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The site of Ubavica cave (coordinates 41.702, 20.918), located at the south-west of 

Gjonovica, a village in the municipality of Gostivar, was investigated during the 

summer 2017.  

 

General description 

 
The Ubavica cave is located within a large beech-dominated forest, and has a large 

horizontal entrance, which permits the access to many species from outside.  

The first part of the cave is sub-horizontal, with humidity which does not reach the 

saturation, probably due to the large entrance and the tunnel-like morphology.  

In the second part (until the end of the cave), water is predominant in the main 

environment (principal cave tunnel) as well as for sub-environments. There are, in 

fact, lateral small pools, where the water is still and the amount is variable.  



 

The main gallery is flooded with an underground river, which runs, on average, at 

a constant velocity in all parts of the cave, with the exception of a waterfall, where 

the flow obviously increases. The flow is opposite with respect to the cave entrance 

(and thus the caver’s path); the stream ends in a syphon, which receives and 

accumulates many silty debris. 

 

All these environments favor the presence of species adapted to cave life, or which 

show no adaptation but able to take advantage of the physical and chemical 

conditions found inside.  

In this document, the living species found in the target site will be listed based on 

the different biological kingdoms they belong to. Also, air and water physical and 

chemical characteristics will be reported. 

 

 

Abiotic factors 

 

                                                    Air  

The air temperature measured within the cave is 10.6°C; the humidity resulted in 

values near to the saturation (in the main part of the cave). 

 

                                                 Water 

The water temperature is 9.3°C, with a pH = 7.20, a conductivity = 299.4 μS and a 

resistivity = 1.830 kΩ.  

 
 

 

 

 

 

 Figure 1 - Chemical field 
analyses 

 



 

Biotic factors 

 

Flora 

The Ubavica cave opens in a large beech forest; the great size of the entrance 

permits the light to enter for some meters inside the main tunnel. As the light 

decreases, also plants gradually decrease in number and complexity. Near the 

entrance some ferns can be found; after, mosses cover some big rocks, and finally 

green and red algae form a thin layer over the least-illuminated rocks and walls. 

 

Fauna 

In the following, the checklist of all taxa found within the cave is reported; to better 

organize each finding, these are divided into vertebrates and invertebrates. 

Further, the cave-adaptation categories are used: trogloxenes, troglophiles and 

troglobites. The first describes animals living outside caves, which can be instead 

found inside them by chance or for limited amounts of time (occasional); the 

second indicates species living inside caves but forced to go outside for at least one 

of their vital activities (e.g. feeding, reproduction); the latter describing species 

completely adapted to cave life, with no contacts with the “surface” environment. 

Aquatic species are also listed with the same criteria, and reported, similarly, as 

stigoxenes, stigophiles and stygobites. Considering the predominance of water 

inside Ubavica cave, particular regard was addressed to the description of 

groundwater fauna.  

 

 

 

 

 

 

Figure 2 - Initial laboratory  
set-up and first specimen 
sorting 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Invertebrates 

 

 

The groundwater fauna of the Ubavica Cave 

 

Groundwater environments are known to host several animal species (both 

vertebrates and invertebrates), protists and bacteria that spend their life in 

groundwaters, either permanently or temporarily by also interacting with each 

other and with the abiotic features of the environment. A vast array of 

invertebrates lives in groundwater: Platyhelminthes, Nematoda, Annelida (with 

only one polychaete species known from fresh groundwater: Troglochaetus 

beranecki (Delachaux, 1921), Clitellata (Oligochaeta and Irudinida), Mollusca. The 

subphylum Crustacea is by far the most abundant and species rich group in all 

Figure 3 - Water flow in the main 
part of Ubavica 



 

groundwater habitat types, and is mostly represented by copepods, ostracods, 

amphipods, isopods, syncarids, thermosbaenaceans and decapods.  

The groundwater fauna is becoming a key-issue for setting conservation priorities 

in the subterranean environment as a whole, because most species are rare in both 

terms of extent of occurrence and abundance, thus having frequently the primacy 

in setting conservation priorities of groundwater sites across the world. Despite 

their relevance, the biodiversity of the subterranean environments is only 

incompletely known, and for some geographic areas, completely unknown, thus 

raising the Racovitzan shortfall (Ficetola et al., 2019).  

The Balkan area is one of the main groundwater biodiversity hotspots, because of 

its very ancient geological history and its heterogeneous geological characteristics. 

