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KUBE�OVÁ S. 2001: Bryophyte flora at lamps in public caves in the Moravian Karst (Czech Republic). Acta
Musei Moraviae, Scientiae biologicae (Brno) 86: 195�202. � Bryophytes growing close to lamps in regular use
were studied in the northern part of the Moravian Karst (Czech Republic). Data were collected in four caves
that are open to the public and extensively lit to display geological phenomena. Previous investigations of the
lamp flora were carried out in the 1960s�70s. Since that time, both the equipment and the maintenance of these
caves (illumination, chemical removal of plants) have changed. This paper compares the bryophyte lamp flora
of the 1960s�70s with that of the present. In the 1960s�70s studies, 46 bryophyte species were recorded, as
against 34 bryophyte species recorded in 1999�2000. Two liverworts and 10 moss species were not confirmed
and 2 mosses were newly recorded. No liverworts were recorded in 1999�2000. Overall, 34 % of the bryophyte
flora remains the same as in the past and 46 % is different.
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Introduction
The flora of caves can be divided into three ecological groups in different biotopes:

cave entrance flora, total darkness flora, and lamp flora (RAJCZY 1989). The occurrence
of photosynthetic plants is limited by light. Plants naturally colonise cave entrances. The
flora of cave entrances in the Moravian Karst has been studied by �EDA (1958) and �EDA
& �EDOVÁ (1958).

The establishment of strong and regular illumination enables the colonisation of
caves by plants. Algae and bryophytes are often recorded near lamps, while ferns (more
often their prothalli) and exceptionally flowering plants also occur there. The term
Lampenflora is used for this phenomenon in German literature. 

The bryophyte flora at lamps consists of no particular range of species (�MARDA
1970). It originates from the soil and rock surfaces outside the caves (RAJCZY 1989,
�MARDA 1970). Species that produce abundant spores in the neighbourhood of caves
predominate (�MARDA 1970), whether or not they constitute a part of the entrance flora
(RAJCZY 1989). 

Moss growth began to increase after the installation of new lamps in 1957�1958; the
lamp flora was studied by Vanìèková and �marda from 1962 onwards (VANÌÈKOVÁ
1978). A high number of visitors and alterations in the illumination (in the Punkva caves
and the Kateøinská cave) facilitated further expansion of plants in the 1970s (�TELCL
1984). An increase in lamp flora, and problems associated with it, stimulated
investigations by KAMANOVÁ (1978), �MARDA (1970, 1973), �TELCL (1978, 1984) and
VANÌÈKOVÁ (1978). CULEK (1991) studied the bryophytes of selected caves in
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1989�1990. Changes have been made since the 1970s, both in the manner of illumination
and the mode of public use. Chemical removal of lamp flora started in the 1980s. The
objective of my work is to make an inventory of the current bryophyte cave flora and to
compare it with older records.

Material and Methods

Study caves
Data were collected in four caves open to the public: Balcarka cave, Kateøinská

cave, Punkva caves and Sloup-�o�ùvka caves. All of them are in the northern part of the
Moravian Karst and are formed in Devonian limestone (KUÈERA et al. 1981). The
entrances of the caves have the following coordinates: the Balcarka cave � 49°22�35��N,
16°45�31��E, the Kateøinská cave � 49°21�39��N, 16°42�38��E, the Punkva caves �
49°22�23��N, 16°43�23��E and the Sloup-�o�ùvka caves � 49°24�33��N, 16°44�17��E.
The entrances lie at 345�460 m a. s. l. The cave environment has an even temperature and
high air humidity. Values of basic environmental factors are given in Tab. 1. 

It should be noted that the caves are major tourist attractions, in constant use from
spring to autumn. Thousands of visitors pass through them yearly. Extensive illumination
is therefore in frequent use (Tab. 1).

Cave management
As well as the numbers of visitors, and the duration and intensity of illumination, the

removal of lamp flora is an important factor in the management of the caves.
Methods of removing green patches have been tested since the 1970s (�TELCL 1984).

