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ABSTRACT

This paper describes the first study of algae assemblages in 20 caves in the Krakowsko-Czegstochowska
Upland (Southern Poland), in the period between 2005-2006. The investigations showed mostly on epilithic algae
and their subaeric habitats (rock faces within caves and walls at cave entrances). The morphological and cytologi-
cal variability of algae were studied in fresh samples, in cultures grown on agar plates and in SPURR prepara-
tions. A total of 43 algae species was identified, mostly epilithic species and tolerant of low light intensities. The
largest group was formed by representatives of the division Chlorophyta (24 species), and then the division
Chrysophyta (Heterokontophyta) — 17 species, with 9 species belonging to the class Bacillariophyceae, 7 species
— Xanthophyceae and 1 species representing the class Eustigmatophyceae. Dinophyta (2 species) constituted the
last and the smallest group. Among the collected algae, the following species deserve special attention: Thele-
sphaera alpina, Bracteacoccus minor, Trachychloron simplex, Tetracystis intermedia and T. cf. isobilateralis. The
last species was not earlier found in Europe. Identification of species was greatly aided by examination of cell
ultrastructure, which provided an array of further features, increasing chances of correct species identification.

Furthermore, the studies focused that algae, although usually remaining under dominance of cyanobacteria,
excellently differentiate this special area and even enrich it.
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INTRODUCTION

Of autotrophic organisms capable of photosynthesis, li-
ving in caves, algae also are worth examining, besides va-
scular plants and cyanobacteria. They play an important
ecological role in this environment as colonisers of rocks —
are influenced by surface structure, temperature, light and
moisture conditions — (Pentecost 1992). Among other
things, they are a food source for animals, they are respon-
sible for colored effects on rocky cave walls, which are
manifestation of their presence (Golubi¢ 1967).

Algae become almost indiscernible in this environment
and difficult to access, due to the cyanobacteria dominan-
ce. For this reason, they are little known so far. Therefore,
collection of algological materials from 20 caves gives
a unique chance to gain fuller insight into algae in this
area. These studies were designed to examine only epili-
thic algae, i.e. those living on cave walls. Abundance of
blue greens species, their dominating position in this envi-
ronment has also been confirmed in Twardowski cave by
Starmach (1963) and Mrozinska-Broda et al. (2004). Ho-
wever, all caves from Krakowsko-Czgstochowska Upland
have also been investigated by geologists (Szelerewicz et

al. 1986; Gradzinski et al. 1995). In other European coun-
tries cave flora is better known by the following authors
Claus (1962, 1962a), Kol (1964), Hajdu (1966), Komaro-
my (1977), Rajczy (1989), Chang and Chang-Schneider
(1991), Aboal et al. (1994), Asencio and Aboal (1996,
2000, 2000a), Pentecost and Zhang (2001), Poulickova and
Hasler (2007) and Poulickova (2008).

STUDY AREA

The Krakowsko-Czestochowska Upland is an area hi-
gher than the surroundings expanding from Krakéw to
Wielun cities. Its area is approx. 2500 square kilometres. It
is composed mainly of early Jurassic limestone plates.
Only in its south-west part some older rocks may be found
such as dolomites and Devonian limestone rocks (region of
De¢bnik Carboniferous limestone, valleys of Szklarka, Ra-
ctawka, Czernia and Kamienice), dolomites and Triassic li-
mestone (west and north-west from the Eliaszowka valley).
The eastern border of the Krakowska Upland Jurassic li-
mestone is covered by Cretaceous sediments.
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The most essential part of landscape of the Upland are
denuded limestone rocks. They occur at the slopes of the
valleys or in the form of inselbergs. The complex of lime
rocks constituting the core of the Upland has the thickness
of approx. 400 m. These rocks during millions of years
underwent karst processes, which led to formation of nu-
merous sculpted forms both underground and on the surfa-
ce. Of those the caves are the most interesting. According
to Szelerewicz and Gorny (1986), there are 220 caves
known in the area of the Krakowsko-Czegstochowska
Upland. The microclimate in some of the caves has been
thoroughly examined by Starzecki (1959).

