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ALGAE AND CYANOBACTERIA IN CAVES OF THE POLISH JURA

JOANNA CZERWIK-MARCINKOWSKA & TERESA MROZINSKA

Abstract. The mass occurrence of aerophytic cyanobacteria and algae in 25 caves of the Polish Jura (S. Poland) was studied in
2006-2009, focusing mostly on epilithic taxa and their subaeric habitats (rock faces within caves, walls at cave entrances and
lampflora assemblages). We identified 82 species, mostly aerophytic and tolerant of low light intensity. The largest group was
formed by cyanobacteria (33 species) and the division Chlorophyta (30 species). Dinophyta (2 species) formed the smallest
group. Among the collected algae, the following are rare and specific to these caves: Bracteacoccus minor (Chodat) Petrova,
Eustigmatos magnus (Petersen) Hibberd, Grunowia tabellaria (Grunow) Rabenhorst, Luticola mutica (Kiitzing) D. G. Mann,
Muriella decolor Vischer, Nodularia harveyana (Thuret) Bornet & Flahault, Thelesphaera alpina Pascher, Trachychloron simplex
Pascher, Tetracystis intermedia (Deason & Bold) Brown & Bold, and Tetracystis cf. isobilateralis Brown & Bold (first record
for Europe). Examination of cell ultrastructure provided an array of further features increasing the precision of species identi-
fication. Using morphological and ultrastructural analyses we were able to recognize that epilithic cyanobacteria and algae are
almost the only component of the cave microflora. The morphological and ecological variability of the cyanobacteria and algae

are illustrated with TEM, SEM and LM micrographs.
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INTRODUCTION

The biodiversity of cave habitats at the intra- and
interpopulation, interspecies and ecosystem level
is an essential focus for current environmental
protection strategies. The scientific, practical and
aesthetic values of caves provide criteria for as-
sessing them as well as motivation for efforts to
protect them (Urban 2006). The diversity and pe-
culiarities of cave habitats exposes them to a host
of hazards (e.g., water and air pollution, micro-
climatic changes, dripstone damage), particularly
since caves generally are characterized by extreme
conditions and low nutrient availability (Pedersen
2000; Mulec et al. 2008). Nevertheless, some or-
ganisms prefer those conditions for colonization
and growth. Sparse vascular plants and prevailing
aerophytic (Dobat 1970; Mulec 2005; Mulec et al.
2008) and aquatic (Kuehn et al. 1992; Sanchez
et al. 2002) algae are the most common flora of
caves. Aerophytic algae, principally cyanobac-
teria, often occur on limestone walls and rocks
in caves, particularly in the entrance zone where

growth conditions are best for them (Mulec 2005;
Mulec et al. 2008). Apart from vascular plants,
cyanobacteria and algae frequently play a key role
in the trophic networks and colonization processes
of rocky habitats, producing colorful patches on
cave walls (Golubi¢ 1967; Mulec 2008). These
processes are usually facilitated by the stability of
environmental conditions in caves. Average annual
temperature in caves is usually correlated with
bedrock temperature, and its annual fluctuations
are small (ambient temperature in caves ranges
from 5 to 8°C). Humidity in caves is also in narrow
range (85-95%); light, both natural and electric, is
a decisive factor for development of algae and cy-
anobacteria (Golubi¢ 1967; MartinCi¢ et al. 1981,
Chang & Chang-Schneider 1991). These cave con-
ditions attract cosmopolitan species, leading to the
gradual elimination of particularly sensitive native
species (Mulec ef al. 2008). Poland, with its wide
plains and large areas overlain by postglacial de-
posits, does not have an abundance of caves. More
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Fig. 1. Location of studied area. 1 — Jaskinia Twardowskiego cave, 2 — Jaskinia Jasna cave, 3 — Jaskinia nad Matka Boska
cave, 4 — Jaskinia na Lopiankach cave, 5 — Jaskinia Koziarnia cave, 6 — Jaskinia Lokietka cave, 7 — Jaskinia Sypialnia cave,
8 — Jaskinia Labajowa cave, 9 — Jaskinia Saspowska cave, 10 — Jaskinia Dzika cave, 11 — Jaskinia na Tomaszéwkach Dolnych
cave, 12 — Jaskinia Zbdjecka cave, 13 — Jaskinia Zarska cave, 14 — Jaskinia Nietoperzowa cave, 15 — Jaskinia Ciemna cave,
16 — Jaskinia Mamutowa cave, 17 — Jaskinia Krakowska cave, 18 — Jaskinia Biata cave, 19 — Jaskinia Ztodziejska cave, 20 —
Jaskinia Okopy Wielka Dolna cave,21 — Jaskinia Ostr¢znicka cave, 22 — Jaskinia Glgboka cave, 23 — Jaskinia Szachownica I
cave, 24 — Jaskinia Szachownica II cave, 25 — Jaskinia za Krata cave.

than 4200 caves have been found in Poland, the
majority of them small (Gradzinski & Kicinska
2009). The majority are karstic in origin, and
many are in the West Tatra Mts (more than 805,
including the largest and deepest one). They also
occur in the Gory Swietokrzyskie Mts (ca 130),
the Polish lowlands and the Niecka Nidzianska
basin (ca 115, formed in gypsum). The caves in

the Pieniny Mts (ca 90) and the Flysch Carpathians
(more than 1000) originated due to tectonic move-
ment. Over 1850 caves have been discovered in
the Wyzyna Krakowsko-Wieluniska upland (Szel-
erewicz & Gorny 1986; Gradzinski & Szelerewicz
2004). A few caves in the Polish lowlands (near
Gdansk) are pseudo-karstic in origin. The first re-
ports of algae (order Dinococcales) encountered in
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Table 1. Characteristics of the studied caves. Data after Szelerewicz and Gérny (1986), Bisek et al. (1992), Gradzinski et al.
(1995a, b, 1996, 1998, 2007), and Gorny and Szelerewicz (2008).

No. Name of cave Length Altitude a.s.l. Exposition
1 Jaskinia Twardowskiego 430 m 220 m SW
2 Jaskinia Jasna in Strzegowa 81 m 430 m NW, SW
3 Jaskinia nad Matka Boska 54 m 280 m N, NE
4 Jaskinia na Lopiankach 70 m 260 m w
5 Jaskinia Koziarnia 90 m 385 m W
6 Jaskinia Lokietka 320 m 452 m NW
7 Jaskinia Sypialnia 44 m 342 m S
8 Jaskinia Labajowa 40 m 410 m NW
9 Jaskinia Saspowska 100 m 370 m E
10 Jaskinia Dzika 61 m 390 m SW, NW
11 Jaskinia na Tomaszowkach Dolnych 100 m 435 m NE, SW
12 Jaskinia Zbdjecka 189 m 370 m NW, W, vertical
13 Jaskinia Zarska 74 m 410 m SW
14 Jaskinia Nietoperzowa 326 m 447 m W
15 Jaskinia Ciemna 209 m 372 m NW, S
16 Jaskinia Mamutowa 100 m 380 m SW, N
17  Jaskinia Krakowska 96 m 410 m NW
18 Jaskinia Biata 84 m 400 m NW
19 Jaskinia Ztodziejska 45 m 380 m E,N
20 Jaskinia Okopy Wielka Dolna 138 m 380 m W, vertical
21 Jaskinia Ostreznicka 98 m 350 m NE, NW, SE
22 Jaskinia Gl¢boka 160 m 380 m NW, SW, N, E
23 Jaskinia Szachownica I 690 m 215 m E, S, vertical
24 Jaskinia Szachownica IT 200 m 215 m E
25 Jaskinia za Krata 70 m 215 m NE

Jaskinia Twardowskiego cave were published by
Karol Starmach in 1963. In 2004 we described 70
algal and cyanobacterial species developing in 10
caves scattered through the Wyzyna Krakowsko-
Czegstochowska upland (Mrozinska-Broda & Czer-
wik-Marcinkowska 2004; Czerwik-Marcinkowska
& Mrozinska 2008, 2009, 2010a, b). Our studies
of phycoflora in 2008 continued the earlier work,
including the area of Ojcow National Park. Polish
studies of algae and cyanobacteria inhabiting caves
are not as complete as, for example, the work done
on algal flora from the Czech Republic (Pouli¢kova
& Hasler 2007), Denmark (Pedersen 2000), Hun-
gary (Kol 1964; Palik 1964a, b; Hajdu 1966;
Komaromy 1977), Spain (Gracia-Alonso 1974,
Aboal et al. 1994; Hernandez-Mariné & Canals
1994; Asencio & Aboal 1996, 2000a, b; Asencio
et al. 1996; Hernandez-Mariné et al. 1999; Ca-
flaveras et al. 2001; Martinez & Asencio 2010),

the United Kingdom (Pentecost & Zhang 2001)
or the U.S.A. (Jones 1964). Further exploration
of cave algal and cyanobacterial communities is
by all means warranted. We studied algae and cy-
anobacteria in caves that were left in their natural
state and also in caves adapted for tourism. The
latter are artificially illuminated, eliminating the
natural complete darkness characteristic of caves.
The human-caused changes in temperature and
humidity in the latter type of cave should be ex-
amined, and we have done so here.

STUDY AREA

The Wyzyna Krakowsko-Wielunska upland is
an eastern component of the Wyzyna Slasko-
Krakowska upland. It is 80 km long and stretches
from Krakow to Wielun, where a range of hills
rises 300-515 m a.s.l. (Fig. 1). This area is built
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mostly of Jurassic marine limestone exceeding
300 m in depth. Karst-forming processes in
Jurassic limestone accelerated several times
(Kondracki 1981). Over 1850 caves have been
discovered in this area (Szelerewicz & Gorny
1986; Gradzinski & Szelerewicz 2004). Ojcow
National Park (ONP) includes the southern,
geomorphologically very diverse part of the
Wyzyna Krakowsko-Wielunska upland. Under-
ground water, dissolving limestone, has created
the caves that form one of the most character-
istic components of the natural environment of
ONP and its surroundings (Table 1). So far, 650
caves have been inventoried in the park (data
from ONP management). All of the park’s caves
developed in a variety of Jurassic limestone.
Precipitation water penetrates the caves through
cracks and fissures, gradually widening them by
dissolving the rock (Starzecki 1959; Michalik
& Partyka 1992). Among the most attractive
caves, with corridors longer than 50 m, Jaskinia
Lokietka, Jaskinia Ciemna, Jaskinia Zbodjecka,
Jaskinia Okopy, Jaskinia Wielka Dolna, Jaskinia
Saspowska, Jaskinia Krakowska, Jaskinia Biata
and Jaskinia Koziarnia caves. The largest cluster
of large caverns is in Wawo6z Jamki gorge. Some
cave entrances are visible but most are difficult
to distinguish among the rocks.

DESCRIPTION OF THE STUDIED CAVES

Jaskinia Twardowskiego cave Fig. 2: 1

This is quite a large karstic cave located within
the city of Krakéw in the northwestern part of
the Debnickie Krzemionki horst called Skatki
Twardowskiego rocks close to the Vistula River
(Szelerewicz & Gorny 1986). Behind the 2 m high
entrance is a chamber with the floor declining as
one enters further. The walls are partly covered
with dripstone formations. The floor of the cor-
ridors is part clay and part sand. The first mention
of the cave dates to 1865.

Jaskinia Jasna cave in Strzegowa Fig. 2: 2

This cave is in rocks south of Strzegowa village
(Szelerewicz & Gérny 1986). The cave is a large
chamber. The floor is covered with clay. Dripstone
formations are sparse.

Jaskinia nad Matka Boska cave Fig. 2: 3

This cave, with many entrances, is on the right
slope of the Dolina Mnikowska valley, in the gap
of the Dolina Sanki valley (Szelerewicz & Gorny
1986). Most of the entrances are large and most of
the cave interior is within reach of diffuse daylight.
The cave is dry. Dripstone is sparse and weathered.
The cave has been known for a long time.

Jaskinia na Lopiankach cave Fig. 2: 4

This cave is in the lower part of the Wawoz
Potrzeczki gorge, a branch of the Dolina Sanki
valley (Szelerewicz & Gorny 1986). The large en-
trance is partly blocked by a huge rock. The floor
near the entrance is covered with humus, and the
floor of the interior with clay. Dripstone is sparse.
Humidity is high.

