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1. Introduction 

The karst landscape is characterised by the outcropping of rocks soluble in water (e.g. limestones, 

dolostones, gypsum) exhibiting typical surface (e.g. closed depressions, sinking rivers, carved and 

sculpted rocks) and subterranean (caves) landforms and distinctive hydrology (rapid underground 

drainage, large karst springs) (White 1988; Ford and Williams 2007). Karst areas often host a high 

scientific heritage, but they generally are also a vulnerable habitat for highly diversified both 

vegetal and animal species (Christman et al., 2005; Culver and Pipan, 2019).  

Once a cave has formed it starts accumulating material, including clastic sediments, chemical 

precipitates, and organic debris. Cave entrances are often characterised by pitfalls and tend to 

collect surface material that falls in accidentally (animals) or is washed in by surface runoff. They 

are preferential sedimentation sites of sometimes scientifically valuable deposits that can be 

preserved underground over very long periods of time, whereas surface deposits are more easily 

stripped away by erosion. Caves can also be used by animals, including humans, as shelters or 

living places, or for ritual reasons. This is why caverns have preserved important archaeological 

remains, essential for the reconstruction of the evolution of human kind and art (e.g. the 

Sterkfontein caves in South Africa with its Australopithecus finds, or Chauvet cave in France for its 

wonderful Upper Paleolithic rock art). 

Cave sediments can help to reconstruct fragments of the cave history (Sasowsky and Mylroie 2004). 

The mineralogical and petrographical composition of sediments can tell where they come from, and 

possible changes in recharge areas. Sediments can sometimes be dated using palaeomagnetism, in 

combination with U/Th dating of flowstone beds (Zupan Hajna et al. 2008). Allogenic quartz grains 

can be chronologically constrained using cosmogenic Al-Be dating techniques (Granger and 

Muzikar 2001). All these dating techniques deliver ages younger than the cave itself. 

Inflowing and percolating waters do not only introduce detrital particles, but also dissolved species. 

Reactions between these fluids, the host rock, the sediments in the cave and the atmosphere cause 

minerals to precipitate, as single crystals or, more commonly, as aggregates known under the 

general name of speleothems. Over 350 different species of minerals have been described forming 

in caves (Onac and Forti 2011). The most common minerals are calcite and aragonite, followed by 

gypsum and other carbonates and sulphates. Where bat guano or bones are present a variety of 

phosphates can be found (Audra et al. 2019). Some minerals are intimately related to the cave's 

genesis, such as in the case of sulphuric acid speleogenesis, and their datation can give clues on 

cave formation (e.g. K/Ar and Ar/Ar dating of alunite) (Polyak et al. 1998). Caves are especially 
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appreciated for their hosted speleothems, including stalactites and stalagmites, flowstones, gours 

and many other types (Hill and Forti 1997). Speleothems can be important climate and 

environmental archives, characterised by annual layering of chemical origin, allowing the 

reconstruction of environmental and climatic changes at high temporal resolution (Fairchild and 

Baker 2012). Speleothems have also been used for the reconstruction of Quaternary sea-level 

changes, hydrological conditions in continental and marine environments, paleo-seismicity during 

early Quaternary, and relationships between climate change and archaeological events.  

Many caves around the world have become tourist attractions because of their aesthetic value. A fee 

is charged to gain access to these caves, and normally visits are carried out following equipped 

pathways and under the surveillance of a cave guide. Although the first real show cave is Vilenica in 

Slovenia (where invited people paid to visit this cave since 1633), most show caves developed in 

the second part of the XXth century. The development of a show cave often requires modifications 

to be done to the cave system such as construction of pathways, opening of new or more easy 

accesses, installation of electric lighting systems, and a whole set of infrastructures both in the cave 

and above it or around its entrance. These operations often cause damage to the cave and the 

surrounding landscape, and environmental impact assessments should be carried out prior to show 

cave preparation to minimise these negative impacts (Cigna 2012). Special care should be taken in 

the selection of paths, lights and their position, and in the timing of the visits, in order not to exceed 

the so-called "visitors' carrying capacity", the maximum number of visitors that can enter the cave 

in a certain time frame without changing the environmental parameters irreversibly. In other words, 

modifications to the underground environment (e.g. temperature rise, CO2) should be recovered by 

the cave system at least over night, with return to natural conditions. 

The protection of the cave and its environment is important to safeguard the mineral beauty of the 

cave (i.e. speleothems), but also to create as less as possible disturbance to the sometimes extremely 

fragile cave habitat. The underground voids, in fact, including not only caves but also the tiny 

fractures, are a habitat to an incredibly various and more or less specialised cave fauna (Culver and 

Pipan 2019). Some species are completely adapted to life underground: they have lost their 

pigments and eyes, have developed their other senses extremely well, and spend their entire life 

cycle in the dark and wet environment of a cave. These species would not be able to survive outside 

and are called troglobites, and can be endemic to very small areas or even single caves. Troglophiles 

(cave-loving species) are species spending part of or their entire life cycle underground, being 
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adapted to this environment, but can also be found outside (under rocks). Trogloxenes, instead, live 

close to the cave, and use caves as shelters (e.g. frogs).  

Even the slightest changes in cave environmental parameters can cause troglobites to migrate, and 

in the worst cases to succumb, resulting in loss of biodiversity. Modifications also include those that 

happen outside of the cave, at the surface or in the drainage area (water pollution, deforestation and 

soil loss, urbanization). While the extinction of a troglobite can pass unnoticed, the decrease in the 

population of large bat colonies in a cave can have a dramatic impact on the surrounding area, since 

bats are insectivores and therefore reduce the need for pesticides. Subterranean karst environments 

are also unique microbiological habitats. This biodiversity is worth protecting and ongoing research 

on new cave dwelling species and microbiological communities might allow the discovery of new 

substances useful for medical purposes (Barton and Northup 2007). 

In the past decennia public awareness on the unique character and the fragility of karst areas has 

increased enormously, especially in Europe and America, but still needs to be stressed in many 

countries. It is now understood that if we want to safeguard this fragile environment, and enjoy its 

multiple resources for centuries to come, we need to find a way of living on karst. 

2. Main objectives of this action plan 

The main objective of this document is to establish an action plan to protect and manage the habitat 

8310 through the identification of actions and strategies which can be adopted at a European level.  

A brief introduction about cave environment and habitat 8310 description is presented below, 

followed by an overview over habitat 8310 distribution in Europe and its conservation status.   

Major pressures and threats reported by Member States about habitat 8310 during the last reporting 

period, together with literature information, have been examined and explained. In this document 

existing guidelines of cave environment conservation and management have been considered and 

used as a reference to produce the actions and management guidelines of this document. 

The proposed actions and management guidelines are meant to be applied at an international level, 

thus cannot reach a high precision level. They must be considered as a reference that can be further 

implemented at a regional or local level according to each habitat 8310 characteristics.  

3. Scientific and environmental importance 
 

Caves represent a unique and valuable heritage in terms of both scientific and natural importance. 

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

the external environment. Information about the processes occurring at the surface are constantly 

transferred to this underground world and protected over long periods of time. Indeed, caves are 

excellent places to study past environmental and climate modifications which have been recorded 

and protected in 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 (oligotrophy), 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 

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 

ritual purposes. Thus, archaeologists and anthropologists as well find these places particularly 

interesting for the huge amount of information they can provide. 

 

4. Habitat 8310 description 

In ecology a “habitat” can be defined as the ensemble of physical and biological elements of a 

particular environment hosting delicate species which need particular conditions to survive. Aiming 

to protect biodiversity, the European Union has coded the habitat of its territory for conservation 

purposes through the emanation of the council directive “habitat” n. 92/43/CEE. This document 

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

regional requirements, providing guidelines to protect and/or restore different habitats and species 

of Comunitary Interest and establishing the European Union wide Natura2000 ecological network 

of protected areas. Habitat 8310 identifies “Caves not open to the public, including their water areas 

and flows, hosting specialised or high endemic species, or that are of paramount importance for the 
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conservation of Annex II species (e.g. bats, amphibians)” (Interpretation Manual of European Union 

Habitats, version EUR 28 (2013), Fig.1).   

 

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

 

Council Directive 92/43/CEE also provides indications on how to identify a site which has to be 

protected and proposed for the Natura 2000 Network, thus providing some criteria which can be 

taken into account for the establishment of monitoring activities, even if not dedicated to the 

proposal of a Natura 2000 protected site. These are explained in Annex III – “Criteria for selecting 

sites eligible for identification as sites of Comunitary importance and designation as special areas 

of conservation” and mainly consists in identifying the specific habitat and the threatened species 

living in the proposed site and evaluating the degree of conservation of the area. 