In order to shed new light in some regions almost completely unknown, the 

saturated aquifer of the Ubavica Cave was investigated in order to assess the 

presence of groundwater fauna in the different habitat types eventually detected 

in this cave. 

The groundwater fauna is composed by species that, based on the degree of 

dependence on groundwater itself. The stygoxene species are epigean species that 

can live and also reproduce in groundwater, although they are not exclusive to this 

environment, but come actively or passively from the surface. These species can 

influence the functioning of subterranean environments even if they do not 

constitute an exclusive and stable component of the subterranean fauna. 

The stygophilous species are epigean too, but compared to the stygoxene species, 

they have more affinity for the subterranean environment, where they often find 

protection from unfavorable conditions of the surface environments; in 

groundwater they can exploit actively the trophic resources, and especially avoid 

predation. Frequently they show preadaptive traits for life in groundwater: reduced 

body size, depigmentation, anophtalmy or microphtalmy.  

Stygobites are species that complete the whole life cycle in groundwater and 

exhibit body depigmentation, absence of eyes, body lengthening, reduction in the 

number or length of the swimming appendages, and tendency to miniaturization 

(Gibert et al., 1994; Galassi, 2001; Tomlinson et al., 2007; Galassi et al., 2009). In 

the aquifers the stygobiotic species are stably resident (Gibert et al., 1994). 



 

Moreover, the subterranean aquatic fauna is characterized by a conspicuous 

representation of phylogenetic relicts (taxa extinct in different regions of the Earth 

and in any other surface environment, today with point distribution, sometimes 

disjunct distribution, the only remnants of ancient epigean phylogenetic lines - 

often referred to as "living fossils") (for example, the entire order of the Copepoda 

Gelyelloida and the Crustacea Remipedia), and of distributional relicts (taxa with 

disjunct distribution, now present in some biogeographical regions in surface 

environments, and in other regions only in groundwater). 

 

 

 

 

 

 
Figure 4 - Copepoda  Cyclopoida                        

Diacyclops sp. 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 



 

 

Main results 

 

The groundwater fauna was sampled by using a hand net (mesh size = 60 µm) and 

preserved in 80% ethyl alcohol solution. Specimens were sorted, whenever 

possible identified to species level, and assigned to three ecological categories: 

stygoxenes, stygophiles and stygobites. 

In total, three copepod species and one amphipod species were found, three of 

which are stygobites. 

The identification at the species level of two taxa is still in course and these are 

indicated as ‘sp.’ in the following list due to the low number of specimens collected 

and the absence of adult females of the genus Diacyclops in the samples. 

 

 

Subclass Eumalacostraca 

Order Amphipoda Latreille, 1816 

  Family Niphargidae Bousfield, 1977 

Genus Niphargus Schiödte, 1849 

  Niphargus sp.  

 

 

Subclass Copepoda Milne Edwards, 1840 

Order Cyclopoida Burmeister, 1834 

  Family Cyclopidae Rafinesque, 1815 

Genus Diacyclops Kiefer, 1927 

  Diacyclops sp. 

 

 

Order Harpacticoida Sars M., 1903 

  Family Canthocamptidae Brady, 1880 

Genus Bryocamptus Chappuis, 1929 

  Bryocamptus (Rheocamptus) zschokkei zschokkei (Schmeil, 1893)  

  Bryocamptus (Rheocamptus) unisaetosus Kiefer, 1930 



 

 

The amphipod Niphargus is the most diversified genus in European groundwater, 

the species attributed to this genus are steeply increasing in number due to the 

recent discovery of a high number of cryptic species. The presence of this genus in 

the cave is unknown and it was sent to specialists of the group. Pending the 

definitive species assignment, the species is reported as unidentified.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Crustacea Copepoda were the most diversified and abundant group in the 

cave. The genus Diacyclops is known with some 100 stygobiotic species, the 

collection of juveniles and one male only prevent us to assign the population 

collected to any species. The harpacticoid Bryocamptus (Rheocamptus) zschokkei is 

a stygoxene species, widespread in almost all habitat types in surface waters and 

frequently collected in groundwater. The species shows a wide ecological 

tolerance, and is likely able to temporarily survive in groundwater also. 

Bryocamptus (Rheocamptus) unisaetosus is a true stygobiotic species, showing 

enigmatic distribution, predominantly collected in Eastern Europe, being also 

Figure 5 - Niphargus sp. 



