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Abstract

Of the big mammal taxa, the brown bear (Ursus arctos) is one of a few surviving species and one of the two largest
terrestrial carnivorans that have successfully exploited caves. Greenish and blueish patches were collected in August
2016 from the cave walls and pine twigs in the pseudokarstic Glowoniowa Nyza Cave in the High Tatra Mountains,
southern Poland. These materials were cultured and the first appearance of airborne microorganisms (algae and
cyanobacteria) during two-three months of cultivation were observed. Overall, 24 species were identified using light
microscopy and transmission electron microscopy. The highest number (10) of documented species belonged to Cy-
anobacteria with the genus Gloeocapsa the most diverse. We identified ten Chlorophyta species. Only four taxa of
diatoms were found. No correlation between species diversity and physical parameters (temperature and humidity) was
found. The materials containing airborne microorganisms growing on the granite walls were most probably brought in
by wind, whereas the ones on the twigs were brought in by wind and/or by the bear. The presence of Ursus arctos does
influence distribution of airborne microorganisms.

Introduction

Caves represent very specific, extreme terrestrial habitats, where growth of airborne microorganisms and vascular
plants are limited by unfavorable abiotic factors. They present composite micro-ecosystems that include bacteria, cya-
nobacteria, algae, fungi, lichens, liverworts, and mosses, in different proportions depending on the environmental con-
ditions. Dayner and Johansen (1991), Pedersen (2000) and Popovi¢ et al. (2015) suggested that reduced light intensity,
low nutrients, and absence of seasonality are the predominant features that influence distribution and composition of
aerial algal and cyanobacterial assemblages in caves, while Mulec et al. (2008) stated that temperature, humidity, and
flowing water also play a role in the colonization of aerial habitats. It is possible that animals, and in particular bears,
can transport different spores into caves, and an example of such phenomenon is the Glowoniowa Nyza Cave in the
High Tatra Mountains, Poland. This cave was discovered in March 2011 by Janusz tukaszczyk Gtowon while observing
a female bear with cubs. The plan and description of cave was prepared by Tomasz Zwijacz-Kozica in collaboration
with J. Lukaszczyk Gtowon, M. Strgczek Helios, and F. Zieba, during the bears absence. The Glowoniowa Nyza Cave
continues to be used for brown bear hibernation.

Ursus arctos is a large brown bear with the widest distribution of any living ursid. The brown bear occurs in the conif-
erous, mixed, and deciduous forest zones of Europe, however, the bear seasonally visits the tundras and arctic heaths
above the timberline. Zedrosser et al. (2001) described the Carpathian population of brown bears in Slovakia, Poland,
Ukraine, and Romania which includes about 8,000 bears and is the second largest in Europe. All bear populations are
protected by the Habitat Directive in Europe which is compulsory for all EU countries. Almost all the bears in Europe
live in large transboundary populations in eastern or northern Europe (Zedrosser et al., 2001). Nielsen et al. (2010)
stated that in different regions of the world hibernating bears use various places to build their dens. Linnell et al. (2000)
described wintering brown bears in natural caves or in rock cavities, dens dug in snow cover, and also hidden in rotten
trees. The European brown bear is omnivorous, but feeds chiefly on vascular plants. Grasslands and shrublands inte-
grated with forests, subalpine meadows, and alpine communities are typical habitat for bears and in particular Ursus
arctos (Nietfeld et al., 1985). There is the risk of mistaking a briefly exploited summer den for a true bear hibernation
site (Mysterud, 1983).

