Algal Growlh Experiments in the Baradla Cave
al Aggtelek (Biogpeleologica hungarica XXI)

By Enezioet et

[ntroduetinn

One of the most interesting problems Tacing speloobotanist today
iz the question of what energy souree is used by the actively growing
green algae which are fonned within coves throughoul the world, sinee
the eternally darle envivonment of the cave peeclodes the possibility
of phetnsynthesis. Many algal species ure known o be alle, i neces-
sary, to switeh from their nzoal antotrophic assuoilalory syvelem Lo a
Leterotrophie nutrition 1 suitable organic materials are available
(Chodal and Kol 19343, In e peesent paper we are primarily con-
cerner] with those which apporently retain nel only an antoteaphin
mele of life, buf also thete original green coloralion,

Materials and Methods

Lo oreder Lo investigate this prablem, several ssnples from axenic
cultures of different algal strains present in the Kol collection of Lhe
Natural Histery Museunt, Section of Botany, Budapest, were grown
for varying perinds of time in both light and dock, iweluding cave
enviconmenls, The calbuees were inaculated into tubes on wwar -+ 14
Detner-medivim, For each experiment, theee parallel enllures Trom
each steain were included for each varying environmental pondition.
The Taboratory investigations were carried oul in the Natueal History
Museun., Section of Botany.

A total of 108 algal strains were nzed in thesr experiments, Cyano-
phigta was represealed wilh 53 separate steaing, Chforepfila with 45,
and Chrysepfpie with 2004 list of Lthe individual steains is found below.
I the following work the steaing will be denoted by their respeclive
aceession numbers in Lhe Algolheca,

Y Brelanical Divizion, Natural Hiztory Musewmn, Vajdalunyadie, Buda-
pest, Hungury.
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2237.xx, Ellipsaidion voeystaides Paschor

238 Ellipsoidian aocysteides Pasclier
A% Edlipseidion regulare Pascher

. Ellipeaidion ap.
d0da. Eifrpsoidion sp.
M. Muonodus dactilocoacatdes Pascher
A% Monodis sublerranas Doye-Pelerson
G0, Manodus sebterranae Bove-Pelersen
20, Monodus subterranae Bove-Pelersen
232, Monodus seblerrange Noye-Petersen
239, Plewrochloridella botrydiopzis Pascher
181, Mewrockdoris comaatate Paschor

uI. Raphifielly faseienlaris aschor
Baecillariophyeeae
9 Nitzeehie poles [JOg) W, Smith

231. Nitzachia palea (Kg) W, 3mith

Five different experimental series were performed oo the algal
stralng,

1. Orientation experiments Lo determine which of Lthe steaing wore
hiest suited for our purposes, MNinelyfive algal strains were kept in
darkness in the laboratory for 268 days (Table 1.,

2, Parallel pxperiments with 27 algal strains, in the cave and in
darkness in Lthe laboratory, foe 204 days, followed by 245 days in light
for the cove cultures (Table 119,

4. Paralle]l experiments with 103 ulial strains, in the cave and in
the laboralory darkness tor 365 days {Table [LL).

4. Experiments in the cave environment foe 175 duys wilh 26 algal
struins, which had previously been culbueed under light conditions in
the laboratory for 1359 days {Table [V).

G, Parallel experiments with 27 ulgal strains in the cave, in a cellar
and in darkness in the laboratory for 420 days and followed by ex-
posure Lo light in the laboratory for 158 davs (Tabla V),

The resulls of the experiments are summarized in Tables 1=V, in
which the degree of development of the eultires 15 denoted in fwo
wava: 1. The surface magnitude of the algal thallus iz messueed in
mun? or em ®; 2 The overall growth in the cullure is denoted as from
1 to 5. (Detailz are found o Table T).

Results
1, Oricntabion Experiments

Ninetyfive stroins were used, &4 Gyanophyta, 33 Chlorophyla and
18 Chrysophyta. Cultures for experiments in darkness were placed in



speleclogy 11, Kol 461

hoxes especially prepared For tlis purpose, the nside of which was
lined with blucl paper. The eullures themselvez wern wrapped wilh
a denble-laversl black eloth belore placement into the hexes, the
covers of which had an overlapping rim of several centimeters. This
arrpngeiment already rebeaine light penetration, but for even further
aeeurity, the boxes were then wrapped with heavy duby black paper,
Control culturez were placed in tle sume laboratory, under the sane
Lernperature conditions, under light, Thus, both of the series had the
sivme envirenmental condilions with the exeeption of light, The pur-
pose of this ovientation was Lo sepacate and saleet thoze aloal strains
which can live in darkness and would Lhos prove to e the most suited
for Lhie purpose of the sulisequent experiments, The colbuees were kept
in the boxes for o period of 2062 davs (1722501001560 after which
they wers remnoved, observed, und for anolher 150 daye (10718 80-0)
25/61) were kept in light in the laboratory,

Lt ean be seen Trorm Table T that most of the algal strains suevived
this long period of darkness, reloined Lheir green color, and many of
thermn even showed satisfaclory growth, However, some of Lhe strains
peristed complelely, in the dark, while in some cuses, although thi
stroins survived, their color changed from green to brownish e
vellowish-green: In those stroins which retained theie green colop
same appacently actively grew, and i some coses only the origis
nal inoculum suevived, as indieated by o lack ol Lhallus develap-
ek,

