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The flora of caves has been studied  ever since the middle o f  the 18th 
century. Fungi o f various caves were described by ScoPOLI as early as in 
1772, b y  H umboldt in 1793, and b y  H offmann in 1811. One o f  P okorny’s 
works (1853) also deals with the flora o f  caves and, later, the p lant life in more 
than a hundred caves in France was studied by Maheu. B etw een 1910 and 
1916, L ämmermayer undertook sim ilar investigations in the caves o f the 
Eastern Alps, while Z.MUDA exam ined the cave-flora in the Tatra m ountains 
and the Galician P lateau in Poland. Studies of this kind were m ade by Gams 
in the South of Switzerland, as also in the North of Bavaria.* A t the present 
tim e, m any similar investigations are beig carried on and in H ungary. A. 
BOROS is occupied with the search for cave plants and the exam ination of 
their ecology.

Prof. E. DuDICH was the first to  make biological studies in the Baradla 
cave. We find the following passage in his work giving a com prehensive ac
count o f his investigations of m any years : (p- 66) ; «Es muss b eton t werden, 
dass ich weder gelegentlich meiner früheren Excursionen, noch zu m einer letzten  
Forschungszeit höhere Pflanzen, also etw a Moospflanzen, Farnpflanzen in der 
H öhle gefunden habe. Sogar in den Eingängen nicht, geschweige denn in der 
ew igen Finsterniss der eigentlichen H öhle . . . Auch Algen sah ich in den Ein
gängen nicht, obwohl ich sie, m indestens im Eingang I, erw artet hätte. Ich 
m uss aber jedoch bemerken, dass Herr Prof. Alexander MÁGÓcsy-Hietz, 
Professor i. R. der Botanik an der U niversität zu Budapest, mir nach dem 
Abschlüsse meiner Untersuchungen erw ähnt hat, dass er einst Algen in der 
Region des Einganges I beobachtet h atte , und zwar in den an Höhlendecke 
hängenden Sickerwassertropfen. An diesem  Punkt muss also die Arbeit eines 
Algologen einsetzen und die Sachlage aufklären.»

It was this remark of Prof. D uDICH that induced us to start algological 
studies in this cave.

* See Morton  p. 1 — 6.
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Geographical conditions

The stalactite cave o f  Baradla lies in N orth  Hungary, in the counties 
Göm ör and Abaúj-Torna, th e  area being known as the Torna-Karst. K arst 
is a lim estone formation ; th e  limestone beds found in the area under review  
belong to  the alpine facies o f  the Upper Trias. I t  is a gently rolling country  
where on ly  the «Poronya R oof» exceeds the height o f  500 m., the cave ly ing  
everyw here else beneath hills o f  lower elevations.

T he known sections o f  th e  cave are about 22 km . long ; as regards length  
and dim ensions in general, it  is the largest sta lactite  cave in Europe. Origi
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nally , there was but a single opening to the surface. The cave was a so-called  
«sac cave» , to  which several artificial entrances were m ade subsequently. The 
one natural opening at A ggtelek  lies 332 m. above sea level, at the foot o f  a 
25 m . h igh  cliff facing south. I t  is 180 X 100 cm.

T w o underground stream s, «Styx» and «Acheron», flow  through th e  
cave, th e  former em ptying in to  the latter. The natural outlet of the Acheron  
was unknow n for a long tim e but recent speleological explorations have shown  
it  to  flo w  through a lately  unearthed lower cave, where its water becom es 
clear and then spouts to  the surface as the spring at Jósvafő. The pH value  
of th ese  spelean waters varies betw een 7 and 7,4. Their conductance extrem es 
are from  3,861 to 5,320 X 10“ 4 mho. Their tem perature agrees with th at  
of th e  cave, the annual m ean o f which is 10 °C, w ith  extrem es of 4,5° C and  
11,5° C, respectively. (M eteorogical Niche.)

T he relative hum idity o f  th e  air is from 84 to  100%  throughout the cave  
(cf. D udtch, p. 130, tab. 6). W ith  the exception o f  th e  immediate v icin ity o f  
the entrances the cave is com pletely dark.
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According to  J a k TJCS (p. 16) «The steep  cliff at Aggtelek is th e  fault 
plane of the dislocation o f a 50 m. high vertica l crust o f the earth. R ecent 
observations made in the cave have shown th a t the dislocation occurred not 
prior to but after the formation of this cave system . Once the entire know n  
part o f the cave m ust have been at a lower level, and the main branch betw een  
Jósvafő and A ggtelek probably continued to  the w est and possibly had  tw ice  
the length o f the sections known to  us. The cave end as it seems to d a y  at 
the entrances at A ggtelek must have been b u t the middle portion o f  w hat 
was then the m ain branch, which was cut o ff  in the fault plane at th e  tim e  
o f the great upheaval th a t produced the hanging wall rock, and w as dis
placed upwards to  a distance of 50 m ., th u s severing the present end of 
the cave from its continuation now hidden th e  earth. The Aggtelek entrances 
of the Baradla cave are therefore not the products o f water erosion (although  
water m ay have stream ed through them in to  th e  cave in the Ice Age) ; th ey  
are o f tectonic origin, and give direct access to  the well developed halls and 
corridors o f the chopped-off former middle section .»