Jaskinia Koziarnia cave Fig. 2: 5

This cave is in Wawoz Koziarnia gorge, a side
branch of the Dolina Saspowska valley within
Ojcoéw National Park (Bisek et al. 1992). The cave
has a wide entrance and a roomy corridor. The
floor is clayey with limestone rubble. Dripstone
cover includes flowstone formations and stalac-
tites. The cave interior is wet and dark. Since 1990
the cave has been sealed with a bat gate.

Jaskinia Lokietka cave Fig. 2: 6

This cave is in the Dolina Saspowska valley
on the northwestern slope of Gora Chelmowa
Mt. within Ojcéw National Park (Gradzinski
et al. 1996). It was earlier known as Jaskinia
Krolewska cave. Dripstone formations include
flowstone, stalagmites and small stalactites. The

—>

Fig. 2. Investigated caves. 1 — Jaskinia Twardowskiego cave, 2 — Jaskinia Jasna cave, 3 — Jaskinia nad Matka Boska cave, 4 —
Jaskinia na Lopiankach cave, 5 — Jaskinia Koziarnia cave, 6 — Jaskinia Lokietka cave, 7 — Jaskinia Sypialnia cave, 8 — Jaskinia

Labajowa cave. ® — sampling sites.
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dripstone cover is mostly damaged. Average
temperature has been estimated at 6.6°C, and
humidity at 96%. The cave’s interior is gener-
ally dark. It is electrically illuminated only when
open to tourists.

Jaskinia Sypialnia cave Fig. 2: 7

This cave is in Wawdz Stodoliska gorge in
Ojcow National Park (Gradzinski et al. 1998).
The dripstone cover is quite sparse and comprises
flowstone from milk of lime and mushroom-like
dripstone formations. Further from the entrance
the floor is covered with clayey limestone rubble.
The cave is dark and wet. Water periodically is
dripping down from the ceiling.

Jaskinia Labajowa cave Fig. 2: 8

This cave is in Labajowa Skata rock in the
Dolina Bedkowska valley (Szelerewicz & Gorny
1986). The cave’s wide entrance is partly oc-
cluded by a boulder. A vertical hole is in the cave
ceiling.

Jaskinia Saspowska cave Figs 2:9 & 3

This cave is in the Dolina Saspowska valley
in Ojcéw National Park (Gradzinski et al. 1995b).
Behind the large entrance is a narrow passage
leading to spacious deeper parts with abundant
dripstone formations. At the entrance the floor
cover is humic with leaves, and deeper inside it
is clayey. The cave interior is dark and wet.

Jaskinia Dzika cave Fig. 2: 10

This cave is in the Dolina Kluczwody valley
above Jaskinia Mamutowa cave, near Wierzchow
village (Szelerewicz & Gorny 1986). Both en-
trances are relatively wide. The walls are covered
with diverse but damaged dripstone formations:
abundant flowstone and stalactites. The floor is
covered with clay. It is the most humid of all
the caves.

Skata na Tomaszowkach Dolnych cave
Fig. 2: 11

This cave is in the upper part of the Dolina
Bedkowska valley (Szelerewicz & Gorny 1986).
The cave has three entrances, two of which are
wide. The floor contains clayey limestone rubble.
Dripstone in the rear of the cave is relatively rich
and diverse.

Jaskinia Zbdjecka cave Fig. 2: 12

This cave is in Wawo6z Jamki gorge, a side
branch of the Dolina Saspowska valley in Ojcoéw
National Park (Gradzinski et al. 1995a; Chardez
& Delhez 1981). The cave is a long corridor with
several bends. The dripstone cover is mostly flow-
stone and mushroom-like dripstone formations.
The floor is clayey with limestone rubble, and the
cave is humid and dark.

Jaskinia Zarska cave Fig. 2: 13

This cave is in the Las Pisarski forest between
the southern edges of Zary and Szklary villages in
Wawoéz Zary gorge joining the Dolina Ractawki
valley (Szelerewicz & Gorny 1986). The cave is
a spacious but low chamber behind a wide opening.
Dripstone cover is quite sparse, composed of small
stalactites and strands. The floor is clayey with
a blanket of leaves near the entrance.

Jaskinia Nietoperzowa cave Fig. 2: 14

This cave, earlier called Jaskinia Jerzmanicka
cave or Jaskinia Ksigza cave, is in the Dolina
Bedkowska valley (Szelerewicz & Gorny 1986).
The cave has a very spacious entrance opening
to a roomy corridor with two larger chambers.
The cave is abundant in dripstone cover, including
a dripstone fall, flowstone and small stalactites.
The floor comprises clayey limestone rubble with
bat guano beneath walls where bat colonies lived in
the past. The cave is open to tourists and furnished
with electric lighting.

—>

Fig. 2. Continued. 9 — Jaskinia Saspowska cave, 10 — Jaskinia Dzika cave, 11 — Jaskinia na Tomaszéwkach Dolnych cave, 12 —
Jaskinia Zbojecka cave, 13 — Jaskinia Zarska cave, 14 — Jaskinia Nietoperzowa cave, 15 — Jaskinia Ciemna cave, 16 — Jaskinia

Mamutowa cave. ® — sampling sites.
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Jaskinia Ciemna cave Fig. 2: 15

This cave is in the Dolina Pradnika valley in
Ojcow National Park (Gradzinski et al. 2007).
The entrance is ca 62 m above the valley bottom.
A short tunnel opens up into the main chamber.
The chamber is the largest one among the caves
of the Wyzyna Krakowsko-Wielunska upland.
Dripstone cover is diverse. Stalagmites up to 1 m
high are concentrated in the middle of the chamber
floor, and the ceiling is covered with numerous
tube stalactites. This cave is inhabited by bats and
a variety of invertebrate species such as moths and
spiders. Air temperature ranges from 6 to 9°C. The
interior is wet and completely dark.

Jaskinia Mamutowa (Wierzchowska Dolna) cave
Fig. 2: 16

This cave is in the Dolina Kluczwody valley
in the Berdo rock complex (Szelerewicz & Gorny
1986). The main part of the cave is a wide chamber
behind the large entrance. The chamber is dry and
lit with diffuse daylight.

Jaskinia Krakowska cave Fig. 2: 17

This cave is in Wawo6z Jamki gorge, a side
branch of the Dolina Saspowska valley in Ojcow
National Park (Gradzinski et al. 1995a). The en-
trance is 2 m high and leads to a large passage
with slight widenings and short branches. The floor
is clayey. The dripstone formations are mainly
flowstone. The cave is wet and dark.

Jaskinia Biata cave Fig. 2: 18

This cave is in Wawo6z Jamki gorge, a side
branch of the Dolina Saspowska valley in Ojcow
National Park (Gradzinski et al. 1995a). Its low
entrance extends into wider corridors. The plant
cover is relatively poor, except on dripstone falls
developed from hardened pure-white milk of lime,
and noodles. The floor is clayey with a large amount
of limestone rubble. The cave is dark and wet.

Jaskinia Ztodziejska cave Fig. 2: 19

This cave is also in Wawoz Jamki gorge, a side
branch of the Dolina Saspowska valley in the
Ojcow National Park (Gradzinski et al. 1995a).
The main entrance is large, extending into a nar-
rowing corridor. The floor initially is covered with
humus and leaves, and further inside with lime-
stone rubble. Dripstone formations include milk
of lime. The deeper parts are wet and dark.

Jaskinia Okopy Wielka Dolna cave
Fig. 2: 20

This cave is in the Dolina Pradnika valley in
Ojcoéw National Park (Gradzinski et al. 2007). The
cave has two very wide entrances. The greater part
of the cave is lit with diffuse light. Dripstone cover
is very sparse. The floor of the chamber contains
humus and stones, with clay towards the rear.

Jaskinia Ostr¢znicka cave Fig. 2: 21

This cave is in the Dolina Wiercicy valley
near Ostreznik village. The cave consists of small
chambers joined by corridors. The floor is sandy-
clayey.

Jaskinia Glgboka cave Fig. 2: 22

This cave is in the Gora Zborow Mt. Na-
ture Reserve near Podlesice village (Szelerewicz
& Gorny 1986). It was discovered in 1942 during
limestone quarrying. The ceiling is covered with
colorful dripstone formations. The floor is clayey
with large boulders. The cave is open to visitors.

Jaskinia Szachownica I and II caves
Fig. 2: 23 & 24

This cave is on Krzemienna Géra Mt. in the
northern part of the Wyzyna Krakowsko-Wieluniska
upland (Szelerewicz & Gorny 1986). It is protected
as the Szachownica Nature Reserve. It is a system
of 5 caves with 12 entrances, probably once con-
nected and then separated as a result of limestone

—>

Fig. 2. Continued. 17 — Jaskinia Krakowska cave, 18 — Jaskinia Biata cave, 19 — Jaskinia Ztodziejska cave, 20 — Jaskinia Okopy
Wielka Dolna cave, 21 — Jaskinia Ostrgznicka cave, 22 — Jaskinia Glgboka cave, 23 — Jaskinia Szachownica I cave, 24 — Jaskinia
Szachownica II cave, 25 — Jaskinia za Krata cave. ® — sampling sites.
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quarrying. Jaskinia Szachownica cave I is the main
cave of the system, in the eastern part of Krze-
mienna Goéra Mt. Jaskinia Szachownica cave II
is in the western part of Krzemienna Goéra Mt.
Its dripstone cover is sparse. The floor is covered
mostly with limestone rubble.

Jaskinia za Krata cave Fig. 2: 25

This cave is in the Weze Geological Nature
Reserve on Gora Zelka Mt. south of the Warta
River in the vicinity of Bobrowniki village in the
northern part of the Wyzyna Krakowsko-Wieluniska
upland. Its dripstone formations are interesting and
well preserved. The floor is clayey-sandy.

MATERIALS AND METHODS

Samples for algological studies were collected in spring
(April, May), summer (June) and autumn (September,
October) from 2006 to 2009 from Jaskinia Saspowska,
Jaskinia Ztodziejska, Jaskinia Zbdjecka, Jaskinia Kra-
kowska, Jaskinia Biala, Jaskinia Ciemna, Koziarnia,
Jaskinia Okopy Wielka Dolna, Jaskinia Lokietka and
Jaskinia Sypialnia caves in Ojcoéw National Park (Fig. 1,
Table 1), and from 2007 to 2009 from Jaskinia Szachow-
nica I and II, Jaskinia za Kratg, Jaskinia Ostreznicka,
Jaskinia Glgboka, Jaskinia Jasna in Strzegdw, Jaskinia
Zarska, Jaskinia na Tomaszéwkach Dolnych, Jaskinia
Labajowa, Jaskinia Mamutowa, Jaskinia na Lopiankach,
Jaskinia nad Matka Boska, Jaskinia Twardowskiego,
Jaskinia Nietoperzowa and Jaskinia Dzika caves in the
Wyzyna Krakowsko-Wieluniska upland. A total of 25
caves were examined. Algae and cyanobacteria growing
on the cave walls (Fig. 3) were scraped off with a scalpel
or else a piece of rock was collected in order to pre-
serve the natural form of the community. In the caves
open to tourists, such as Jaskinia Nietoperzowa, Jaskinia
Lokietka and Jaskinia Ciemna caves, samples were also
collected from surfaces around artificial light sources,
at different distances from the source, and from sites of
the most intensive growth. The samples were transferred
to a plastic container. Two zones were distinguished in
each cave: (i) the light zone, comprising the entrance
(usually lit by sunlight and well-oxygenated); and (if)
the dark zone of further chambers and rooms illumi-
nated only by weak natural daylight or artificial light.
Live material was inoculated on solid agar medium
enriched, when necessary, with Bristol’s medium, and
was maintained in appropriate temperature and light
conditions. Laboratory work was aimed at achieving

the full spectrum of developmental stages. The samples
were examined with a light microscope (JENAMED 2)
and transmission electron microscope (TESLA BS 500).
For transmission electron microscopy (TEM) the cells
were fixed as previously described (Massalski et al.
1995). Ultrathin sections were prepared as described
by Reynolds (1963). For scanning electron microscopy
(SEM) the samples were treated with HCI, washed sev-
eral times with distilled water and boiled in concentrated
H,0, with small amounts of KCIO; in order to remove
organic matter. SEM micrographs were taken in the
Laboratory of Field Emission Microscopy, Scanning
Electron Microscopy and Microanalysis (Institute of
Geological Sciences of the Jagiellonian University).
Taxonomic analysis of algal flora was based on iden-
tification of diatoms (Bacillariophyceae), chlorophytes
(Chlorophyta), heterokonts (Heterokontophyta), dino-
phytes (Dinophyta) and cyanobacteria (Cyanophyta)
occurring most frequently and most abundantly in the
caves under study. The accuracy of identification of
different algal and cyanobacterial species was based
on morphological features. In general we noted that the
methodology of cave lampflora studies is not sufficiently
developed. Nomenclature follows mainly Anagnostidis
and Komarek (1988), Komarek and Anagnostidis (1986,
1989, 2005), Dodge (1984), Ettl (1978), Ettl and Gértner
(1988, 1995), Brown and Bold (1965), Brown and Lean
(1969), Starmach (1966), Krammer and Lange-Bertalot
(1986, 1991), John et al. (2002), Wehr and Sheath (2003)
and Uzunov et al. (2008). Notes on ecology and dis-
tribution, mainly for diatoms, follow Van Dam et al.
(1994). The material studied is deposited in the collec-
tion of the Department of Botany, Institute of Biology,
Jan Kochanowski University, Kielce.