As mueh variation oecurred in the reaclions of tha algae to the
150 days of lzght enviconment as to the 265 davs of durkness, As can
b seen Trom Table 1, some of the algae developel with greal intensily
in thie light, o few strains which hod Darely survived in the darknpoess
underwent & vivid growth during this 130 days, a good nomber of the
steains which bad just suevived Lhe rigorz of darckness did noel boprosve
in the light and seme vven pecished, A Tew parcticulorly Interesting
steains which hald showed some development during the firsh part of
Lhiz experiment quit growing in the light s Lheough the light itsall
were acluully a resteaining Tactor. [+ 140 144, 217,

From Table 1 it is clear that light requirement for growtl, e the
ability to survive in lack of ik, 15 oot so muoch & characteristic of o
species @ ibois of a single algal strain. We can sea Lhal in the zame
species {nobe Cldareli culgaris, Phovmidinm foeeslarane, Phormdd e
lapinesine and Nostoe] 2ome strains have shown quite satisfactory
growll in dorkness while others completely perished,

Drring the entive time of this experiment, out of Lhe total 95 strains,
14 showed significant geawth and 12 perished.
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2 Parallel Growilh Experiments in the Cave and in
the Lalaratory in Duarkness and in Light

Twentyseven selecled steains of algae were kepl in darkoess hoth
in the cave and in the luboratery loe a period of 204 davs {4/1;60-10/
A0 AfLee theie romoval Trome the dark envirenments, they weee
examined and placed in the lght for o period of 3495 days (HE22/60-6/
257010,

The pesults of these experiments ave summarized e Table [ from
which il hreomes elear that some aleal strains theived well in the rave
anid showed cxcellent development, Others, however, barely stayod
alive. Certain strains developed in the darkness of the rave betber
than in the dark in the luboratory, while sthuers showed hetder develap
ment in the dack in the laboratory thao in the cave. The skrains i Lhe
former groop apparently are able to Lolerate the lack of Tight much
beller in the eoaler cave environment whereas Lhose in the latter
group Lhrived better in the dark wnder the Jaboratory conditions al
the bigher temperature {room) which Lhis provided for them.

In both experimental seeies Lhe twenlyseven sleains were kepl in
tolul darkness fora period of 204 days and even under these conditions
only four perished eompletely while ten showed excellent develop-
ment,

The resulls of colturing Lthe algae for an additional 245 days alter
their removal from the cave or after the rernoval of the wrupper in the
laboratory are wlso compiled in Table (L Purposes of these stodies
were bwa-folid: L Lo eztablish whether or nob the strains which wers
weakened in the cave orin the darkness of the lnboratory will he able
Lo regenerate when placed in light; 2. whether or not the strains which
passibly clianged Lo beterotrophism due Lo the long lghlless condition
will b able to reverl to autetrophism, These experimental zerics at
the same thne served ws a check to demopstrate thal the strains kept
in Lhe cave or in the labaratory darkness were still alive. Sone strains
which showed only a small development o remained bavely alive in
Lhie cave when placed to the Light showed an excellent develapment,
(o geneeal thoee steains whicl developed well in the cave retained
their developmental intensity when exposed to light. Two streains,
number 50 and 122, in spite of the fact that they develeped quile well
i Lhe eave lost this developmental intenztity 1 the light culturing,
Twen other strains, number 43 and &4 which, however, were hareely
viabhle when recavered [eam the cave, perished after hight cxposire.
Aome other factors which are nob meotioned here may also plaved a
role in this cuse.
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3 Porallel Experimentz in Darkness in Cave and
lLaboratory

In these experiments parallel cultures of 103 alal sleains were
preparved For grewth determinations in the cave and in the darkness
ol the Jaboratory for an entive vear (127100600 12200610, The resullz
are Lound in Table 1.

Among the 104 eultures kept in the cave, Len showed significanl
growlh amd ten pershed. In the laboratory six steaing showed signif-
ieant. growth, none of Chese were bhe same az those developing well in
the cave, and these six showed a smoller thallus Lhan the very wall
developed Lhalli of the cave growers. Lo the darkness of Lhe laboratory
twelve strains died, again none of the same strains which perished in
Lhe vave. Steain & 87 showed excellenl development in the cave, but
perished in the lnboratory. We can generalize that a greater pereentage
of the cave cultuees thrived, Lhey established larger thallil, and a
smaller pereentupe died, compared Lo the labaratory cultores,

Some genpral eolor dilferenees ron be seen betwreen the lwo environ-
ments, Althongh the cultures all, in both biotypes, kepl o green color,
the fing shading had a genveal Leend to dark green and brownish-green
in the cave, with the exeeption of the strains of Phormidinme which
becone a yellowish-green {zpe Table 11I1), The laborstory enltures
tended much more to beae geeen and Dighl geeen. Ydssefife palea
(stratns 224, 231) kept thewr brownizh color in hoth environments.