Cave habitats, together with shallow subterranean habitats are characterised by the absence of light, 

reduced environmental variations with respect to the surface environment and mainly rely on 

nutrients transported from the surface (e.g., bat guano; Culver and Pipan, 2019). 

 

https://eunis.eea.europa.eu/references/2435
https://eunis.eea.europa.eu/references/2435
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4.1 Fauna – threatened species inventory (from ANNEX II of 92/43/CEE) 

Cave fauna can be identified as troglofauna and stygofauna referring, respectively, to terrestrial and 

aquatic species. These are further divided into three classes:  

- Trogloxenes/Stygoxenes: species occurring only occasionally in cave environments not adapted to 

live in the subterranean habitat (e.g., frogs washed into the caves); 

- Troglophiles/Stygophiles: animals related to cave environments for parts of their life cycles, but 

can be found also in the surface environment (e.g., bats); 

- Troglobionts/stygobionts: animals living their whole life cycle in cave/subterranean environments 

(e.g., Proteus). 

 

According to the Annex II of the council directive “habitat” n. 92/43/CEE, some species that can be 

found in cave environments must be considered strictly protected. In particular, the following are 

listed in Annex II: 

 

MAMMALS 

CHIROPTERA 

Rhinolophidae 

- Rhinolophus blasii 

- Rhinolophus euryale 

- Rhinolophus ferrumequinum 

- Rhinolophus hipposideros 

- Rhinolophus mehelyi 

Vespertilionidae 

- Barbastella barbastellus   

- Miniopterus schreibersi 

- Myotis bechsteini 

- Myotis blythii 

- Myotis capaccinii 

- Myotis dasycneme 

- Myotis emarginatus 

- Myotis myotis 

Pteropodidae 
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- Rousettus aegyptiacus 

 

AMPHIBIANS 

CAUDATA 

Proteidae 

- Proteus anguinus 

Plethodontidae 

- Hydromantes (Speleomantes) ambrosii 

- Hydromantes (Speleomantes) flavus 

- Hydromantes (Speleomantes) genei 

- Hydromantes (Speleomantes) imperialis 

- Hydromantes (Speleomantes) strinatii 

- Hydromantes (Speleomantes) supramontis 

 

Besides the species listed in Annex II of the council directive “habitat” n. 92/43/CEE, the cave 

habitat is characterised by a very specialised and endemic stygobiotic and troglobiotic fauna 

(Christman et al., 2005). This is mainly composed of invertebrates which exclusively live in caves 

and underground waters. These are mainly coleoptera, belonging to the Bathysciinae and Trechinae 

families. Cavernicolous aquatic invertebrates constitute a highly endemic fauna, dominated by 

crustaceans (Isopoda, Amphipoda, Syncarida, Copepoda) and include many living fossils. Aquatic 

molluscs, belonging to the Hydrobiidae family are also found (Interpretation Manual of European 

Union Habitats – EUR28” (2013)).   

Considering that every cave has its own peculiarities, besides the species listed in the council 

directive habitat n.  92/43/CEE, particular attention must be paid towards the eventual presence of 

endemisms, which are common in caves. Indeed, the majority of stygobionts and troglobionts are 

actually geographically rare, and thus more likely to go extinct than common species. In addition, 

these species, as well as bats, have relatively low reproductive rates resulting in an extremely low 

population growth following an environmental insult (Culver and Pipan, 2019). 

 

4.2 Microorganisms 

According to their unique environmental conditions, caves host endemic and fragile bacterial 

colonies which can be strongly affected by human frequentation. Microbial communities have some 
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role also in speleogenesis and speleothem formation. Most times they are not visible at all, but in 

some cases, like for the bacteria within the phylum of the Actinobacteria, they form colonies 

characterised by a gold, silver, pink and light blue aspect. These bacterial colonies are hydrophobic 

and water droplets tend to concentrate over them, thus resulting in a light-reflecting surface. Cave 

surfaces covered in Actinobacteria colonies are easily identifiable as shining surfaces. 

 

4.3 Vegetation – threatened species / key species 

Vegetation is not a characteristic of cave environments since this habitat is characterised by the 

absence of light and the areas characterised by permanent dark normally are completely devoid of 

any kind of vegetation. However, the areas close to the cave entrances, characterised by low light 

entering from the external environment, can see the development of some vegetation, like mosses 

(e.g., Schistostega pennata) and algal carpets (Interpretation Manual of European Union Habitats – 

EUR28” (2013)). In addition, the close surroundings of cave entrances can be affected by particular 

and unique microclimate conditions, due to the air exchange between the cave and the surface 

environment, thus resulting in the development of rare vegetation species. It is thus possible to find 

some plant species which are widespread in the proximities of cave environment of a region, but are 

not found elsewhere in the regional environment. These species are mainly referred to ferns and 

herbaceous species and must be strictly protected. Botanical investigation to identify rare and/or 

endemic species must be performed in all cave entrances, especially in sites which are open to the 

public. 

 

5. Habitat 8310 distribution and conservation status in Europe 

The European Union has been subdivided into 9 biogeographical regions to improve the protection 

of species and habitat types under similar natural conditions across borders. Indeed, within the same 

biogeographical region, Member States can collaborate taking joint actions better suited to restore 

or maintain the health of the typical habitats found in their territory.  

These 9 biogeographical regions are (Fig. 2): 

- Alpine (ALP) 

- Atlantic (ATL) 

- Black Sea (BLS) 

- Boreal (BOR) 
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- Continental (CON) 

- Macaronesian (MAC) 

- Mediterranean (MED) 

- Pannonian (PAN) 

- Steppic (STE)   

 

Fig. 2 – Natura2000 biogeographical regions (source: 

https://ec.europa.eu/environment/nature/natura2000/platform/knowledge_base/103_browse_categories_en.htm). 
 

According to the “Natura2000 – public – Microsoft access database” 

[https://www.eea.europa.eu/data-and-maps/data/natura-11 retrieved on May 24 2020], among the 

European Union Member States, 1998 Natura2000 sites are designated as habitat 8310, while 

according to the data available from the preceding reporting period (2007-2012) under article 17 of 

habitat directive, 1975 Natura2000 sites were indicated as habitat 8310. The available data present a 

strong heterogeneity in terms of the declared habitat surface cover, thus not allowing for a detailed 

representation of distribution of these habitats in terms of surface %. However, the above cited 

https://ec.europa.eu/environment/nature/natura2000/platform/knowledge_base/103_browse_categories_en.htm
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database has been used to extrapolate the number of habitat 8310 Natura2000 sites per country (Fig.  

3; Tab. 1).    

 

Fig. 3 – distribution % of the number of Natura2000 habitat 8310 per country 

Country 
% of Natura2000 sites with 

habitat 8310 
Country 

% of Natura2000 sites with 

habitat 8310 

Austria 1,85 Italy 17,77 

Belgio 2,8 Lithuania 0,05 

Bulgaria 3,9 Luxembourg 0,7 

Cyprus 0,25 Latvia 0,4 

Czechia 1,8 Malta 0,2 

Germany 14,11 Poland 2,1 

Estonia 0,4 Portugal 1,25 

Spain 14,31 Romania 1,3 

France 14,41 Sweden 0,75 

Greece 2,1 Slovenia 3,2 

Croatia 10,26 Slovakia 3,85 

Hungary 0,9 United  

Kingdom 0,85 Ireland 0,45 

 

 

% Natura2000 sites with habitat 8310 per country

Austria Belgio Bulgaria Cyprus Czechia

Germany Estonia Spain France Greece

Croatia Hungary Ireland Italy Lithuania

Luxembourg Latvia Malta Poland Portugal

Romania Sweden Slovenia Slovakia United Kingdom

Tab. 1 - % of Natura2000 habitat 8310 sites in Europe divided per country. 
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According to the information available related to the reporting period 2013-2018 [data sheet info 

from the Article 17 web tool: https://nature-

art17.eionet.europa.eu/article17/reports2012/habitat/summary/?period=5&group=Rocky+habitats&

subject=8310&region=], in the alpine biogeographical region the habitat “Caves not open to the 

public” (8310) is distributed across all main mountain ranges and its conservation status has been 

reported as favorable in Austria, Germany, Poland, Sweden and Slovakia. In the southern parts, in 

Italy, Croatia, Bulgaria and Spain the conservation status of caves has been reported as unfavorable 

inadequate and in France as unfavorable-bad. The overall conservation status of the alpine region 

was assessed as unfavorable inadequate (Figg. 4-5). Many different threats have been identified. 

