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EXPERIMENTS ON ALGAE AND MOSSES DEVELOPING AROUND DIFFERENT
LAMPS IN THE CAVE "PAL-VOLGYI-BARLANG"

Judit PADISAK - Mik1l6s RAJCZY - Zsuzsa PARICSY-KOMAROMY -
Tamis HAZSLINSZKY

/Hungary/

INTRODUCTION

Mass production of green plants - algae, mosses and ferns -
in the illuminated areas of show-caves is s common phenomenon.
The process can be s0 intensive that it appears as the most
serious danger to the beauties /geolbgioal formations, crys-
tals, dripstone decorations, etc./ of the ocave.

Studies on plants developing in lamp areas have besen carri-
ed out in Hungary /Hajdd 1977, Hajdi and Orbdn 1982/ and in
other countries /Dobat 1966, Clair and Rushforth 1976, Clair
et al., 1981/ as well. In spite of this faot direot experiments
on the subjeot have not been carried out yet.

To study the development of plants around electric lights
13 lamps were placed in different parts of the cave "P4l-viol-
gyl-barlang" /Budapest, Hungary/. This paper summarizes the
results of the first year of the experiment. '

METHODS

The cave "Pil.vilgyi-barlang" was formed in Upper Eocene
limestone due to physical and chemical effeots of abyssal
thermal waters which are primarily responsible for the origin
of the cave. It was disdovered during quarry operation in
1904 and had an explored total length of 1200 m sinoce the
1920%s. An intensive exploration started in 1980 led to the
discovery of numerous cave streches of considerable size. The
scotual length of the cave together with the recently explored
parts is more than 4000 m, which means that it is the 5th lon-

g€est cave of Hungary /Takdos-Bolner 1980, Karpit and Takios-
Bolner 1983/.

The ocave was made suitable for touristiocal use in 1919,
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eleotric lighting system was installed im 1927. During the Se-
cond World VWar it was used as an air-raid shelter, the eleoct-
rioc system was remevwed and the oave was reopened in the 1950’'s
/Kordo- 1984/. The eleotrio system was renewed last in 1973
/K&roly, G. personal ocommuniocation/.

Three ocave areas woere assigned for the experiments which
are not visited by the tourists, but have previously installed
eleotric aystem /Fig. 1./

entrance
12 f
1" p.

Fig.l. Map of the oave *Pll-vilgyl-barlang” after Kirp&t and
Takf{os-Bolner /1983/; e: positiom and NOS of lamps;
I: oave aras visited by tourist; II. cave areas explo-
red in the beginming of the 20th century; XIIX: cave
areas explored in the 1980s.
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1. Two lamps /N®°® 1 and 2/ were placed in the cavern *E1&-
osarnok", This part of the cave is near the tourist-path and
was never illuminated before. 2. The area "Kdhid-terem" was
visited by tourist groups before the Second World War, so it
was i1lluminated. Anyhow, this area has not been used for
touristic purpose since 1973 /Kéroly G. pers. ocomm./. Three
lamps of the existing lighting system /N®® 3,4 and 5/ were
utilized in our experiments only having their direction modi-
fied, and three new lamps /N°° 6,7 and 8/ were installed.

3. The part "0t bardt-folyosé" had a separated system of
eloctric lines due to an earlier, unfinished /one year long/
experiment. As the experiment interrupted, all thevlamps were
removed from the ocave except one /No. 11/ which had beem used
for mushroom /Pleurotus ostreatus/ cultivation until the be-
ginning of our experiments. Four new lamps /N°® 9,10, 12 and
13/ were placed in the area. Data on lamps and lamp areas
/type, bulb-power in watts, total illumination in kilowatt-
hours counted by multiplying the bulb-power and workiung hours
between June 1983 and September 1984, the eatimated area of
the illuminated surface in »*, the distance distribution of

the illuminated area and its water conditions/ are given in
Table 1.