The major differenees in eovironmental paraneters that the enl-
tures lad ta contend wilh were the geeater homidity of the eave, its
leaser temperature, and the possible radialing energy thal can be
found in g cave.

Ao Bxpertments in Cave, with Cultures Previonsly
Grown in Lighl

Twentysix algal sleaing were nzed, Inocalated on Februars 15, 1961,
these straing wern grown o light for five months, anid then were placed
in the cave environment for 175 davs {on July 200k, 19610 The pur-
pese was Lo determing the reacltion of the eultures, alter having
attained a posd growth, in the laboratory Lo the cave environment.,
[ previous experiments, Lhe eultures were placed into the durk en-
viranment, either laboratory or cave, within a few davs after inoeula-
tion, while in this instanee they were pluced into the cave alter growing
them during the besl vegetation period in the light, e speing and
summer while still during the vegetation period. The results of these
prpreriments are summarized inTable TV,
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Apain, even among these few stroins, the results are quite varying.
A total of 14 oot of the 26 strain: acclimatized cosily and colainaed
Lheir intensity of development. Five stopped develapment, probably
due Lo zome hindering ciremmstance of the cove, although the original
thalli, in their origingl sizes, remained alive, One coltuee died aml
several beoame il

The geneeal health pattern and developmental trends of the coltuees
is tdieated not only by the size of the thallus bl alzo by eoloration
changes, In every instance, such a change signifies o chuoge o the
health pattern of the cultuee, Tr poor health it zeems that bhe green
rolar Tades, and often e coloration ehanges to brownizsh ar yollowish,
Those particular specics which usually form large smounts of carotene,
tend to produee even more in the cave envieonment and Lheir color
turned aften to a steonger vellow, or reddizh-vellow, az can be seen i
Table 1V, eapecially strains G5, 280,

From this Talle it becames evident, that il s imesaberial for these
micronrganizsms, Trom the viewpoint of theip ability to grow and
develap in the cave, whether or not they have lived under light ad
liave aleeady developed o thallus of seme size or whether they are
placed in dorkoess immadiately alter ineenlation with only o few cells
in the medium, Theie adaplolion gseems 1o be identical in either case,
although theer are a few striins which seem betler able to enduee oy
condilions if placed there as very young cultures, and have not heen
grown 1 lighl fiest.

S oParallel Experiments in Cuve, Laboratory and Cellar
in Darknezs, Fellowed by Light Culturing

For 420 daya (4/25/62-6/30/63) Lwenbyzoven alzal strains wern lept
ine davkness under the conditions deseribed below, aller which they
were pemoved from the darkness, examined and placed o light Tore
158 days (G:30/63-11/26/631. Tn each instanee at least three parallel
eultires were used,

AL Cultures i formly sealed metal hoxes in the cave.

B, Cultures placed in Lhe cave without wrapping,

C. Cullures placed in a dark, damp eellar, after having been wrapped
in zeveral Tolds of black paper and textilo.

1. Cultures placed in a dry cellar, wrapped as in O

I, Collupes kept in dark metal boxes, in the Inboratory at room
temperature (Uhos ab @ bigher temperature than A through ),

F. Culturez placed under light, in the laborabors,
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Some algal straing showed good development even when sealed
within metal boxes in the eave, and some exhibited even better
development under such conditions than when they were {reely placed
in the cove, However, othwer straing barely survived in the hox Many
of tha algac ulsu showed good development when freely placed, while
some grew equally well in both biotopes (28, 138, 2500,

The available moisture was identical for both algal groups doe to
the fnet that those which were freely placed in the eave could directly
ntilize the moisk air of theie surrounding, while the others, placed in
boxes, had a1 their disposal the moisture of the medivm which was
shielded from evaporation by the ld, Therelore, the eultures i the
boxes had available to them the required quantity of moizture,

After remarenl from darkness these cullures were kept for 158 days
under light, during which Lhe phenomenon already known from Kx-
perimenl 2 repeated itackl, numely that those straing which in darkness
coulil harely survive, whan placed under light showed good develop-
ment (See Table Vi while those which exhibited good growth already
when in the dark developed with even greater intensity under light,

Lot us now see, how these sume algal straing behaved in the darl-
ness of the cellars under different mosture conditions, [L should be
noded heee that the cullurez which were placed in the cellaes wera not
sealed i Loxes, therefore, the mostare content of the cellars could
reach these cullures dircetly. (Seciez O and T0)

Surprisingly ouly five algal strains showed better development in
the damp cellar while elghl strains thrived betler in the dry one.
Some apparcobly could not adapt well to either place, hut merely
survived, and straing nos, 149 and 162 died in the cellara.