Among the most important are mentioned: discharge of urban wastewater; agricultural activities 

generating pollution (use of plant protection chemicals, waste management practice, synthetic 

mineral fertilizers); deposition and treatment of waste/garbage from commercial and industrial 

facilities, abstraction from groundwater, surface water or mixed water. 

In the Atlantic biogeographical region, the distribution of Caves not open to the public (8310) are 

scattered with some more dense occurrences in northern Spain and western Ireland. Belgium, 

Ireland and United Kingdom reported the conservation status of their caves as favorable. In 

Portugal and France caves’ conservation status has been reported as unfavorable inadequate. Spain 

did not provide any assessments but the largest range and GIS distribution area. Due to inconstant 

methods for the estimation of the habitat area and the dominance of Spain and France in the GIS 

distribution, the overall conservation status for the Atlantic biogeographical region was assessed as 

unknown. 

For the Black Sea biogeographical region, only Bulgaria provided a report and concluded an 

unfavorable inadequate conservation status, because of negative future prospects. 

In the boreal region of Sweden, Estonia, Lithuania and Latvia caves have been consistently reported 

as favorably conserved, just as in the previous report. 

The main part of caves in the continental regions are in Germany, Bulgaria and Czech Republic. 

The overall conservation status for this region was assessed as unfavorable inadequate as in the 

previous period. The most important threats listed are: discharge of urban waste water (excluding 

storm overflows and/or urban run-offs) generating pollution to surface or ground water; sports, 

tourism and leisure activities; vandalism or arson; agricultural activities generating pollution (waste 

https://nature-art17.eionet.europa.eu/article17/reports2012/habitat/summary/?period=5&group=Rocky+habitats&subject=8310&region=
https://nature-art17.eionet.europa.eu/article17/reports2012/habitat/summary/?period=5&group=Rocky+habitats&subject=8310&region=
https://nature-art17.eionet.europa.eu/article17/reports2012/habitat/summary/?period=5&group=Rocky+habitats&subject=8310&region=
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management practices in agriculture, use of plant protection chemicals, application of synthetic 

(mineral) fertilizers), abstraction from groundwater, surface water or mixed water; closure or 

restricted access to site/habitat; hydropower (dams, weirs, run-off-the-river), including 

infrastructure. 

For the Macaronesian region, Portugal reported a favorable conservation status as in the previous 

reporting period. 

The distribution of Caves in the Mediterranean is scattered across the biogeographical region. 

France, Italy, Portugal and Croatia have reported cave conservation as unfavorable inadequate. 

Cyprus, Greece, Malta and UK assessed the caves as favorable. Spain did not provide any 

assessments but (together with Italy) account for the largest range and GIS distribution area. Due to 

inconstant methods for the estimation of the habitat area and the dominance of Spain in the GIS 

distribution and range area, all weighting methods resulted in unknown as overall conservation 

status. 

In the Pannonia region, caves have been assessed as unfavorable inadequate for the overall 

conservation status in the current and the previous reporting period. The main part of the caves in 

the Pannonia biogeographical regions are in Hungary which reported the conservation state of its 

caves as unfavorable inadequate. Czech Republic and Slovakia reported a favorable conservation 

status. Due to the dominance of Hungary in both, distribution and habitat area, the overall 

assessment was however unfavorable inadequate. Hungary reported extraction of minerals (e.g. 

rock, metal ores, gravel, sand, shell) and logging without replanting or natural regrowth as the two 

most important threats. 

For the Steppic biogeographical region, only Romania provided a report and concluded to a 

favorable conservation status in the new report. In the previous report the assessment was 

unfavorable inadequate. However, the change in conservation status was due to improved 

knowledge and not due to real improvements. 
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Fig. 4 - Habitat 8310 conservation status (reporting period 2013-2018). Legend → N/A: ;FV: favorable; U1: 

Unfavorable/Inadequate; U2: Unfavorable/bad; XX: Unknown 

 

 
Fig. 5 - Rocky habitat status according to the biogeographic regions (habitat assessments at the EU biogeographical 

level – Article 17 web tool: https://nature-

art17.eionet.europa.eu/article17/reports2012/habitat/progress/?period=5&group=Rocky+habitats&conclusion=overall+a

ssessment) 

https://nature-art17.eionet.europa.eu/article17/reports2012/habitat/progress/?period=5&group=Rocky+habitats&conclusion=overall+assessment
https://nature-art17.eionet.europa.eu/article17/reports2012/habitat/progress/?period=5&group=Rocky+habitats&conclusion=overall+assessment
https://nature-art17.eionet.europa.eu/article17/reports2012/habitat/progress/?period=5&group=Rocky+habitats&conclusion=overall+assessment
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6. Pressures and threats to the habitat 8310 in Europe 

Cave habitat is extremely fragile and any artificially introduced modification can deeply affect this 

environment, resulting in the deterioration or, in the worst possible case, the complete loss of both 

its geological and biological heritage. Most harmful cave habitat modifications are induced by 

human behaviour both at the surface and inside these subterranean habitats.   

Periodic reports from the Member States under article 17 of the Habitat Directive recognise 

different source of cave habitat damage which are divided into two main groups: pressures and 

threats. 

Pressures indicate factors acting negatively over the cave habitat during the reporting period, while 

threats are the menaces foreseen in the following years.   

 

6.1 Most frequently pressures and threats reported by Member States (period 2007-2012) 

The summary of the habitat conservation status from the last reporting period (2013-2018) is not yet 

available, thus the data related to the previous reporting period are presented below (Tab. 2). 

The most reported pressures and threats with high impact on habitat 8310 mainly involve human 

intrusion and disturbances (G), mining extraction of material and energy production (C), residential 

urbanisation and commercial development (E), pollution (H), agriculture (A), natural system 

modifications (J), silviculture and forestry (B) and geological events and natural catastrophes (L),    

Code Pressure Code Threats 

G01 Outdoor sports, leisure and recreational activities G01 Outdoor sports, leisure and recreational 

activities 

C01 Mining and quarrying C01 Mining and quarrying 

E03 Discharges (household/industrial) E03 Discharges (household/industrial) 

H01 Pollution to surface water G05 Other human intrusions and disturbances 

G05 Other human intrusions and disturbances L05 Collapse of terrain, landslide 

A05 Farming and breeding of livestock  A05 Farming and breeding of livestock  

A04 Grazing by livestock A01 Agricoltural cultivation 

A08 Fertilisation in agriculture A07 Use of ‘pesticides’ in agriculture  

B03 Forest exploitation A08 Fertilisation in agriculture 

J02 Changes in water bodies B02 Forest and plamtation management & use 

Tab. 2 – Ten most frequently pressures (left) and threats (right) to habitat 8310 reported by the Member States during 

the reporting period 2007-2012, having a high impact on cave habitat. Reporting frequency decreases from top to 

bottom. 
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Further activities reported by the Member States in the available reports as medium pressures and 

threats include also: 

- energy production processes and related infrastructure development (D); 

- development, construction and use of residential, commercial, industrial and recreational 

infrastructure and areas (F); 

- alien and problematic species (I); 

- Human-induced changes in water regimes (K); 

- Geological events, natural catastrophes (M); 

- Climate change (N). 

 

6.2 Overview on the major pressures and threats on Habitat 8310 

Pressures and threats acting against habitat 8310 are all directly of indirectly related to human 

activities and they can be further subdivided into two major classes: 

 

- Human activities at the surface 

- Human activities inside caves 

 

These comprehend a variety of processes and activities which present a vast heterogeneity, but 

which can interplay causing similar damages to the cave environment.  

6.2.1 Human activities at the surface 

All human activities occurring in a karst area which can produce groundwater pollution or which 

can physically modify natural hydrological pathways can be considered a major pressure or a threat 

to habitat 8310. Besides the activities directly or indirectly influencing natural water-rock 

interaction processes, another major threat on habitat 8310 which can lead to the partial or complete 

destruction of a karst system is represented by quarrying. Finally, all human activities contributing 

to global warming, thus influencing natural climate dynamics can be considered an important 

threats to cave habitats having an important impact on cave ecosystems. Below a detailed overview 

on major threats related to human surface activities is presented. 