Methods

T he resp ec tiv e  In s t i tu te s  for B otan ical and Zoological T axonom y of th e  L o rá n d  E ö tv ö s  
U n iv ersity  m ad e  a  fie ld  t r ip  on  Ju ly  11, 1953, to  th e  B a ra d la  cave u n d e r th e  gu id an ce  o f  P ro f . 
E . D u d i c h . A lgological in v es tig a tio n s  were superv ised  b y  Miss P . P a l i k . T he in v e s tig a tio n s  
covered a b o u t 500 m . fro m  E n tra n ce  I. E x ce p t in  th e  im m ed ia te  v ic in ity  o f th e  e n tra n c e , no 
algae w ere fou n d . T es t m a te ria l was nevertheless co llec ted  b y  tak in g  scrapings fro m  th e  cave 
walls a t  d iffe ren t h e ig h ts , an d  also by  scraping, ch ip p in g  or b reak ing  off sm all b its  o f  d rip s to n e  
from  th e  roof. A d d itio n a l m a te ria l was tak e n  from  th e  cav e  s tream s b y  m eans of p la n k to n  n e ts  
spec ia lly  m ad e  fo r th e  pu rp o se , an d  also from  th e  « A q u a riu m s»  and by  draw ing to o . N o te s t  
m a te ria l w as collected  from  th e  flo o r o f th e  cave as i t  is c o n s ta n tly  co n tam in a ted  b y  th e  b o o ts  o f  
v isito rs . T he collected  m a te ria l was p laced in  sterile  g lass  boxes labelling  th e  p laces o f  collec
tio n  th ereo n .

A second  t r ip  to  th e  cave was m ade on Ju n e  22, 1954 ; its  ob ject was p a r tly  to  co llect 
fresh  m a te ria l, p a r tly  to  b rin g  b ack  to  and  leave in  th e  cave  th e  cu ltu res grow n in  l ig h t  in  th e  
In s t i tu te  o f  B o tan ica l T ax o n o m y  from  th e  orig ina lly  co llected  m ate ria l ; i t  w as in te n d e d  to  
a sce rta in  a f te r  6 and  12 m o n th s , respectively , th e  ch an g es undergone by  th e  algae in  th e  u t te r  
da rk n ess . T he glass boxes w ith  th e  cu ltu res were p u t  d o w n  a t  a  d istance of from  500 to  600 m . 
from  E n tra n c e  I  in  th e  fo llow ing places : 1st b o x  : h a lf  w ay  dow n N ádor s tre e t, l e f t  side , a t  
th e  b ro ad en in g  of th e  w ay , in  a  recess o f th e  w all, a t  a  h e ig h t o f 2 m . 2nd box  : f u r th e r  a long
N ád o r s tre e t ,  on  th e  le f t side , a b o u t 15 m . a fte r  th e  p ro jec tio n , a t  th e  p osterio r side o f  a  big 
s ta la c ti te , a t  a h e ig h t o f  2,5 to  3 m . 3rd box  : on  th e  le f t  side o f N ád o r s tree t, a t  th e  second 
p ro jec tio n , in  a  w all recess a f te r  th e  T errace , a t  a  h e ig h t o f 2 m .

T h e  follow ing is a  l is t  o f th e  places of co llection , A rab ic  num erals in d ica tin g  th e  f irs t ,  
an d  R o m an  n u m era ls  th e  second tr ip . (See also f ig u re .)

F irs t tr ip  (Ju ly  11, 1953)

1. Im m ed ia te  v ic in ity  o f en trance .
,  2. P o rch . M eteorological niche (45 m .). C harnel house.

3. R ig h t side o f  th e  s tre e t betw een B ridge 1 a n d  K in g ’s W ell.
4. L e ft  side o f th e  s tre e t betw een  B ridge 1 a n d  K in g ’s W ell.
5. R a m p  of C a th ed ra l (208 m .). C athedral.
6. N e ighbourhood  o f en tran ce  to  B a t Cave.
7. N eighbourhood  of B ridge 3 (312 m .).
8. W a te r  o f A cheron (330 m .). In te r io r  o f A q u a riu m s.
9. W alls o f su rro u n d in g  A quarium s, u p  to  a  h e ig h t o f ab o u t 160 cm.