Airborne algae and cyanobacteria are known to colonize non-aquatic habitats including exposed bedrock (Rindi et
al., 2010; Ress and Lowe, 2013), sail, terrestrial bryophytes, tree bark, rocks, and anthropogenic structures (Neustupa
and Stifterova, 2013). These pioneer species modify the rock surface by producing carbonic acid during respiration
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(Smith and Olson, 2007). Airborne microorganisms are generally characterized by small size, high resistance to des-
iccation, specific preferences for pH, tolerating low nutrient levels, high conductivity, and most of them can be consid-
ered as cosmopolitan and distributed worldwide (Falasco et al., 2014). Gorbushina and Broughton (2009) suggested
that airborne microorganisms are exposed to harsher and more variable environmental conditions than their aquatic
counterparts where the surrounding water usually buffers abrupt changes of radiation and temperature. Many algal
species living in aerial habitats are known to produce extracellular mucilage which aides in water retention (Gerrath,
2003). This mucilage contains a considerable amount of moisture and is common in airborne cyanobacterial genera,
such as Nostoc, Gloeothece, Gloeocapsa, and Aphanocapsa. Johansen et al. (1983) found that mucilage-producing
cyanobacteria and green algae are the first colonizers on moist rock faces, and other algal species begin to colonize
the mucilage. Algal cells have been found to be transported by wind, water, and animals, such as birds, bears, and
humans (Kristiansen, 1996). Wind is mainly responsible for the atmospheric distribution of airborne microorganisms
suppling new inoculum to barren substrata, thus contributing to the cosmopolitan distribution of many microorganisms
(Gorbushina 2007). The ecological success of airborne microorganisms in environmentally-harsh habitats such as
caves or building facades depends on many factors (Karsten et al., 2007). The nutrients used by organisms to survive,
grow, and reproduce, can be supplied by rain, water, snow, aerosols, dust or soil particles, and big animals such as
bears. The phototrophs can be transported the same way as the nutrients. In our study we defined the diversity of air-
borne microorganisms in the Gtowoniowa Nyza Cave (High Tatra Mountains, Poland) and we explored morphological
adaptations to microhabitat preference. We hypothesize that the presence of Ursus arctos influences distribution of
airborne microorganisms.

Materials and Methods

Cave Description
The pseudokarstic Gtowoniowa Nyza Cave is located in the High Tatra Mountains of Poland, in the Orla Sciana above
the Roztoka Valley in the municipality of Bukowina Tatrzanska (Fig. 1). It was discovered in 29 March 2011 by Janusz
tukaszczyk during observation of a female bear with cubs coming out from the cave after wintering. Due to the neces-
sity to protect the bear wintering place, the exact cave location is not given here. The cave entrance is exposed NE, and
its measurements are: width 0.8 m, height 0.9 m, length 4.3 m, and it is situated at 1605 m a.s.I., but the relative height
above the Roztoka Valley is 250 m (Fig. 2). The rocky cave bottom is covered by the plant materials brought in by the
bear. The cave was formed on a slit in granitoids of the crystalline High Tatras, on a tectonic fracture. The cave is dry
and illuminated by the daylight coming through the cave entrance. Its climate depends on outside atmospheric condi-
tions. In the cave light zone close to the entrance, lit by sunlight and well-oxygenated, grow mosses, lichens, grasses,
and ferns. Inside the cave the traces of wintering Ursus arctos such as the bear’s den built with fur, mosses, grasses,
and small tree twigs (Picea abies, Pinus cembra and Pinus mugo), excrement, marks of claws, and fur on the cave walls
can be observed. In the whole cave one can find the insects and spiders whose presence confirm good ecological cave
conditions (relatively high temperature, humidity, and availability of nutrients).
Sampling

In total, 3 samples were collected in August 2016 from the cave walls (granite A and B) and from twigs of Pinus cem-
bra or Pinus mugo found inside the cave. The accurate identification of pine twigs was impossible due to the damage
inflicted by bear, because the twigs were part of the bear’s den. Each sample (greenish and blueish coloured patches)
was scraped from cave walls or from pine twigs, placed into labeled sterile plastic bag, and transported to the lab. Ma-
terial was transferred into Petri dishes with fresh agarized (1%) nutrient Bold’s Basal Medium (Bischoff and Bold, 1963),
and cultured at 20 °C in a 12-hour light/12-hour dark cycle at 3000 yEm2s~"Ix provided by 40 W cool fluorescent tubes.
A microscopic study of cultures began from the first appearance of microorganisms growth during two-three months of
cultivation. All the phototrophs were observed in living states and identified using a light microscope Jenamed 2 (Carl
Zeiss Jena). The cells for transmission electron microscopy (TEM) were processed according to Massalski et al. (1995)
and microphotographs were taken with a TESLA BS 600. Airborne algae and cyanobacteria were identified using the
following literature: Anagnostidis and Komarek (1988), Ettl and Gartner (1995), Komarek and Anagnostidis (2005), and
Rindi et al. (2010).