Mechanical removal of the lamp flora by scrubbing brush started in 1976 (�TELCL 1978).
Successful experiments with a chemical remover were made in 1978�1979. A 4�10 %
solution of calcium chloride was applied from 1980 onwards (HEBELKA 1989). In 1984,
experiments with chloramine T were carried out, and from then onwards this chemical
was used for removing lamp flora in all the publicly viewed caves in the Moravian Karst.
After several years this was replaced by sodium hypochlorite (HEBELKA 1989; J. Hebelka,
pers. comm.). 

Lamps for cave display and path illumination were switched on in the 1960s�70s.
At that time, 200-watt airport spotlights and 1000-watt floodlights were employed for
display and special effects respectively, while path illumination was provided by 60-watt
deck lamps. Nowadays, path illumination and display effects are separate, and of shorter
duration. Intensity has also changed: floodlights of 60�140 watts (for display and effect)
and lamps of 15�24 watts (path illumination) are now employed (HEBELKA 1989; J.
Hebelka, pers. comm.). 

Further data are given in Tab. 1. Nomenclature for bryophytes follows FREY et al.
(1995).
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Results and Discussion 
Bryophytes inhabit limestone rock wall and stones, dripstone formations and clay

deposits in the cave habitat. They covered about 20 % of all surfaces in the Punkva caves
in 1978 (HEBELKA 1989, �TELC 1978). I observed only isolated green patches in 2000.
The green patches occurred around 57 % of the lamps used for display and effects.
�MARDA (1970) mentioned 36 bryophyte species and VANÌÈKOVÁ (1978) listed 46
bryophytes (2 liverworts and 44 mosses). In the Punkva caves, 44 bryophyte species were
recorded, 19 in the Kateøinská cave, 10 in the Sloup-�o�ùvka caves and 8 in the Balcarka
cave. CULEK (1991) recorded only 9 species distributed through three caves in the
Moravian Karst (4 in the Punkva caves, 4 in the Kateøinská cave and 4 in the Balcarka
cave) in 1989. Some 34 bryophyte species (only mosses) were recorded in 1999�2000.
The numbers for individual caves were: 17 in the Punkva caves, 18 in the Kateøinská
cave, 16 in the Sloup-�o�ùvka caves and 7 in the Balcarka cave. Amblystegium serpens,
Eurhynchium hians, Leptobryum pyriforme and Rhynchostegium murale were frequently
observed both in the 1970s and in the present. The liverworts Fossombronia
wondraczekii, Pellia epiphylla and the mosses Aulacomnium androgynum, Dichodontium
pellucidum, Eurhynchium angustirete, Mnium marginatum, Oxystegus cylindricus,
Plagiomnium affine, P. rostratum, Rhizomnium punctatum, Timmia bavarica and Tortella
tortuosa were not confirmed either by
CULEK (1991) or in the present study. The
mosses Ditrichum flexicaule CULEK (1991)
and Rhodobryum ontariense and
Thamnobryum alopecurum were newly
recorded in the bryophyte flora of the
Moravian Karst caves. For all recorded
bryophyte species see Tab. 2.

The mosses Ceratodon purpureus,
Dichodontium pellucidum, Funaria
hygrometrica, Leptobryum pyriforme,
Physcomitrium pyriforme, Rhynchostegium
murale, Tortula subulata (�MARDA 1970)
and Brachythecium velutinum and
Leptobryum pyriforme (VANÌÈKOVÁ 1978)
were observed as fertile in the 1970s. CULEK
(1991) listed no fertile species. Only the
moss Funaria hygrometrica was recorded as
fertile at one site in the Punkva caves in
2000. �Mosses, when growing in caves,
produce sporogonia only in quite
exceptional cases� (HAJDU 1977). Mosses
developed sporophytes only in some
favourable places in the Baradla-cave
(Hungary) in the 1970s (VÉGH 1985).
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Fig. 1. Location of the caves studied in the Czech
Republic (1 � Kateøinská cave, 2 � Punkva c., 3 �
Balcarka c., 4 � Sloup-�o�ùvka c.). � Lokalizace
studovaných jeskyní v Èeské republice (1 �
Kateøinská jeskynì, 2 � Punkevní j., 3 �
j. Balcarka, 4 � Sloupsko-�o�ùvské j.).
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DOBAT (1966) recorded only 9 fertile moss species out of 52 species recorded in caves in
the Swabian mountains (Germany). �EDA (1962) observed only one fertile species
(Barbula convoluta) out of 21 mosses in the Javoøíèko cave (Czech Republic) in 1958.

