Algological Studies in the Cave of Matyas Mount,
Budapest, Hungary
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Introduetion

For the hotanizts it seemed almost impossible to imagine that
ehlorophvll-containing plants could live in the elernal darkness of
vaves, We have only a few records from the past which deal with the
aeenrrences of algae in caves (Morton, 1925 or Magdeburg, 1929 1932
Newer investigations are also rather searce concerning this very inter-
eating biochor. In Huogaey, up till 1953, no one had worked on cave
algan, though Kol (1957} already in 1951 started her investipations of
the e eave at Telkibanya in the Satoe mountains. In Lhis cave,
however, some light penetration occurs and thus b cannot be consid-
ered in the same category as those in which there is eternal darkness.
In his definitive work about the Baradla cave st Aggtelek, Thadich
11932 mentions that he could not find algae even in the areas close
Lo the entrance. Similarly, Jokues {1952) in his enuwmeration of the
plant life of the Baradla eave mentinns that iren and sulphur bacteria
and same fungi are known from the cave bul the algae are nol dealt
with,

The svalematic studies of algae living in dark caves in Hungary
were started in July of 1953, through the initiation of Palik. Claus
{1955}, in his work on the Baradla cave, mentions the presence of 69
algal spreies or lower categories. The algological investigations of the
rave of Abaliget were also started in the same yoar (Claus, 19652 b,
The number of the algae idenlified was 93, whereas the investigatinns
of the Peace cave (Claus, 1962 a), which were stacted in 1954, resulted
in the dizcovery of 90 algae and the small cave of Pilvilgy (Suba,
14957) in the next year dizclozed the peesence of 41 algal taxa. The
investigations of the cave Kolyulk al Mdofa, initiated in 1955, resulled
in the wWentification of 28 species {Claus, 1960), one of which Gomon-
tiella magyariane was nod only new o science, but was found ta he
the third species of a rather rare genus,

Y Microbinlogical Inztitute L. Edtvés University, Budapest, Hungary.
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These studies firmly establizhed the cxistence of algae in caves bt
comld not give aoy delinile answer to the problem of energy wlilization.
The various authors enneraled above mention four possibililies for
the energy utilization.

1. Use nf zome wave lengths of the electro-magnetic spectrum be-
sicles visible light. The radicactivity messurements eonducted hidh
i the Doradla and Peace caves, however, seemed to have ruled out
thiz possibility. The idew of Fehée (1954) about the possible exislence
of a miceorwave radiation which could be otilized by plants, but is
undelectable with our present instruments, cannot be ruled ont
completely thougl it seems aomewhat unlikely,

2. The theory of symbiosis between autobrophie iron hacteria and
auxotrophic algae was publ Torth by Magdebor [1920-32) hut sub-
apquent. workers could nel eonfiro i,

4. Heterolrophic growth is a possibility, the algae making wae
either of o amall amount of available organic matter carried into the
caves or ubilizing partially decomposed material which arvises as a
result of bacterial or fungal aclivily.

4. Chemosynthezis iz alse a possibility and some alpae may make
use of it by oxidiziog molecular hydreogen from the atmosphere i they
contain hydrogenase enzyme (Palik, 19608).

The major aim of this investigation, besides the gathering of duly
about the algal flora of the cavae of Malyas Mount, was to supply
experimental resulls about the question of algal assimilation in the
darkness of the caves. 18 was pointed out earlier (Palik, 19600} that
w drawback of all the previous investigations was that the studies
were not conducted e site, but represented laborulory results. Taking
thiz fact into consideration, the experiments described below were
carried oub in the cave itself.

Deseription of the Cave of Malydis Mount

The cave of Matyiz Mount iz localed on the southwest side of
Malyas Mound in the Ohumda district of Dudapest, Hungary., The
entranee of Lthe cave origiatez from 8 stone quarry and is vsually
closed with an iron gate in order Lo prevent unanthorized visitors,
The cave can be divided into three main portions. Its oldest koown
part 18 valled the Fireman Cave, which wis diseovered in the 1920s,
During World War L1, when exlensgive shelter buildings were carried
oul i the mountaing of Obuoda, an wir raid shelter was developed in
portions of the cave by breaking through some unaceessible pazsages,
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The largest portion of the cave was discovered in 19458 and is ealled
the Centenary Porlion.