 

6.2.1.1 Groundwater pollution  

Several human activities occurring at the surface can produce groundwater contamination (e.g., 

Fig.6). 
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Fig.6 - Example of surface activities affecting the karst environment (from the “Minnesota Pollution Control Agency”) 

 

These span from the most common and legal activities such as industrial activities and agriculture 

(e.g., pesticides and chemical fertilizers, Notenboon, 2001), to problems related to waste 

management like the absence of sewage systems, or poor and not efficient sewage systems and 

occurrence of leakages at the bottom of landfill sites. Illegal dumping or direct contamination of 

surface water can cause huge damage as well to karst environments. The above-mentioned activities, 

if occurring in a karst area, can transmit the pollutants they produce to the cave environment 

affecting it at different levels of contamination. In particular, in carbonate karst areas, these 

activities can produce irreparable damages to karst freshwater reservoirs, since pollution in 

fractured karst aquifers is almost impossible to control and solve. In addition, induced 

contamination of cave environments can deeply affect animal (both troglofauna and stygofauna) 

and bacterial species living in these environments as well as geologic features. Indeed, changes in 

chemical composition of groundwater can change cave development (e.g., acting on the corrosive 

potential of cave water) and chemical deposits (speleothem/mineral formations). 

Troglobionts and stygobionts in particular are especially sensitive to non-subterranean 

organisms/substances that can end up in the cave environment as a result of pollution events (e.g., 

organic pollution of streams; Sket, 1977; Lewis, 1996). 

 

According to the pressures and threats list provided by European Union, activities which can 

potentially cause groundwater pollution include: 

- A10: Extensive grazing or undergrazing by livestock; 

- A11: Burning for agriculture; 
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- A14: Livestock farming (without grazing); 

- A19: Application of natural fertilisers on agricultural land; 

- A20: Application of synthetic (mineral) fertilisers on agricultural land; 

- A21: Use of plant protection chemicals in agriculture; 

- A24: Waste management practices in agriculture; 

- A25: Agricultural activities generating point source pollution to surface or ground waters; 

- A26: Agricultural activities generating diffuse pollution to surface or ground waters; 

- A29: Agricultural activities generating soil pollution; 

- B13: Burning for forestry; 

- B16: Wood transport; 

- B18: Application of natural fertilisers; 

- B19: Application of synthetic fertilisers in forestry, including liming of forest soils; 

- B20: Use of plant protection chemicals in forestry; 

- B23: Forestry activities generating pollution to surface or ground waters; 

- B26: Forestry activities generating soil pollution; 

- C01: Extraction of minerals (e.g. rock, metal ores, gravel, sand, shell); 

- C03: Extraction of oil and gas, including infrastructure; 

- C05: Peat extraction; 

- C06: Dumping/depositing of inert materials from terrestrial extraction; 

- C09: Geotechnical surveying; 

- C10: Extraction activities generating point source pollution to surface or ground waters; 

- C11: Extraction activities generating diffuse pollution to ground or surface waters; 

- D04: Geothermal power generation (including infrastructure); 

- D07: Oil and gas pipelines; 

- D08: Energy production and transmission activities generating pollution to surface or 

ground waters; 

- E01: Roads, paths, railroads and related infrastructure (e.g. bridges, viaducts, tunnels); 

- E05: Land, water and air transport activities generating pollution to surface or ground waters; 

- F03: Conversion from other land uses to commercial / industrial areas (excluding drainage 

and modification of coastline, estuary and coastal conditions); 

- F05: Creation or development of sports, tourism and leisure infrastructure (outside the urban 

or recreational areas); 
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- F09: Deposition and treatment of waste/garbage from household/recreational facilities; 

- F10: Deposition and treatment of waste/garbage from commercial and industrial facilities; 

- F11: Pollution to surface or ground water due to urban run-offs; 

- F12: Discharge of urban waste water (excluding storm overflows and/or urban run-offs) 

generating pollution to surface or ground water; 

- F13: Plants, contaminated or abandoned industrial sites generating pollution to surface or 

ground water; 

- F14: Other residential and recreational activities and structures generating point pollution to 

surface or ground waters; 

- F15: Other industrial and commercial activities and structures generating point pollution to 

surface or ground waters; 

- F16: Other residential and recreational activities and structures generating diffuse pollution 

to surface or ground waters; 

- F17: Other industrial and commercial activities and structures generating diffuse pollution to 

surface or ground waters; 

- G21: Freshwater aquaculture generating point source pollution to surface or ground waters; 

- G22: Freshwater aquaculture generating diffuse source pollution to surface or ground waters; 

- J01: Mixed source pollution to surface and ground waters (limnic and terrestrial); 

- J04: Mixed source soil pollution and solid waste (excluding discharges); 

- M08: Flooding (natural processes). 

 

6.2.1.2 Artificial modification of hydrological pathways 

Surface activities, especially related to land management and infrastructures (e.g. water diversions 

and control projects), can modify the assets of hydrological pathways thus influencing also 

groundwater flow paths. In show cave development this can easily be caused by roadworks (and 

related water diversions) and the creation of parking lots and buildings, which often impermeabilise 

extensive areas, concentrating runoff in discrete points. If this happens in a karst area, changes in 

cave dynamics and development can occur, thus causing major modifications on the general cave 

morphology. 

 

According to the pressures and threats list provided by European Union, activities which can 

potentially produce artificial modification of hydrological pathways include: 
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- A04: Changes in terrain and surface of agricultural areas; 

- A05: Removal of small landscape features for agricultural land parcel consolidation (hedges, 

stone walls, rushes, open ditches, springs, solitary trees, etc.); 

- A30: Active abstractions from groundwater, surface water or mixed water for agriculture; 

- A31: Drainage for use as agricultural land; 

- A32: Development and operation of dams for agriculture; 

- A33: Modification of hydrological flow or physical alteration of water bodies for agriculture 

(excluding development and operation of dams); 

- B27: Modification of hydrological conditions, or physical alteration of water bodies and 

drainage for forestry (including dams); 

- C01: Extraction of minerals (e.g. rock, metal ores, gravel, sand, shell); 

- C05: Peat extraction; 

- C14: Abstraction of surface and ground water for resource extraction 

- D02: Hydropower (dams, weirs, run-off-the-river), including infrastructure; 

- E01: Roads, paths, railroads and related infrastructure (e.g. bridges, viaducts, tunnels); 

- F26: Drainage, land reclamation and conversion of wetlands, marshes, bogs, etc. to 

settlement or recreational areas; 

- F27: Drainage, land reclamation or conversion of wetlands, marshes, bogs, etc. to 

industrial/commercial areas; 

- F28: Modification of flooding regimes, flood protection for residential or recreational 

development; 

- F29: Construction or development of reservoirs and dams for residential or recreational 

development; 

- F30: Construction or development of reservoirs and dams for industrial or commercial 

development; 

- F31: Other modification of hydrological conditions for residential or recreational 

development; 

- F32: Other modification of hydrological conditions for industrial or commercial 

development; 

- F33: Abstraction of ground and surface waters (including marine) for public water supply 

and recreational use; 
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- F34: Abstraction of ground and surface waters (including marine) for commercial/industrial 

use (excluding energy). 

 

6.2.1.3 Quarrying and mining 

Quarries and mines in karst areas can cause strong damages to cave environments damaging if not 

completely removing this habitat (e.g., Fig. 7). Their effect is not only destructive on the cave 

galleries intercepted by extraction activities, but also on the whole cave system, causing 

modification in air flow, groundwater hydrogeology and surface environment, thus provoking 

important loss in both subterranean and surface endemic species which characterise karst areas (e.g., 

Clements et al., 2006; Smith and Eberhard, 2000; Jones et al., 2003; Dasher, 2001).   