In genecal, among the coltures of alpas in the cave, as compared
with those in the cellars, more strains were seen growing with greater
intensity, even when sealed in o metal box. Strain oo, 28, showed very
good development in sories A and B, while in the dap eellar () it
conld merely survive. Although this strain did develop in the dry
cellar {13) 3t was nob Lo the 2ame extent s whon in the eave, 51l a
fow strains showed better development in the cellar than in the cave,

We may conclude from the above experiments thal in the save
there i some energy souree available to the algae which is not present
i the cellar or lnboratory. This energy source has to be of the tvpe
which can penetrate o metal box, sinee some algal species showed
bietber development in the boxes. Therelore, thizs energy can only he
zorme kind of an cinissive energy. Whether it 15 a readioactive radiation
or some other 1ype which is not known at the present must he as-
certained by [ubure experiments,



A Spelealogy 11, Kl

Serins B was kepl in the laboratory in dark bhoxes at a higher ton-
peratues, e, room Lemperature, Lhan the lemperature of Lhe cave op
gellars, More of Lhe aleal steains showed betler development io the
cave, amd even in the cellars, than those which weree kept in the
labaralory darkness at higher temperalures. The niost resistant sleain
was no, 25, beeause undaer all six cirewmmstances Lhis strain showed e
geeatest development, These strains which could hardly survive when
kept in the dark in the laboratory became more-or-less regeneratadd
when placed under light.

Sevies A=l of Experiment & were kepl i darkness foe A200 days, and
thereaflor under Tight for 158 days,

Series 7 was kept under light ot rosm temperature in the lnboratory
far 57A davz Even under thiz latter condition, the intenzity of develop-
menl of the dilferent algul strains varied; eighl strains showing hich
developrment, small development disployed by six, and three (25, 151
and 216) barely aurviving.

It can be seen feom the above that Lthere seem to exist both photo-
philie and also sciophilic, thot iz dork demanding aleal strains,

THsenssion

A General Consideralions

It waz already mentioned that thees st be saome kind of radiation
it Lhe cayve which serves as an envegy sowrce [or these plunts, However,
as it san also be zeen from the above experiments, the simple existenee
of such energy iz inaderguate, since 1 is also necessary thatl Lhe or-
ranisms, in Lhis case Lhe algae, should have Lhe capacity of absorbing
wnel utilizing such radisdion as Lheir sonree of energy. 16 can be said
that the existence of indigenaons Life in caves is based on this fact, aml
soeves alzo as a spovies selective Tuetor, The adaplabality of thw individ-
ual living organzm may ablso play an importaol eole; Lhose alusl
strains which ean easily switch [rom an sulolrophic to s hetero-
trophie exigsbence can more-or-less miilize the energy 2ouree provided
by the cave, and are able to suevive and develop fhere. The algal
gteaing which are unable to ulilize the eoergy source avuilable in the
cave, but are hardy and able in geoeral Lo bear unfavorable condi-
tinms, such as deszication, lack of light, ete. can suevive, buat not
develop, Alsa important is Lhe individoul ehiarocter of the organsm, in
Lhis case Lhe aleal plant, how soon it 15 uble to acelimatize, that iz
whether 1t is able to change its nolritinonal svstem under Lhe force of
the changed environmental condilionz.
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The time perisd provided for these experiments in arder to stody
and judge Lhe helovior of algal steains under different conditions was
vndanbtedly sufficiently long and in some cases perhaps was even too
Loy, The experiments were get up Lo include at least ane vegelation
preriedd, Le., spring and smnmer.

The enltures kepl in the cave in many cases show devialions Trom
Lhe nzual: (1) in eolar, the geeen color of Lhe steains tends towards a
yvellowish, auite olten hrownish color, whereas Lhe Cyanophyla bhe-
eome vivid blnish-greens; (2) vsually the pyrenoids of the eells do not
develop, bl or no stareh is Tound in the cells; {3) while vigorons coll
division aceurs, e developing colls usually are vory smull; {4 in the
filamentous algae the filaments are often disinbegraling; in Lhe Cyano-
phivta the mueouz sheath aof the filamwents are well developed; {51 in
the vellow colorod straing carotene formation is higher than usoal,

AL the present Lime i iz nol koown which species of the different
alyal prroups can bear darkness Detter, thiz ability 15, however, prah-
ablv an individoal characteristic. The plants of Lhe caves belong
mainly to the groups of edaphic and tereestrinl algal species,

B. Enecregy Sourees Availalile to the Coltures
During the Experiments

Chodat and Kal (1934) capried out dilTerent experiments with Lhe
algal strains i R. Chodat’s Algotheca at the Botanical Institole of the
Univerzsity of Geneva, Switzeclond, The strains were kept in darkness
and nnder light, inoair and in vacunm, in inorganic mediom, both with
anidl withoutl sugars. Attention is called only to the results of those
experiments which seem to be pelevant to the present studies and
which are mainly concerned with the autotrophic and heterotrophic
notritinn of e different algae under varviog environmental ron-
ilitions.

Aceording to this paper (loe, eil, g, 5 Tab, 1) sore algal speeies conld
not only live in o vaeoum and on inoeganic mediom in the laboratory
Lut alse develop and undergn eell division if kepl in light. Uniey
aernhivc condilion and in duckoess {loc. it p, 10 there was cell division
oceurring ba some degeee oven in the zugarless, Inorganie mediom,
while under the anme conditions bul with a mediom contaminated
wilh sugar the rate of cell division of certain specics dropped to from
one-lalf to gne-guarter of that shown under lighl. Tn the latler caze,
in the lack of light, the lower rate of cell divizion can be attributed (o
a change 1o heterotroplie nutrition. One can also 2ee from Lhis Table
(loe, eitope 100 Tah. TH that eel]l division s significantly reduced in
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vacuum thal is in unaerohie conditiens, and darkness, that eell divi-
sian in certain species Jepl in medinm containing sugar 15 slight, and
il dizappears completely on the inorgaoie medinm,

[n the experiments refoeeed to above the wlgae were provided with
ilifferent energy sources as shown helow:

A = pnorgy olilized by pholosyothetic assimilation, wilh the aid of
chlorophyll, theomgh autobrephic nutrilion.