Samples were taken on 1 July and 2 November 1983, on 11
January, 20 March, 31 May 1984. The illuminated area was scra-
ped with a presterilized knife and the material was put into
glass tubeé filled with sterilized Bold’s inorganic, fluid
medium. The collected individuals and propagules of algae and
mosses were incubated in these tubes in room temperature and
natural light for 2«3 months. Theu the slgae were identified
and presence of protonemata was moted /protonemata are neve;
suitable for apeéies determination/, since they develop well
in the applied fluid medium. Moss specimens in late juvenile
phase were colleoted in September 1984,
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Data on lamps and lamp areas

Table 1,

o] . )
o A lémpdk és ar &1ltaluk megvildpftott telliletek adatoi Angaban der Lampen und der Lampenbereiche
1. 2, 3. A, L ) ‘ 6. 7. 12,
lamp lemp-type bulb-power| total {lluminstion| illuminated area | distanco disteibution 05 the] woter conditians nf &hn speciea number of
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RESULTS

During the study period 41 species of algae /11 Cyanophyta,
11 Xanthophyceae, 9 Bacillariophyceae, 10 Chlorophyta/ and occa
% moss species were found. The number of species are given in
Table 1. The most'froquent aspecies were: Pleotonema schmidleill,
Phormidium foveolarum, Stichococcus bacillaris, Fragilaria of.
pinnata and Chlorella spp. Further taxonomical details will be
discussed in an other paper. Moss protonemata developed at
lamps N°® 1, 4, 8, 9, 10, 11, 12 and 13.

Occurrence of macroscopically visible green patches on the
illuminated surfaces and microscoplcal presence of different

plant groups in the oulturing tubes are given in Fig. 2.

The number of species continuously increased in the lamp
areas since July 1983. Considerimg that it can greatly alter
in early successional phases, the number of species /algae +
mosses/ were cumulated to study areas /"El8csarnok", "0t barit
folyosé", "K&hid-terem" /instead of discussing the variety
lamp by lamp /Fig. 3./.

DISCUSSION

Light conditions /lamp-type, power, working hours, distance
relations etc./ are generally regarded as prior factor cont-
rolling the green covers on the illuminated surfaces of caves.
Our results /whioh refer to the early phase of floral develop-
ment/ do not correspond with the previous statement as it can
be well seen on Fig. 4, where the number of species are plot-
ted against the total illumination.

This, at first sight surprising faot, forced us to search
for other factors which can be responsible for the differen-
ces., The main group of them was found in the different ferti-
lization danger of areas illuminated by different lamps. To
quantify this danger an index of endangerment was developed
which includes light conditions and other ecological variables
as well. In the index 12 different variables were taken into

consideration as follows:
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Fig. 2. Presence of different plant groups in the illumi-
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nated areas of the experimental lamps;

I. algae can be detected with microscopical methods
only;

IY. slgas + moss protonemata can be deteoted with
microscopical methods only;

I1Y. algae + moss protonemata in macroscopical
visible patches;

IV, algae only in macroscopically visible patches;

V. algae + moss protonemata + moss specimens in
late juvenile phase in the naoroscopicnlly
visible green patches;

Vi. algae + moss protonemata + moss speoimens in
late Juvenile phase + fern prothallia im the
macrosoopioally visible green pathoes,



number of species
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Fig. 3. Changes in the numbér of species in the three
expsrimental area of the cave "Pil-.vilgyi-barlang"
between July 1983 and May 1984,

89



species number
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Fig.4. Total illumination between June 1983 and September
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1984 and the number of species found during the
first year of investigation;

lamp nos. are given on the figure,



Vlt

v2:

Bulb-power
/range/ /value of vl/
100 W - 1
100 - 300 W - 2
300 - 700 W - 3
700 w £ - L

If iodine lamp is installed a multiplyer of 2, if

color-, high pressure mercury- or sodium bulbs are

installed a multiplyer of 0,5 should be used. UV lamps

are out of consideration.