According to its development the cave can be classified az a reef
cave which came to being through tectonie forees, The such formed
lithoelasts were further breoadenad through the eroding activity of
thermal watlers breaking into them. After the nive of thesze thermal
waters descended the hot springs disappeared from the cave and sure-
fuee inflows appeared in the eorvidors, By now through the corridors
of the cave there 1= o permanent river Oowing, which still actively
protles and broadens the coreidors. The water Oows of the cave are
eollected in Silly Lake, located al 111 m. above sea leval.

Masl portions of the cave are excavated in upper Eocene, nummmn-
linie limestone whereas ibs upper corvidors reach into the above Iying
Facenr bryozeie marl. Al two points of the cave (Fireman Corvidor’s
[rwest portien and in the river bed leading to Sitty Lake} one can
find a parrew laver of upper Triassic limestone containing grevish
vellow eolored hornstone lentils (Jakues and Kessler, 1902).

Aceording to my measueements Lhe yearly average lemperatum is
1167 0, which is surprizgingly high. One may mention in comparisan
that the average temperalure nf Baradla Cave js only 9.5° €, The
relative hmmidity varies belween 95 to 100 pereent,. Al certain por-
tinns, hiwever, even over saturation of [he air may oceur, especially
at places of siphen enterings. The draft varies considerably, from 0 tn
B m, per second. This vamalion in the draft depends on the tempera-
ture differenee existing between Uhe surface and the cave interior, nn
the atmospheric pressure and on the opened or closed state of the
entrance door. However, Uhere are quite o few well izolated rooms in
Lhe eave where there iz practically no air movemenl, The waters are
acidic and their pll varies botween 5 and 6,

The topography of the cave and its vertical section as drawn by
Sandor Jaskd are shown in Figures 1 and 2 lo Figuee 1 the localities
of the collections and the places where enltnres were ingtalled into the
cave are also marked.
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Materials and Methods

Sinee the ecology of the cave of Matvas Mount had not yet been
investigaled, systemalie measurements of relative humidity, air one-
rent flowe, trimperature of the air and soil, and pH of the waters of the
cave were taken for a year.

For observing algal multiplication in the eave environment and
determining its dependence an the biotopes, several different experi-
ments were condocted. Tubes conlaining Knop's solution and solidi-
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fied with gelalin were stab inoculated with & pure culture of Scanedes-
preis pbtusinscalnsy originating from the Bielogical Institute of Tihany.
After inoculation the tubes were wrapped in black paper and were
placed on August 22, 1963 in fowr different biotopes in the cave to
tesl whether or not these have any effect on algal growih. Naturally,
the wrappings were removed. Two Lubes serving as control were lelt
on the surface, on unwrapped and the other left wrapped in black
paper.

The four tubes had the following Jocalities:

1. “Gloria". This term refers to an isthmus approxnately hall o
mater square which conneets the “Greal Room™ and the *Dining
Room”. By ils position this locality has a rather steong drafl reaching
50 meters per second. The relative humidity iz 95969 temperature
between 11°C. and 127 0, [z distanee from the entrance 15 7% maters,

2. "Back [oom®. This is the driest aren of the cave, having a re-
lative humidity of 89 to 94%,. The temperature (s £1° G, to 12° C. No
measurable draft ocours, L is about 50 meters from the entrance,

3, “Cane Sugar™, This bittope is characterized by itz high humidity,
which is the result of the presence of seeping wuater on all the walls.
Accordingly the relative humidity iz 96 percent to over the saturation
point. The temperature iz 12 °C., no measurable draft eecurs, the
distance from the entranee is about 200 meters,

4. "Bty Lake”. The relative humidity is always around 100 per-
cent, lemperature between 10.5° L and 127 ¢ No appreciable drafi
oeours. Distance about 350 meters from the entrance. The culture was
fleated on cork stoppers in the waler of the lake, which has a tempera-
ture range of 6.5 0 te 7% C, The localities of the cultures are indicaled
on Fig. 1,

The other cultures were placed under rock protrusioms and were
buried up to two thirds in the spelec-clay. By this the tubes wers
hoth protected from accidental discovery on the part of touriats and
also from the light that the lsnps of visitors may have shed upon
them. Thuring the course of the experiments, special care was Laken
to not disturb or contaminate the hiotopes of the eave with surfaee
algas.