H = energry sources provided and loeated o U medinm itaelf

J = enargy liberatod by anaerobic formentation of different malerials
within the cells themaclves o Lhe vaconm.

It = energy developed by the algae Lhemselves in dhe presence of
nxyren and respiralile matetials

Therefore, the cultures which were kepl under light were provided
with energy sources A =11, for those in darkness and inorganie, angar
froe medinm, the energy source was T and for enltures in sugar con-
Laining, therefore actually organic. mediom and in darkness the
encrry gources 1< 1D wepee available. Theretore, aveordingly (Joe. cit.
po 13 Tal, IV) the carbon uplake can oconr in both autedrophie and
lheterotraphic manner. In the presence of hight geaen algne assimilate
in autobroplic manner, On inerganie mediom and in the absenee of
Fight, the unetioning of the algal eolls is reduced mainly Lo pespiration,
however, i in the mediom organie material, ke sugar, is available o
change to heteroteophic nutrition nay take place.

In Lhe case of algae in the caves nnd alse those cultured in the cave,
the medivm contained purely inorganic salts and agar-apgar, Therelore,
vhviously in this case the energy source needed from the medinm For u
heterotrophic nuteition was not available to the algal cells

The experiments carcied oot in the cave in darkness show that:
(1} The organic materials probably present in the cave conld nol have
gorved us an enecgy source for a heterobrophic nubrilion for the algal
cultures, {2) Nelther did, as was supposed by some thul the energy
liberated through chemoaynthesis by differcnt bacteria liviog in the
CAVE, BRIVES 85 an energy aource, sinee Lhe cultures wern kept sterile,
sealed with eolton plugs, which were intact when removed from the
cave, therefore, no bacterial product could have penctrated o the
algal eolls.

In view of this, one must suppose thal Lhe algal cells have Lhe
gapieily Lo mbercept an as veb unknown radiation or radiating energy
prabably existing in the cave and to utilize it further for Lheir hife
[unctioning. In my opinien, this capacity is a steictly individual
churucteristic of the different alpac, as alzo proven by the experiments
dezeribed hervin,
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. Different Influencing Factars during the
Experimeants

[haring the vxperiments, i Lhe varving environmental conditions,
diflerend Taetors influeneed the nubeition of the diflerent algal sleains:
Lo Medivim: 5%, agar-sgar - 15 Debmer solutivn = T.

2, Moizture content of the madium = —V; degree of humidity of the
air =+ %,
A Temperature in Lhe laboratery = + H; the lower temperature of

the caye = —=H.
4. Tight = F.

b Aerobic conditions = -+ L acrabic conditions in tin boxes = —L.
Among these fnctors, only the medinm iz constant in every ease, all the

other faclors vary according to the dilferent experimental sonditions.
Experiment 1: =T, | ¥, 1, 41 and —F.
Experiment 2:

i) T, 4%, - Land —T, — U,

e A e T H and —F,

) LT, ¥, +1L, - H, +T.

Fxperiment 3:

a) TV, Loand —F, —1L

by 47T, +V¥, +1, -+ Hand —F.
Bxperiment 4: 4T, + ¥, -+ L and —F, —11.
Experiment 5:

A, 4T and —V, —L, —F, —H {imnimum).
B. 4T, 4L, +Vand—F, —H.

¢, +T,4+1L,+¥and —F, —I1I.

L. T, - L and —1", —H, —V.

B 4T, L, =V, +H and —F.

Fo 4T, 4V, +L, +H, LF (maximum}.

The minimal life condiions, from point of view of energy sources, is
available Lo the algae during Experiment 5, group A, sinee only Lhe
medinm rewaing unchanged. Thern is no lght in the cave, Uhe himid-
ity of the air cannol penetrate into the hox, the air itself is limited
somewhst by the box, and the algae are kept at the lower temperature
of the cave,

The algal strains of Experhoent 5, group I, are living in prefarred,
maximal conditions, a8, by the way, did the ether sirains which were
kept nnder light. However, strains of group ¥ were living under the
mosl Mvorable conditions as compared with the others, since thoy
were placed in light immediately ofter inocalation, while the others
were kept fiest in darkness and only thereafter in light,
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Aceording to the present day concepls, one can sgpeak of anto-
traphic aulrition only for eoltuees kept nnder light. Thoze cultores
frealy placed in the cave In darkness may have aceidentally recorved
some small amount of dhamination aod cetaimed theie autotrophism,
Hoowever, no ighl was avatlable for the cultures which were kepl in
complete darkoess o the laboratory, cellar and in the cave. nor Lo
thoze kepl i Lin boxes in the cave. In view of the faet thal no organie
material was present in the madium, it being constituted of anly the
inorganic salts of Detmer solulion aod the agar-apar, the plantz could
utilize only Lhe energy seurce availalle in thiz fnoeganie medinm
andfor those provided by the cave