RESULTS

PROKARYOTA
CYANOPHYTA
Cyanophyceae

Anabaena cf. oscillarioides Bory de Saint-Vincent
1831

Filaments composed of bent and tangled tri-
chomes. Heterocytes barrel-shaped, located inside
the trichome.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland the species was found in Jas-
kinia Glgboka cave; in Europe, described in caves
in Bulgaria (Uzunov et al. 2008).
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Fig. 3. Epilithic algae and their subaeric habitats (Jaskinia Saspowska cave).

ECOLOGY. Apart from caves, it has been found
as an endophyte on wet soil surface, mosses, wet
rocks and walls.

Aphanocapsa parietina Nigeli 1849

Colonies small, forming shapeless, gelatinous
thalli. Cells spherical, 4.5-5.5 pm diam., brown-
green.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was found only in Jaskinia
Saspowska cave; reported also from caves in the
Czech Republic (Poulickova & Hasler 2007), Slov-
enia (Mulec ef al. 2007, 2008), Hungary (Pocs
2009) and Spain (Roldan & Hernandez-Mariné
2009).

ECOLOGY. Apart from caves, according to
Komarek and Anagnostidis (1998) the species oc-
curs usually on limestone rocks and alkaline soils;
it is characteristic of the periphyton and benthos
of inland biotopes (usually common in lakes); re-

ported also from marine littoral (psammon, peri-
phyton), hot springs, and as a subaerophytic or
endolithic species. It is a very characteristic species
growing subaerophytically on wet rocks and walls
or among mosses in moors and peaty bogs.

Calothrix fusca (Kiitzing) Bornet & Flahault 1886

Filaments single or in small groups (up to
0.3 um long), not branched or sporadically
seemingly branched. Trichomes straight or bent
with end cells 7-8 um wide, shorter than wide;
colorless sheath showing narrow layered struc-
ture. Heterocysts basal (9—11 pm diam.), single,
sometimes double. Lower vegetative cells mostly
heterocysts.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was found in Jaskinia Zbdjecka
cave; also encountered in ZbraSov cave in the
Czech Republic (Poulickova & Hasler 2007).

ECOLOGY. Apart from caves, a freshwater
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Fig. 4. Calothrix parietina (Négeli) Thuret. 1 — cross section of cells, 2 — longer trichomes with cell wall layers, 3 — cross sec-
tion showing polyhedral bodies or carboxisomes. All TEM. Scale bars = 0.5 um.

species found in gelatinous structures of other
algae (e.g., Chaetophora), also among species
forming tufaceous limestone.

Calothrix parietina (Négeli) Thuret 1875
Fig. 4

Filaments short, up to 1 mm long, sometimes
even shorter, some slightly widened towards

the base. Sheaths yellowish-brown, sometimes
colorless, usually wide at the branching site,
comprising 2 trichomes each. Colonies brown,
incrusted by carbonates. Trichomes usually lamel-
late, with outer layered structure diverging. Tri-
chomes indented or not constricted at transverse
walls. Cell size at the base of trichome 5-10 x
4-9 um, in the middle zone 5-10 x 5-10 pm.
Heterocysts basal, single, rarer in groups of 23,
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usually semicircular. Hormogonia single or in
groups of several.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was found in Jaskinia Nieto-
perzowa and Jaskinia Mamutowa caves; in Europe,
described from Spain (Ballesteros & Romero 1982;
Aboal & Llimona 1984; Aboal 1988, 1989, 1996;
Alvarez-Cobelas & Gallardo 1988; Aboal et al.
1996; Cantoral Uiza & Aboal Sanjurjo 2001).

ECOLOGY. Apart from caves, it was recorded as
a cosmopolitan species from rocky and limestone
streams by Drouet (1939, 1943), on wet rocks and
in pools by Copeland (1936) and by Kann (1978),
from wetted limestone by Ercegovié (1925) and by
Golubi¢ (1967), and on moist soil, stones, wood
and rocks by Koster (1960).

Calothrix sp. Fig. 5

Filaments single or in small groups, un-
branched or occasionally falsely branching. Tri-
chome straight or bent, ending in a distinct hair;
cells near base 7-8 pm wide, shorter than wide;
colorless sheath. Heterocyst basal.

Fig. 5. Calothrix sp. TEM. Scale bar = 20 pm.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was found in Jaskinia Zbojecka
and Jaskinia Mamutowa caves.

Chroococcus cf. ercegovicii Komarek & Anag-
nostidis 1994

Chroococcus schizodermaticus f. pallida Ercegovic¢
1925

Colonies microscopic in size, usually of (1-)2—
4(=8) cells, spherical or irregularly spherical. Cells
and cell groups embedded in gelatinous, colorless
or lightly yellow, distinctly lamellate sheath.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was found in Jaskinia
Saspowska and Jaskinia Labajowa caves. De-
scribed from Skocjanske Jame caves in Slovenia
(Mulec et al. 2007).

EcoLOGY. Apart from caves, it was identified
on limestone of Slovensky Raj (Uher & Kovacik
2002).

Chroococcus tenax (Kirchner) Hieronymus 1892

Chroococcus turgidus var. tenax Kirchner 1878; Gloeo-
capsa tenax (Kirchn.) Hollerb. in Elenkin 1949

Cells 10-14-20 pm diam., with sheath
20-26 pm diam. Sheaths usually quite thin, with
sharp contours, usually distinctly lamellate, color-
less, yellowish or brown.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wieluniska upland it was discovered in Jaskinia
Saspowska cave. Starmach identified this species
in the Dolina Bialej Wody valley in the Tatras in
1981. Described from Leontari cave in Greece
(Lamprinou et al. 2009), also from caves in Bul-
garia (Uzunov et al. 2008), the Czech Repub-
lic (Hauer 2007) and Belgium (Garbacki et al.
1999).

EcoLOGY. Apart from caves, it occurs on wet
rocks and in standing water, sometimes also in
plankton. Subaerophytic.

Chlorogloea novacekii Komarek & Montejano
1994

Colonies mucilaginous, micro- and macro-
scopic in size, small, from more or less spherical
to amorphous, yellow, dark grayish green or black,
with densely and irregularly packed cells encircled
by a slightly dissolving sheath. Mucilage colorless,
in older colonies more often yellowish-brown.
Cells after division separate from each other
and develop individual wide sheaths. Cells spher-
ical, subspherical, 2.0-2.5 um diam. or distinctly
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elongate (7 pm long) before division. Gelatinous
sheath around a single cell 8.5-12.0 pm diam.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was discovered in Jaskinia
Gleboka and Jaskinia Pustelnia caves.

EcoLOoGY. Apart from caves, it occurs on wet
limestone rocks, usually in the dark. Aerophilic
species.

Cyanosarcina sp.

Colonies microscopic, subspherical-irregular,
forming an agglomeration of mats. Cells oval when
young, later irregular, blue-green, enveloped by
thin mucilaginous sheaths.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was identified in Jaskinia
Nietoperzowa cave.

Gloeocapsa alpina (Négeli) F. Brand 1900

Gloeocapsa ambigua Négeli in Kitzing 1849; Gloeo-
capsa fuscolutea Kirchner 1878

Colonies microscopic, spherical or elliptic,
composed of a 2—4, sometimes up to 8-celled, ir-
regular blackish mass. Cells of subcolony with
blue to dark violet mucilage. Spherical cells 4-8
pum, surrounded by wide colorless sheaths (some-
times delicately granulated, rarely layered). Its cell
sheath development and colony shapes are very
characteristic.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was identified in Jaskinia
Zbdjecka, Jaskinia Ciemna and Jaskinia fLokietka
caves. Also reported from Javoii¢ko cave in the
Czech Republic (Pouli¢kova & Hasler 2007) and
Spain (Aboal 1988; Alvarez-Cobelas & Gallardo
1988); recently noted in caves in Bulgaria (Uzunov
et al. 2008).

ECOLOGY. Apart from caves, it occurs in wet
soil among mosses, on wet limestone rocks, cliffs
and walls. It forms black spots and streaks on
limestone, probably also on wooden walls, less
frequently on snow. According to Ettl and Gértner
(1995) it occurs in the Alps and montane alpine
zone. Subaerophytic.

Gloeocapsa biformis Ercegovi¢ 1925

Colonies microscopic, less frequently macro-
scopic in size, irregular, dark yellow or brown,
composed of small subcolonies. Single cell
spherical, light blue-yellow, 0.8-3.0 um diam.,
embedded in gelatinous, colorless or yellow non-
layered sheath. Colonies 32—42 um thick. There
are also cells 1.6-2.4 um diam. enclosed in a hya-
line wall.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was found in Jaskinia
Labajowa, Jaskinia Twardowskiego and Jaskinia
Nietoperzowa caves. Also reported from Gelda
Cave in Spain (Martinez & Asencio 2010) and
Leontari Cave in Greece (Lamprinou et al. 2009).
Golubi¢ (1967) found it inside a cave in Croatia.
Anagnostidis et al. (1981) noted it in Perma Cave
(Greece), Chang and Chang-Schneider (1991)
found it in caves in Germany, Asencio and Aboal
(1996) in a cave in Murcia (Spain) and Garbacki
et al. (1999) in a cave in Belgium.

EcoLoGY. Apart from caves, found on wet
limestone rocks; an acrophytic species known from
the Alps, Carpathians and eastern Balkans, from
Greece and Spain (Golubié¢ 1967; Anagnostidis
et al. 1983) and also from serpentine in the Czech
Republic (Hauer 2008).

Gloeocapsa cf. decorticans (A. Braun) Richter
1925

Cells spherical or oval, single or 2—4 together.
Single cells 8.0 um diam. without sheath and
19 pm diam. with sheath, sheath thick and dis-
tinctly lamellate.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was found in Jaskinia Ma-
mutowa, Jaskinia Lokietka and Jaskinia Ciemna
caves. Also reported to occur on limestone (Vilar
de Frades church, Barcelos) in Portugal (Macedo
et al. 2009).

ECOLOGY. Apart from caves, known from wet
or dry, periodically moist stony and rocky walls
and from rocks sprinkled with water (Komarek
& Anagnostidis 1998).
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Gloeocapsa rupicola Kiitzing 1849

Cells spherical, surrounded by a lamellate,
6.0 um diam., reddish sheath.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was found in Jaskinia Nie-
toperzowa and Jaskinia Twardowskiego caves.
Also reported to occur in Gelada cave in Spain
(Martinez & Asencio 2010).

EcoLoGy. Komarek and Anagnostidis (1998)
classified it as an aerophytic species on periodi-
cally damp rocks and on mountain walls in Central
Europe. Also reported as dominant on wet walls
in Venezuela (KasStovsky et al. 2011).