Distance of the lamp and the illuminated area

lm -
1 -4m ‘ -
k m -
very far -

Water eonditions of the illuminated

alr-dry -
sometimes wet -
always wet -

Surface quality

surface

plain and hard surface /stone, dripstone,

oonorete/

plain and soft or hard and rough surface

soft surface /clay, mud/

Distance of tourists from the illuminated surféoe

touched with high probability /ground,

walls of narrow passages

can be reached with hand

cannot be touched but is mnot far from 4t
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no tourists - 0

Vg ¢ Distanoe of ataff /persons keeping the lamps imn
repair/ from the illuminated surface

should be touched - 3
might be touched - 2
cannot be touched but is not far from it - 1

illuminated area is very far /e.g. lamps

directed to the ceiling/ - 0
v7 ¢  Number of cave;éxplorers and scientists studyin§1
the illuminated part of the cave /person ¢ year ~/
0 - 0
l - 10 - 1
10 - 50 - 2
50 £ - 3

Vg i Number of motivities in the area im a year /e.g.
constructions, ocave renovation, film shooting etoc./

) - .0
1 - 1
2 -3 - 2
3<4 - 3

v, t Distance from other lamps with existing green cove-

9 ring /i.e. when new cave parts are opened to the
public or new lamps are installed/; value of v
should be determined taking the relative diatagoea
of the given cave into consideration

There is mo developed lamp flora in the ocave - ]

developed lamp-flora 1is far - 1
developed lamp-flora is in middle distance - 2
developed lamp-flora is near ' - 3
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10° Jllumination history of the surface
never illuminated -

illuminated by slight, soattered light of -
an other lamp or had been well illumina-
ted in the past

rarely well illuminated -
illuminated in the recent past -

¥,y? Other anthropogenic fertilization danger /i.e.
mushroom cultivation, rubbish, cave experiments,
other allogenic material, etc./; value of Vi1
runs from O to 5 and should be judged by =&
competent expert.

vlzx Other non-anthropogenic fertilization danger
/subterranean streams, non-filtered or badly
filtered dropping or seeping water, air-draught,
animals, eto./; value of vy, Tuns from O to five,

8ee also vll"

Based on the above mentioned variables the index of

endangerment /E/ can be estimated as

12

E = v1 . v2 + E vi

v=3

Our results concerning the development of green converings

of the experimental lamps were tested by means of this index.

The main results can be summarized as:

= Macroscopio green patches had not appeared within one

year after installation if E did not reach 17, but had
appeared within a half year if E was higher than 18,

If E<1lL, moss protonemata had not developed within a .
year, if E was between 14 end 18, they appeared in half
to one year and if E>18, moss protonemata developed
within a half year.

Correlation coefficient /r = +0,79; P=<<1 %/ between the
number of speoies of algae and E is high /Fig. 5./.
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Fig.

number of species
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5. Index of endargerment /E/ and the number of species
at the different lamps; lamp nos. are given om the
figure.

Our results clearly prove, that in the sarly stages of

lamp~flora development,

the fertilization danger is more im-

portant than the ecological background /light and water cdn-
ditions/ although it must play a prior role im controlling the

final stage of development.

Although the index of endangerment pvoved to be very effi-
cient in desoribing the development of lamp-flora’ im our ex-
periments it ocan be modified on numerous points e.g. a mini-

mum amount of light is mnecessary /it is about 30-%0 lux for
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imcandescent lamp mccording to Dobat 1966/, the air must mnot
be ocompletely dry, the mode of light operation /cf. Hazslinsz-
ky 1985/ might be taken into cousideration, etc.

Ju conneoction of the index some theoretical questions are
also arising, namely: in early stages of succession stochastio
processes are charaoteristic, but the description with E is cle-
arly deterministic., However, controversies like this are very
common in biological modelling, and such approximations can be
made if the results are in good agreement with the observati-

ons.