Fig. 7 -  Monte Tondo gypsum quarry. This quarry intercepted the Re Tiberio karst system (Borgo 

Rivola, RA, Italy; from www.venadelgesso.it) 
 

According to the pressures and threats list provided by European Union, activities related to 

quarrying and mining which can literally destroy the habitat 8310 include: 

 

- C01: Extraction of minerals (e.g., rock, metal ores, gravel, sand, shell); 

- C02: Extraction of salt; 

- C04: Coal mining. 

http://www.venadelgesso.it/


24 

    T2.3.1 International Action Plan for HABITAT 8310 of DIR. 92/43/EEC 

6.2.1.4 Global warming 

The progressive rise in average temperatures caused by human activities can have an impact as well 

on caves. Caves are relatively stable environments characterised by stable temperatures which 

average surface temperature through the year, thus they are poorly affected by the occurrence of 

extreme events in terms of temperature changes. However, a progressive and rapid increase in 

surface average temperatures will end up with a subsequent increase in cave temperature, possibly 

resulting in prohibitive conditions to some extremely specialised troglobiont and stygobiont.  An 

example can be provided by the study from Mammola et al. (2017) modelling the impact of the 

expected temperature change on Troglophantes spiders in the Italian Alps, resulting in the extinction 

of the most endemic species (Culver and Pipan, 2019). Finally, global warming can affect water 

availability and the occurrence of prolongued droughts or extreme meteoric events possibly causing 

destructive flooding, landslide, and collapses. 

 

According to the pressures and threats list provided by European Union, natural processes which 

can be related to global warming and which can influence negatively the habitat 8310 include: 

 

- M05: Collapse of terrain, landslide; 

- M06: Underground collapses (natural processes); 

- M07: Storm, cyclone; 

- M08: Flooding (natural processes). 

 

6.2.2 Human activities inside caves 

All human activities inside cave environments always have an impact on their fragile ecosystem. 

Negative effects on habitat 8310 can be of different magnitude and can be caused by both 

unconscious behaviour and illegal activities and can be different also depending on the period of the 

year in case of occurrence of hibernating and/or breeding bat colonies. 

 

6.2.2.1 Illegal dumping  

Cave entrances and doline are sometimes used as illegal dumping sites, due to their morphological 

conditions which allow to easily hide underground huge amount of waste material. This 

phenomenon, which was common in the past, is now decreasing in Europe but still represent and 

important pressure which must be considered for sustainable cave management.    
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According to the pressures and threats list provided by European Union, illegal dumping can be 

indicated as: 

 

- H08: Other human intrusions and disturbance not mentioned above. 

 

6.2.2.2 Scientific research 

Caves are excellent natural laboratories where almost any branch of science can find interesting 

research topics. Although scientists aim to improve the overall knowledge in their respective fields 

of expertise and are particularly interested in preserving these environments, their research, 

involving material sampling (both geological and biological; e.g. Fig. 8), measurements and 

experiments can have a negative impact on the cave environment (e.g. speleothem destruction, 

fauna over collecting; Elliot, 2000). This impact is usually of low magnitude and is often overridden 

by the resulting scientific knowledge, which can have important implications on our society. 

However scientific research in these environments must always be carried out with a “minimum 

impact” approach, allowing for a conservation through time of this unique natural heritage. 

 
Fig. 8 - Flowstone core-sampling for palaeoclimatology research. 

 

According to the pressures and threats list provided by the European Union, research activities 

which can be harmful to habitat 8310 can be indicated as: 
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- H07: Intrusive and destructive research and monitoring activities. 

 

6.2.2.3 Cavers 

Cavers are the ones who most frequently access caves, having the technical skills to explore the 

hidden treasures of karst environments. Being able to explore almost any portion of a karst system, 

their impact on this environment can be potentially high. If cave exploration is not carried out in a 

conscious way, the cave habitat can be irreparably damaged. Stygofauna and troglofauna disturbing, 

speleothem and mineral damaging, contamination with introduced organic material, cave water 

contamination and modification of bacterial colonies are just some of the potential impacts that 

cavers have on caves. Often, to be able to explore, narrow passages are enlarged causing important 

modification in air flow, and this can have devastating impacts on the entire cave system. There is 

an increasing and urging need of regulation of speleological activities and raising awareness in the 

speleological communities on what effect this activity can have on the cave environment. Protecting 

the underground environment is of utmost importance not only for the society, but especially for the 

speleological communities, since the caves are their playgrounds, and they should be interested in 

preserving these ecosystems for the future caving generations. It must be said that the activity of 

speleologists is of fundamental support to scientists and scientific research, but some fragile caves 

would require a special attention, avoiding visits except for those with a clear and important 

scientific or documentary objective. There is still a lot of work to be done in the speleological 

community regarding environmental education and raising general awareness on the protection of 

the subterranean environment in its entireness.     

 

According to the pressures and threats list provided by European Union, cavers activities and its 

consequences can be indicated as: 

 

- F07: Sports, tourism, and leisure activities. 

- I01: Invasive alien species of Union concern; 

- I02: Other invasive alien species (other than species of Union concern). 

  

6.2.2.4 Tourism 
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Tourism inside show caves, which are not considered habitat 8310, can have both direct and indirect 

impacts on the karst environment. Indirect impacts rely on all the infrastructures built to make a 

cave accessible to tourists (i.e., internal pathways, 

artificial lighting, artificial entrances, visitor 

centres, toilets, car parks…). The use of poorly 

suitable material for pathways can seriously 

damage the cave, introducing foreign organic 

material causing the proliferation of fungi and 

bacterial colonies that should not be found inside 

the cave environment (e.g., Fig. 9).  

The use of artificial lightning systems can also 

induce the development of vegetation named 

“lampenflora” that should not be present in caves 

(e.g., Aley, 2004; Baquedano Estévez et al., 

2019). In addition, the definition of the internal 

tour can be very important in avoiding the most 

delicate areas. If this is not considered while 

planning a show cave, huge damage can be produced. 

Direct impacts are instead related to the actual 

presence of tourists outside and inside the cave (e.g., incorrect waste disposal, introduction of alien 

organic material, modification of cave air parameters…). While tourist’s direct impact is relatively 

low in show caves, where damages are restricted to the area equipped with lights and pathways, in 

wild caves in which tourist caving tours are organised, the impact is much stronger since visitors 

may walk and damage cave surfaces and access extremely fragile areas of a karst system.   

Both impacts described above can be harmful also to the habitat 8310. Indeed, even if show cave 

(i.e., caves equipped with artificial pathways, handrails, invasive artificial illumination systems) are 

not considered habitat 8310, wild caves which are identified with this habitat type can be visited as 

well not only by cavers but by visitors with a caving guide. In some situations it can also happen 

that inside caves identified as habitat 8310 some basic infrastructures in the areas close to the cave 

entrances can be found (e.g., artificial entrances, pathways). If these infrastructures are not 

pervasive and can be found only in some spot of the cave, if there is no artificial illuminating 

Fig. 9 – Example of wood degradation inside a 

cave: mushroom, fungi and mould represent alien 

species which should not be present inside a cave 

and which can alter the microorganism 

communities of habitat 8310 
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system and the passages and tracks inside the cave are natural and not artificial and no massive 

tourism occurs, then they are not considered show caves and can be included in the habitat 8310 list.    

Surface tourism in karst areas can also be a pressure and a threat on habitat 8310 increasing and 

triggering some of the pressures described above (e.g., groundwater pollution and incorrect waste 

disposal). 

 

According to the pressures and threats list provided by European Union, tourism can be indicated as: 

- F07: Sports, tourism and leisure activities. 

- I01: Invasive alien species of Union concern; 

- I02: Other invasive alien species (other then species of Union concern). 

 

6.2.2.5 Vandalism 

In wild caves whose access is easy, vandalism can be one of the major responsible for cave 

damaging: graffiti and speleothem destruction represent the main damage caused by vandals (e.g. 

Fig.). This vandalism is less easy to happen in managed show caves, where visits are restricted, and 

guides keep an eye on visitors. However, even during guided cave tours in show caves some visitors 

can take their souvenirs, especially when groups are tall and control cannot be done efficiently 

because of physical constraints, or a lack of control by cave guides.  

 

According to the pressures and threats list provided by European Union, vandalism can be indicated 

as: 

 

- H04: Vandalism or arson. 

 

6.2.2.6 Illegal speleothem / mineral / fossil collectors, poachers and grave robbers 

As summarised above, caves hide incredible treasures from both a geological and biological point 

of view. Carbonate speleothems and a vast variety of mineral phases can be found only in these 

environments and are often victim of illegal uptakes to be sold in the black market. The same 

happens to some rare fauna species which are the prey of poachers. Caves are extremely important 

environments not only from a natural point of view, but also from a cultural one.  In the past caves 

have been used as shelters, sacred places, and cemeteries. Because of the stability of these 

environments, a lot of archaeological material of past cultures can be preserved in cave 



29 

    T2.3.1 International Action Plan for HABITAT 8310 of DIR. 92/43/EEC 

environments and are the targets of illegal digging. All these actions cause severe and permanent 

damages to cave environments, and a great loss in cultural and natural heritage. 