In nrder to decide quantitatively whether or not algae carried into
the cave from the sucface could grow in the dark speleo environment,
the following experiments were carried out, Sterile Knop's solution
in test tubes was inoculated with mixed, bacteria [ree Chlorelle culture
(eomnposed of possibly three Chlorelln species) As described in the
previous experiments, Lhe test tubes, aufter inoculation, were wrapped
in black paper and carried into the cave in this state, Four such pre-
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parations were placed, on Decermber 22, 1964, in the “Geosgrapher
Hoom™ of the eave. One eontrol tube was lefl on the surface and
another one still wrapped in black paper wus placed beside it. The
best tules i the cave were placed similarly to the previously men-
tioned experiment, under protroding reek surfaces, and were buried
into the clay to two thirds of theie length,

For measuring the mulliplication of the algae o portable nephelo-
meler was constructed and the transmitled light of the eultures prior
tir their burial, but aleeady in the cave was measured. The meter rave
readings in lux. After appraximately three months, on Mareh 8, 1964,
the cultures were measured again Tor theire light tranamittanee,

To test whether or not the presence of a strong magnetic feld or
the complete absence of auch haz any influence on the developroent
of algae in caves, on Felbroary 6, 1964, cultures were placed in the
sapne locality where the previous experiments were conducted between
the poles of strong permanent magnets, Severul other cullures were,
on the other hand, shielded by stainless steel filings in order Lo dissi-
pate Lhe effects of a poasible magnetie field. The eoltures weree lofl
there until March 5, 159064,

Clans, in 1955, propozed the experiment to test whelher or not the
algae utilize some Lype of radiation in the caves through eneasing
them inte 4 radiation free chamber, Pursuing Lhis idea, lead cassottos
having a wall thickness of ten centimeters were placed in “Geographer
Howm™ and some Chlorella enltures mentioned previously were placed
i them on February 6, 1964 and were left in the same positions until
Mareh 8, 1964,

To test the ability of the cave waters Lo support large scale algal
growth through the possible presence of quantities of organic male-
eial 1n il lest Lubes Llled with cave waler aller sterilization were
inorilated with Chlorella cultures. Similarly, as in the second experi-
mental series, some of these tubes were placed into the ““Thealrs
Boom™ of the cave on Janvary 3, 1964 while the others wern kept in
Lhe laboratories as controls, The environmental characteristics of this
biotope are: The room is about 10 mowide, 25 m long, relative humidily
90 Lo 96 percent, temperature 12,5 C,, deaft 2 oysee. These values ure
more or less conslant Lhroughout the whole year sinee the largrness
of the reom equilibrates the Quctuations vecurring in the much smaller
corridors. The eultures were placed on the speleoclay having a Lhirty
degres slope in a small wall crevice called “Treasure Chamber™,

In order to get an approximate pielure of the algal ora of the cave,
samples ware collected in sterilized 5 ml apothecary botlles, The
colleelions were either taken fromn the water of the cave streams or
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lale by submerging the botllez or serapings were collecled from the
top of the speleoclay with sterile spoons, After reaching the labora-
Lories, these bobtles which eontained the scraped malerial were filled
with Fnop’s selulion; the glass stoppers of all the bottles were subsli-
tuted with cotton plugs. The collections were made on January 26,
18964, at the following loealitios:

1. Compass Corridor 1. In a small dey pool one can find a blackish
covering g0 ealled Ysmut” . which small, approximately 3 mnoo large
spherea of unknown origin sitling on stalks can be seen. The colleetion
contained serapings of the “smout spets’™ wnd alse the spheros,

2. Compass Corridor 11, The material eame feorm a “smut ring™ with
A to 10 emy, widths enciveling a small pond having a dismeter of 20 2m,
The pH of the water al the thine of colleclion was 6,

4, "Supar Cane”. Serapings were taken [rom the edge of a ponl,
-5 em, deep, coverad with blackish eoating, located in a dried up
portion of the river's bed. Everywhere avonnd the locality heavy
waler seopage was abservable. The pH bolh of the river and of the
dripping waters was 6.

4. Bame as above, lul the waler in the small pool was thoronghly
mived and from this water containing Hoaling silt and elay particles
@ geooping was Laken.

5. Above the formation “Sugar Cane™, On lop of an approximately
15 meter high rift in the wall a fossilized bone was sticking out heavily
covered with a perulise red coating. This reddish inaterial was seeaped
inte g bottle,

. Waler sample [rom a caseade of the “Sity River” located nnder
the “Greal Traverse™, The pH of the wuter was 5,

7. Water sample from “5ilty Lake™. The pH of the water was 5.

The origin of the “smul spots”™ or “amut ring” mentioned under
localities 1, 2, and 3 are not, as yet, completely understood, In the
deseriptions given above, many different kinds of Llackish surlace
layerings wers described by this teem,

The collections were put onle the aill of a north Facing window in
Lhe laboraturies and by March, 1964, the algae prezent in the samples
developed adequately to color bluish-groen the contents of the bottles,
Un March G, 1064, preparationg from Lhe contents of the hottles wepe
made and the algae were identified.