MATERIAL AND METHODS

Investigations were carried out in the years 2005-2006 in
20 caves located in the Krakowsko-Czgstochowska Upland
(Fig. 1 and Table 1). All samples were collected from the
walls in different parts of caves (I. zone — light zone
extends from opening of the cave to the furthest point to
which daylight penetrates; II. zone — dark zone from 5 m to
6 m deep and III. zone — from 12 m to 13 m deep). Algal
crusts were scraped using a scalpel into small plastic bags
and used directly for observation under a light microscope
(JENAMED 2). Part of each samples was introduced into
cultures on agar plates at the laboratory. Cultures were in-

Czerwik-Marcinkowska J. et al.

cubated at 18°C under a 16/8 h light/dark cycle at 3000
pEm2 s! provided by 40 W cool fluorescent tubes; they
were examined every 12 days and algae were isolated to
obtain pure cultures. Cells were fixed and processed for
electron microscopy (TEM) as previously described (Mas-
salski et al. 1995). Observation and photographs were ma-
de with a TESLA BS 500 electron microscope. The other
part of materials was examined and photographed with
scanning electron microscope (Philips LX 30). The identi-
fications of algal taxa were principally accomplished with
the aid of the following systematics works: Brown and
Bold (1964), Starmach (1966), Brown and Lean (1969),
Krammer and Lange-Bertalot (1986), Ettl and Girtner
(1988), Popovsky and Pfiester (1990), Krammer and Lan-
ge-Bertalot (1991), Ettl and Girtner (1995).

RESULTS AND DISCUSSION

Algological studies conducted in 20 caves in the area of
the Krakowsko-Czgstochowska Upland showed the presen-
ce of 43 species of algae (Table 2). A majority of them be-
longed to the division Chlorophyta (24 species). Represen-
tatives of Chrysophyta (Heterokontophyta) constituted the
second most abundant group, comprising 17 species, with
9 species representing the class Bacillariophyceae, 7 spe-
cies the class Xanthophyceae and 1 species belonging to
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Fig. 1. Map of investigated area: A: distribu-
tion of study caves: 1 — Jasna Cave; 2 —
Twardowskiego Cave; 3 — nad Matkg Boska
Cave; 4 — na Lopiankach Cave; 5 — Mamuto-
wa Cave; 6 — Dzika Cave; 7 — Labajowa Ca-
ve; 8 — Nietoperzowa Cave; 9 — na Toma-
széwkach Cave; 10 — Zarska Cave; 11 — Sa-
spowska Cave; 12 — Zbdjecka Cave; 13 —
Krakowska Cave; 14 — Biata Cave; 15 — Pu-
stelnia Cave; 16 — Schronisko Mate Cave; 17
— Gieboka Cave; 18 — Szachownica I Cave;

o 702 19 — Szachownica II Cave; 20 — za Kratg Ca-

ve. B: location of the south region in Poland.
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TABLE 1. Morphological characteristics from each of 20 caves of the
Krakowsko-Czestochowska Upland.

No. Name of cave Length Altitude Exposition

1 Saspowska 100 m circ. 370 m NE

2 Labajowa 40m circ. 410 m NW

3 Nietoperzowa 306 m 447 m SW

4 Nad Matka Boska 82m circ. 280 m N and NE
5 Zarska 74m circ. 410 m SW

6 Krakowska 96m circ. 410 m NwW

7 Mamutowa 105 m circ. 380 m SW

8 Dzika 61l m circ. 390 m SW and NW
9 Twardowskiego 430 m circ. 215 m SW

10 Jasna 80m circ. 210 m NW

11 Giegboka 175m circ. 380 m NW, SW, N and E
12 Na Tomaszéwkach 100 m 435 m NE and SW
13 ZaKraty 70m 215.5m NE

14 Na Lopiankach 65m circ. 260 m NW

15 Szachownica I 600 m circ. 215 m E

16 Szachownica II 200 m circ.157 m NE

17 Biata 84 m circ. 415 and 424 m NW

18 Zbdjecka 189 m circ. 370 m NW and W
19 Schronisko Mate 30m 405m N
20 Pustelnia 400 m SW

the class Eustigmatophyceae. Representatives of Dinophy-
ta constituted the last, smallest group (2 species).