Measurement of Physical Parameters

Temperature T, relative humidity RH, and dew points DP were measured using the Extech Temperature Humidity
Meter and Vellman DMV 1300 Luxmeter from September 26, 2017 to October 12, 2017. These parameters were mea-
sured 67 times at each sampling site on the same day. For each parameter the mean value with standard error was
calculated (Fig. 3).
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Figure 1. Map of Poland showing the location of the Gtowoniowa Nyza Cave. A - A view of the High Tatra Mountains, southern Poland, B - A

view of the Tatra National Park with marked location of cave (black star).

Figure 2. Survey of Gtowoniowa Nyza
Cave showing a corridor of the cave
throughout the length of the cave profile;
reproduced from Zwijacz-Kozica (2011).
The symbols: four lines all labeled 0.0 are
indicating entrance to the cave (origin of
the local coordinate system); 3 sketches
show: 1 — cave profile, 2 (small triangle)
- cross section of the cave entrance (di-
rection indicated by arrow on the cave), 3
- cross section of whole cave; soil - clus-
ters of parallel lines.
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Figure 3. Plot of temperature, relative humidity and dew point values for the cave (from 26 September to 12 October 2017). Two sensors
were installed in the bear’s den.

Statistical Analysis

Microhabitat data analysis were presented as diagrams using software Statistica 9.0 (StatSoft Inc., 2009). The dia-
grams showed basic statistics for temperature, relative humidity, and dew point, i.e. average, standard error (SE) and
standard deviation (SD) in the Gtowoniowa Nyza Cave. Airborne algae and cyanobacteria species composition and
frequency data recorded on three sampling sites (granite A and B, and pine twigs) were subjected to indirect analysis.
PCA (Principal Component Analysis) were performed using Canoco 5.0 (ter Braak and Smilauer, 2012). A graphical
representation of this analysis was diagramed, where the vectors indicated sampling sites (particular species were
marked by geometric symbols). The species names consisted of three letters of a generic name, dot, and three letters
of a species name.

Results and Discussion

Temperature, relative humidity, and dew point were different across sampling sites, with average values 5.0 = 18.0,
48.3 = 99.9 % and 4.0 = 9.0 respectively (Fig. 4). The lowest T value (5 °C) was in September, and highest (18 °C)
in October. The highest RH value was measured in the brown bear den (99.9 %) because the humidity sensor was
placed inside of the den in which were bear excrements and urine, while the lowest RH value (48.3 %) was close to the
cave entrance. The highest DP value was 4.0 and the lowest was 9.0. The presence of brown bear, temperature, and
relative humidity were almost constant at all sampling sites, presumably due to their proximity. It is impossible to state
whether all the measurements were taken during the presence of bear in the den. The measurements were recorded
continuously regardless the bear presence or absence. While the average humidity of the majority of caves in Central
Europe is about 85-95 % and the average temperature is in the range 5-8 °C, whereas in the Gtowoniowa Nyza Cave,
the temperature and humidity at all sampling sites was higher. This dependency was due to the fact that all sampling
sites were relatively close to the entrance where T and RH are influenced by the outside climatic conditions.

In total, 24 species of airborne algae and cyanobacteria were found in the pseudokarstic Gtowoniowa Nyza Cave.
The dominant group of phototrophs colonizing cave walls and pine twigs were the green algae and cyanobacteria. Ten
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Figure 4. The average values of microclimatic parameters mea-
sured in the cave during the study, from which standard error (SE)
and standard deviation (SD) were calculated.