Lesults
The gelatin tube cultures of Seensdesmuy, which were placed on
August 23, 1963 inbo the caves, alter two weels already showed ohser-
vable growth Lo the naked eye. From the site of the stalb line filament.-
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oug [urmatione eould be found progressing throughont the entive cul-
ture. Afterfive weeks portions of the gelatin beeame liquefied which was
then decanted. During the following months the algae showed an
exuberant growth, while slowly the rest of the gelatin became liquefied.

Mo observable difference was found among the different eullures
placed into the different habitats. Though these experimenls Lhrough
the supply of gelatin did not give any clues as Lo the evaluation of
algal growth in an aphotic environment sinee ample amounts of or-
panic substrate were supplied them, at least one could demonsirate
that the different mwicrohabitats did not hasically influence algal
development.

The results of the Chlorella conlaining cultures prepared in Knop's
solution as to Lheir growth are eombined in Table 1,

Tabled
Culture Light transmitlanee  Light transmittance  Dilference
Drescription in Lux al beginping  in Lux at end of rdarkening)
of experiment expiriment in Lux
Cave 1. dlA 30,8 1.6
Cultures: 2. 323 316 1.7
3. 33.3 A0 2.4
&, M. 2%.4 h
Controls-
wrappid : LER A6 4.4
unwrapped: g5 17.% Tl

These experiments show that Chlerella indeed muoltiphed in the
aphotic cave environment. The sample whiclh was wrapped in black
paper and was left outside shows & transilus between those kept in the
cave and the other unwrapped control. The multiplication of algae in
this sampleis aboot double thal measured inthe cave, ot anly halfof the
normal surface control, One may speculate aboul the significance of
this finding. If nne supposes that the algac in the eave make use of
certain a3 vet undefined radialion, then one can suppoze that a greater
portion of this radiation i3 able to penetrate the black paper than the
Lo 90 meter thick rocks forming the esiling of the cave. The rxperi-
ments show also that if such radiation indeed existz, it must have an
extremely greal penetrability sinee the difference in terms of algal
development of the cave enltures and the wrapped control 12 rather
sall. A second possibility iz that in the outside atmosphere there
may be more molecular hydrogen available (originating from [uel
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vombustion) for the utilization of algae than 15 aecessilble in Lhe cave,
which would aeeount Toe the betber growlb ol the black paper wrapped
control,

MNoubaervable change was deleeted among those cullures which
wrre left in o magnetio fiebd in the fave, the controls and those which
were shielded by stainlesz sleel flings, Lo all theee seriez appeoximalely
eipual growtle ocenercd. Tlis experiment seems booindicale thal the
presenee or abzence of moagoetic fields within the cove envieonmaent,
has no particular elfect on algal geowt ]y,

I the experitental sevies when cave water was inoeolated wilh
Chlvrella enltures, no appreciable growel comld e eslablishde either
m these tubes which woere loft in the cave or those which were Eept.
o Ahe sueface, The maxinnm “darkening™ of the surfare cultbures ws
measured oo March S, F904, was 1LY lox, whervas Uhe maxiom
darkening of the collures in the cave was (0053 Tox. This experitienl
would Indicate nel only that Ehe cave walers do not contain oy
appreciable anwamt of oegaoie material which conld be olilized by Lhe
alune either in Lhe darkoness or in the presence of lighl, but also seems
to point out Lhe Fact Lhat the eave walers nust be deficient aven in
the amounts of inorganie salt in comparizon to Lhe Knop's solulion
st in he latter definile ulgal growth accurred while i the furmer
only a minmal mualliplieation teok place,

Whereas Jn e previcus expeennents quantlititively measuralile
algal growlh was chtained in the speleo environment, those coltures
which were depozited in Lhe lead enszedtes did nol moalliply aod even-
tually (after four months) died, This Tael seems Lo indieate that the
prresence of siople nutviend salts in the eultuer medivm is abviously
inadeguute to supply the algae with adequate energy for Lhete growth,
Alga, even the small wemount of organie material which might result
Fram Lhe dying o of eeebain cells cunnot be enough bo sapply e eest
of Lhe cultuer with the necessury energy eequirenents, This las
experineenl seems to support the theory that the algae in the saves
ulilize somee kiod of rodiation foe Lher suevival instead of making nse
of moleculur hydrogen sinee exchange between the inside of Lhe cas-
sebles and the vavez atmosplere was nob hindered, i spite ol the Tuel
that o comnpletely vadintion free spacs s provided,