Gloeocapsopsis cf. magma (Brébisson) Komarek
& Anagnostidis 1986

Gloeocapsa magma (Brébisson) Kiitzing emend. Hol-
lerbach 1924

Cells often polygonal, surrounded by mucilagi-
nous envelopes, 3—6(—15) um. Enlarged cells with
cyanophycin granules, small colonies subspherical,
usually 30-55 pm. It does not possess a yellow-
brown sheath (in this respect it is similar to, e.g.,
Gloeocapsopsis pleurocapsoides).

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was discovered in Jaskinia
Mamutowa and Jaskinia Zarska caves. Known
from Ballica cave (Tokat, Turkey) (Selvi & Al-
tuner 2007); also reported from the Cave of Bats
in Spain (Rolddn & Hernandez-Mariné 2009).

EcoLoGY. According to Komarek and Anag-
nostidis (1998) it grows subaerophytically on wet
or periodically moist noncalcareous rocks, walls
and wooden substrates. It includes nitrogen-fixing
strains (John et al. 2002).

Gloeothece sp. Fig. 6

Colonies small, composed of sheathed cells,
colorless, violet or yellow-brown with gelatinous
envelopes. Cells oval, blue-green or olive-green.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was found in Jaskinia nad
Matka Boska cave.

Fig. 6. Gloeothece sp. TEM. Scale bar = 5 um.

Hapalosiphon sp.

Cells cylindrical, filaments irregularly arcuate
with uniserial trichomes, sheaths thin, colorless.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was found in Jaskinia nad
Matka Boska cave.

Leptolyngbya sp.

Filaments long, solitary, 0.5-2.6 pm wide, thin.
Cells cylindrical, olive-green; end of cells without
thickened cell walls.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was identified in Jaskinia
Krakowska cave.

Microcystis sp.

Cells spherical, 24 um diam., blue-green or
yellow-green, sometimes embedded in gelatinous
sheaths.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was found in Jaskinia Zarska
and Jaskinia Twardowskiego cave.

Nodularia harveyana Thuret ex Bornet & Flahault
1875 Fig. 7: 1,3, 4

Cells 1/3 to 2/3 as long as wide. Sheath color-
less. Filaments usually in small flocs, 4—6 pm
wide. Terminal cells of young trichomes usually
conical. Akinetes discoid with brown wall.
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DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was found in Jaskinia Pustel-
nia cave.

EcoLoGY. Brackish standing water, also in
moist aerophytic communities, on wet soil, ditches
and among mixed algal communities at the base
of trees. According to Komarek and Anagnostidis
(1989), probably cosmopolitan.

Nodularia sp.

Cells shortly barrel-shaped, thylakoids irregu-
larly coiled. It forms solitary filaments or groups
of filaments, rarely mats. Trichomes cylindrical.
Heterocytes the same shape as cells.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was discovered in Jaskinia
Biala, Jaskinia Ciemna and Jaskinia Lokietka
caves.

EcoLoGy. Unknown.

Nostoc commune Vaucher ex Bornet & Flahault
1888

Cells shortly barrel-shaped, 4—6 um wide.
Colony spherical, olive-green to yellowish, het-
erocysts nearly spherical.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was discovered in Jaski-
nia Saspowska, Jaskinia Lokietka and Jaskinia
Ciemna caves. Reported also from caves in Turkey
(Selvi & Altuner 2007) and the Czech Republic
(Poulickova & Hasler 2007).

EcoLoGgy. Colonies occur on soil, among
mosses and grasses, and in depressions on lime-
stone surfaces, especially where these occasionally
hold water for short periods (John ef al. 2002).

Nostoc cf. microscopicum Carmichael 1833

Colonies most often microscopic, spherical
or less frequently elliptical. Cells barrel-shaped,
5.2-5.6-6.8 um long. Heterocysts intercalary,
6.8-7.0-7.5 um long, 6.5-6.8—-7.0 um wide.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was found in Jaskinia Zbojecka

cave. Reported also from caves in Turkey (Selvi
& Altuner 2007).

ECOLOGY. Apart from caves, this alga com-
monly occurs on wet rocks (usually together with
mosses and other algae) and in soil.

Nostoc punctiforme (Kiitzing ex Hariot) Hariot
1891

Unbranched filamentous species. Cells cylin-
drical, trichomes isopolar.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was found in Jaskinia nad
Matka Boska cave. Reported also from caves in
Spain (Roldan & Hernandez-Mariné 2009).

EcoLoGY. According to Komarek and Anag-
nostidis (1989), an epilithic and epiphytic species,
growing in or on different soils.

Nostoc sp.

Thallus gelatinous, cells cylindrical, blue-green
or olive green, heterocytes solitary. The mucilagi-
nous sheaths are firm and wide, yellow, brown
or black.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was encountered in Jaskinia
Biata cave.

Phormidium amoenum Kiitzing ex Gomont
& Komarek 1988

Oscillatoria amoena (Kiitzing) Gomont 1892

Cells 4.0-6.5 um wide, 1.5-3.0 long, with fine
granulation and with coiled thylakoids. End cell
rounded-conical, calyptras absent. Forming some-
times quite extensive mats. Trichomes abruptly or
gradually narrowed towards ends.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was collected in Jaskinia
Gleboka cave. Also reported also from a cave in
Turkey (Selvi & Altuner 2007).

ECcoLOGY. Fresh and brackish water, on wet
mud and moist walls. Hasler and Pouli¢kova (2005)
reported it from the Western Carpathian Mts.
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Fig. 7. 1, 3 & 4 — Nodularia harveyana (Thuret) Bornet & Flahault. 2 — Synechococcus elongatus Nageli. All TEM. Scale bars

=5 pum.

Phormidium breve (Kiitzing ex Gomont) Anag-
nostidis & Komarek 1988

Oscillatoria brevis (Kiitzing) Gomont 1892

Trichomes straight, 4.0-6.5 pm wide, un-
indented at transverse walls, tapering towards
apices, usually more or less hook-shaped. Cells
1.5-3.0 um long, 23 times as short as wide, with
distinct granules at transverse walls or without
granulation. Apices rounded-conical. Forming
mats.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was collected in Jaskinia
Zbojecka cave.

ECOLOGY. Apart from caves, occurs in fresh
and brackish standing water, in lake mud and
on wet rocks, mud, also moist walls (John ef al.
2002).

Phormidium sp.

Filaments long, cylindrical, uniseriate tri-
chomes. Thin, firm sheaths (dark green to brown),
rectangular (5—-6 um); usually the thylakoids are
arranged radially within the cell.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was collected in Jaskinia nad
Matka Boska cave.
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Plectonema cf. puteale (Kirchner) Hansgirg 1885

Filaments long (3—7 pm), colorless sheaths.
Cells blue-green (2—4 pm), end cells widely
rounded.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was collected in Jaskinia
Nietoperzowa cave. Reported also from Raciske
ponikve cave in Slovenia (Mulec & Kosi 2008;
Mulec et al. 2008) and from Lok-volgyi-barlang
cave in Hungary (Rajczy et al. 1986; Rajczy
1989).

ECOLOGY. Apart from caves, occurs in water
basins, springs or creeks (Komarek & Anagnos-
tidis 2005).

Pseudocapsa dubia Ercegovi¢ 1925

Cells spherical (few-celled colonies), 6-9 um
diam., surrounded by hyaline sheath. Colonies
were covered by mucilage. Nanocytes 1.5-2.0 pm
diam.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was collected in Jaskinia
Saspowska, Jaskinia Labajowa and Jaskinia Nie-
toperzowa caves. Palik (1938) noted it in a cave
in Hungary and Skuja (1970) observed it in a cave
in Italy. Arifio et al. (1997) found it on Roman
tombs in Seville (Spain) and Asencio (1997) cited
it as an epilithic and chasmoendolithic species in
several caves in Murcia (Spain).

EcoLoGY. Aerophytic, epilithic and chas-
moendolithic species. According to Komarek and
Anagnostidis (1998), known from subaerophytic
localities in limestone areas and mountains.

Schizothrix sp.

Thalli olive-green or blue-green, up to 1 um
high, filaments bent, sheaths colorless, trichomes
several to a dozen or so in one sheath, pale blue-
green.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was found in Jaskinia Zarska
cave; reported also from caves in the Czech Re-
public (Poulickova & Hasler 2007).

Synechococcus elongatus Nigeli 1849 Fig. 7: 2

Cells cylindrical, 1-3 um wide, 2-9 pm long,
occasionally with a thin layer of mucilage. Thy-
lakoids along cell walls.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was found in Jaskinia Twar-
dowskiego, Jaskinia L.okietka and Jaskinia Ciemna
caves.

EcoLoGY. According to John ef al. (2002),
prefers wet soil or firm substratum such as rocks
or wet walls.

Tolypothrix tenuis Kiitzing ex Bornet & Flahault
1843 Fig. 8

Filaments 812 um wide, sheaths thin, color-
less or yellow-brown. Cells cylindrical.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was found in Jaskinia Zbdjecka

Fig. 8. Tolypothrix tenuis Kiitzing. 1 — LM (scale bar = 10 pm),
2 — TEM (scale bar = 5 pm).
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and Jaskinia Pustelnia caves; in Europe, described
from caves in Spain (Aboal 1988, 1989) and Bul-
garia (Uzunov et al. 2008).

EcoLoGY. Apart from caves, grows on wet
rocks. Komarek & Anagnostidis (1989) cited re-
ports from aerophytic habitats (wet sand, soils,
bark of trees, wet stones, calcareous substrate).

Tolypothrix sp.

Filaments heteropolar, sheaths thin, yellow-
brown, open at the apex. Cells cylindrical, blue-
green, olive-green.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was discovered in Jaskinia
Mamutowa cave.

EUCARYOTA
CHLOROPHYTA
Chlamydophyceae

Chlamydomonas sp.

Unicellular thalli, typically spherical to sub-
spherical. Each cell with two flagella, chloroplast
single with one pyrenoid.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was identified in Jaskinia
Gleboka, Jaskinia Krakowska, Jaskinia Pustel-
nia, Jaskinia za Krata and Jaskinia Szachownica
II caves.

Tetracystis intermedia (Deason & Bold) Brown
& Bold 1965

Chlorococcum intermedium Deason & Bold 1960

Vegetative cells 12-20 um diam., longitudi-
nally ovoid or ovoid-elliptical (young) or elliptical-
spherical to spherical (mature forms). Cells grouped
in tetrads or arranged in 16-64-cell packets, cell
wall usually thin. Chloroplast massive, with many
indentations, forming irregular lobes or ribbons.
Pyrenoid surrounded by two semispherical starch
scales. One or two vacuoles and the nucleus in the
chloroplast-free space. Reproduction by zoospores
(9—11 pm long, 2—4 pum wide).

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was found in Jaskinia Zbdjecka
and Jaskinia Pustelnia caves.

ECOLOGY. Apart from caves, it occurs as a ter-
restrial alga developing in tree stands, for example
in Quercus stellata in Texas (Ettl & Gértner 1995);
reported also from soils in Fahrenwaldern forest
in southern Tyrol (Italy) and from different soils
in Japan and Russia.

Tetracystis cf. isobilateralis Brown & Bold
1965 Fig. 9

Vegetative cells 14-19 pm diam., elliptic
(young) or wider elliptic to spherical (older). Cells
grouped in pairs or tetrads, sometimes in bigger
complexes. Chloroplast massive, filling almost the
whole cell, with many indentations. Pyrenoid in
the central part of the chloroplast, surrounded by
numerous starch grains. Two large vacuoles and

Fig. 9. Tetracystis cf. isobilateralis Brown & Bold. TEM
(CH - chloroplast, M — mitochondrion, V — vacuole). Scale
bar =1 pm.
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the nucleus are located in the chloroplast-free
space. Reproduction by zoospores 8§10 pm long
and 3-6 pm wide, longitudinally elliptical or
ovoid.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it occurs in Fahrenwaldern
Jaskinia Zbojecka and Jaskinia Pustelnia caves.
Also found in German caves (Chang & Chang-
Schneider 1991). Apart from caves, it is known
as a terrestrial alga collected in the Blackland
Prairie Region, Wilkamson County, Texas (Ettl
& Girtner 1995).