Chlorophyta including genera: Apatococcus, Asterochloris, Chroococcidiopsis, Coccomyxa, Klebsormidium, Pseudo-
cocomyxa, and Stichococcus were observed both on the cave walls and on the twigs, while Desmodesmus olivaceus
and Trentepohlia aurea were present only on the cave walls (Figs 5-6). These species are typical for different lithophyt-
ic substrates in temperate zones. In our laboratory we observed that Apatococcus minor grew successfully on solid
media (agar) which better mimics its natural growth conditions. It is not able to compete and is rapidly overgrown by
other species. Apatococcus minor is characterized by different lifestyles and survival strategies, so it is classified as a
K-strategist with low growth and mortality rates, long lifespans, and efficient resource utilization capacities (MacArthur
and Wilson, 1967). Other airborne algal genera, such as Coccomyxa and Stichococcus exhibited two or three-fold
higher growth rates under the described culture conditions (Gustavs et al., 2010). Consequently, the ecological success
of these green algae do not originate from competitive strength based on growth rate but from long-time survival under
harsh environmental conditions.

Only four airborne, cosmopolitan and widespread diatoms: Brachysira sp., Hantzschia sp., Orthoseira roeseana,
and Pinnularia borealis, were identified. Diatoms living in the Gtowoniowa Nyza Cave are generally characterized by
small size, high resistance to desiccation, specific preferences for pH, and tolerating low nutrient levels. Therefore
diatoms were not a significant contribution to the biodiversity of this caves microorganisms. Falasco et al. (2014) and
Lauriol et al. (2006) stated that the size of the cave has an important effect on air circulation, and influence the diatom
diversity in the deeper zones of caves. The Gtowoniowa Nyza Cave is characteristic of small caves with only one main

Journal of Cave and Karst Studies, March 2019 « 61



Czerwik-Marcinkowska, Zwijacz-Kozica, Pusz, and Wojciechowska

Figure 5. Culturable airborne algae from Gtowoniowa Nyza Cave: a-b Klebsormidium dissectum, ¢ - Klebsormidium
flaccidum, d - Desmococcus olivaceus. Scale bars 10 ym.

Figure 6. Green algae cells grown aerophytically on a BBM agar slant (Light Microscope view). a-b Coccomyxa bre-
vis, c-d Pseudococcomyxa ellipsoidea. Scale bars 10 ym.
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entrance and is typical for brown bear hibernacula. It is possible that colonization of diatom spores being transported
by air through the main entrance of cave were hampered because of high temperature and low humidity. Diatoms
generally deposit on cave speleothems consequently to air condensation on the walls (Mulec and Kosi, 2009). Wa-
ter circulation also plays an important role in the cave colonization. Diatom species entering the cave with water are
generally adapted to oligotrophic conditions (Falasco et al., 2014). Krammer and Lange-Bertalot (1991) and Germain
(1981) described Orthoseira roeseana as aerophilous and xerotic diatom species. It is commonly found on wet walls,
moist stones and rocks, mosses, and even on the wet banks of the riparian vegetation (Houk, 2003), and in alkaline
areas (Wehr and Sheath, 2003). Falasco et al. (2014) and Garbacki et al. (1999) reported that this species was usually
in caves in the liminar zone, exposed to natural light, and Roldan and Hernandez-Mariné (2009) found Orthoseira ro-
eseana on artificially illuminated walls. It seems to be adapted to variable environments, on different substrates, both
rocks and mosses, and was also found on a woody surface close to the main entrance (Skaloud, 2009). Our study
confirmed this species presence only on the pine twigs. Pinnularia borealis is typically an aerophilous and epiphytic
species (Taylor et al., 2007), often anemophilous (Krammer, 2000). It is one of the most frequently recorded taxa on
submerged bryophytes (Van de Vijver and Beyens, 1997), occurring in wild caves close to the main entrance on very
wet walls (Garbacki et al., 1999), but Hoffmann and Darienko (2005) also recorded it in caves opened for tourism. In the
Gtowoniowa Nyza Cave Pinnularia borealis was observed only sporadically on the pine twigs.