It was noticed that distribution of algae over the study
area was very uneven. In the caves located on an unfore-
sted terrain, with marked domination of cyanobacteria, the-
se algae usually were a retreating group (which was very
clearly visible in the periods of optimal cyanobacteria de-
velopment). Their surface, except for scanty patches, was
inhabited by cyanobacteria. On the other hand, in caves si-
tuated in forested areas, algae, mostly representatives of
the division Chlorophyta slightly prevailed over cyanobac-
teria. The following species dominated in such caves: Te-
tracystis cf. isobilateralis, T. intermedia, Desmococcus oli-
vaceum, Dilabifilum arthropyreniae, Scotiellopsis terrestris.

Distribution of this group of algae inside the caves was
also very characteristic. It was observed that lower, dark
parts of the cave (zone II, in the Gigboka Cave taken as an
example) were colonized principally by representatives of
Xanthophyceae, that were usually accompanied by cyano-
bacteria. These were: Chlorobotrys terrestris and Chlorobo-
trys simplex, which developed usually on the areas occu-
pied by cyanobacteria Aphanothece sacola, Diadesmis
contenta (a representative of Bacillariophyceae) occurred
in humid places. Trachychloron biconicum and Heterococ-
cus caespitosus, representatives of Chrysophyta as well
usually occurred in shallower but still dark part of the cave
(zone II). They were usually accompanied by cyanobacte-
ria Tolypothrix tenuis var. terrestris, Nodularia sp., Caloth-
rix parietina, Stigonema ocellatum and Nostoc cf. puncti-
forme. Upper part of the cave (zone I), light, situated near
its entrance or slightly further away but lit by reflex light,
created beneficial conditions also for epilithic algae. It was
covered mostly by Klebsormidium flaccidum, Eustigmatos
magnus, Neocystis subglobosa, Bracteacoccus minor and
others. Also Trentepohlia aurea, which intensely develo-
ped on outer wall of the cave, successfully colonized its in-
ner wall. Humid places even with trickling water inhabited
by diatoms (mostly Nitzschia sp. and Pinnularia borealis).
In other caves, representatives of the class Dinophyceae,
such as Gloeodinium cracoviense and Phytodinium aureum
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were found in very humid places coexisting with cyano-
bacteria of the genus Chroococcus, which formed gelatino-
us clusters. The mentioned species were first found by
Starmach (1963) in the Twardowski Cave. They were also
recently found in the Nietoperzowa Cave. In addition to the
aforementioned species, Leptosira vischerii, Characium
strictum, Scotiellopsis terrvestris, Tetracystis intermedia and
T. cf. isobilateralis are also worth mentioning. The last
species was not known before to occur in Europe.

According to literature in the field (Etll 1978, Etll and
Girtner 1995, Krammer and Lange-Bertalot 1986, 1991),
a majority of algae found in the caves belong to terrestrial
algae, i.e. those which exist on earth or to aerophytes, inha-
biting tree trunks, surface of rocks or other things. Only so-
me algae, like Trachychloron biconicum and Trachychloron
simplex are known to inhabit water biotopes, often rich in
calcium ions. Among algae occurring on rock surface (also
found in caves), the following species deserve attention:
Thelesphaera alpina, Trentepohlia aurea (living mostly on
limestone rocks), Hantzschia amphioxys, Luticola mutica,
L. nivalis, Orthoseira roseana, etc. Some algae, like Gloeo-
cystis polydermatica and Dilabifilum arthopyreniae, also
identified in the caves under study, belong, among other
groups, to lichenizing algae. Thus, they occur frequently in
caves located on wooded areas. Besides, some algae, like
Diadesmis contenta are able to occupy biotopes with stron-
gly reduced light availability. Hence, they have been found
exclusively in caves not lit with artificial light and in their
darkest parts. Other algae, like Orthoseira roseana and
Bracteacoccus minor, upon mass occurrence, form colou-
red coating on the rock surface. Orthoseira produces
brown-yellow deposits while coating composed of Bracte-
acoccus minor, is orange-red, which is due to the presence
of a dye drop in the cells.