The index of endangerment can be used in every cases when
the development of lamp-flora is to be expected, e.g. new
caves are equipped with lighting system /for touristical, sci-
entifical or medical purposes/; new parts of previously illu-
minated caves are opened to the public; after removing green
covers from the lamp-areas; after renovation of the lighting
system, etc, The main advantages of E are the simplicity and
the operativity: the single danger-sources /vl ceeees vn/ can
be decreased or even eliminated step by step, and in most of
the cases without large financial bases /e.g. modifications in
lamp placing, in direction of main traffic, etc./, and, in the

end, a better protection of caves can be reached this way.
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LAMPAFLORA-KISERLET A PAL-VOLGYI-BARLANGBAN
A /Osszefoglalds/

A P4l-vblgyi-barlang hirom, a turistik 4ltal nem lAtogatott
teriiletén /El8csarnok, K8hid-terem, Ot bardt-folyos6/ Ssszesen
13 db kiilonbsz3d lampit helyeztiink el. Fényiiket /egy kivétellel/
kordbban meg nem viligitott feliiletiikre irdnyitottuk. 1983 Ja-
liusa /ekkor kezdtiik a kisédrletet/ és 1984 mé& jusa kszstt 5 al-
kalommal vettiink a megvildgitott feliiletekrdl kaparékot steril
krilmények kozbtt. A mintdkban 2-3 hénapos szobah3mérsékleten
6s természetes fényviszonyok mellett tortént tenyésztés utém
meghatéroztuk az algafajokat 111l. feljegyeztiik a mohaprotondma
fonalak meglétét vagy hidnydt. Kés8i juvenilis fazisban - 14v3
mohantvényeket 1984 szeptemberében gyiijtottiink. A kisérlet egy
éve alatt mindhiArom mintateriileten nétt a fajszim, & leginten-
zivebb mBvekedést az UOt-barit-folyosén taldltuk, a leggyéreb-
bet @z El3csarnokban, Usszesen 41 alga /11 Cyanophyta, 11
Xanthophyceae, 9 Bacillariophyceas, 10 Chlorophyfa/ és 5 lom-
bosmoha faj fordult el a mintdkban. Mivel a florisztikal e-
redményeket az egyes lémpik fényerejével 111. a megvilégitis
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id3tartamival Ysszevetve semmilyen Usszefiiggést mem taldltunk,
a kisérletek eddigl legf3bb tapasztalata, hogy a lédmpafléra
szukcesszibé kezdeti szakasziban a betelepiilés mértédkét nem e-
gyedill az tkoléglal paraméterek /fényviszonyok, a felszin mi-
n3sége, vizelldtottsdga/ hatérozzik meg, s8t jelentdségiik el-
torplil a fert3zésveszély kiilénbozd Ysszetev3idhez képest. Mivel
ez uté$bbiak kvantifikildsdra eddig nem volt médszer, kidolgoz-
tuk egy un, Veezélyezteteﬁaégi indexet, mely az bkoléglal para-
métereket és a fert3zédsveszély egyes Usszetevdit is tartalmaz-
za. Ebben a kivetkezd viAltozbkat vettiik figyelembe:

Vlt

V28

v

3

az izz6 fényereje;
a lémpa tdvolsdga a megvilédgitott felillettdl;
& felszin nedvessége;

a felszin min3sége;

a turistacsoportok viszomya /tivolsiga/ a megvildgitott
feliilethexz;

a kezel8személyzet viszonya /tivolsiga/ a megvilégitott
feliilethez;

a teriileten JArd barlangidszok és kutaték évenkénti széma;

a teriileten végzett munkik /filmforgatés, Jaratkarban-
tartis, stb./ évenkénti szima;

az adott lidmpa tAvolsiga a barlangban tal&lhaté egyéb
olyan ldmpdktdl, melyeknek kialakult lémpaflérija van;

: megviligitéisi elﬁzmény;

ezyéb antropogén fertdzésveszély /gombatenyészet, sze-
mét, barlangil kisérletek, egyéb behurcolt amyag stb./;

egyéb, nem antropogén fertdzésveszély /barlangi patak,

nem vagy alig szilirt felszini viz csepegése, huzat, élla—
tok stb./.