Cyanobacterial species were found mainly on the cave walls but only two taxa. Chroococcus ercegovicii and Gloeo-
capsa biformis, were present on pine twigs. Ten cyanobacteria taxa in the genera Aphanocapsa, Chroococcus, Gloeo-
capsa, Gloeothece, Nostoc, and Scytonema were found. The members of Nostocales are typical cyanobacteria among
cave microhabitats. The members of the order Oscillatoriales are usually characteristic for caves, however there were
not present in the studied cave. Among cyanobacteria, Aphanocapsa muscicola was found on the wall in the Gtowonio-
wa Nyza Cave, but this species occurs in other microhabitats such as soil substrate, bryophytes, and rocks (Matuta et
al., 2007). This species according to John et al. (2011) is very abundant on slightly basic substrata, shaded habitats,
and is a component of some cyanobacterial mats. During laboratory cultivation, microscopic analyses revealed the
presence of atypical cyanobacterial structure, such as single cells embedded in mucilage of dark green color, whereas
Aphanothece saxicola grows on wet rock surfaces forming mucilaginous blue-green thallus. This species found in the
studied cave is also known from ornamental pools and fountains (Vinogradova, 1999) and as an epilithic cyanobacteri-
um on rocky shores (Nagarkar, 1998). Gloeocapsa atrata among mosses is widespread on wet rocks and Gtowoniowa
Nyza Cave walls, and less commonly known from wet soil (John et al., 2011). During laboratory cultivation, microscopic
analyses revealed the cells of Gloeocapsa atrata occuring in subcolonies with individual envelopes surrounded by
colorless mucilaginous envelopes. Gloeocapsa biformis in laboratory cultivation formed irregular colonies, dirty yellow
or brownish, and yellow mucilaginous envelopes. The fact that three species Gloeocapsa genus were present at the
Gtowoniowa Nyza Cave indicates that the airborne microorganisms colonization on the walls is at an intermediate
stage, and this agrees with Pentecost (1992), who considered all these species as pioneers in rock colonization. Gloeo-
thece palea grew on wet rocks and other granite surfaces, sometimes among mosses. Nostoc commune is the domi-
nant species responsible for the formation of thick mats containing other airborne algae in the cave. The comparison
between the cyanobacteria and algae from Gtowoniowa Nyza Cave and three caves in Serbia (Popovic¢ et al. 2015),
shows that in all four caves there is an abundance of Cyanobacteria, with chroococcalean taxa prevailing and species
of the genus Gloeocapsa, which occur in various habitats with many different ecological characteristics, indicating its
tolerance to a wide range of environmental conditions. Most of the documented cyanobacteria from the investigated
caves were typical aerophytic species.

The occurrence frequency of every recorded species based on the observation of 3 samples from each sampling
site is shown in Table 1. The ultrastructure of airborne algae and cyanobacteria cells was documented using TEM. The
PCA analysis pointed out that micro-environmental factors such as temperature and water availability, and the type
of materials used to build the bear’s den influenced the distribution of the algae and cyanobacteria. The PCA analysis
clearly distinguished the species associated with the brown bear’s activity and the spruce twigs in the bear’s den (Fig.
7) as presented on one side of the graph, while on the other side of the graph were cyanobacteria collected on the cave
granite walls.

Airborne microorganisms can also be observed on hard substrates such as granite. Studies of algal and cyanobac-
teria on this substrate are very scarce and were carried out previously in Spain (Rifon-Lastra and Noguerol-Seoane,
2001), in Slovakia (Uher, 2010) and in the southern part of Ukraine (Mikhailyuk, 2013). Mikhailyuk and Darienko (2011)
studied the epilithic, chasmoendolithic and epiphytic algae from granite outcrops in the south of Ukraine. The results
showed that algae never formed macroscopic growth on bare surfaces and occurred only in 40% of the cultivated sam-
ples. Cavernicolous airborne microorganisms are rather rich and diverse. Vinogradova and Mikhailyuk (2009) pointed
out that algae numbers in speleoecotopes from 340 species (Colté and Chauveau, 1994) to 542 (Draganov, 1977),
among them cyanobacteria account up to 60 % and the rest of the taxonomic groups vary from 1 % to 20 %. Albertano
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Table 1. The list of the documented airborne algal and cyanobacterial species in te Glowoniowa Nyza Cave. Occurence
frequency: 1 =20 %; 2 =40 %; 3 =60 %; 4 =80 %; 5 =100 % (after Popovi¢ et al., 2015).