Most of algae, found in the caves, are of European ori-
gin, occurring not only in the lowlands but also in the mo-
untains, e.g. Klebsormidium montanum, encountered on al-
pine soils in the Italian dolomites or Scotiellopsis terrestris
found as well in the Alps as in the Sudety Mountains and
High Tatra Mountains. Leptosira vischerii, an alga species
described to occur in Tyrol (Austria), belongs to this gro-
up, either. Only some species found in the caves have also
been identified on other continents beside Europe, e.g.
Leptosira terricola has been found on Signy Island (the An-
tarctic) and in Canada, Choricystis minor is known from
Czech Republic and Japan or Tetracystis intermedia and T.
cf. isobilateralis have been described to occur in the USA.

It is interesting that among epilithic algae, all abovemen-
tioned reports describe mostly representatives of two taxo-
nomic groups, i.e. Chrysophyta (Heterokontophyta) of the
classes Bacillariophyceae and Xanthophyceae, and Chloro-
phyta. Only Claus (1962) mentioned the classes Eugleno-
phyceae, Chrysophyceae and Dinophyceae as well. The
last group was also discovered in some caves on the Kra-
kowsko-Wieluniska Upland. Besides, some species, altho-
ugh scanty, like Diadesmis contenta (Navicula contenta),
Hantzschia amphioxys, Trentepohlia aurea have been men-
tioned by almost all authors.

The concept about origin of algal flora in caves, propo-
unded by Claus, is the most convincing. This author sugge-
sts that algae migrated from rock surface to caves which al-
lowed them to survive throughout long geological periods
and endure the accompanying geologic and climatic chan-
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TABLE 2. Algae composition of caves of the Krakowsko-Czgstochowska Upland. Numbers refer to the sites shown in Table 1.

+ taxa found in caves.

Locationno. 1 2

3

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Chlorophyta

Chlamydophyceae

Chlamydomonas sp.

Tetracystis intermedia (Deason et Bold) Brown et Bold

Tetracystis cf. isobilateralis Brown et Bold

Chlorophyceae

Bracteacoccus minor (Chodat) Petrova +
Characium strictum A. Braun

Chlorosarcina longispinosa Chant. et Bold +
Choricystis minor (Skuja) Fott +
Coleochlamys perforata (Lee et Bold) Ettl et Gértner +
Desmococcus olivaceum (Persoon ex Archerson) Laundon

Dilabifilum arthopyreniae (Vischer et Klement) Tschermak-Woess
Gloeocystis polydermatica (Kiitzing) Hindak

Interfilum paradoxum Chodat et Topali

Leptosira terricola (Bristol) Printz

Leptosira vischeri Reisigl +

Muriella decolor Vischer

Neocystis subglobosa (Pascher) Hindak

Podohedra bicaudata Geitler

Scotiellopsis terrestris (Reisigl) Puncochéafova et Kalina

Thelesphaera alpina Pascher +
Klebsormidiophyceae

Klebsormidium flaccidum (Kiitzing) Silva, Mattox et Blackwell + +

Klebsormidium montanum (Hansgirg) S. Watanabe
Stichococcus bacillaris Nigeli
Stichococcus sp.
Trentepohliophyceae
Trentepohlia aurea (Linné) Martius
Chrysophyta (Heterokontophyta)
Xanthophyceae

Chlorobotrys simplex Pascher
Chlorobotrys terrestris Pascher
Chlorobotrys sp.