Tetracystis cf. texensis Brown & Bold 1965

Single young cells (tetrads) ellipsoidal or
ovoid. Cell wall thin, the chloroplast often massive
but perforated by slits or dissected lobes. A single
pyrenoid located in the basal part of the cell.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it occurs in Jaskinia Zbdjecka
and Jaskinia Pustelnia caves.

EcoLogGy. Typically found in soils, rarely re-
corded; some reports from soils in North Carolina
(Wehr & Sheath 2003) and the Caribbean.

CHLOROPHYCEAE

Bracteacoccus minor (Chodat) Petrova 1931
Figs 10 & 19: 2,4, 5

Botrydiopsis minor Chodat 1913

Vegetative cells forming aggregates on agar.
Zoenoblasts 4.5-30.0(—85.0) um diam., usually
spherical, embedded in a distinct, sometimes
slightly thickened wall. Chloroplasts are thick
discoid plates, numerous, parietal, shield-shaped.
Orange-red drops of lipids in older cells. Zoospores
5-9 pum long, 1.5-4.5 um wide. Autospores 45
pm diam.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was found in Jaskinia
Labajowa, Jaskinia Zarska, Jaskinia Gleboka,
Jaskinia Zbojecka, Jaskinia Ciemna and Jaskinia
Pustelnia caves. Also found in Belgian caves: Grott

Fig. 10. Bracteacoccus minor (Chodat) Petrova. LM. Scale
bar = 10 um.

de Remouchamps and Grotte gauche de Fonds de
Forét (Garbacki et al. 1999).

EcoLOGY. Apart from caves, it was isolated
from different soil samples and subaerophytic
habitats (Khaybullina e# al. 2010). According to
Andreyeva (1998), the most common soil species.
Kostikov ef al. (2001) found it in forests (Ukrain-
ian Carpathians, Crimean mountains). Cosmopoli-
tan but also reported as an aerophytic alga growing
on tree bark in Japan (Ettl & Gértner 1995).

Characium strictum A. Braun 1855

Characium brunnthaleri Printz 1916

Cells 4.8-8.2 um wide, 14.5-30.0 um long,
slightly club-shaped or ellipsoidal, later linearly
spindle-shaped to cylindrical, apex leveled, ta-
pering towards the basal part and forming the foot.
Chloroplast parietal, coat-shaped, pyrenoid located
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on chloroplast in the middle of the cell. Multiplica-
tion by zoospores and aplanospores.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was found in Jaskinia Nietop-
erzowa, Jaskinia nad Matka Boska and Jaskinia
za Kratg caves.

EcOLOGY. Apart from caves, this species is
known as a terrestrial species mostly from the Su-
dety Mts, Czech Republic, and also from Slovakia
(Ettl & Girtner 1995), Spain (Aboal 1988, 1996)
and Ukraine (Kostikov ef al. 2001).

Chlorella vulgaris Beijerinck 1890
Chlorella terricola Hollerbach 1936

Cells 7.5-10.0(-13.0) pm diam., solitary or
in groups, widely elliptic to spherical. Cell wall
thin. Chloroplast bowl- or ribbon-shaped. Pyrenoid
distinct, parietal. Multiplication by large ellipsoidal
autospores (2—16) of the same size.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was found in Jaskinia Ciemna,
Jaskinia Saspowska and Jaskinia Zbdjecka caves.
Also reported from caves in Germany (Chang
& Chang-Schneider 1991), the Czech Republic
(Poulickova & Hasler 2007) and Turkey (Selvi
& Altuner 2007).

ECOLOGY. Apart from caves, it occurs also on
wet soils, tree bark, wet rock surfaces and walls
in the Tyrolean Alps (Austria), on Gurstey Island
(Iceland), on volcanic soil in Japan and Hima-
laya (Nepal), having a wide distribution range
(Ettl & Giértner 1995). This algae is known as
a dominant in forests of the former USSR (Ale-
ksahina & Shtina 1984) and is considered to be
cosmopolitan (Andreyeva 1998).

Chlorococcum nivale Archibald 1979  Fig. 11

Chlorococcum infusionum (Schrank) Meneghini 1842

Vegetative cells solitary, cells ellipsoidal to
spherical (7-15 um). Cell walls smooth, pari-
etal chloroplast with a single (usually) pyrenoid
surrounded by an apparently continuous starch
sheath.

Fig. 11. Chlorococcum nivale Archibald. TEM (CH — chloro-
plast, P — pyrenoid). Scale bar = 0.5 um.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was found in Jaskinia
Saspowska cave.

EcoLoGy. Known from soil (Ettl & Gértner
1995) as an edaphic species and from snow detritus
in the High Tatra Mts (Archibald 1979).

Chlorosarcina longispinosa Chantanachat & Bold
1962 Fig. 12

Pleurastrosarcina longispinosa (Chantanachat & Bold)
Sluiman & Blommers 1990

Vegetative cells up to 12 pm diam., spher-
ical, enclosed in a thin cell wall and possessing
a pyrenoid. Chloroplast parietal, usually composed

Fig. 12. Chlorosarcina longispinosa Chantanachat & Bold. All
TEM. Scale bar = 1 pm.
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Fig. 13. Coleochlamys perforata (Lee & Bold) Ettl & Girtner (a vegetative cell with pyrenoid). P — pyrenoid. TEM. Scale

bars = 1 um.

of 2—4 parts. Zoospores without stigma, with nu-
cleus in frontal part. Hypnoblast enclosed in a thick
wall with long (up to 9 um) spines on the outer
wall. Four vegetative cells formed in a hypnoblast
are arranged in packets and released by wall rup-
ture. Zoospores 8—10 um long, 3—5 um wide.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was found in Jaskinia
Labajowa, Jaskinia nad Matka Boska and Jaskinia
Szachownica I cave. It is known from caves of
Slovenia (Mulec et al. 2008).

EcoLoGY. Apart from caves, known from
surface soil samples in the Czech Republic and
Arizona (U.S.A.) (Ettl & Gértner 1995).

Choricystis minor (Skuja) Fott 1976
incl. var. gallica (Bourrelly) Komarek 1979

Cells 1.5-6.0 um long, 1-3 pm wide, broadly
elliptical or narrowly ovoid, sometimes bent. Chlo-
roplast a parietal band, without pyrenoid.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was found in Jaskinia
Saspowska and Jaskinia Gtgboka caves.

ECOLOGY. Apart from caves, Ettl and Gértner
(1995) characterized this taxon as aerophilic on
tree bark and on wet soil in the Czech Republic

and Japan. Reported in forest-steppe communities
in Ukraine (Kostikov ef al. 2001).

Coleochlamys perforata (Lee & Bold) Ettl & Gart-
ner 1995 Fig. 13

Characium perforatum Lee & Bold 1974; Fusochloris
perforata (Lee & Bold) Floyd & Walm. 1993

Cells 25-60 um long, 10-20 pm wide, mostly
spindle-shaped, sometimes ovoid to ellipsoidal,
often irregular. Cell wall thin, chloroplast pari-
etal. Pyrenoid parietal. Reproduction usually by
zoospores (64), also by aplanospores. Zoospores
7-9 x 3—4 um, aplanospores 3.5 pm.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was found in Jaskinia Ciemna,
Jaskinia Saspowska, Jaskinia Nietoperzowa, Jas-
kinia nad Matka Boska, Jaskinia Zbojecka and
Jaskinia Twardowskiego caves.

EcoOLOGY. Apart from caves, it was isolated
from snow detritus in the High Tatra Mts in Slo-
vakia (Ettl & Gértner 1995).

Desmococcus olivaceum (Persoon ex Archerson)
Laudon 1985

Pleurococcus vulgaris Meneghini emend. Geitler 1842
sensu Nageli 1847; Pleurococcus naegelii Chodat 1902;
Desmococcus vulgaris Brand 1925
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Cells 4-8(—11) pm, large, arranged in cubic
packets located parietally, in which cell divisions
in agar culture create short-branched easily disin-
tegrating filaments. Chloroplast parietal. Pyrenoid
not covered by starch granules. Sporangia with
spines, containing aplanospores. Zoospores un-
known.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was found in Jaskinia Ciemna,
Jaskinia Krakowska, Jaskinia Zbdjecka and Jaski-
nia Pustelnia caves; reported also from caves in the
Czech Republic (Poulickova & Hasler 2007).

ECOLOGY. Apart from caves, it occurs on tree
bark, walls, wooden house walls, on soil; consid-
ered cosmopolitan (Ettl & Gértner 1995).

Dilabifilum arthopyreniae (Vischer & Klement)
Tschermak-Woess 1953

Pseudopleurococcus arthopyreninae Vischer & Klement
in Vischer 1953

Cells cylindrical, 34 pm wide, 3—10 times
longer than width. Young thalli composed of
branched filaments built by oblong to cylindrical
cells. Chloroplast single, parietal, trough-shaped,
with one pyrenoid. Isodiametric cells 10-18 pm
long, 5-12 pm wide.

DISTRIBUTION. In the Wyzyna Krakowsko-Wie-
lunska upland it was found in Jaskinia Ostr¢znicka,
Jaskinia Zbdjecka and Jaskinia Pustelnia caves.

EcoLOGY. Apart from caves, it occurs as
a phycobiont in Verrucaria aquatilis growing on
limestone rocks near the Zunz River, Austria (Ettl
& Girtner 1995).

Gloeocystis polydermatica (Kiitzing) Hindak 1978

Gloeocystis vesiculosa Nigeli sensu Fott 1956; Palmo-
glosa protuberans (Smith & Sawbery) Kiitz. sensu Fott
& Novakova 1971

Colonies forming gelatinous masses, irregu-
larly papillary, patchy or diffuse. Vegetative cells
3.5-11.2 um long, 2.5-8.0 um wide, with distinctly
concentric lamellae and gelatinous sheaths. Cells
elliptical, more convex on one side. Chloroplast
parietal, pyrenoid present but vaguely visible.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was discovered in Jaskinia
Nietoperzowa, Jaskinia Dzika, Jaskinia Jasna in
Strzegowa, Jaskinia Gigboka, Jaskinia Sypialnia,
Jaskinia Zbdjecka and Jaskinia Ostreznicka caves;
also known from caves in Slovenia (Mulec et al.
2008). The species Gloeocystis rupestris was re-
ported from caves in Germany (Chang & Chang-
Schneider 1991).

ECOLOGY. Apart from caves, it occurs also on
wet rocks (granite, gneiss, sandstone), less fre-
quently on wood or mosses. Sporadically found
also on a lichen (resembling Bryophagus) in soil
of Central Europe, Japan and New Guinea (Ettl
& Girtner 1995).

Interfilum paradoxum Chodat & Topali 1922
Fig. 14

Radiofilum paradoxum (Chodat & Topali) Printz 1964

Cells up to 12 um long, 4-7 um wide, solitary,
forming pairs or short chains usually composed
of sparse cells connected by narrow gelatinous
links and immerged in a common gelatinous mass.
Single vegetative cells spherical or elliptical. Cell
wall double. Chloroplast bowl-shaped with a single
pyrenoid.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was found only in Jaskinia
Nietoperzowa cave.

EcorLogy. Ettl and Gértner (1995) classified
it as a terrestrial species.

Fig. 14. Interfilum paradoxum Chodat & Topali. LM. Scale
bar =1 um.
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Leptosira terricola (Bristol) Printz 1964

Thallus composed of a pseudoparenchymatic
foot and widely branched creeping filaments. The
latter composed of almost spherical or irregular
cells. Spherical cells 15-22 pm diam.; filament
cells 6-15 pm wide, 10-18(-21) pm long. The
latter give rise to bushy-branched short filaments
formed of more cylindrical to barrel-shaped,
bluntly rounded cells. Chloroplast parietal, trough-
shaped or lobed with 1-2 pyrenoids. Zoospores
formed on prostrate or straight filaments, spherical
or ovoid, very large. Spherical aplanospores also
known. Zoosporangia 14-18 um wide, zoospores
11-12 x 4-5 um, large.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was found in Jaskinia Nieto-
perzowa, Jaskinia nad Matka Boska and Jaskinia
za Krata caves.

ECOLOGY. Apart from caves, described as a ter-
restrial alga occurring in Europe and Asia. Also
present on lichens and mineral soils in Canada
(Ettl & Gértner 1995).