-

A fenti vAltozdékhoz azok tartominyait figyelembe védve ér-
tékeket rendeltiink, melyek segitségével a veszélyeztetettségi
index /E/ a kévetkezdképp kalkuldlhatd:

12
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Kisérletsorozatunk eredményeit E felhasznilédsdval tesztelve az
al4bbil eredményeket kaptuk:

1. Szabad szemmel léthaté z51ld foltok mem jelentek meg egy éven
beliil, ha E értéke 17-nél mem volt magyobb, viszont m4r fé1
éven beliil megjelentek, ha 18-n4l magyobb volt.

2., Ha E kisebb, mint 14, mohaprotonéma fonalak mem fejlddtek
ki egy év alatt sem, ha 14 és 18 k8zbtti, akkor fél-egy é-

ven beliil megjelentek, ha 18-n&l nagyobb, gy mAr fél1 éven
beliil,

3. E és a fajszim kbzbtt szoros pozitiv, lineAris korreldcidt
taldltunk /r = + 0.79, P<<1%/.

Az E index segitségével eldrejelezhetd egy-egy megviligitott
barlangrész veszélyeztetettsége, s a gyakorlati barlangvédelem-
ben a médszert akAr azonnal alkalmazni lehet. Egyszeriisége
mellett operativitisa kiemelendd: az egyes vAltozdk /vl....vi/
értékeinek koncepoibdzus csdkkentésére /pl. a turistautak kis-
mértékii Athelyezése ahol lehet, 6vatossig az izzécserékﬁél, a
l4mpik irdnyultsiginak kismértékii vAltoztatisa, a barlangi
munkdk racionalizdldsa stb./ torekedve E is cstkkenthetd,
mellyel alapvetd 1lépést tehetiink a lampaflérik kialakuldsi ide-
Jének ndvelése feléd. Az index alkalmazésidt nemcsak Gj barlan-
gok megnyitdsa esetén ajdnljuk, hanem Gj Jhratok kiviligitisa,
4] vil&gitétestek elhelyezése, a vilidgitbérendszer korszeriisi-
tése esetén is, vagyis mindig, amikor steril vagy tisztitott
barlangi képz8dményeken a nsvények megjelenédse varhaté.

Abra- és téblédzatszbvegek

1. &bra, A P4l-vblgyi-barlang térképe /K&rpAt és Takdcs-Bolner
1983 nyomin/; e: a lédmpik helye és szhma; I: a turistdk Altal
bejirt \itvonal; II: a XX. szdzad elején feltdrt részek; III: a
80-as években feltdrt részek.

2. Abra. Kiildnbbzd ndvénycsoportok megjelenése a kisérleti
l1amphk Altal megvildgitott fellileten.

I. algdk jelenléte osak mikroszkédposan mutathaté ki;

II. algik + mohael8telep-nbvedék, jelenléte osak mikroszképo-
san mutathaté ki;

&
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III. szabad szemmel lAthatd z8ld foltok /alghk + mohaprotonéma
fonalak/;
IV. szabad szemmel lathaté z6ld foltok /csak alghk/;
V. szabad szemmel l4dthatd zBld foltok /algék + mohaprotonéma
fonalak + fiatal mohanBvények/;
VI. szabad szemmel l&thatéd z8ld foltok /alghk + mohaprotonéma
fonalak + fiatal mohanBvények + pafrény el3telepek/.

3. Abra. A fajszdm vdltozhsa a PAl-volgyi-barlang hdrom kisér-
leti terilletén 1983 jJinius és 1984 mdjus kbzostt.

L4, &bra. Az 1983 jinius és 1984 szeptember k¥zbtti Ysszes meg-
viligitds /kwh/ és az elsd év alatt taldlt fajok szdma az
egyes kisérleti ladmpdknil/e/.

5. 4bra. A veszélyeztetettségl index /E/ és a fajszdm az egyes
kisérleti lidmpédknal /e/.