Gloeobotrys piriformis Reisigl
Heterococcus caespitosus Vischer
Trachychloron biconicum Pascher
Trachychloron simplex Pascher
Eustigmatophyceae

Eustigmatos magnus (J.B. Peter) Hibbert +

Bacillariophyceae

Aulacoseira italica (Ehrenberg) Simonsen

Caloneis silicula (Ehrenberg) Cleve

Diadesmis contenta (Grunow ex Van Heurck) D.G. Mann
Hantzschia amphioxys (Ehrenberg) Grunow

Luticola mutica (Kutzing) D.G. Mann

Luticola nivalis (Ehrenberg) D.G. Mann +

Nitzschia sp.

Orthoseira roseana (Rabenhorst) O’Mara

Pinnularia borealis Ehrenberg

Dinophyta

Dinophyceae

Gloeodinium cracoviense Starmach (Hemidinium montanum Stein)
Phytodinium aureum Starmach (Phytodinium simplex Klebs)

+

+

+
+

+
+

+

+

+ o+ 4+ o+ o+
+ o4+ 4+ 4+ o+ o+

+
+

Explanations: 1 — Saspowska Cave; 2 — Labajowa Cave; 3 — Nietoperzowa Cave; 4 — Nad Matka Boska Cave; 5 — Zarska Cave; 6 — Krakowska Cave; 7 —
Mamutowa Cave; 8 — Dzika Cave; 9 — Twardowskiego Cave; 10 — Jasna Cave; 11 — Gigboka Cave; 12 — Na Tomaszéwkach Cave; 13 — Za Kratg Cave; 14
— Na Lopiankach Cave; 15 — Szachownica I Cave; 16 — Szachownica II Cave; 17 — Biata Cave; 18 — Zbdjecka Cave; 19 — Schronisko Cave; 20 — Pustel-

nia Cave.

ges. Over these periods, they managed to adapt to existing
conditions. New studies conducted by Dodge (1984) on the
group Dinophyceae indicated that almost a half of these
organisms was obligatorily heterotrophic. Hellebust (1974)
drew similar conclusions on the basis of studies on dia-
toms. He investigated mostly the diatoms living in sedi-
ments and indicated that most of them belonged to faculta-

tive heterotrophs and could utilize various organic substra-
tes for growth at low light intensities or in dark. Further
studies regarding the remaining groups will contribute to
better understanding of this problem.

The presented data on epilithic algae are in agreement
with results of other authors, like Suba (1957), Claus
(1962, 1962a), Jones (1964), Komaromy (1977), Carter
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(1980), Chang and Chang-Schneider (1991), Asencio and
Aboal (2000, 2000a). These authors emphasized that epili-
thic algae are usually scanty in caves because of cyanobac-
teria domination, due to their excellent adaptation to these
conditions. However, also in our view, this is a group of
high ecological importance, perfectly characterizing condi-
tions occurring in this specific environment and greatly en-
riching them.

TAXONOMICAL PART
— AN OVERVIEW OF SOME INTERESTING SPECIES

Division: Chlorophyta

Bracteacoccus minor (Chodat) Petrova (Figs 2-3)

Class: Chlorophyceae

Coenoblasts always globose from 6-38 pm in diameter.
Numerous, parietal, plate-like chloroplastes. Adult cells
contained orange-red oil droplets. Appears to be more co-
smopolitan, known as aerophytic algae, occurr in various
soils.

This species occurred in the Labajowa Cave, Zarska Cave,
Gteboka Cave and Pustelnia Cave. In Europe, it is known
principally as an overground alga. In Japan, it occurs as an
aerophyte on Typha sp. and on tree bark.

Klebsormidium montanum (Hansgirg) S. Watanabe

Class: Chlorophyceae

Filaments uniseriate, vegetative cells cylindrical (7-9
pm broad, 6-7 pym long) with parallel sides in younger fila-
ments becoming barrel-shaped in older ones. Single, ring-
like parietal chromatophore with one pyrenoid with many
starch grains.