Leptosira vischeri Reisigl 1964 Fig. 15

Filaments very short, composed of sparse cells.
Vegetative cells 12-20 pm diam., solitary, spher-
ical or ovoid, enclosed in a thick wall. Chloroplast

Fig. 15. Leptosira vischeri Reisigl. TEM. Scale bar = 1 pm.

parietal, massive, with numerous fissures, almost
reticuloid, with 1-2(-3) pyrenoids. Zoospores 3.5
x 8.5 um, 16-32 in number. Develops aplano-
spores, usually 2.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was found in Jaskinia
Labajowa, Jaskinia Nietoperzowa and Jaskinia
Gleboka caves.

EcoLOGY. Apart from caves, known from al-
pine terrain in Otztal, Tyrol, Austria (Ettl & Grt-
ner 1995).

Muriella decolor Vischer 1936 Fig. 16

Cells 3.5-7.0 pum diam., solitary, spherical,
enclosed in a delicate cell wall. Chloroplast pari-
etal, in young cells cup- or trough-like, adult cells
usually with 2 chloroplasts. Autospores 2.0-3.5
um, large.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was in 12 studied caves:
Jaskinia Ciemna, Jaskinia Nietoperzowa, Jaskinia
Krakowska, Jaskinia Dzika, Jaskinia Twardow-
skiego, Jaskinia Jasna, Jaskinia Glg¢boka, Jaski-
nia za Krata, Jaskinia na Lopiankach, Jaskinia
Biata, Jaskinia Zbojecka and Jaskinia Pustelnia.
Reported also from caves in Slovenia (Mulec
et al. 2008) and the Czech Republic (Poulickova
& Hasler 2007).

ECOLOGY. Apart from caves, this species oc-
curs on wet wood, walls and tree bark (Ettl & Gért-
ner 1995).

Neocystis subglobosa (Pascher) Hindak 1988

Cells oval, 3—10 pm long, thalli spherical, colo-
nies 14—65 pm diam., with 4 to many cells mostly
clustered at the center of homogeneous mucilage.
Chloroplast single without pyrenoid.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was identified in 11 of the
studied caves: Jaskinia Nietoperzowa, Jaskinia
Krakowska, Jaskinia Dzika, Jaskinia Labajowa,
Jaskinia Twardowskiego, Jaskinia Jasna in Strze-
gowa, Jaskinia Gigboka, Jaskinia za Krata, Jaskinia
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Fig. 16. Muriella decolor Vischer — mature vegetative cells (CH — chloroplast, N — nucleus). All TEM. Scale bars = 1 pm.

na topiankach, Jaskinia Zbojecka and Jaskinia
Pustelnia.

EcoLOGY. Aerophytic species.

Podohedra bicaudata Geitler 1965

Cells 16-23 um long, 4-6 pm wide, widely
spindle-shaped to oval, straight or slightly curved,
tapering towards the apical part to form a short
blade, short foot in the basal part. Chloroplast pa-
rietal with a distinct pyrenoid covered with coarse
starch granules.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was found in Jaskinia Kra-
kowska, Jaskinia Nietoperzowa, Jaskinia nad
Matka Boska, Jaskinia Twardowskiego and Jas-
kinia za Krata caves.

ECOLOGY. Apart from caves, it occurs in ge-
latinous algal coatings in Bad Ischl town in Austria
(Ettl & Gértner 1995).

Scotiellopsis terrestris (Reisigl) Puncocharova
& Kalina 1981

Scotiella terrestris Reisigl 1964; Scotiellopsis terrestris
(Reisigl) Fott 1976

Cells (6-)14-30 pm long, (4-)11-20 pm wide,
spindle-shaped, usually slightly asymmetrical.
Cell wall thickened at apices and composed of
6-12 (infrequently more) straight or slightly
spiral transapical ribs. Chloroplast parietal, ini-

tially straight, then lobed. Pyrenoid with numerous
starch granules. Vacuoles only in old cells.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was found in Jaskinia nad
Matka Boska, Jaskinia Zbdjecka, Jaskinia Ciemna,
Jaskinia na Tomaszowkach and Jaskinia Sypialnia
caves; collected also in caves at Mlade¢, Czech
Republic (Poulickova & Hasler 2007).

EcoLOGY. Apart from caves, found in soil
samples from Silene acaulis in the Tyrolean Alps
(3460 m), Austria; also known from the High Tatra
Mts (Slovakia) and Giant Mts (Czech Republic),
from Bruneck and Brixen (southern Tyrol, Italy)
and from Braunschweig, Germany (Ettl & Gért-
ner 1995).

Thelesphaera alpina Pascher 1943
Figs 17 & 18: 5

Cells 10-12 pm diam., solitary, spherical to
ellipsoidal, rarely flattened. Cell wall relatively
thick with conical to almost semispherical protru-
sions, up to 0.5 um long. When cell structure is
regular and bipolar there are usually 3 protrusions
at each apex, radially arranged. Chloroplast pari-
etal, trough-shaped. Multiplication by 2 autospores
released through sporangium wall rupture.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was identified only in Jaskinia
Saspowska cave.
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Fig. 17. Thelesphaera alpina Pascher. TEM. Scale bar =
1 pm.

ECOLOGY. Apart from caves, known as an aero-
phytic occurring in wet rocks in Steiermark and
Tyrol, Austria (Ettl & Gértner 1995).

TREBOUXIOPHYCEAE

Keriochlamys styriaca Pascher 1943
Fig. 18: 1-3

Cells spherical to broadly ellipsoidal, 810 pm
diam. Cell walls thick; parietal chloroplast single
with one pyrenoid. Produces two autospores with
homogenous walls.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was identified only in Jaskinia
Saspowska cave.

ECOLOGY. Apart from caves, known from the
central Alps in Austria (Ettl & Gértner 1995).

KLEBSORMIDIOPHYCEAE

Klebsormidium flaccidum (Kiitzing) Silva, Mattox
& Blackwell 1972

Hormidium flaccidum (Kiitzing) Braun in Rabenh. 1876;
Stichococcus flaccidus (Kiitzing) Gay 1891

Filaments usually long. Cells 8(—14) um wide,
up to 3 times longer than wide, cylindrical, with
trough-shaped parietal chloroplast containing
a pyrenoid. Nucleus on the plasmatic bridge.
Asexual multiplication by zoospores and aplano-

spores. Sexual reproduction by isogamy. Vegeta-
tive multiplication by filament breakage or by
hypnoblasts.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was found in Jaskinia Nietoper-
zowa, Jaskinia Zarska, Jaskinia Mamutowa, Jaskinia
Dzika, Jaskinia Gtgboka, Jaskinia Zbdjecka, Jas-
kinia Jasna in Strzegowa, Jaskinia za Kratg and
Jaskinia Pustelnia caves; reported also from caves
in Slovenia (Mulec et al. 2008) Mlade¢, Javoiicko
and Zbrasov in the Czech Republic (Poulickova
& Hasler 2007) and the Cave of Bats in Spain
(Roldan & Hernandez-Mariné 2009).

EcoLoGY. Apart from caves, occurs on soil,
rocks, walls and tree bark. A common species (Ettl
& Girtner 1995).

Klebsormidium montanum (Skuja) Watanabe
1983

Hormiscia flaccida Lagerheim var. montana Hansgirg
1888; Hormidium montanum (Hansgirg) Skuja 1964

Cells 3-13(-20) pm long, 9.0-15.5 pm wide,
cylindrical. In agar culture it forms rather short
filaments composed of less than 20 cells; in liquid
medium, the filaments contain more than 100 cells.
Chloroplast ribbon- or trough-shaped, occupying
2/3 of the cell, with one pyrenoid. Asexual multi-
plication involves zoospores, and vegetative mul-
tiplication by filament breakage. Zoospores 12—15
x 5=7 um, large.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was found in Jaskinia Gleboka
and Jaskinia Pustelnia caves.

ECOLOGY. Apart from caves, occurs on sand or
wet rocks in Sweden and Japan; known also from
the alpine zone in the Dolomites (southern Tyrol,
Italy) (Ettl & Gértner 1995).

Stichococcus allas Reisigl 1964

Filaments short (max. 8 cells). Single cells 1.5
to 3 um wide and 3.5 to 12 pm long, curved.
Old cells usually sigmoidal, with numerous lipid
droplets. Chloroplast trough-shaped, yellow-green,
without a pyrenoid. Starch absent.
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Fig. 18. 1-3 — Keriochlamys styriaca Pascher. 4 — Trachychloron simplex Pascher — vegetative cell with nucleus. 5 — Thelesphaera
alpina Pascher (CH — chloroplast, N — nucleus, P — pyrenoid). All TEM. Scale bars = 1 pm.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was found in Jaskinia Gigboka,
Jaskinia za Kratg and Jaskinia Pustelnia caves.

EcoLOGY. Apart from caves, identified in
surface soil samples from Otztaler in the Alps
(3739 m a.s.l.), forming white balls.

Stichococcus bacillaris Nigeli 1849

Stichococcus minor Niageli 1849

In agar culture it forms light green to
yellow-green colonies composed of short fila-
ments containing 2—10 cells and easily breaking
into single cells. Cells 2.0-2.5(-3.0) pm wide,
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3.5-6.0(-12.0) um long, cylindrical, apices rounded.
Chloroplast trough-shaped, covering 2/3 of the cell
surface, with one slightly visible, bare pyrenoid.
Vacuole apical, usually single in mature cells.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was found in Jaskinia Nie-
toperzowa, Jaskinia za Krata, Jaskinia Zbojecka,
Jaskinia Ostreznicka and Jaskinia Pustelnia caves.
Known also from caves in the Czech Republic
(Poulickova & Hasler 2007), Slovenia (Mulec
et al. 2008) and Germany (Chang & Chang-Sch-
neider 1991).

ECOLOGY. Apart from caves, grows on soil,
rocks, tree bark; cosmopolitan and aerophytic (Ettl
& Girtner 1995).

Stichococcus sp.

Cells ovoid with rounded apices (usually 2 or
4-celled). The cell wall is granular, the chloroplast
parietal with a single pyrenoid.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wieluniska upland it was found in Jaskinia Glgboka,
Jaskinia za Krata and Jaskinia Sypialnia caves.

Trentepohliophyceae

Trentepohlia aurea (Linné) Martius 1817

Trentepohlia velutina Kitzing 1843; Trentepohlia maxi-
ma Karsten 1891; Trentepohlia germanica Gluck 1896

Cells 10-24(-30) um wide, 1.5-3 times
longer than wide. Creeping filaments with cylin-
drical swollen cells, straight filaments also with
cylindrical cells, usually generously branched.
Cell wall lamellate, with apical cells possessing
pectin sheaths, usually more cylindrical, often
moved aside during growth. Zoosporangia 27-40
x 25-30 um, large, ovoid, usually solitary, less
frequently in pairs. Gametangia 9-18(—40) um
diam., spherical or ellipsoidal, located terminally,
less frequently intercalarily.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was found in Jaskinia Ciemna,
Jaskinia Glgboka and Jaskinia Zbojecka caves.
Known also from caves in Slovenia (Mulec ef al.

2007, 2008), Mlade¢ cave in the Czech Republic
(Poulickova & Hasler 2007) Germany (Chang
& Chang-Schneider 1991) and Bulgaria (Uzunov
et al. 2008).

EcoLOGY. Apart from caves, occurs on lime-
stone and silicate on old wood, also mosses and
tree bark; common in Central Europe but very
variable, occurring in many forms and varieties
(Printz 1939, quoted in Ettl & Gértner 1995).

HETEROKONTOPHYTA
Xanthophyceae

Chlorobotrys simplex Pascher 1932

Colonies composed of 2 or less frequently 4
cells. Single cells ca 7 um, large, usually spherical,
embedded in gelatinous sheath. Cell wall brown.
Chloroplast single, cup-shaped.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was found in Jaskinia Glgboka
cave.

EcoLoGY. Apart from caves, found on wet
soil (as a terrestrial alga), reported from the Czech
Republic and Ukraine (Ettl & Gértner 1995) and
among wet mosses in tundra (Matuta et al. 2007).