 

recorded from Italy and France. The species seems to show a relatively high 

attitude to dispersal, and its ecology is poorly known. For this reason, it is difficult 

to assess whether we are in front of a single species with different populations or 

of cryptic species morphologically very similar to each other.  

Groundwater ecosystems have a biodiversity of great intrinsic conservation value 

(Mammola et al., 2019), as they are made up of rare species, often endemic and 

particularly vulnerable. Many of these systems are considered to be at risk in all 

countries of the European Union. Groundwater ecosystems deserve protection for 

different reasons: 1) the aquifers represent the primary source of support for other 

ecosystems that depend on the contribution of groundwater; consequently their 

alteration is reflected on all the connected ecosystems; 2) communities living in the 

aquifers (stygobites, in particular) show a high degree of vulnerability due to their 

low resilience; and, therefore, a restoration of the conditions prior to the 

occurrence of a given impact would be greatly delayed over time, if not impossible. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6 - Bryocamptus (Rheocamptus) 
zschokkei zschokkei sp. 



 

The terrestrial fauna of the Ubavica Cave 

 

The high diversity of sub-environments which can be found inside caves reflects the 

specialization which fauna reached during its evolution. In Ubavica cave, 

considering the high probability the fauna has to enter it, several trogloxenes were 

found; also, some troglophiles and troglobites were found.  

 

Main results 

For the sake of brevity, a short list of trogloxenes is reported below, considering 

only taxa which are usually found in caves’ entrances and/or peculiar occurrences: 

 

 

Phylum Arthropoda 

Class Insecta 

Order Diptera Linnaeus, 1758 

Infraorder Tipulomorpha Rohdendorf, 1946 

  Family Limoniidae Speiser, 1909 

 

 

Phylum Arthropoda 

Class Arachnida 

Order Araneae Clerck, 1757 

  Family Sparassidae Bertkau, 1872 

Genus Micrommata Latreille, 1804 

  Species Micrommata sp. 

 

 

 

 

 

 

 

 



 

Further, some invertebrate troglophiles were found: 

 

 

Phylum Mollusca 

Subphylum Conchifera 

Class Gastropoda 

Order Stylommatophora Schmidt, 1855 

  Family Oxychilidae (Hesse in Geyer, 1927 (1879)) 

Genus Oxychilus (Fitzinger, 1833) 

  Species Oxychilus sp. 

 

 

Phylum Arthropoda 

Class Arachnida 

Order Araneae Clerck, 1757 

  Family Tetragnathidae Menge, 1866 

Genus Meta Koch, 1836 

  Species Meta menardi (Latreille, 1804) 

 

 

 

 

 

 

      

 
    Figure 7 - Meta menardi 

 

 

 

 



 

The lack of eyes and the depigmentation of some animals found inside the cave, at 

the middle of the terrestrial zone (intended as the area of the cave before the 

completely-flooded part), depict the fauna found as troglobites. In particular, one 

single species was found, which is currently studied by specialists because it may 

result as a species new to science: 

 

Phylum Arthropoda 

Class Insecta 

Order Coleoptera 

 Family Leiodidae Fleming, 1821 

    Subfamily Cholevinae Kirby, 1837 

Tribe Leptodirini Lacordaire, 1854 

Genus Ceutophyes Jeannel, 1924 

  Species Ceutophyes sp. n. (?) 

 

  

Vertebrates 

 

All vertebrates found in Ubavica cave are trogloxenes or troglophiles; this is also 

because vertebrate troglobites are rare and show narrow distribution. For instance, 

olm (Proteus anguinus) is found in the Balkans, but its southern distribution is 

limited to Croatia and Bosnia and Herzegovina.  

About trogloxenes, some signs of wildlife were found in the entrance of the cave 

and the species they belong are Red fox (Vulpes vulpes) and European badger 

(Meles meles). 

 

 Main results 

The most important vertebrates found in Ubavica cave, in terms of conservation, 

are Chiroptera. Through the use of a bat-detector (Echo Meter Touch from Wildlife 

Acoustics), 7 species were found both in the entrance and in the dark zone of the 

Ubavica cave.  