Certain algal strains have specific chlorophylls differing Tfrom those
of Rowering planls, which may be a contributing Tactor to the Tact
that =ome algae are able, even in total darkness Lo produce chiloro-
phylls anel continue their development,

It is a well known fact that if organie mateeial, such as carhohy-
drates, are available in the medinm, some algal apecies are capahle of
wtalizing thea, In these pazes, in the lack of light the algae van ensily
clhiunge to o hetersdeophic nobeition. During Lhese cove experiments
hwever, we dealt solely with an morganic mediung though some algal
shraing do react Lo decrease o the homidity of air, this is not the
eritical factor here, nor is it, az il can be zeen from Lthe previous ex-
perimental series, the low temperature, nor the occaswonal deficieney
of air, but the eritical Tactor is the Tight, thatl is lack of light, or radia-
tion of some type subsliluting fer light, Wheter thiz radiation is ar is
nol radivaclive, will be praven by further experiments,

It iz probable that more algal strains will become located in those
placez of the cave where Ulnmination sometimes ceaches the plant
sioce in those places even such atraing can suevive and develop which
are unable to bear total and permanent darkness,

Fehér's (10954) experiment, inowhich he kept algal cultures Tor
1-2 vears, in complete darkness, in 12 meters in the earth is o Torther
prool thal some algal straing can easily endure a prolonged ek of
light, His cultures suevived, retained their green color, and pven
mltiplied .

The hypothesis Lhat the algae i the cave use as food organic ma-
terial partially decomposed by bacteria or lower lungl is nob applicable
i oatr case heeanse in the experiments presented here ne such nuteients
eonld Tave reached the algal cultures,

Although even o low decades ago it seemed very unhkely thal green
planta could iohabit the darkness of the coves, Loday we know from
many experiments (Palik 10604, Claws 1955, Suba 1957), thal several
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algal species live lo-caves, amd Lhat the spores of sven more cun be
found there, [ shall nol deal o this paper with the question of how
Lhese spores gob inko Lhe caves.

I as uite probable Lhat the algal species [ound in various caves
vary aceording o the different light conditions found in them, Some
algal stroins can utilize even the most insigoificant amount ol light,
while plhers are able to Lolevale iy complete abaenee. Muny species
representing the edaphon can be found o the coves which peints out
thit other Tactors besides light may influenee the populating of caves.
Thus, the rock struclure, the chemieal compesition of water, the
homidity and temperulure of the aie, etes, all have a selective in-
Ruence. The microorgantsims found in lee caves are complotely diferent
from those which cocur at the higher temperature of the dripstone
vaves. Those slgal species which can be found inoa eave ouly as spores,
even iF i1 iz possible to cullure them actificially when removed from
the cave, cannel be enumeraled az being part of Lhe cave's miceo-
vegetation, Chily those algal species swhich lead o vegetalive life in Lhe
vave and which alse mulliply theee belong to 1ts fora. Lo oy opinien
one can eonmmerale as the organisms of a eerlain Molope only those
whicl spend a significant portion of their vegetative and reproductive
life pyele in thiz biolope.

I can ulso be geen from this paper, thal in general algal strams
belonging to Lhe Cyanophyta, aoml Lo the edaphic and tereeztrial
Chlorophyta und Cheygophyla are those which showed the best de-
velopment in darkness (Nos. 29, 47 500, Among the Chlorophyla
Chlarygidomonas and Ohlerello zpecies with several straing tolernted
the Dest the lock of light, Among the Chrysophiyta, Honodus sub-
ferranea {Mos. B8, 50) anid the Elfipseidion species, smong the Cyano-
plivia the species of Phorpidinm wlopted best Lo darkness, According
Lo Tabile ¥ among the species kept in darkness in the hoxes in Lhe cave
Mo, 81 Lyughya tagerfeinie; Mo, WL Monadie sulterranee: Nos, 20, 20,
Phormrdium focelorim, No, 280 Chlamydomonnts and Moo 66, Cllorella
specins showed the highest development,

Whether there are exclusively cave dwelling aleal spucies one does
nob know at present. Research in cave hinlogy bas to go o Jong way
before il will bave a real koowledge about the microorganizms living
in the paves and will have azscertained theie environmental conditions,
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SUAMBARY

Tl author kepl 108 algal steains | Cyanepfyia 58, Chlferaphite 35, Cleysa-
piegk 200 af axenie cultuees from the ol-Algotheen in the Botanical Divi-
gion ol te Hungartan National Scicnces Muoseuam in the Baradla Gave, al
Agretelek (Humgaryy in darkness Tor 204=520 dlays under dilferenl enviran-
metial conditicns.