Taxonomy of Algae Llentified from the Cave
CYANOPHT A
Aphanithecs castagrel (Hrebe) Rabenh,
Thallus armorphous, mucilaginons, brawnish. Cells 20 wide, 25w
lange, prale Bluish-green. Compass Coreidor 11,
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Chiranroccus mimtus (Kile.] Nig,

Solitary cells eovered with a colorless capsuls, capsule nol Tavered.
Colls vellowisl in calor, S in diameler, ineliding capenle: 4G witl-
nid capsule, Compass Caeridore 1

Chroncoecns prinimuy [leeiszel) Lenom,

Cine or more encapsulaled ecellz togetler ina commaon capsule, cells
bluish-green, withoul capeule 3o in diameter, with (heir individuoal
capsules, about 4w Nejther the comman or the individual eapsules
are layered, Silty Lale.

Synechoeystis ppratilis Suuv,

Solitary cells wilh f-fia diameter, without capsule, eolor blush-
green. Sy Lake.
Synechoraeens cedrorum Sany,

Solitary elliptical cells, 4w wide, B long, sometiines fwe colls
allached to cach other by their ends, Bhnslegreen eolere, Silly Tako,

Chapeesi phon sp,

Approximately At Tong, mooltieellolae filament, which arcund Lhe
Tage iz b wide, around Lhe lop somewhal wider, 4.5-5400, rross-
witlls ean be discerned weound the top partion. (The general hobit of
the filwment somewliat vezetnbles o Martiea sp., but the abzenee of Lhe
erpzswalls i the Jower portion seems to preclude this possibility,
furtlier studies arve requiced Lo ascerbain ils coreect syslematic posi-
tiony, Silly Lake,

Baracdinia speluncaveatn Palik

Filaments LA wide, with varving lungths (6.5-25 0}, hluish-groen,
mae ar less vignd with side branches, the primordia of which secur
as small proluberanees on Lhedr sides, The eells are abont 3-4u long.
The alga serretes caleium carbonate and iz more or Jess heavily en-
crusted by ite Stream waler woder the Greeat Traverse; Cinnpass
Corvidor 10 S0y Lake

BACTLLARIOPITYTA
Fragilarne sp.

Cell 25 Tong 350 high. Forin seen only 1o cantal view, therefoee,
na elozer ideotifivalion vould be supplied, Cowpass Corridor 1
Pinmdarin subeapitaty Greg,

Valve elongate, sides more nr less paeallel with capitate ends, 270
long, Duweowide, 16 10 13 transupical steiae in 100, central area breowd,
withot striabion, Silty Lake.
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CHLORODPIYTA
suevival argan of a ehiloraphyea?

Coll splinerical, brownizh in coloe, with a dismcter of 18w surface
covered with soall protuberances, Compass Coreidag TTL

Uhae Diag tooalsn menlion that the water of Silly Lake conlains
panbilies of Mlamentous ron bacteria

This vnumeration of Lhe algae ohviously cannot be eonsidered az
the complete aleal vegetation of the cave, Several new habiluls bave
for biooas vob anvesligated, and more extensive culineing studies aee
reqquired Lo oblain o mare complele pictaee of the cave’s algal flora,

Comielusinn

I the Introduction atbention was ealled o the fonre possible me-
chanisms by which algie in caves nnghl carey oub Lheie assinilatory
activities. The exportments deseribed above seemingly  contivmed
sernne and ruled out otlwes, That algae wee uble toonse organie mateeial
in the eaves was dewonstraled Iy the culbwees conluining gelatin,
Thal symbiosiz willi iron bacteria conld nel, ab least Inoour case, be
w faclor e olgal assimilalion was puled out Ty e emplovment of
prre algal culluves lacking any baclerin, Sinee only mineral nuleienls
were eonfained in the eulturees of the second experimoentil seeies aad
shill eonstderable alzal moultiplication was ebserved, Lhe possibility
thut in this ease tlue ulgae otilized organie materal can be completely
ritbedd ot Ot of the two remaining possibilities, Lhat is, chenwsyn-
Hiesiz o same Lype of radiation, thoueh it eoold oot with abaonhois
cortainly be decided, the latter svems Lo be favored by the fact that
Lhe aleae lepl in the lead casseltes died. The stiudies also indicale Lhat
it symliosis with dron baclerio, chemisynthesis oe the utilization of
organtie malerinl ocears uloull i Lhe assimilalion of the cavernicale
alrae Lheze may have an enhancing elfect on Lheir growlh fus (0 was
dermmnstrated in Ahe fivst cxperimental series), ol in the lack of such
mechunismes algal growlh 011 does nol cease,