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Class Mammalia 

Order Chiroptera 

 Family  Rhinolophidae 

Genus Rhinolophus 

  Species Rhinolophus ferrumequinum (Schreber, 1774) 

 

 

Class Mammalia 

Order Chiroptera 

 Family  Rhinolophidae 

Genus Rhinolophus 

  Species Rhinolophus hipposideros (Bechstein, 1800) 

 

 

 

Figure 8 – Chiroptera spectrogram recorded in Ubavica 
cave belonging to Myotis daubentonii  (Kuhl, 1817)  



 

Class Mammalia 

Order Chiroptera 

 Family  Vespertilionidae 

Genus Nyctalus 

  Species Nyctalus leisleri (Kuhl, 1817) 

 

 

Class Mammalia 

Order Chiroptera 

 Family  Vespertilionidae 

Genus Myotis  

  Species Myotis daubentonii (Kuhl, 1817) 

 

 

Class Mammalia 

Order Chiroptera 

 Family  Vespertilionidae 

Genus Myotis  

  Species Myotis bechsteinii (Kuhl, 1817) 

Class Mammalia 

Order Chiroptera 

 Family  Vespertilionidae 

Genus Pipistrellus  

  Species Pipistrellus pipistrellus (Schreber, 1774) 

 

 

Most of the Chiroptera found in Ubavica cave show a decreasing trend (source: 

iucnredlist.com), with the only exception of Myotis daubentonii, Pipistrellus 

pipistrellus and P. pygmaeus.  

 
 

 

 



 

Microflora 
  

Thanks to the wide metabolic versatility and the extraordinary ability to adapt to 

extreme environmental conditions, microorganisms manage to colonize every 

ecological niche available on Earth. Within the subterranean environments, 

microorganisms are able to proliferate in running, still or dripping water, in the 

ground, on walls and ceilings, on the concretions; they also interact with the 

substrate on which they live and alter their chemical composition, producing 

changes in the structure of the rock. 

  

The diffusion of subterranean microflora varies greatly from cave to cave, even 

within the same cave, in relation to specific chemical-physical parameters. 

In general, caves are connected to the outside; based on penetration and intensity 

of light we can distinguish three main micro-habitats: entrance, twilight and dark 

zones. In each of these areas, chemical-physical parameters can change 

significantly, influencing distribution and composition of microbial colonies. For 

instance, the presence of water represents an important condition for the growth 

of microbial biofilms. Different microbial patches are generally observed in places 

closely linked to water, as points of greater condensation or near intense water 

infiltrations, or in caves that house rivers, streams, lakes or siphons inside. 

  

 

 

 

 

 

 

 

 

 

 

 

Figure 9 - Yellow biofilm 



 

In karstic caves some microbial communities can be seen by the naked eye. In fact, 

where conditions are suitable, colonies can grow considerably, so as to cover entire 

walls. Microbial mats can be found both near the entrance and in completely dark 

zones. The patches can show different colors, e.g. white, yellow, pink, gray, light 

blue and lilac. 

  

A comparative study of yellow biofilms, found in three geographically distinct caves 

in Europe (Altamira, Sloup - Šošůvka and Pasarajeva), highlighted the existence of 

a common core of microorganisms; furthermore, the distribution pattern seems to 

be influenced by nutrient availability. 

  

Another interesting phenomenon is associated with water droplets that condense 

on walls and ceilings. When droplets are exposed to a light source, such as a LED 

light, there is a faint silver or gold fluorescent reflection; these particular 

formations are called "cave gold" or "cave silver", based on the reflected color 

(Fig. 9). 

 

 

Subterranean microflora includes numerous species belonging to the domain of the 

Bacteria and some less frequent representatives belonging to the domain of the 

Archaea. 

  

 Bacteria 

          

 Speleothems. The dominant phyla in speleothems result to be: 

  

Proteobacteria 

Actinobacteria 

Proteobacteria 

Acidobacteria 

Firmicutes 

  



 

The predominant phyla (Proteobacteria and Actinobacteria) show a good 

adaptability in conditions of starvation. Members of Actinobacteria are also 

known for their ability to degrade recalcitrant compounds such as lignin and for 

their ability to solubilize the carbonates. 

  

 Sediments. The most represented phyla in cave sediments are: 

  

Actinobacteria 

Proteobacteria 

Verrucomicrobia 

Acidobacteria 

  

 Archaea 

 

Regarding the domain of Archaea, the most frequently identified taxa belong to 

the phyla Crenarchaeaota and Euryarchaeaota. 