Chlorobotrys terrestris Pascher 1939

Colonies usually composed of two, rarely four
cells, embedded in gelatinous easily dissolving
sheath. Single cells spherical, 4 pm diam., en-
closed in red cell wall. Chloroplast single, gulf-
shaped.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was found in Jaskinia Gleboka
cave.

ECOLOGY. Apart from caves, a terrestrial spe-
cies occurring on wet rocks, walls and trees (Ettl
& Girtner 1995) in the Czech Republic, Austria
and Russia.

Chlorobotrys sp.

Spherical unicells, usually paired. Cell wall
smooth, thin, surrounded by lamellate muci-
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lage. Single yellow-green chloroplast with one
pyrenoid.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was found in Jaskinia Ni-
etoperzowa cave.

Gloeobotrys piriformis Reisigl 1964

Vegetative cells up to 15 um long, 10-11 pm
broad, irregular in shape (asymmetric), embedded
in a gelatinous sheath. Single cells pear-shaped or
ovoid, swelled at one end and tapered at the other.
Cell wall delicate. Parietal chloroplasts, without
pyrenoids. Multiplication by autospores grouped
in eights.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was found in Jaskinia Glgboka
cave; encountered also in Skocjanske Jame, Slo-
venia (Mulec et al. 2007).

ECOLOGY. Apart from caves, forms green coat-
ings on trees (Curvuletum associations) growing
above 3160 m a.s.1. in the Tyrolean Alps; reported
as an aerophytic species developing on Pinus
densiflora and Ginkgo biloba in North Korea
(Mrozinska 1990; Ettl & Gértner 1995).

Heterococcus caespitosus Vischer 1936

Filaments branched, creeping in all direc-
tions. Young filaments cylindrical, 50 um long,
5—6 um wide. Cells divide in all directions and can
transform to hypnoblasts. Older filaments shorter,
rounded, size as in young ones, also sometimes
transforming to hypnoblasts. Cells form zoospo-
rangia giving rise to zoospores with one or two
chloroplasts and a stigma.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was found in Jaskinia Mam-
utowa, Jaskinia Gl¢gboka and Jaskinia Szachownica
I caves; noted also in Serreta cave in Spain (Asen-
cio & Aboal 2000Db).

ECOLOGY. Apart from caves, occurs also in
southern Swartzwald near Freiburg, Germany;
noted also in soils of Antarctica, limestone soil
in England, and soils in the Paws Peninsula in

Croatia. Observed to form green coatings in
the Dolomites with Saxifraga bryoides, Arabis
pumila and Trisetum distihophyllum at 2350 m
a.s.l.; known as a phycobiont occurring jointly
with Verrucaria elaecomelaena and V. laevata (Ettl
& Girtner 1995).

Trachychloron biconicum Pascher 1973

Vegetative cells 9-16 pm long, 8 pm broad.
Chloroplast single but deeply incised, parietal.
Pyrenoid polyhedral.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was found in Jaskinia Zarska,
Jaskinia Mamutowa and Jaskinia Gl¢boka caves.

EcoLoGY. Aerophilic species. Earlier known
only from the Czech Republic and Austria (Ettl
& Girtner 1995).

Trachychloron simplex Pascher 1973
Figs 18: 4 & 19: 1-3

Vegetative cells 5—7 um broad, 8—10 pm long.
Chloroplast parietal, trough-shaped or lobed with
1-2 pyrenoids.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was found in Jaskinia Mamu-
towa and Jaskinia Gleboka caves. Earlier known
only from an old riverbed of the River Traun
(Austria) and from a pond near Prague (Czech
Republic).

EcoLogGy. Calciphilous species

Eustigmatophyceae

Eustigmatos magnus (Petersen) Hibberd 1981
Fig. 20

Pleurochloris magna J. B. Petersen 1932

Cells solitary, 14(—34) um diam., rounded, en-
closed in a delicate call wall sometimes gelatinizing.
Chloroplast single but deeply incised, parietal.
Pyrenoid polyhedral. Multiplication by autospores,
rarely by zoospores 7-12(-21) pm in size.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was found in Jaskinia
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Fig. 19. 1-3 — Trachychloron simplex Pascher — vegetative cell, with chloroplast (thylakoids), nucleus and mitochondrion. 4-6 —
Bracteacoccus minor (Chodat) Petrova — vegetative cell with chloroplast, Golgi body, nucleus and vacuole (CH — chloroplast,
M — mitochondrion, N — nucleus, T — thylacoids). All TEM. Scale bars = 0.5 um.
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Labajowa, Jaskinia Nietoperzowa, Jaskinia nad
Matka Boska, Jaskinia Zarska, Jaskinia Dzika, Jas-
kinia Twardowskiego, Jaskinia Glgboka, Jaskinia
na Tomaszéwkach and Jaskinia za Krata caves.

EcOLOGY. Apart from caves, isolated from
cultivable soil, meadows (soil pH 4.7-7.5) and
volcanic soils in uninhabited areas (Ettl & Gértner
1995); spreading principally as a terrestrial species
mostly in Denmark, Switzerland, Slovenia, Russia
and Spain (Gomez et al. 2003).

Bacillariophyceae

Aulacoseira cf. italica (Ehrenberg) Simonsen
1979

Gallionella italica Ehrenb. 1839; Melosira italica (Eh-
renb.) Kiitz. 1844

Cells cylindrical, adjoining to form long, tightly
closed chains. Cell wall relatively thin. Intercon-
necting spines large. Chloroplasts lobed.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was found in Jaskinia nad
Matka Boska and Jaskinia Mamutowa caves.

EcoLoGy. Apart from caves, common in
the littoral of fresh waters, in eutrophic waters
(ditches, ponds, rivers, lakes), flowing waters
and wet places. Cosmopolitan. According to Van
Dam et al. (1994), a nitrogen-autotrophic taxa,
a-mesosaprobous, meso-eutraphentic and fresh
brackish water species, occurring mainly in water
bodies, also rather regularly in wet and moist
places.

Caloneis silicula (Ehrenberg) Cleve 1884

Navicula silicula Ehrenb. 1838; Caloneis ventricosa
(Ehrenb.) Meister 1912

Valves elongate-linear to elongate-lanceolate,
more or less widening in the middle and at both
apices, apices wedge-shaped or slightly rounded.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was found in Jaskinia nad
Matka Boskg cave.

ECOLOGY. Apart from caves, a freshwater spe-

Fig. 20. Eustigmatos magnus (Petersen) Hibberd. 1 — LM (scale
bar =1 um), 2 — TEM (scale bars = 1 pm).

cies, widely distributed and usually common in
all types of waters; characteristic of standing wa-
ters with alkaline pH. Classified by Krammer and
Lange-Bertalot (1986) as a cosmopolitan diatom in
waters of moderate conductivity. According to Van
Dam et al. (1994), an alkaliphilous, oligosaprobous
and meso-eutraphentic species.
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Diadesmis contenta (Grunow in Van Heurck)
D. G. Mann in Round et al. 1990

Navicula contenta Grunow in Van Heurck 1885

Valves 6.8-8.1 um long, 2.4 um wide, with 26
striae per 10 pm.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was found in Jaskinia nad
Matka Boska, Jaskinia Mamutowa, Jaskinia Jasna,
Jaskinia Glgboka, Jaskinia za Krata, Jaskinia
na Lopiankach, Jaskinia Zbojecka and Jaskinia
Ostreznicka caves. Also reported from caves
in Belgium (Garbacki et al. 1999), Mlade¢ and
Zbrasov caves in the Czech Republic (Poulickova
& Hasler 2007), a cave in Turkey (Selvi & Al-
tuner 2007), Spain (Aboal ef al. 1994; Roldan
& Hernandez-Mariné 2009) and Mammoth Cave
National Park, Kentucky (Smith & Olson 2007).
Reported from Austria, the United Kingdom and
Iceland (Ettl & Girtner 1995).

EcoLoGy. Cosmopolitan, aerophilic species
(Krammer & Lange-Bertalot 1986).

Gomphonema italicum Kitzing 1844
Fig. 21: 7

Valves 20-38 um long, 10.0-13.5 um wide,
with 12—13 striae per 10 pm.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was found in Jaskinia nad
Matka Boska and Jaskinia Mamutowa caves. Also
found in caves in Spain (Aboal ef al. 2003a).

EcoLoGy. Cosmopolitan, occurring in me-
sotrophic waters (Krammer & Lange-Bertalot
1986).

Grunowia tabellaria (Grunow) Rabenhorst 1864
Fig. 21: 3

Nitzschia sinuata var. tabellaria (Grunow) Grunow in
Heurck 1881

Valve 13.5-26.5 pm long, 4.5-7.5 pum wide.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was found in Jaskinia Ma-

mutowa, Jaskinia Gleboka and Jaskinia za Krata
caves.

EcoLoGY. Cosmopolitan (Krammer & Lange-
Bertalot 1988). According to Van Dam et al.
(1994), a neutrophilous species, a-mesosaprobous,
mesotraphentic and freshwater species.

Hantzschia amphioxys (Ehrenberg) Grunow
1880

Eunotia amphioxys Ehrenb. 1843

Cells solitary, frustules and valves dorsiventral.
Valves 15.1-35.2 pm long, 4.1-7.1 um wide.

DISTRIBUTION. In the Wyzyna Krakow-
sko-Wielunska upland it was found in Jaskinia
Saspowska, Jaskinia Mamutowa, Jaskinia Krakow-
ska, Jaskinia Sypialnia, Jaskinia Jasna in Strze-
gowa and Jaskinia Glgboka caves. Reported also
from caves in Belgium (Garbacki et al. 1999),
Mlade¢ and Zbrasov caves in the Czech Republic
(Poulickova & Hasler 2007), and caves in Spain
(Alvarez-Cobelas & Estévez Garcia 1982; Aboal
& Llimona 1984; Aboal 1988; Aboal ef al. 1994,
1998, 2003a; Asencio & Aboal 2000a, b; Uher
et al. 2005); recently noted in a cave in Turkey
(Selvi & Altuner 2007).

EcoLoGY. Apart from caves, a freshwater alga.
One of the most widely distributed freshwater dia-
tom species, with high adaptability, occurring often
at the bottom of different water bodies, mostly
in alkaline waters, encountered also on mosses
and wet soil. Krammer and Lange-Bertalot (1988)
classified it as cosmopolitan; one of the most fre-
quently reported diatoms from aerophytic habitats.
A neutrophilous, a-mesosaprobous, eurytraphentic
and fresh brackish water species (Van Dam et al.
1994).

Luticola mutica (Kiitzing) D. G. Mann 1990
Navicula mutica Kiitzing 1844

Valves rhombic-elliptical to broadly elliptical
or rhombically lanceloate with apices wide- or
blunt-ended, 6-30(—40) um long, 4-9(-12) um
wide. Striae radiate, 14-20(-25)/10 pum, areolae
visible.
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Fig. 21. 1, 4 & 6 — Luticola nivalis (Ehrenb.) D. G. Mann (1 & 6 — external view, and 4 — internal view). 2 & 5 — Orthoseira
roseana (Rabenhorst) O’Mara (2 — girdle view, and 5 — external view 5). 3 — Grunowia tabellaria (Grunow) Rabenhorst (internal
view). 7 — Gomphonema italicum Kiitzing (external view); all SEM. Scale bars: 1, 2,4-6 =5 um; 3 =15 pm; 7 =5 pm.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was found only in Jaskinia
Mamutowa and Jaskinia Gl¢gboka caves; observed
also in Mlade¢ and ZbraSov caves, Czech Republic
(Poulickova & Hasler 2007); reported from caves
in Slovenia (Mulec ef al. 2008) and Turkey (Selvi
& Altuner 2007).

ECOLOGY. Apart from caves, a common fresh-
water and brackish species, occurring often at river
mouths, in inland waters, ponds, lakes, ditches and
rivers. Krammer and Lange-Bertalot (1986) classified
it as a cosmopolitan, aerophilic diatom. A neutrophil-
ous, a-mesosaprobous, eutraphentic and brackish
fresh water species (Van Dam et al. 1994).
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Luticola nivalis (Ehrenberg) D. G. Mann 1990
Fig. 21: 1,4, 6

Navicula nivalis Ehrenb. 1854

Valves linear in smaller forms, linearly el-
liptical with distinctly undulate edges in larger
forms, 12-42 pm long, 5.5-13.0 um wide. Striae
radiate, distinct, 17-20(24)/10 um, with relatively
uniformly distributed puncta. Transapical puncta
usually slightly elongate, 15-20/10 pm.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was found in Jaskinia t.abajowa,
Jaskinia Mamutowa and Jaskinia Gigboka caves;
noted also in Mlade¢ and ZbraSov caves in the
Czech Republic (Poulickova & Hasler 2007).