The preliminary studies on Lhe compaosilien of e algal floea of He
cave resulted in the discovery of 1 species or inlrispecilie taxa, Lhe
majority of which belong o the Cyanophyta. Further stadies, how-
ever, will undoubledly increase this number,
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AUMMARY

Experiments were designed fo tesh the ability of e aplotic speleo-
pivieonment Lo supperl algal growth, The lirst zeries confuined gelatin
vitllures o Seemedesmus plucced In e cave at different localitios in orler
o ealablisl whelber or nol the miceshabilals have any particelae effect on
P s lipdication of Uhe algace. Mo dilferences weer Innnd in Ui enllaees
alter @ three month incubation peeied In the cave, which could he lraeed
Lei influences of microcovironmental cormlitinoz, Oflorelle collures in sterile
Enop's solulion showed messurable geowth in e cave wheeess if Lhe cul-
tires were inslallial ioko sterilized cave waler or were shiehied by lead
apainsk possible radiation effeclz, no appreciable geowlh ocewrred. Tl
presenee ar abseoce of magnelic field did not notiveably influcnee alyal
development, The sxperiments seemed Lo indisate thit the algae teated are
able to ntilize some kind of radiation in the complele darkness of the cave
since, o the absence of organic malerinl, appreciable amounts of molscolar
Tivedrogen or symbiotic activity, with fvon hacleria, considerable orowth
aceurred inoa simple, striclly inovganie medinm, whereas the eove waters
seo bo b fefickend in seme kind of moeganic salt required Tor alzal nulbei-
tion, An investigation of algae living i the cave led o Bl delecmioation
ef ten dilferent taxa, the mujorily of which were Crannphyles, Besiiles
Lo, however, the pave may contain o woee diversificd algal pepalation,

AURAMMENFARRUNG

Wersuche wurden angestetll wm Festeasiellen, ol vioe liehilose THohlen-
wingebong baz Wachstum der Algen cemogliclll, The erste Versachsreihe
biestand aws Gelatin- Kolturen von Seenedesmns, die in der 776000 an versehio-
denen PLteen untergebrachl wurden um Desteustellen, ob die wnnitbellars
Cmgelmng vinen spexicllen Efekt and die Yermehrung dee Algen hudne.
Fednge Untersehiode, Jie saf den Eimful dee uomittelboren Ungebung -
rivclkenfulren woren, wordien in den Kuluren nach decimonatiger Tnkuba-
tion dn eles TGkde gefunden, Cflorelle-Kulluren in steriler hnop-Lisung
erigten melbures Washslom in der Hihle, wibrend kein perkbares VWichs-
tur eefolgte, wenn die Kaltween in steeifisicrten Hohlenwasser unleego-
beacht wurden adere mit Bled gegen indgliche StrablungseTelkte ahoeschivnd
wiurirr, Dip Gegenwart ader Alwesenbeit cines magnetizchen Fehles hatte
keinen merkbaren Binflul aol die Wetwicklung der Algen, Die Versuche
sehetnen anendeaten, dald die gepriflen Algen in der Lagoe waren, irgand-
eing Arl von Straldupg in der vallkommenen Dunkelheit der Hable ausau-
nitlgen, da troty dee Abwesenheit von organischem Moterial oder wesenl-
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lichen Quanditiiten von molelularent Wasserstoil nder sy mbiatischer Altivi-
tik mit Eisen-Rakteriza dennoch wesentliches Waclstion welTolgls in einem
vinfachen und streng anorganischem Medinm, wihrend das Hoblenwasser
sehinbar wnzalinglich war in bezng aul irgendein aoerganisches Saolg,
welches fiir die Beniihirung der Algen nitiz ist. Untersuching der Algen,
wolehn in dee 11ihls leben, ergab dis Bestinonung ven 10 verzehicdenen
Taxa, von welchen der gedliore Teil Cyanophyten waeen, 195 35t jedoch migs
lich, dald in der Héahle aulerdim goch ey veesehiedenartipe Algpen vor-
Tearnnen.
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