Taxa Granite A Pine Twigs Granite B

Chlorophyta
Apatococcus minor Brand
Asterochloris pyriformis Tschermak-Woess

Chroococcidiopsis edaphica Johansen et Flechtner

N = W =~
-

Coccomyxa brevis (Vischer) Gartner & Schragi 2
Desmococcus olivaceus Brand 4

Klebsormidium dissectum (Gay) Ettl & Géartner
Klebsormidium flaccidum var. lubricum (Chodat) Ettl & Gartner 1

Pseudococcomyxa ellipsoidea Hindak

N N =~ W

Stichococcus allas Reisig|
Trentepohlia aurea (Linnaeus) Martius
Heterokontophyta
Bacillariophyceae
Brachysira sp. 1
Hantzschia sp.

Orthoseira roeseana (Rabenhorst) Pfitzer

AN N

Pinnularia borealis Ehrenberg
Cyanophyta

Aphanocapsa muscicola (Meneghini) Wille 2

Aphanothece saxicola Nageli 2

Chroococcus ercegovicii Komarek & Anagnostidis

Gloeocapsa atrata Kitzing
Gloeocapsa biformis Ercegovic
Gloeocapsa rupicola Kitzing

Gloeothece palea (Kutzing) Rabenhorst

a NN B

Nostoc commune Vaucher ex Bornet & Flahault

N o g W

Nostoc sp.

Scytonema mirabile Bornet 2 2

et al. (2003) suggested that in well illuminated caves, cyanobacteria, diatoms, and chlorophytes generally colonize lit
rock walls causing physical and chemical damage. Pusz et al. (2018) described airborne fungal spores in five bear dens
located within Tatra National Park in southern Poland. Thirteen species of fungi were cultured from which seven taxa
were present in the Gtowoniowa Nyza Cave.

In the Gtowoniowa Nyza Cave, airborne algae and cyanobacteria are dominant organisms, and similar species
are frequently encountered in European caves (Berberousse et al., 2006). These microorganisms were pioneer spe-
cies because of their ability to grow diazotrophically (Gallon et al., 1991). Other members of the Oscillatoriales are
well-adapted to extremely low irradiance compared to other filamentous cyanobacteria. Albertano et al. (2000) report-
ed the occurrence of cyanobacteria on both marble and granite monuments in different Mediterranean countries. The
dominant presence of filamentous cyanobacteria in stable conditions of low-light intensity and high relative humidity
has been reported for different caves (Martinez and Asencio, 2010; Roldan and Hernandez-Mariné, 2009). Nostoc is
a cosmopolitan terrestrial genus that can endure desiccation, as well as very low temperatures (Dodds et al., 1995).

Mulec (2012) suggested that heterotrophic microorganisms tend to colonize parts of caves where nutrients have
been introduced, such as areas near surface openings, underground rivers, sediments, and surfaces associated with
animal excrement. However, Bastian et al. (2009) stated that many caves naturally face increased input of organic
matter, while others are subjected to high anthropogenic impact due to drainage of polluted water into the underground
or extensive tourist visits of show caves. The airborne algae and cyanobacteria in the Gtowoniowa Nyza Cave can be
subject to harsh environmental conditions such as an inconsistent availability of moisture, relative increased tempera-
ture, and the presence of brown bear. Airborne algae and cyanobacteria can survive frequent and prolonged periods