LAMPENFLORA-EXPERIMENT IN DER PAL-VOLGYI-HUHLE

/Zusammenfassung/

In der Hshle "P4l-vélgyi-barlang" /Budapest, Ungarn/ wurden
in drei, fir die Besucher nicht erschlossenen Teilen /"El8csar-
nok", "K8hid-terem", "0t bardt-folyosé"/ insgesammt 13 ver-
schiedene Lampen installiert. IThr Licht wurde /mit eimer Aus-
nahme/ auf frilher nicht beleuchtete Flichen gerichtet. Zwischen
Juli 1983 /damals begannen wir mit dem Versuch/ und Mai 1984
kratzten wir fiinfmal unter sterilen Verhiiltnissen Muster von
den beleuchteten Felswinden ab, Diese Muster wurden dann 2-3
Monate bei Zimmertemperatur und matiirlichen Lichtverhédltnissen
ausgesetzt, Nachher bestimmten wir die Algenarten und beobach-
ten bzw. notierten das Vorhandensein oder den Mangel der Moos-
protonema-Fiden. Die Moospflanzen, die in der apitjuvenilen
Phase waren, sammelten wir im September 1984, Im Jahre des Ver-
suches vermehrte sich die Artenzahl in allen drei Teilen. Die
grésste Vermehrung fanden wir im Gang ébt bardt-folyosé", die
geringste in "Eldocsarnok". Inagesammt kamen in den Muster 41
Algentaxen /11 Cyanophyten, 11 Xaunthophyceaen, 9 Bacillariop-
hyoeaen, 10 Chlorophyteun/ und 5 Laubmoasarten vor. Da die flo-
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ristischen Ergebnisse keinen Zusammenhang mit der Lichtstirke
der Lampen, bzw. mit der Belichtungsdauer zeigten, ist das
wichtigste Ergebnis der Versuche, dass das Mass der Verbrei-
tung im Anfangsstadium der Lampenflora-Sukcession nicht allein
durch dle Bkologischen Parameter /Liohtvefhﬁltniase, Beschaf-
fenheit und Bewisserung der Oberfliéiche/ bestimmt wird. Ihre
Bedeutung ist sehr gering im Verhdltniss zu den verschiedenen
Komponenten der Infizierungsgefahr. Nachdem fiir die Kvantifi-
zierung der Letzteren bisher keine Methode bestand, entwickel-
ten wir einen sog. Gefidhrdungsindex, der die 8kologischen Pa-

rameter und die einzelnen Kompoumente der Infizierungsgefahr
beinhaltet. In diesem Index berﬁoksichtigten wir die folgenden
Parameter:

vlz Lichtstidrke der Lampe;

Vol Die Entfernung der Lampe von der beleuchteten Fliche;

v3: Die Feuchtigkeit der Flidche;

vy, Die Beschaffenheit der Fléche;

v

Die Entfernung der Besuchergruppen von der beleuchteten

5 Flidche;

AT Die Entfernung des Personals von der beleuchteten
Flédohe;

v7: Die Zahl der Hohlenforscher, Wissenschaftler, die die
Héhlenstrecke betreten;

v8: Jahriiche Zahl der in der Hohlenstrecke fortgefiihrten;
Arbeiten /Filmdrehung, Instandhaltung usw./;

Die Entfernung der fraglichen Lampe von anderen Lampen
in der Hohle, wo Lampenflora entwickelt ist;

le: Die vorige Beleuchtung;

Y1t bie sonstige antropogene Infizierungsgefaﬁren /Pilz-
sucht, Mist, Hbhlenexperimente, verschiedenes einge-
schlepptes Material/;

12° Die sonstige nicht antropogene Infizierungsgefahren
/Hﬁhlenbaoh, un- oder schwachfiltriertes Tropfwasser
von der Oberfliche, Luftzug, Tiere usc./.