The present bryophyte records correspond partly to the species found previously: 34
% of the bryophyte flora is the same as in the 1970s, while 46 % is different (20 % was
not included because of possibly incorrect identifications and other problems). The total
number of species recorded and the number of species found to be fertile has decreased.
The very low number of species observed by CULEK (1991) in 1989 can be explained by
the frequent use of chemicals. I suggest that the main reason for the present state is the
lower intensity of illumination and the less frequent use of chemicals. No liverworts were
recorded in 1989 (CULEK 1991) and in 1999�2000. 

Dubious identifications for some species, e.g. Fossombronia wondraczekii, Pellia
epiphylla and Aulacomnium androgynum, were revised on the basis of specimens
deposited in the BRNM herbarium. The specimens mislabelled as Fossombronia
wondraczekii and Pellia epiphylla were identified as the prothalli of ferns, and the
identification of Aulacomnium androgynum was confirmed.

Similarly, RAJCZY (1989) observed no liverworts in Hungarian caves and
KOMÁROMY et al. (1985) recorded only algae, mosses and ferns in the �Anna-barlang�
cave in Hungary. On the other hand, DOBAT (1966) recorded 2 liverworts in the Swabian
mountains (Germany).
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Tab. 1. Cave profiles: selected factors (* after HEBELKA 1998, ** after KUÈERA et al. 1981, *** J. Hebelka, pers.
comm. and materials from the Agency for Nature Conservation and Landscape Protection of the Czech
Republic � Cave Management in the Moravian Karst, Blansko). � Hodnoty vybraných promìnných
(prameny: * HEBELKA 1998, ** KUÈERA et al. 1981, *** J. Hebelka, osob. sdìlení a materiály Správy
jeskyní Moravského krasu, Blansko).
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Czech Summary
Mechorosty v blízkosti svìtelných zdrojù v pøístupných jeskyních Moravského krasu. � Zavedení stálých

a výkonných zdrojù svìtla do pøístupných jeskyní umo�nilo jejich osídlení rostlinstvem. V 70. letech rozmach
rostlin v pøístupných jeskyních Moravského krasu a problémy spojené s jejich výskytem podnítily øadu
výzkumù (KAMANOVÁ 1978, �MARDA 1970, �TELC 1978, 1984, VANÌÈKOVÁ 1978). Cílem bylo jednak urèit
druhy, které porosty vytváøí, a jednak dospìt k úèinné metodice zásahù k omezení jmenovaného fenoménu.
Bìhem uplynulých let do�lo k øadì zmìn v provozu jeskyní, a proto jsem pova�ovala za úèelné pokusit se o
srovnání souèasné a døívìj�í bryoflóry kolem reflektorù. 

Sbìr dat probìhl v letech 1999�2000 ve ètyøech veøejnosti pøístupných jeskyních (Kateøinská, Punkevní,
Balcarka a Sloupsko-�o�ùvské) v Moravském krasu (Fig. 1). Jeskynní prostøedí se vyznaèuje pomìrnì
vyrovnanými hodnotami teplot a vysokou vzdu�nou vlhkostí. Dal�ími faktory, které ovlivòují rostlinstvo, jsou
náv�tìvnost, pou�ité osvìtlení (technika, re�im) a zásahy proti rostlinstvu. Od roku 1980 byly aplikovány
postøiky chlorovým vápnem, to bylo v roce 1984 nahrazeno chloraminem T a ten vystøídal chlornan sodný, je�
je pou�íván dodnes. K nasvícení prostor a vybraných útvarù (efektové osvìtlení) je místo reflektorù o výkonu
200 W a 1000 W dnes pou�ito lamp a výbojek o výkonu 60�140 W. Osvìtlení chodníkù zaji��ují namísto lamp
od výkonu 60 W tìlesa o výkonu 15�24 W. V souèasnosti je spínání efektového osvìtlení na rozdíl od minulosti
separováno od osvìtlení chodníkù. Celková doba osvitu se tedy zkrátila. Údaje pro jednotlivé jeskynì viz
tabulka (Tab. 1). 