The experiments have proven that several algal strains can Lolerate well
thee complelo abzence of light. Furlhermore, thal zome algal steaing show
intensive developiment even under such conditions, These axenie collares
kept in the cave in metal boxes on inorganic medium have shown that the
erergy source nzed by these geeen colored algae i not some beprodoct of
cliematraphie bacleria, noe is (0 availabhle veganic malerial, ok thal ik most
be some kind of rudiation which i able Lo penetrate even te melal boxes,

The ability to adapt to the conditionz exisling in a cave iz not a general
clinaclerislic of algal species, bl is the capability of indivibual algal strains
within that species, Mest prolably the algae Iiving i the coves are acro-
Phrbes, tereeztrial forms, and also some belonging to the edaphon.

Thu cells wern fonnad Lo B amallie in Lhe algae keploin L eave, Hheee was
wlmost no starch deposition in the cells, the pyeenoids were baorely dis-
cernible, but the development of carotenes was moee intense.

Whether there nee specifio cave dwelling algal sheaing mousl be dedernnined
Iy future algpological reseorch conducled in coves, The composilivn of L
algal Horas of the caves may he equally dependent upen the chemical and
hyveical characterislics of Lhe binkope, as s Lhe case in avery olhsr biotope.

AUBAMMENTFASBTUNG

108 Algenstinnme (03 Cyoneplhiyea, 35 Clidoraphyte and 200 Chegsophite),
die sus axenen Kulturen der Kol-Algensammlung der Botanischen Abtei
Iing des ungarizchen Nationalmuzgenms der Wissonachalten hrimpltwirden,
wurden in der Bapadlaliihle bei Agetelek (Ungaen) wihrend einer deitdaner
von 204- 420 Thgen unter verschicdenen Standortbedingungen kaltivierl.

Die YWersuche habrn gescigl, dall oine Anzall von Algensliommen yoll-
slindige Dunkellieit (Feblen von Lichit) sehe pulb veetragen kinnen, Dariaber
hinauz zeigen cinige dicser Btimme nnter den genannten Bedinguogen cine
infensive Pnbwicklung, Diese pxenen Balturen, die inodee TTokle in dlelall-
wolilen aul anorganisclene Mediom gelalten woarden, haboen goeeigt, dul
die Energicquelle, die van diesen gringelacbten Algen genutet wicd, kein
Mebenprodukt clhemotrophber Bakterien izt, noch dali es sich dabei um ver-
wirtbares prganisches Mateeial handell; &5 o vicliehe trgendeine =trab-
Tungsencrgie sein, die in der Loge ist, selbat Aetallbeliiler su ducchdriogen,

Drie Fihagkeit, sich den in der Héhle herrschenden Bedingungen anzu-
pazzen, B keln allgemeinez Chavaklevistikom dee Adgenarcien, sondeen Le-
ruht aul spesiellen Riganschaflon individoellse Algenstionng innerhalb
ciner bestimmten Art, Hichastwabrascheinlich sind diz in den Hahlen leben.
len Algen Avreaphy ten, teeeestrizehe Formen, odee sie gehdren oo [daphon.

Bt Algen, die inoden Tahlen gebalten worden, waren die Zellen kleiner,
enthiclten koum Stirke in den Zellen, und die Pyrenoide waren kaum sicht.
bar. Denmgegendi bee war die Bntwicklung von Rarotinen sebe viel intrnsiver.

CHp e speifische hiblenbewohnemde Algenrassen gibd, mul daech weiters
alpolagizche Untersuchungen in den Héhlen entzchicden werden. Lie Zu-
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sammensetzang der Algenflora in den Wihlen diiefie in gloicher Woise van
den chemisehen wml phyzikalischen Eigensehaften des Biotops abhigen,
wie dics auch hoi allen soderen Ricdopen der Pall ist.
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TABLE II

PARALLEL GROWTH EXPERIMENTS IN THE CAVE AND LABORATORY IN DARKNESS AND LIGHT

Algal strains

Hormidium flaccidum Naeg.em.Treb.
Amorphonostoc punctiforme (Kg.) Elenk.
Ellipsoidion regulare Pascher?

Monodus subterranea Boye-Petersen
Monodus subterranea Boye-Petersen
Chlorella vulgaris Beyer.

Scenedesmus obliquus (Turpin) Kg.
Chlorelle vulgaris Beyer.

Lyngbya lagerheimii (MBb.) Gom.
Raphidiella fascicularis Pascher?
Stratonostoc linckia (Roth) Elenk.
Monodus subterranea Boye-Petersen
Phormidium autumnsle (Ag.) Gom.
Phormidium foveolarum (Mont.) Gom.
Phormidium laminosum (Ag.) Gom.
Chlorococcum infusionum (Scbrank) Memegh.
Hammatoidea normanni W.et G.S5, West
Chlorogloea microcystoides Geitler
Amorphonostoc punctiforme (Kg.) Elenkt
Phormidium foveolarum (Mont.) Gom.
Nostoc sp.,

Monodus subterranea Boye-Petersen
Phormidium autumnale (Ag.) Gom.
Stichococcus bacillaris Naeg.sens.ampl.
Plectonema tenue Thur,

Dictyococcus cinnabarina (Kol et F. Chodat) Vischer
Pbormidium laminosum (Ag.) Gom.