 

According to the pressures and threats list provided by European Union, this category can be 

indicated as: 

 

- H08: Other human intrusions and disturbance not mentioned above. 

- G10: Illegal shooting/killing; 

- G11: Illegal harvesting, collecting and taking; 

- G13: Poisoning of animals (excluding lead poisoning). 

7. Current actions to protect these sites 

7.1 International 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, considering economic, social, cultural and 

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

and species (animals and plants) of Comunitary 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 include “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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Council Directive 92/43/CEE also provides indications on how to identify a site which has to be 

protected and proposed for the Natura 2000 Network, thus providing some criteria which can be 

taken into account for the establishment of monitoring activities, even if not dedicated to the 

proposal of a Natura 2000 protected site. These are explained in Annex III – “Criteria for selecting 

sites eligible for identification as sites of Comunitary importance and designation as special areas 

of conservation” and mainly consist in identifying the specific habitat and the threatened species 

living in the proposed site and evaluating the degree of conservation of the area. 

Cave environments can also be “indirectly” protected through the inclusion in the UNESCO World 

Heritage List: indirectly because this list does not assume further environmental protection, since all 

the proposed UNESCO sites must already be protected areas, but it raises awareness towards the 

importance of this environment. In addition, an international tool to protect endangered fauna and 

flora is represented by the institution of the IUCN red list of endangered species, which is 

recognised to be the most comprehensive, objective global approach for evaluating the conservation 

status of flora and fauna (Lamoreaux et al., 2003). 

 

7.2 International recommended guidelines for cave management and frequentation 

At an international level, the only document providing guidelines for cave and karst protection dates 

back to 1997 and was issued by IUCN - the World Conservation Union (Guidelines for Cave and 

Karst Protection). It was published in the form of booklet containing basic information about the 

cave environment, explanation of major threats and general advice about management of these 

environments. According to this booklet preface, it contains only generalised advice, however even 

if not discussed in detail, this document contains a complete list of threats and guidelines to protect 

cave environments which is still valid. 

In we consider only show caves, at present, the only important official document produced by 

international associations regarding guidelines for cave frequentation is related only to show caves 

and 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” regarding the creation of new show caves and the 

management of caves open to public. These international guidelines are based on the expertise of 

the caving community and the experience of show cave management all over the world and are 

meant to be a standard which should be considered as a reference and as goal to reach while 
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managing a show cave. It is an open document to be periodically updated according to new 

scientific findings and technologies. 

At a national level, the indications mainly related to the environment which can be identified as 

habitat 8310 are represented by national documents issued by Caving associations and are 

addressed to cavers behavior. An example is provided by the Minimal Impact Caving Code 2010 

(Australian Speleological Federation), Cave Guiding standards for British Columbia and Alberta 

(Canadian Cave Conservancy, 2004), Caving Australian Adventure Activity Good Practice Guide 

(Outdoors Victoria Ltd., 2019) and A Guide to Responsible Caving (National Speleological 

Society, 2016). 

8. Actions to protect and restore Habitat 8310 

According to the available Member State Reports from the Reporting period 2013-2018 on habitat 

8310, major measures adopted to decrease pressures and prevent future threats on habitat 8310 

reported belong to these macro-groups of the list provided by the European Union for report 

production: 

- Measures related to agriculture and agriculture-related habitats (CA); 

- Measures related to forestry and forest-related habitats (CB); 

- Measures related to resources extraction and energy production (CC); 

- Measures related to development and operation of transport systems (CE); 

- Measures related to residential, commercial, industrial and recreational infrastructures, 

operations and activities (CF); 

- Measures related to the effects of extraction and cultivation of biological living resources 

(CG); 

- Measures related to military installations and activities and other specific human activities 

(CH); 

- Measures related to alien and problematic native species (CI); 

- Measures related to mixed source pollution and human-induced changes in hydraulic 

conditions for several uses (CJ); 

- Measures related to natural processes, geological events and natural catastrophes (CL); 

- Measures related to management of species from the nature directives and other native 

species (CS). 
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8.1 Measures to protect habitat 8310 

According to the pressures and threats identified in the previous paragraph, a detailed analysis of 

the action that should be taken to protect habitat 8310 is presented below. These actions are 

organised according to the macro-categories negatively affecting habitat 8310 listed in paragraph 

6.2. The indicated measures refer to the European Union guidelines for State Member reporting 

about habitat conservation under article 17 [http://cdr.eionet.europa.eu/help/habitats_art17]. 

Considering the heterogeneity in terms of both biological and geological features and pressures and 

threats between sites identified as habitat 8310, measures can differ according to the specific site 

and must be adapted case by case according to the specific needs. When defining specific measures 

for a habitat 8310 site, karst experts in geological and biological features and fragilities of this 

habitat must always be involved.  

 

8.1.1 Measures to protect habitat 8310 from groundwater pollution 

Groundwater pollution can cause huge damage to the cave ecosystem potentially altering both its 

biological and geological features. Measures to protect habitat 8310 from groundwater pollution 

involve the identification of potential threats and pressures in the catchment area and a series of 

actions aimed at minimising eventual sources of surface and groundwater pollution. Industrial 

activities should be avoided in karst areas and domestic and industrial waste treatment plants must 

never be realised in the proximities of a karst system. The construction of buildings and 

infrastructure must be avoided on the surface area above an important known cave. The use of 

pesticides and chemical fertilisers should be minimised in the catchment area and avoided in the 

proximities of a karst system. Biological agriculture should be encouraged. A broad use of 

pesticides not only contaminates groundwater causing problems (and even a complete loss) to the 

stygofauna, but also poison bats feeding in the surrounding areas of the cave.  

Waste waters coming from residential areas in the catchment basin must always be treated before 

being released into the environment. 

Below a table listing all the measures provided by the European Union guidelines for habitat 

reporting under article 17 is presented, together with the pressures and threats codes the measures 

are addressed to.  
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Threat to habitat 8310:  Groundwater Pollution 

Measures Pressures and threats 

codes addressed 

CA09: Manage the use of natural fertilisers and chemicals in agricultural (plant 

and animal) production 

A14 partly, A19, A20, 

A21 

CA10: Reduce/eliminate point pollution to surface or ground waters from 

agricultural activities 

A25  

 

CA11: Reduce diffuse pollution to surface or ground waters from agricultural 

activities 

A26  

 

CA14: Reduce/eliminate soil pollution from agricultural activities A29  

CB09: Manage the use of chemicals for fertilisation, liming and pest control in 

forestry 

B18, B19, B20 

 

CB10 - Reduce diffuse pollution to surface or ground waters from forestry 

activities 

B23 

 

CB13: Reduce soil pollution from forestry activities B26 

CC01: Adapt/manage extraction of non-energy resources C01, C02, C05, C06 

partly, C07 partly, C09 

CC02: Adapt/manage exploitation of energy resources C03, C04, C05, C06 

partly, C09 

CC05: Adapt/manage fossil energy installation, facilities, and operation D05 

CC08: Manage/reduce/eliminate point pollution to surface or ground waters 

from resource exploitation and energy production 

C10, D08 partly 

 

CC09: Manage/reduce/eliminate diffuse pollution to surface or ground waters 

from resource exploitation and energy production 

C11, D08 partly 

 

CC10: Manage/reduce/eliminate air pollution from resource exploitation and 

energy production 

D09 

 

CE01: Reduce impact of transport operation and infrastructure C01, C02, C05, C06 

partly, C07 partly, C09 

CE02: Manage/reduce/eliminate pollution to surface or ground water from 

transport 

C03, C04, C05, C06 

partly, C09 

CF04: Reduce/eliminate point source pollution to surface or ground waters from 

industrial, commercial, residential, and recreational areas and activities 

F12, F13, F14, F15 

 

CF05: Reduce/eliminate diffuse pollution to surface or ground waters from 

industrial, commercial, residential, and recreational areas and activities 

F11, F13, F16, F17 

 

CG11: Reduce/eliminate point source pollution to surface waters from 

freshwater aquaculture 

G21 

 

CG12: Reduce/eliminate diffuse pollution to surface waters from freshwater 

aquaculture 

G22 

 

CH03: Reduce impact of other specific human actions H04, H05, H06, H07, 

H08 

CJ01: Reduce impact of mixed source pollution J01, J02, J03, J04, J05 



34 

    T2.3.1 International Action Plan for HABITAT 8310 of DIR. 92/43/EEC 

8.1.2 Measures to protect habitat 8310 from artificial modification of hydrological pathways 

Artificial modification of hydrological pathways can produce important physical changes to a cave 

asset, modifying its natural development and speleogenetic evolution. 

