aquifers are extremely fragile and sensitive to environmental pollution: when 

contamination enters these systems, it spreads without any control causing the sudden loss of the 

aquifer for drinking water supply.  

Thus, karst aquifers represent an important, but extremely fragile water source.  

Opening a cave to tourists, even if not a proper show cave but a wild cave where caving visits are 

promoted, means that through time at least basic infrastructures are going to be built. Good knowledge 

of the local karst system hydrology should be promoted as well, in order to prevent the creation of 

potential sources of pollution in the karst aquifer. Any current potential source of pollution should be 

identified and, if possible, their elimination and/or mitigation should be considered a priority.  

 

Archaeology  

Our ancestors used caves as shelters or as ritual places. Indeed, it is frequent to recover findings 

related to ancient cultures or to find burials in these places. While opening a cave to tourist visits it is 

important to take into account also the archaeological/anthropological heritage that might be 

preserved in that environment. Any information related to archaeological findings of the monitored 

cave should be provided in order to establish tourist cave visits without threatening the archaeological 

material and assure the conservation of useful historical and/or anthropological information.  
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