Note: The signs used to denote the color of cultures show a comparison
betwaen the color of the cultures kept in light and the color of
those kept in darkness:

same = green

TABLE IV

EXPERIMENTS IN THE CAVE WITH CULTURES PREVIOUSLY KEPT UNDER LIGHT,

Inoculated: February 15, 1961

175 Days in Darkness (July 20, 1961 - February 11, 1962)

Algal strains

Hormidium flaccidum A. Br. sens. ampl.
fmorphonostoc punctiforme (Kg.) Elenk.
Ellipscidion regulare Pascher?
Monodus subterranea Boye-Petersen
Monodus subterranea Boye-Petersen
Chlorellna vulgaris Beyer.

Scenedesmus obliquus (Turpin) Kg.
Chlorells vulgaris Beyer.

Lyngbya lagerheimii (MBb.) Gom.
Raphidiella fascicularis Pascher?
Stratonostoc linckia (Roth) Elenk.
Monodus subterranea Boye-Petersen
Phormidium autumnale (Ag.) Gom.
Phormidium foveolarum (Mont.) Gom.
Phormidium laminosum (Ag.) Gom.
Chlorococcum infusionum (Schrank) Menegh.
Hammatoidea normanni W. et G.S. West
Chlorogloea microcystoides Geitler
Amorphonostoc punctiforme (Kg.) Elenk.
Phormidium foveolarum (Mont.) Gom.
Monodus subterranea Boye-Petersen
Phormidium autumnale (Ag.) Gom.
Amorphonostoc paludosum (Kg.) Elenk,
Nitzschia palea (Kg.) W. Smith
Dictyococcus cinnabarina (Kol et F. Chodat) Vischer
Phormidium laminosum (Ag.) Gom.

Darkness, 204 days

(April 1, 1960-October 22, 1960)

Cave Laboratory Color of

a b Culgures
2 1 same
2 - same
1 2 same

3 1 same

3 1 same
3 - same
4 1 yellowish
3 1 same
2 1 same
3 1 same

+ 1 greenish brown
4 1 same
4 1 same

+ - yellowisb
1 3 same
1 1 light greemn
2 1 same
1 3 same
1 1 same
2 4 same
2 1 same
3 1 yellowisb
1 - yellowish
3 1 yellowish
1 1 same
2 3 same
2 4 yellowish

Measurement
of thalli

in mm2 Color
300 vivid green
300 dark dirty green
500 vivid green
200 vivid green
200 vivid green
200 vivid green

50 green

200 vivid green
200 vivid green
200 vivid green
100 dark green
400 vivid green
200 yellowish-brown
200 bluish-green
300 bluish-green
100 lemon yellow
100 bluish-green
100 dark green
600 dark green
200 yellow
500 green
300 green
200 yoellow
400 orange
200 green

Light, 245 days
(October 22, 1960-June 25, 1961)

Laboratory
c
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Degree of
development
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TABLE V
PARALLEL EXPERIMENTS IN CAVE, LABORATORY, CELLAR IN DARKNESS AND LIGHT
In Darkness, 420 days (April 25, 1962-June 20, 1863)
In Light, 158 days (June 20, 1963-November 26, 1863)

Algal stralns

5, Cystococcus bumlicola Naeg. em. Treb.
10. Hormidium flaccidum A, Br. sens. ampl.
28. Chlamydomonas intermedia Chodat
28. Phormidium foveolarum (Mont.) Gom,

29a. Phormidium foveolarum (Mont.) Gom.
47. Stratonostoc linckia (Roth) Elenk.
50. Monodus subterranea Boye-Petereen
€6. Chlorella vulgaris Beyer.
81. Lyogbya lagerheimii (MUb.) Gom.
87. Raphidiella fascicularis Pascher?
87a. Chlorella sp.
124, Chlorella vulgaris Beyer.
138, Chlorella vulgaris Beyer.
l44a. Phormidium laminosum (Ag.) Gom.
149, Chlamydomonas intermedia Chodat
151. Chlorella vulgaris Beyer.
162. Chlorella vulgaris Beyer.
201. Monodus dactylococcoides Pascher
208, Stratonostoc linckia (Roth) Elenk.
209, Phormidium laminosum (Ag.) Gom.
214. Amorphonostoc punctiforme (Kg.) Elenk.
216a. Chlorocloster minimus Pascher
222, Chlorococeum humicolum (Naeg.) Rabenh.
225, Phormidium autumnale (Ag.) Gom.
232, Monodug subterranea Boye-Petersen
280, Dictyococcus cinnabarina (Kol et F. Chodat) Vischer
309. Botrydiopsis arhiza Borzl

In darkness,
in the cave,
in boxes
420 days

+

'
1o tebrr e D
o o

+ 3
(=

In light, in
laboratory
158 days

Development of cultures,

In darkness,
in the csawme,
freely

420 days

300
400

400
+

200

100

200
300

B

In 1light, in
laboratory
158 days

50
300
250

messurement of thalll in mm2

C
In darkness
in damp
cellar
420 days

D

In darkness In laboratory
in dry in
cellar darkpess
420 days 420 days

+

50

150 300

150

150 +

+ 20

- 25

-+ -

+

+

100 100

150 50

+ +

25

+

150

50

50

+

25 +

100

50

+

50 +

In laboratory

in

light
158 days

100
100

50
50

100

F
In laboratory
in
light
578 days