To prevent damages to habitat 8310, invasive infrastructures (e.g., dams, hydroelectric power 

basins…) should never be realised in the catchment area. Construction of buildings and 

infrastructures must always be avoided in the area above known important caves, while in the 

surrounding territory any built infrastructure must ensure the natural infiltration of water. When 

water wells exists and groundwater is withdrawn for potable, agricultural or industrial purpose, any 

substantial change to the groundwater natural flow direction must be avoided. 

Below a table listing all the measures provided by the European Union guidelines for habitat 

reporting under article 17 is presented, together with the pressures and threats codes the measures 

are addressed to.  

Threat to habitat 8310:  Artificial modification of hydrological pathways 

Measures Pressures and threats 

codes addressed 

CA15: Manage drainage and irrigation operations and infrastructures in 

agriculture 

A18, A30, A31, A32, 

A33 

CB14: Manage drainage and irrigation operations and infrastructures B27 

CC01: Adapt/manage extraction of non-energy resources C01, C02, C05, C06 

partly, C07 partly, C09 

CC02: Adapt/manage exploitation of energy resources C03, C04, C05, C06 

partly, C09 

CC04: Reduce impact of hydropower operation and infrastructure D02 

CC13: Manage water abstraction for resource extraction and energy production C14, D13 

CE01: Reduce impact of transport operation and infrastructure E01, E02, E03, E04 

CF10: Manage changes in hydrological and coastal systems and regimes for 

construction and development 

F08, F26, F27, F28, 

F29, F30, F31, F32 

CF11: Manage water abstraction for public supply and for industrial and 

commercial use 

F29, F30, F33, F34 

CG10: Manage water abstraction and modifications of hydrological conditions 

for freshwater aquaculture 

G20 

 

CJ04: Other measures related to mixed source pollution and multi-purpose 

human-induced changes in hydraulic conditions 
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8.1.3 Measures to protect habitat 8310 from quarrying and mining 
 

Quarries and mines should never be realised in a karst area or where important caves are present. If 

caves are encountered, they should be adequately surveyed and, if important, studied. Decision on 

whether the cave can be destroyed or not depends on its importance and relevance at a regional 

and/or national level.  

Below a table listing all the measures provided by the European Union guidelines for habitat 

reporting under article 17 is presented, together with the pressures and threats codes the measures 

are addressed to.  

Threat to habitat 8310:  Quarrying and mining 

Measures Pressures and threats 

codes addressed 

CC01: Adapt/manage extraction of non-energy resources C01, C02, C05, C06 

partly, C07 partly, C09 

CC02: Adapt/manage exploitation of energy resources C03, C04, C05, C06 

partly, C09 

CC05: Adapt/manage fossil energy installation, facilities, and operation D05 

 

8.1.4 Measures to protect habitat 8310 from global warming 

To protect habitat 8310 from global warming it must act at a regional-national level, reducing CO2 

emission and promoting sustainable and green economy.  

Below a table listing all the measures provided by the European Union guidelines for habitat 

reporting under article 17 in presented, together with the pressures and threats codes the measures 

are addressed to.  

Threat to habitat 8310:  global warming 
Measures Pressures and threats 

codes addressed 
CN01: Adopt climate change mitigation measures N01, N02, N03, N04, 

N05, N06, N07, N08, 

N09 

CN02: Implement climate change adaptation measures N01, N02, N03, N04, 

N05, N06, N07, N08, 

N09 
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8.1.5 Measures to protect habitat 8310 from illegal dumping 

Illegal dumping can be an important threat and/or pressure over habitat 8310. To prevent it to 

happen, it is important to increase surveillance in the surrounding of the karst area and prevent 

unauthorized vehicles to reach cave entrances/dolines.  

Below a table listing the measure code provided by the European Union guidelines for habitat 

reporting under article 17 is presented, together with the pressures and threats codes the measure is 

addressed to.  

 

Threat to habitat 8310:  Illegal dumping 

Measures Pressures and threats codes 

addressed 

CH03: Reduce impact of other specific human actions H04, H05, H06, H07, H08 

 

 

8.1.6 Measures to protect habitat 8310 from scientists and research activities 

Normally, research activity aims to increase the scientific knowledge and the understanding of our 

planet and its natural processes. One of its main objectives, especially when talking about research 

in natural sciences fields (e.g., biology, geology, environmental science…), should be nature and 

environment conservation. However, sometimes, excessive sampling of biological or geological 

material can become a threat to habitat 8310 conservation. To prevent this to happen, specific 

authorisation procedures for scientific sampling should be used by the Natura2000 managing 

authorities in order to control a provide guidelines for these habitats.  

Below a table listing the measures code provided by the European Union guidelines for habitat 

reporting under article 17, referring to the actions which may be related to decrease impact of 

research activities in cave, together with the pressures and threats codes the measure is addressed to 

is presented. 

 

Threat to habitat 8310:  Scientists and research activities 
Measures Pressures and threats codes 

addressed 
CH03: Reduce impact of other specific human actions H04, H05, H06, H07, H08 
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8.1.7 Measures to protect habitat 8310 from cavers activities 

As explained in the previous chapters, cavers are extremely important in the description and 

exploration of a karst system but at the same time they can become a threat to habitat 8310. 

Specific caving guidelines of minimum impact behaviour may be provided by the Natura2000 sites 

managing authorities. These guidelines need to be produced under the supervision of karst and 

caving experts. Cavers should always wear clean equipment to avoid cross contamination of 

microbial communities from different caves. Everything that is brought inside a cave needs to be 

brought outside (including physiological wastes). Food remains should not be spread in the cave 

environment. Smoking should not be allowed inside caves. While exploring, any damage to 

speleothems and hypogean fauna must be strictly avoided. Cavers should not access caves when bat 

colonies are present (hibernating or breeding colonies).  During exploration activities a minimum 

impact behaviour must always be adopted: cavers should define paths to follow avoiding to walk 

everywhere if not needed. Mud and dirt must never be transferred on speleothem surfaces. 

Particular attention must be paid towards water bodies and ponds, where fragile life forms may be 

found more frequently. 

Below a table listing the measures code provided by the European Union guidelines for habitat 

reporting under article 17 is presented, together with the pressures and threats codes the measure is 

addressed to.  

Threat to habitat 8310:  Cavers 

Measures Pressures and threats 

codes addressed 

CF03: Reduce impact of outdoor sports, leisure, and recreational activities F07 

CI01: Early detection and rapid eradication of invasive alien species of Union 

concern 

I01 

CI02: Management, control, or eradication of established invasive alien species 

of Union concern 

I01 

CI03: Management, control, or eradication of other invasive alien species I02 

 

 

8.1.8 Measures to protect habitat 8310 from tourism 

As explained in the previous chapters, tourism can be harmful to habitat 8310 both when it is 

developed at the surface and inside caves. Leisure activities directly and indirectly creating damages 

to the cave habitat should be avoided or at least reduced and regulated. 

Even if habitat 8310 does not include show caves, in some situation wild caves belonging to this 

habitat code can be visited in small groups with a caving guide. When this happens, the same 

behaviour and attention exposed in the previous paragraph must be adopted. Visitors must always 
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be accompanied by an experienced caving guide. Visiting protocols should be provided by the 

Natura2000 site management authorities. Karst experts and caving experts should always be 

involved in the production of these protocols.  

Below a list of measures which may be taken to protect habitat 8310 from direct and indirect 

negative effects of tourism in presented. These measures have been chosen among the ones 

provided by the European Union guidelines for habitat reporting under article 17.  

 

Threat to habitat 8310:  Tourism 

Measures Pressures and threats 

codes addressed 

CF03: Reduce impact of outdoor sports, leisure and recreational activities F07 
CI01: Early detection and rapid eradication of invasive alien species of Union 

concern 
I01 

CI02: Management, control or eradication of established invasive alien species 

of Union concern 
I01 

CI03: Management, control or eradication of other invasive alien species I02 

 

8.1.9 Measures to protect habitat 8310 from vandalism 

Vandalism can cause important damages to cave environments especially where caves are close to 

urbanized areas. Vandalism includes graffiti on cave walls, breaking speleothems, extirpation of 

vegetation close to cave entrances and fauna disturbance. Vandalism mainly occurs in easily 

accessible caves and in areas close to the entrances. 