   

Microflora sampled in Ubavica cave 

 

Different biofilms were sampled in distinct parts of the cave (entrance, twilight and 

dark zone). In these zones abiotic parameters were measured. Samples were 

replicated with two different methods and preserved through different protocols. 

 

 

 

Figure 10 - Microbial 
sampling 



 

Standard method: freezing of samples 

 

Experimental method: use of RNAlater reagent. (RNAlater is an aqueous, non-toxic 

tissue storage reagent that rapidly permeates tissue to stabilize and protect cellular 

RNA in situ in unfrozen samples). 

 

Data regarding microbial colonies found inside the Ubavica cave were also included 

in the international database on subterranean microflora ‘’Cave Microbial Survey’’. 

 

Parietal microbial mats found within Ubavica Cave (fig.2) are the following: 

  

Entrance zone. White, yellow 

Twilight zone. White, yellow, pink 

Dark zone. White 

  

These biofilms can potentially correspond to the phyla listed above (see Bacteria 

and Archaea). 

  

 

 

 Figure 11 - Rhinolophus hipposideros 

 

 

 

 

 

 

 

 



 

Management recommendations for conservation purposes 
 

The Ubavica cave showed at its first assessment a good variety/rarity in living 

organisms, especially for the troglophiles and troglobites, as well as for 

groundwater fauna. Chiroptera using the cave are reported as decreasing 

throughout their distribution, with the exception of three species; excluding the 

two species belonging to the genus Pipistrellus, the presence of Myotis daubentonii 

is interesting because the Ubavica cave is at the edge of the species’ range. 

 

The water characteristics show a low salinity, with an ‘average’ pH and a constant 

flow. These features permit the colonization of groundwater invertebrates, 

maintaining a delicate equilibrium. 

Also, the presence of the cave inside the forest is important, as it shelters many 

trogloxenes and bats, which show a decreasing trend worldwide.  

Considering all data gathered, some recommendations can be made to preserve 

the natural status of Ubavica cave. To maintain the natural degree of the aquatic 

environment, water catchments and any variation of the underground flow should 

be avoided. Also, disturbance of hibernating bats during the cold months is possible 

when visiting the cave without paying the right attention. “Mass” cave visits (and 

explorations) should always be avoided, especially during the winter, when bats 

hibernate and thus are particularly sensitive to noise and changes in temperature 

the visitors bring.  

 

On the other side, an intelligent use of the cave for environmental education 

purposes may increase the awareness to nature conservation and sustainability. 

 

Phylogenetic analysis of parietal colonies found in different caves have shown a 

similarity with microbial communities that grow in caves with discrete anthropic 

impact: this aspect can provide important information to understand the delicate 

underground balances and its potential disequilibria. Indeed, the study of 

microorganism dispersion processes is gaining more and more importance in the 

study of caves because it could strengthen monitoring programs and provide a 



 

more complete view of the entire underground system, so as to promote an 

appropriate management and improve conservation strategies. 

 

These investigations are essential to prevent damage related to incorrect or 

superficial management decisions; through proper management of the microflora, 

it is possible to avoid or intervene on unpleasant staining or biodeterioration of 

speleothems colonized by alien plants and microorganisms.  

 

Another important aspect is related to human health, the study of dispersion 

mechanisms is crucial to explain the spread of pathogenic fungi and bacteria for 

both humans and animals. 

Regarding the ecological aspect, microorganisms, in particular bacteria and fungi, 

play a crucial role as decomposers. Many ecosystems on Earth show food chains 

based on the decomposition of organic material, including caves. If the 

decomposers are damaged or removed, organisms higher up in the food chain 

could consequently suffer a negative impact. 

Furthermore, bacteria are often used for the bioremediation of contaminated 

aquifers. The underground waters are an essential resource and habitat for 

different communities of organisms. For groundwater, for example, 

microorganisms that are abundant and distributed ubiquitously, can be used as 

excellent bioindicators. Moreover, the combined study of microorganisms and 

stygofauna could lead to an effective vulnerability index of groundwater and in the 

future could be a useful tool for water quality management. That said, the 

preservation of microhabitats of Ubavica is crucial for the maintenance of all the 

equilibria regulating life in the cave; the high frequentation or the use of lights for 

long times inside the cave must then be avoided, to avoid disturbance or possible 

negative impacts on all living organisms. 
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