64 « Journal of Cave and Karst Studies, March 2019



Czerwik-Marcinkowska, Zwijacz-Kozica, Pusz, and Wojciechowska

Figure 7. Principal Component Analysis (PCA) of sampling
sites based on environmental parameters. The substrates
(granite A, granite B and pine twigs) are marked with vectors
and microorganisms as geometrical figures: b - square — dia-
toms (Bacillariophyceae), circle — green algae (Chlorophyta),
rhomb — cyanobacteria (Cyanophyta). The 1st ordination axis
accounted for 55.6 % of the total variability of data. Abbrevi-
ations of species names in Fig. 7 consist of three letters of a
generic name and three letters of a species name.
Abbreviations of species names: Apatococcus minor (Apa.
min.); Aphanocapsa muscicola (Aph. mus.); Aphanothece saxi-
cola (Aph. sax.); Asterochloris pyriformis (Ast. pyr.); Brachysira
sp. (Bra. sp.); Chroococcidiopsis edaphica (Chr. eda.); Cocco-
myxa brevis (Coc. bre.); Chroococcus ercegovicii (Chr. erc);
Desmococcus olivaceus (Des. oli.); Hantzschia sp. (Han. sp.);
Gloeocapsa atrata (Glo. atr.); Gloeocapsa biformis (Glo. bif.);
Gloeocapsa rupicola (Glo. rup.); Gloeothece palea (Glo. pal.);
Klebsormidium dissectum (Kle. dis.); Klebsormidium flaccidum
var. lubricum (Kle. lub.); Nostoc commune (Nos. com.); Nos-
toc sp. (Nos. sp.); Orthoseira roeseana (Ort. roe.); Pinnularia
borealis (Pin. bor.); Pseudococcomyxa ellipsoidea (Pse. ell.);
Scytonema mirabile (Scy. mir.); Stichococcus allas (Sti. all.);
Trentepohlia aurea (Tre. aur.).

of desiccation, and moisture availability has been found to be an important factor regulating the algal abundance in
these habitats (Lopez-Bautista et al., 2007). Cyanobacteria have been found to dominate communities in aerial habitats
(Matthes-Sears et al., 1999) and are also often the first algal colonizer in cave aerial habitats. The tolerance of many
cyanobacterial species to a wide range of moisture and light may contribute to their dominance (Whitton and Potts,
2000), and they are able to survive and recover more quickly from desiccation than other microorganism (De Winder
et al., 1989).

Species dispersal may play a role in similarities seen between the green algae, cyanobacteria, and diatoms of this
cave. Airborne algae have been shown to be easily transported by the wind and animals. Taxa that can withstand
desiccation have the potential to survive aerial transport. Many algal species from aerial habitats produce extracellular
mucilage which allows them to withstand periods of desiccation (Gerrath, 2003). UV radiation can also influence the
survival of cells in aerial transport. Ehling-Schultz et al. (1997) suggested that ability of cyanobacteria to not only with-
stand desiccation but also to produce photoprotective pigments gives them a competitive advantage for longer distance
aerial transport. Johansen et al. (1983) and Ress and Lowe (2013) found that mucilage-producing cyanobacteria and
green algae are the first colonizers on moist rock faces, and once established, other species begin to colonize the
mucilage. Nutrient availability may play a role in shaping the structure of aerial algae due to possible nutrient limitation
in these habitats (Johansen et al., 1983). The ecological phenomena seem to have an influence on the distribution of
airborne microalgae in the Cave.

Conclusion

24 species of airborne microorganisms were cultivated from samples collected from various habitats in the pseu-
dokarstic Gtowoniowa Nyza Cave in the High Tatra Mountains, southern Poland. These phototrophs using LM and TEM
microscopy were identified only from cultivated samples, but not directly from field specimens. In the present work,
the diversity of algae and cyanobacteria as the main phototrophic microorganisms colonizing the cave surfaces were
studied. There was no correlation between species diversity and physical parameters (temperature and humidity). An
investigation of the diversity of airborne microorganisms and presence of brown bear in the Gtowoniowa Nyza Cave
were conducted for the first time in Poland.
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