This species was found in the Pustelnia Cave. Besides, it is
known from Sweden, Italy (from the Dolomites in southern
Tyrol) and from Japan (Ettl and Girtner 1995).

Muriella decolor Vischer (Figs 4-7)

Class: Chlorophyceae

Vegetative cells singel, spherical or globose, 3.7-7 pm in
diameter, covered by thin cell wall. Chloroplast parietal, in
young cells cup-shaped. During the growth of the cell be-
coming divided into 2. Chloroplast in adult cells always 2,
bay-shaped.

This species occurred in the Krakowska Cave, Gleboka
Cave, Nietoperzowa Cave, Biata Cave, Zbdjecka Cave, Na
Lopiankach Cave, Za Kratg Cave, Jasna Cave, Twardow-
skiego Cave, Dzika Cave and Pustelnia Cave. It is known
as an aerophytic algae from Switzerland and Czech Repu-
blic but it was found for the first time growing in a soil ha-
bitat (Massalski et al. 2001).

Podohedra bicaudata Geitler

Class: Chlorophyceae

Vegetative cells broadly spindle-shaped to oval (4.3-6.0
pm), running straight or curved, 17-21 pym long. Apical
part ending with a very short tip, at the narrowed with one
short stik and fastendisc. Chloroplast parietal with pyreno-
id surrounded by starch grains.

This species occurred in the Nietoperzowa Cave, Twar-
dowskiego Cave, Za Kratg Cave and ‘“Nad Matkg Boska”

ACTA SOCIETATIS BOTANICORUM POLONIAE 305

Cave. Until now, it was known only from Austria (Bad
Ischl.). In mucilage on the surface of old Pinus branches.

Scotiellopsis terrestris (Reisigl) Puncochérova et Kalina
Class: Chlorophyceae

Vegetative cells spindle-shaped, slightly asymmetric. Cell
wall think on the poles with 6-12 (rarely more) ribs, run-
ning straight or slight spiral, weakly visible. Chloroplast
parietal, at the beginning single, later lobed or divided to
pieces with pyrenoid surrounded by numerous starch gra-
ins. Vacuoles only in old cells.

Previously recorded from soils of Alps (Austria, Italy) (Ettl
and Girtner 1995), High Tatra Mountains (Slovakia), Su-
deten (Czech Republic) and Barunschweg (Germany). It
was found in following caves: Nad Matkg Boskg Cave, Na
Tomaszéwkach Cave and Schronisko Cave.

Tetracystis intermedia (Deason et Bold) Brown et Bold
Class: Chlamydophyceae

Mature vegetative cells — spherical, 12-20 pm in diameter.
Chloroplast containing a single, excentric, ellipsoidal pyre-
noid, surrounded by 2 half-globose starch grains. Vegetati-
ve cell with 2 contractile vacuoles.

This species was found in the Zbdjecka Cave and Pustelnia
Cave. It was first distinguished by Deason and Bold (1964)
and called Chlorococcum intermedium in North America
(Texas). Besides, it is also known as overground species
occurring in Tyrol (Italy), Japan and Russia.

Tetracystis cf. isobilateralis Brown et Bold (Figs 8-9)
Class: Chlamydophyceae

Young cells ellipsoidal, mature vegetative cells — spherical
to subspherical, 18-19 pm in diameter, in groups of 2-4
cells (formed diad or tetrads). Chloroplast — massive, so-
mewhat mottled, almost filling the whole cell lumen with
a single, large central pyrenoid (with parallel lamellae), ir-
regularly shaped and surrounded by many starch plates.
Disc system is more variable. No definite reticulation be-
tween disc systems. Mitochondria cylindrical, large, ribbon
like and frequently branched.

This species was found in the Zbdjecka Cave and Pustelnia
Cave, where it coexisted with the former species. Up till
now it has been known as an overground alga only from
Texas (North America).