Zu obigen Parametern, bei denen wir auch ihren Bereioch in
Betracht nahmen, stellten wir Werte fest, mit denen der Ge-
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Gefihrdungsindex /E/ folgenderweise kalkuliert werden kann:
12
E=vy, - v, + ZE: vy
V=3
Die Ergebnisse unserer Versuchsreihe getestet mit Benutzung
des Gefihrdungsindex /E/ sind Folgende:

1. Innerhalb eines Jahres erschisenen keine mit freien Augen
sichtbaren griilne Flecke, wenn der Wert von E nicht grisser
als 17 war, dagegen erschienen sie schoun innerhalb eines

halben Jahres, wenn E gr¥sser als 18 war.

2. Wenn E kleiner als 14 war, entwickelten sich Moosprotonema-
fédden auch innerhalb eines Jahres nicht. Wenn E zwischen
14 und 18 war, dann erschienen sie innerhalb eines halben
und ganzen Jahr; wenn E grdsser als 18 war, dann erschienen
sie innerhalb eines halben Jahres.

3. Zwischen E und der Artenzahl fanden wir eine enge positive
lineare Korrelation /r = + 0.79, P~=1%/.

Mit Hilfe des E-Index es kann die Gefiéhrdung eines beleuch-
teten Hhlenteils im voraus gezeigt werden und deshalb ist es
mbglich, diese Methode beim praktischen Hohlenschutz gleich
anzuwenden. Neben ihrer Einfachheit ist ihre Operativitdt her-
vorzuheben: durch die Verminderung der Parameter /vl"’vi/
/zB., kKleinere Knderungen der Fahrwege, Vorsicht beim Austausch
der Gliihlampen, kleine Knderung der Beleuchtungsrichtung, Ra-
tionalisierung der HShlenarbeiten usw./ kaun auch E vermindert
werden. Damit konnen wir eine grundsidtzliche Schritte zur Ver-
ldngerung der Entwicklungszeit der Lampenflora machen. Wir
empfehlen die Anwendung des Indexes nicht nur beim Ausbau neu-
er Hohlen sondern auch bei der Beleuchtung peuer Ginge oder
Erneuerung schon vorhandener Bsleuchtungssysteme, also immer;
wenn das Erscheinen einer lLampenflora an sterilen oder gerei-

nigten HBhlenfliichen zu erwarten ist.

Zeiochenerklirung

Fig. 1. Der Plan der Hthle "PAl-vilgyi-barlang" /Nach Kirpit
und Takfos-Bolner 1983./; e: Ort und Nummer der Lampen;
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YI.: der Fihrungeweg; II.: die am Anfang der XX. Jahrhundert

entdeckte Teile; III.: die im 80er Jahren entdeckte Teile.

Fig. 2. Das Erscheinen der voraobiedeﬁon Pflanzengruppen auf

der mit den Versuchslampen beleuchteten Fliichen

I. Die Anwesenheit der Algen ist nur mikroaskopisch beweisbar;

IT. Dle Anwesenheit der Algen + Moosvorkeilmgewlchs ist nur
mikroskopisch beweisbar;

III. Mit freien Augen sichtbare griine Flecke /Algen + Moos-

protoheméfadon/;
IV, Mit freien Augen sichtbare grﬁne,Flecke /aur Algen/;
V. Mit freien Augen sichtbare griine Flecke /Algen + Moosproto-
' nemafaden + junge Moosfplanze/;

VI. Mit freien Augen sichtbare griine Flecke /Algen + Moospflan-

Zen + Farnevorkeime/.

Fig. 3. Die Anderung der Artenzahl auf dem drei Versuchbereioh
der Hohle- "Pél-vdlgyi-barlang" zwischen Juni 1983 und Mai 198k.

‘Fig. k. Die Gesamtbeleuchtung /th/ Zzwischen Juni 1983 und
September. 1984 und die wihrend des ersten Jahres gefundene Ar-
tenzahl bei den einzelnen Versuchslampen.

Fig. 5. Der Gefdhrdungsindex /E/ und die Artenzahl bei den ein-
Zelnen Versuchslampen.
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