Mechorosty v jeskyních osidlují rùzné substráty (vápencové stìny, balvany, krápníkové útvary, hlinité
sedimenty). V roce 1978 bylo zelenými porosty pokryto asi 20 % ve�kerých povrchù v Punkevních jeskyních.
V roce 2000 byly tamté� pozorovány malé izolované plochy zasa�ené porosty rostlin (�lampenflorou�).
Vyskytovaly se u 57 % svítidel efektového osvìtlení. Bìhem 70. let bylo zji�tìno 46 druhù mechorostù (2
játrovky a 44 mechù), v roce 1989 v�ak bylo zaznamenáno ve tøech z jeskyní pouze 9 druhù mechù (CULEK
1991). V letech 1999�2000 bylo nalezeno pouze 34 druhù mechù. V 70. letech i v souèasnosti mezi èasté druhy
patøily: Amblystegium serpens, Eurhynchium hians, Leptobryum pyriforme a Rhynchostegium murale. Játrovky
Fossombronia wondraczekii, Pellia epiphylla a mechy Aulacomnium androgynum, Dichodontium pellucidum,
Eurhynchium angustirete, Mnium marginatum, Oxystegus cylindricus, Plagiomnium affine, P. rostratum,
Rhizomnium punctatum, Timmia bavarica, Tortella tortuosa nebyly v roce 1989 ani v souèasnosti potvrzeny.
Revizí polo�ek vybraných druhù (ulo�ených ve sbírkách BRNM) byl výskyt mechu Aulacomnium androgynum
potvrzen a naopak u játrovek Fossombronia wondraczekii, Pellia epiphylla �lo o zámìnu s prothalii kapradin.
Mechy Ditrichum flexicaule (CULEK 1991) a Rhodobryum ontariense, Thamnobryum alopecurum byly
nalezeny novì. Souèasná bryoflóra pøístupných jeskyní èásteènì odpovídá pøede�lé. 34 % nalezených druhù je
toto�ných s druhy uvádìnými ze 70. let. Zbývajících 46 % pøipadá na druhy v souèasnosti neovìøené nebo
naopak novì zji�tìné. V roce 1989 byl nalezen extrémnì nízký poèet druhù, co� pøikládám pravidelnému
chemickému odstraòování zelených porostù. Soupis ve�kerých doposud nalezených druhù (a poèet lamp, u
kterých byly zaznamenány) je uveden v tabulce (Tab. 2).

Mechorosty v jeskyních vytváøejí sporofyt jen zøídka, za výjimeènì pøíhodných podmínek. �MARDA
(1970) uvádí 7 druhù (Ceratodon purpureus, Dichodontium pellucidum, Funaria hygrometrica, Leptobryum
pyriforme, Physcomitrium pyriforme, Rhynchostegium murale, Tortula subulata) a VANÌÈKOVÁ (1978) 2 druhy
(Brachythecium velutinum, Leptobryum pyriforme) s vyvinutými sporofyty. V letech 1999�2000 byl nalezen
pouze jediný druh Funaria hygrometrica s vyvinutými sporofyty (Punkevní jeskynì, Masarykùv dóm). 
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Tab. 2. Numbers of lamps at which bryophyte species were recorded (data from CULEK 1991), for the Punkva
caves, the Kateøinská cave and the Balcarka cave only. 
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Tab. 2. (Continued) Nalezené mechorosty a poèet lamp, u kterých byly zaznamenány údaje pouze pro jeskynì
Punkevní, Kateøinská a Balcarka (CULEK 1991).
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