ECOLOGY. Apart from caves, it is a fresh and
brackish water species, encountered usually in
river mouths, ponds and lakes. Cosmopolitan, aer-
ophilic species (Krammer & Lange-Bertalot 1986).
According to Van Dam et al. (1994) a neutrophil-
ous, a-mesosaprobous, eutraphentic and brackish
fresh water diatom.

Orthoseira roeseana (Rabenhorst) O’Meara 1876
Fig. 21: 2,5

Melosira roeseana Rabenhorst 1852

Cells cylindrical with flat, marginal, rounded
apical faces connected to form a long, tight chain.
Valves 8-70 pm diam., 6—13 pm high, frustule
height-to-diameter ratio usually >1.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was found in Jaskinia Kra-
kowska, Jaskinia Mamutowa, Jaskinia Gl¢boka,
Jaskinia za Krata, Jaskinia Zbojecka, Jaskinia
Ostreznicka and Jaskinia Pustelnia caves. Also oc-
curs in caves in Belgium (Garbacki et al. 1999),
the Cave of Bats, Nerja cave and Salpetre cave in
Spain (Roldan & Hernandez-Mariné 2009) and in
Miladeg, Javoricko and Zbrasov caves in the Czech
Republic (Poulickova & Hasler 2007).

ECcoLOGY. Apart from caves, found at wet
sites (e.g., rocks or mosses sprinkled by flowing
water), on tree bark (on the side closer to a creek
or river), frequent in mountains (Ettl & Gértner

1995). An aerophilic diatom (Krammer & Lange-
Bertalot 1986).

Pinnularia borealis Ehrenberg 1843

Valves of variable shape from narrowly linear
through widely linear to linearly elliptic, with par-
allel, weakly convex, concave or undulated margin,
(24)-30-60(-110) um long, 5-18 um wide.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was found in Jaskinia nad
Matka Boska, Jaskinia Mamutowa, Jaskinia Jasna
in Strzegowa, Jaskinia Gl¢boka and Jaskinia na
Lopiankach caves; noted also in a cave in Belgium
(Garbacki et al. 1999), Mladec¢ cave in the Czech
Republic (Poulickova & Hasler 2007), Ballica cave
(Tokat, Turkey) (Selvi & Altuner 2007), caves in
Slovenia (Mulec et al. 2008) and in Bulgaria (Uzu-
nov et al. 2008).

ECOLOGY. Apart from caves, a freshwater
cosmopolitan species common in mountains but
found also in lowlands. Krammer and Lange-Ber-
talot (1986) classified it as an aerophilic species.
A neutrophilous, a-mesosaprobous, oligomeso-
traphentic, fresh brackish water diatom (Van Dam
et al. 1994).

DINOPHYTA
Dinophyceae

Gloeodinium cracoviense Starmach 1963

Cells spherical with cell walls slightly covered
with a gelatinous mass. Chloroplasts fuzzy, brown.
Multiplication only by aplanospores. Cells without
gelatinous sheath, 7.0-10.5(-14.0) pm diam.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was found in Jaskinia Nieto-
perzowa and Jaskinia Twardowskiego caves.

EcoLoGyY. Starmach (1963) described it in Jas-
kinia Twardowskiego cave among cyanobacteria of
the genera Microcystis and Aphanocapsa.

Phytodinium aureum Starmach 1963

Cells ellipsoidal or bean-shaped, cell wall
very thick, in adult cells lamellate, chloroplast
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shield-shaped, cells 14-24 pm long and 8—12 um
wide.

DISTRIBUTION. In the Wyzyna Krakowsko-
Wielunska upland it was found in Jaskinia Nieto-
perzowa and Jaskinia Twardowskiego caves.

EcoLOGY. Starmach (1963) identified it at the
entrance to Jaskinia Twardowskiego cave among
other aerophytic cyanobacteria.

DISCUSSION

This survey covered 25 caves in the Wyzyna
Krakowsko-Wielunska upland and identified 82
algal species, including 33 species of procaryotic
algae (cyanobacteria) and 49 species of eucary-
otic algae. The latter group was represented by
Chlorophyceae (29 species), Bacillariophyceae
(10 species), Xanthophyceae (7 species), Di-
nophyceae (2 species) and Eustigmatophyceae
(1 species). Chlorophytes were dominant (32.9%
of all identified species); diatoms (11.8%) and
xanthophytes (9.0%) were the least abundant.
The most common species among cyanobac-
teria were Aphanocapsa parietina, Calothrix
fusca, Chroococcus minor and Nostoc com-
mune. Cyanobacteria were most often observed
in places lit by natural daylight at entrances to
caves and slightly deeper parts (as lampflora),
where they were prominent due to massive
growth. Nodularia sanguinea, Gloeocapsa cf.
decorticans, G. alpina, Nostoc commune and
Synechococcus elongatus dominated among the
cyanobacteria in caves illuminated by artificial
light (open to tourists): Jaskinia Lokietka and
Jaskinia Ciemna caves.

Cyanobacteria were interspersed with other
alga such as Chlorobotrys simplex and Ch. ter-
restris (Xanthophyceae). This mode of distribution
was described by Starmach (1963), who discov-
ered two species undescribed up to that time,
belonging to Dinophyceae: Phytodinium aureum
and Gloeodinium cracoviense, on wet walls of Jas-
kinia Twardowskiego cave. They grew among the
cyanobacteria Microcystis parietina, Gloeocapsa
biformis, G. rupicola, and Chloroglea novacekii.
Other species belonging to Xanthophyceae, such

as Chlorobotrys simplex, occurred in this com-
munity as well.

Chlorophytes, another important algal group
living in the studied caves, concentrated around
artificial light sources. The most interesting species
in this group are Bracteacoccus minor, Desmo-
coccus olivaceum, Scotiellopsis terrestris, Muriella
decolor and Trentepohlia aurea. Chlorella vulgaris,
Coleochlamys perforata and Klebsormidium flac-
cidum lived on well-illuminated surfaces. These
species were most abundant in Jaskinia Zbdjecka
and Jaskinia Ciemna caves.

Diatoms were present in places near direct or
scattered light. They usually preferred wet habi-
tats (wet rocks or places periodically sprinkled by
‘cave rain’). No diatoms were identified in Jaskinia
Ciemna cave.

The most common species, occurring in almost
the whole study area, included Neocystis subglo-
bosa (in 11 caves), Klebsormidium flaccidum and
Eustigmatos magnus (in 9 caves), Gloeocystis poly-
dermatica, Hantzschia amphioxys and Orthoseira
roseana (in 7 caves), and Podohedra bicaudata
and Pinnularia borealis (in 5 caves).

All three groups — chlorophytes, diatoms and
cyanobacteria — were crucial components of the
flora developing in caves of the Polish Jura. The
largest number of algal and cyanobacterial species
were on rock surfaces and in depressions closest
to the entrance (light zone), as observed in Jas-
kinia Zbojecka (19 taxa), Jaskinia Ciemna (16),
Jaskinia Saspowska (13), Jaskinia Krakowska (11)
and Jaskinia Lokietka (10) caves. The alga oc-
curred directly under or next to the light source,
growing quite deeply into the stony rim. Mosses
(e.g., of the genus Crotoneuron) or liverworts (of
the genus Polysiphonia) living in characteristic
abundant conglomerations were accompanied by
aerophilic diatoms and chlorophytes including
Diadesmis contenta, Gomphonema italicum,
Chlorella vulgaris, Trentepohlia aurea and Sti-
chococcus bacillaris. No algal or cyanobacterial
growth was observed on dripstone formations.
In the entrance zone and around depressions il-
luminated by electric light (in Jaskinia Lokietka
and Jaskinia Ciemna caves), cyanobacteria (espe-
cially Calothrix parietina, Gloeocapsopsis magma,



238

POLISH BOTANICAL JOURNAL 56(2). 2011

Nostoc commune, Oscillatoria brevis and Toly-
pothrix tenuis) competed for the best surfaces with
other algae (e.g., Chlamydomonas sp., Muriella
decolor, Klebsormidium flaccidum), and with
mosses and pteridophytes. In deep niches they
were the only phototrophs, in line with observa-
tions by Round (1981). Algal development in caves
(appearing as a green growth) was undoubtedly
connected with light availability, the specific mi-
croclimate (determined by air circulation, hydro-
logical conditions, isolation from external thermal
influences, and also tourism, which usually raises
the existing constant temperature) and adaptation
to winter conditions (chlorophytes dominating in
cave flora can survive winter in the form of spores
of different types). It was noted that the abundance
of algae and diatoms in the caves of the Polish
Jura rose with increasing humidity. As reported by
Asencio and Aboal (2000a, b) and Poulickova and
Hasler (2007), the majority of European caves are
characterized by humidity suitable for that growth,
so the walls of their entrance zones are covered by
chlorophytes and cyanobacteria. Habitat conditions
in passages linking chambers lit by electric light in
the caves open to tourists (Jaskinia Lokietka and
Jaskinia Ciemna caves) are presumably similar,
which explains the similar algal and cyanobac-
terial species composition. According to Round
(1981), type of rock is an important determinant
of the species composition and structure of algal
communities. It was observed that cyanobacteria
such as Anabaena oscillarioides, Microcystis pa-
rietina and Nostoc cf. microscopicum, and aer-
ophilic algae (e.g., Diadesmis contenta, Hantzschia
amphioxys, Luticola mutica, L. nivalis, Orthoseira
roseana) were particularly sensitive to rock surface
structure, temperature, light and humidity, in line
with Pentecost’s (1992) report. They prefer wet
places, where they grow more intensively. They
also show high resistance to drying out and to low
ambient temperature in winter; the mechanism of
algal adaptation to low temperatures is not under-
stood in detail.

As in other surveys of cave algae, aerophilic
algae and especially cyanobacteria were abundant
in cave areas within the reach of natural daylight.
It was usually the wall at the entrance and the

slightly deeper area still illuminated by sunlight.
Mulec ef al. (2008) suggested that some species
such as Pediastrum boryanum show not only
the ability to penetrate rocky surface but also to
choose the most appropriate ecological niche. To
verify that, they developed a research procedure
involving biofilms. The biofilm method is based
on one or more species of microorganisms inhab-
iting the same site. The biofilm method analyzes
microorganisms in different developmental stages
that interact with each other, facilitating adapta-
tion to different (changeable) conditions (Golubié¢
& Schneider 2003; Prakash et al. 2003). According
to Kol (1964, 1966), high species biodiversity in
different caves is probably the result of the diverse
light conditions in caves and specific adaptations
of algae. Our present results in the Polish Jura
support that.

Many authors have focused on the ecology
of cave algae. Jones (1964) suggested analyzing
three aspects: (/) whether cave algae show an
active mode of multiplication, only a vegeta-
tive mode, or whether only spores are found; (if)
what energy source is used by algae for photo-
synthetic activity since they normally grow in
darkness; and (iii) the most important problem,
how they got into the caves. These questions have
been addressed by Claus (1962a, b, 1964), Palik
(1960, 1964a, b), Hellebust (1974), Suba (1957)
and Jones (1964). The problems with assimila-
tion that algae encounter in caves eliminated or
limited phototrophism; thus, it is believed that
algae developing in caves are mostly chemoau-
totrophs or heterotrophs. Conservation efforts
focused on caves open to visitors (i.e., Jaskinia
Lokietka and Jaskinia Ciemna) should identify
existing and potential hazards. Local monitoring
of dripstone formations in these caves will be
aimed at recognizing any risks and documenting
the most important dangers (e.g., development
of algae on different dripstone formations) and
rationally planning and implementing protection
measures. Species conservation should concen-
trate on protecting rare, endemic or endangered
native cave species. Protecting the natural envi-
ronment of caves is an important problem which
has proved difficult to solve.
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