To prevent and control damages coming from vandalism gates at the main entrances of a cave can 

be installed. Gates must have horizontal bars (20 cm spaces) to allow bats flying through. Vertical 

bars must be avoided. The suggested code including this type of measures is indicated in the table 

below. These measures have been chosen among the ones provided by the European Union 

guidelines for habitat reporting under article 17. 

 
Threat to habitat 8310:  Vandalism 

Measures Pressures and threats 

codes addressed 

CH03: Reduce impact of other specific human actions H04, H05, H06, H07, 

H08 
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8.1.10 Measures to protect habitat 8310 from illegal speleothem/ mineral/fossil collectors, 

poachers and grave robbers 

 

Measures to protect habitat 8310 from illegal actions like speleothem, mineral and fossil uptakes, 

and by the activity of poachers and grave robbers involve a surveillance strengthening in the most 

fragile areas. The installation of gates in easily accessible caves entrances is advisable. Gates must 

have horizontal bars (at least 20 cm spaced) to allow bats flying through. Vertical bars must always 

be avoided. 

The suggested code including this type of measures is indicated in the table below. These measures 

have been chosen among the ones provided by the European Union guidelines for habitat reporting 

under article 17. 

 
Threat to habitat 8310:   Illegal speleothem/mineral/fossil collectors, poachers and grave robbers 

Measures Pressures and threats 

codes addressed 

CH03: Reduce impact of other specific human actions H04, H05, H06, H07, 

H08 

CG04: Control/eradication of illegal killing, fishing, and harvesting G10, G11, G13 

 

 

8.2  Measures to restore habitat 8310 

Habitat 8310 represents a very fragile and delicate habitat. Once it is corrupted it is almost 

impossible to restore it. For this reason, it is or primary importance to prevent its loss and 

contamination. 

However, it is always possible to realise some actions aiming to its environmental conditions 

improvement.  

When illegal dumping sites are found inside or in the proximities of a cave, waste removal is an 

obligatory action. Even if pollution, especially groundwater pollution, is easily spread through karst 

and is extremely difficult to remediate, the physical removal of waste material is a first step to stop 

contamination entering the habitat 8310. When removing waste material, special attention must be 

paid not to further damage the karst environment.  

In caves vandalised with graffiti it is possible to perform some physical removal and surface 

cleaning using water and brushes. However, this is an extremely delicate operation since it requires 

a first analysis to disentangle graffiti from historical writings. All graffiti must be photographed 

before any intervention. Then a clean-up process can be set up through the use of different kinds of 

brushes and water. Chemicals must never be used to avoid further contamination of the environment. 
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Care must be taken not to ruin cave surfaces. Projects and protocols about cave restoration have 

been issued by the National Speleological Association 

[https://caves.org/conservation/restoration.shtml]. While designing any kind of action and 

intervention on habitat 8310, even the ones aimed to improve its environmental conditions, an 

expert in karst geology, biology and ecology must always be involved.    

Restoration of surface habitats in the catchment area is advisable. Any list of habitats associated to 

habitat 8310 is provided since a vast variety of surface habitat can be present according to the cave 

location. However, restoration of surface natural conditions prevents spreading of groundwater 

pollution, improving cave system environmental conditions as well. In addition, restoring and 

protecting surface habitats ensures environment condition which can favour troglophile species like 

bats, thus improving hypogean fauna conditions.   

9. Habitat 8310 management guidelines 
 

Habitat 8310 includes a vast variety of situations depending on the cave characteristics (e.g., 

bedrock composition, speleogenetic processes…) which must be analysed case by case in order to 

successfully create a site-specific management protocol. Indeed, the geological setting, the 

speleogenesis processes, the latitude and altitude of a cave identified as habitat 8310 determine both 

geological and biological features, the hypogean fauna species and the eventual presence of rare 

plants at cave entrances. Talking about hypogean fauna we must consider that most species are still 

to be discovered and studied, while distribution and abundance of known species is strongly site 

dependent. Thus, it is not possible to present here a complete list of species to be protected and 

monitored. 

Below indications about the correct procedures and actions that should be followed are provided. 

These are meant to be general indications to be applied in the management of any habitat 8310 

found in Europe. 

 

1) Scientific investigation  

To successfully protect habitat 8310, it is of primary importance to perform a detailed scientific 

investigation aiming to understand the peculiarities and fragilities of a chosen karst system. During 

this phase it is important to understand and describe cave speleogenetic processes and its physical 

and chemical deposits (i.e., sediments, speleothems, and rare mineral phases) in order to better 

constrain its environmental conditions and fragilities. Particular attention must be paid to the 
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investigation of groundwater pathways to identify the drainage basin, which often does not strictly 

correspond to the geographic catchment area. The understanding of groundwater flowing directions 

is of fundamental importance to identify eventual pollution sources and prevent the habitat 8310 

contamination. The involvement of experienced cavers during this phase is advisable. 

 

2) Monitoring of species 

Monitoring of hypogean fauna is strongly advisable, at least to identify the presence of protected 

species listed in ANNEX II of DIR 92/43/CEE (i.e., bats and amphibians). Hypogean fauna 

monitoring should be performed seasonally for at least one year to identify seasonal variation in 

cave frequentation of troglophile species (e.g., bats). Although not listed in ANNEX II, all 

troglobiont species should be protected. Indeed, most troglobiont species are still to be discovered 

and habitat 8310 degradation may result in loss of a faunal heritage of which we do not have 

knowledge yet.  

Monitoring should be extended to the surface environment. In particular, vegetation close to cave 

entrances and karst morphology (e.g., dolines) should be investigated in order to find the eventual 

presence of rare species according to the geographical setting of the chosen habitat 8310. The 

eventual presence of fauna protected under the ANNEX II of DIR 92/43/CEE living in the 

surrounding of the cave should be reported as well. 

 

3) Archaeological investigations 

In some of the caves archaeological evidence has been observed. In these caves, archaeological 

investigations are advisable to improve the cultural knowledge on these sites and prevent illegal 

digging, thus protecting their cultural heritage. 

 

4) Identification of threats and pressures 

According to the results from the scientific investigations, threats, and pressures on habitat 8310 can 

be identified. It is important to identify potential sources of pollution, vandalism, tourism and 

modification of hydrological pathways.  

 

5) Check of the conservation status 

Conservation status of habitat 8310 must be assessed regularly. According to article 17 of DIR 

92/43/CEE reports must be provided every 6 years. Instructions about report realisation are 
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provided by the European Union at: 

https://ec.europa.eu/environment/nature/knowledge/rep_habitats/index_en.htm. 

 

6) Actions to improve environmental conditions 

According to the results from scientific investigation, fauna and vegetation monitoring and the 

identified pressures and threats, a series of actions can be programmed by the local managing 

authorities to protect and restore cave habitats.  

These actions must be decided case by case and may include: 

- gate installation at cave entrances; 

- cave and dolines clean ups (i.e., manual waste removal); 

- if the cave has been partially equipped for visits in the past, the unnecessary and unsuitable 

material artificially introduced inside the cave should be removed. Biodegradable material 

(e.g. wood) used in the past must be replaced with stainless steel. Indeed, wood is not 

suitable for cave environments since this material does not belong to the subterranean 

habitat. Wood in caves does not last long due to the high humidity conditions and introduces 

in caves organic material together with mosses, fungi and bacterial colonies which may 

represent a threat to the subterranean arthropod and microbial communities.   

 

7) Definition of visiting protocols 

Although habitat 8310 is defined as “caves not open to the public” and does not include show caves, 

this habitat can be frequented randomly by cavers and tourists during organised caving tours.  

Visiting protocols containing guidelines for minimal impact behaviour should be produced by the 

habitat 8310 local management authorities. These protocols should identify case by case the specific 

site fragility, defining the visiting period and the eventual closure of a site. Frequentation should not 

be allowed when hibernating or breeding bat colonies are present. 

 

8) Environmental education - raise awareness 

Caves and cave fauna are not well-known environments. Hidden underground and, in most cases, of 

difficult access, they are poorly known and often underestimated environments. Thus, the 

realisation of environmental education programs specifically focused on habitat 8310 is strongly 

advisable to train people on this environment and raise awareness towards its conservation. 

 

https://ec.europa.eu/environment/nature/knowledge/rep_habitats/index_en.htm
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9) Institution of protected areas (regional/national parks) 

The institution of protected areas at a national or regional level is strongly advisable to preserve 

habitat 8310. 
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