Thelesphaera alpina Pascher (Fig. 10)

Class: Chlorophyceae

Vegetative cells single, ellipsoidal, mainly flat, only some-
times spherical 10-12 pm in diameter. Cell wall slightly
thick with great, nearly half spherical emergences, arran-
ged by three (or more) on each apex or between coming
out radial. Chloroplast parietal, bay-shaped to ring-like.
This species was found in the Saspowska Cave. It is known
also as an epilith growing on rocks in Steiermark and Tyrol
(Austria), also Romania (Caraus 2002).

Trachychloron simplex Pascher (Fig. 11)

Division: Chrysophyta (Heterokontophyta)

Class: Xanthophyceae

Vegetative cells 5-7 ym broad, 8-10 pm long.

Calciphilous species. It occurred in the Mamutowa Cave. It
was known only from old river-bed of the River Traun (Au-
stria) and from a pond near Prague (The Czech Republic).
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Figs 2-13. Transmission electron microscopy (TEM) of vegetative and reproductive stages of epilithic algae in stady caves (ch — chloroplast; g — Golgi bo-
dy; m — mitochondrion; n — nucleus; p — pyrenoid; s — starch grains; t — thylakoids; v — vacuole). Fig. 2 — a vegetative cell of Bracteacoccus minor (Cho-
dat) Petrova; Fig. 3 — part of vegetative cell of Bracteacoccus minor (Chodat) Petrova (with nucleus and Golgi body); Figs 4-5 and 7 — a vegetative cell of
Muriella decolor Vischer; Fig. 6 — part of pyrenoid of Muriella decolor Vischer (and starch grains).
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Figs 2-13. Cont.

Fig. 8 — part of vegetative cell of Tetracystis cf. isobilateralis Brown & Bold; Fig. 9 — Tetracystis cf. isobilateralis Brown & Bold (autosporangium with
six autospores); Fig. 10 — Thelesphaera alpina Pascher; Fig. 11 — Trachychloron simplex Pascher (vegetative cell); Fig. 12 — Leptosira vischeri Reisigl (ve-
getative cell); Fig. 13 — a vegetative cell of Coleochlamys perforata (Lee et Bold) Ettl et Girtner. All scale bars represent 1 pm.
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Leptosira vischeri Reisigl (Fig. 12)

Division: Chlorophyta

Class: Chlorophyceae

Vegetative cells 10-12 pm in diameter.

This species occurred in the Labajowa Cave and Gieboka
Cave. It is also known as an overground alga from Tyrol
(Austria) (Ettl, Girtner 1995).

Coleochlamys perforata (Lee et Bold) Ettl et Gértner (Fig. 13)
Division: Chlorophyta

Class: Chlorophyceae

Vegetative cells 18-32 pm long, 5-13 pm broad, cylindrical
to oval. Cells with smooth cell walls. Chloroplast single
and parietal with 1-2 pyrenoids. This species occurred in
the Saspowska Cave, Nietoperzowa Cave, Nad Matka Bo-
ska Cave and Twardowskiego Cave. It is also found in Ro-
mania (Caraus 2002) and Czech Republic and Slovakia
(Ettl and Gértner 1995).

Gloeobotrys pyriformis Reisigl

Division: Chrysophyta (Heterokontophyta)

Class: Xanthophyceae

Vegetative cells 13-15 ym long, 10-11 pm broad, spherical
or ellipsoid. Cells with smooth cell walls and small num-
bers of parietal chloroplasts without pyrenoids.

This species was found in the Gleboka Cave. Besides, it is
known from the Alps (Tyrol, Austria) and recently found
in Romania (Caraus 2002) and North Korea (Ettl and Gért-
ner 1995).

Trachychloron biconicum Pascher

Class: Xanthophyceae

Vegetative cells 9-16 pm long.

This species occurred in Zarska Cave, Mamutowa Cave
and Gigboka Cave. It was earlier known only from the
Czech Republic and Austria.
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