10. N á d o r  s tre e t  (400 to  500 m .).
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Second tr ip  (Ju n e  22, 1954)

I .  10 m . from  en tran ce .
I I .  P o rc h . M eteorological n iche  (45 m .).

I I I .  C h arn e l house -f* ro o f ab o v e  s tree t.
IV . R ig h t  side of s tre e t from  B ridge  1 to  K in g ’s W ell.
V . K in g ’s W ell.

V I. R ig h t  side of s tre e t fro m  K in g ’s W ell to  C a th e d ra l (209 m.).
V I I .  L e f t  side o f s tre e t fro m  K in g ’s W ell to  C a th e d ra l (209 m.).

V I I I .  N e ighbourhood  of e n tra n ce  to  B a t Cave.
I X .  N eig h b o u rh o o d  of B ridge 3 (312 m .).

X . E n tra n c e  side o f A cheron . E x te rio r  w alls o f  C o n cert Hall.
X I .  In te r io r  o f A quarium s.

X I I .  W alls surround ing  A q u a riu m s up  to a h e ig h t o f 160 cm.
X I I I .  N á d o r  s tre e t (400 to  500 m .).
X IV . F u r th e r  dow n N ád o r s tre e t ,  a f te r  th e  second p ro jec tio n  (600 m .).

F ig u re s  in  b rack e ts  in d ic a te  d istances from  E n tra n c e  I.
W hile  collecting our m a te r ia l  we found  a  n u m b e r  o f m ycelia  and even th a llu se s  o f  fu ng i. 

A y e llo w  coloured  colony o f M o n ilia  aurea Gm el. w as m o s t conspicuous. M any o th e r  b a c te r ia  
a n d  fu n g i a re  m entioned  in  P ro f. D u d i c h ’s w ork (p . 67).

B a c k  in  th e  In s t i tu te ,  th e  glass boxes were filled  w ith  K n o p ’s cu ltu re  m ed iu m  a n d  left 
to  s ta n d  on th e  in n er sills o f w indow s facing n o rth . A fte r  3 to  4 weeks th e  co n ten ts  o f  th e  boxes 
b e g a n  to  co lour, a  g reen ish -b lu ish  an d  brow nish  c o a tin g  ap p ea red  on th e  b o tto m  an d  th e  sides 
o f  th e  v esse ls, as also on th e  su rface  o f th e  wall sc rap ings a n d  th e  chipped-off pieces o f d r ip s to n e . 
S oon  th e re  ap p eared  th e  H elm in thosporium  sp ., a n d  w as follow ed f irs t by  a fo liaceous moss 
(c la ss ified  b y  A. B o r o s  u n d e r  th e  genus B ry u m ) ,  a n d  th e n  b y  the  liverw ort.

T h e  coating  on th e  w all sc rap ings was s tr ik in g ly  found to consist of a  sing le  algal 
sp ec ie s . M ost p ro b ab ly , a single cell h ad  found  i ts  w ay  to  and m ultip lied  in t h a t  p a r tic u la r  
p iece  o f w all.

T h e  m a te ria l collected  on th e  tw o trip s  has b een  de term ined  to  consist o f 69 species, 
v a r ie tie s  a n d  form s of algae d is tr ib u te d  as follow s :

C yanophyta  g roup  : 44 species, v a rie tie s  an d  fo rm s. Euglenophyta  g roup  : 1 species. 
C hryso p h y ta  g roup  : 12 species a n d  v a rie tie s , o f w hich  Xanthophyceae : 1 species, Chrysophyceae : 
1 sp ec ie s , Bacillariophyceae  .* 10 species and  v a rie tie s . Chlorophyta  group : 12 species, a ll belong
in g  to  th e  Chlorophyceae. T h r e e  s p e c i e s ,  o n e  v a r i e t y  a n d  o n e  f o r m  o f  t h o s e  
e n u m e r a t e d  a r e  n e w ,  a n d  m a n y  o f  t h e m  a r e  n e w  t o  H u n g a r y .

I n  th e  tax o n o m ic  p a r t  t h a t  follows th e  occu rren ces o f th e  respective species a re  show n 
in  b ra c k e ts  ; these d a ta  w ere ta k e n  from  th e  a lgologic k ey s and m anuals in  use, a n d  m erely  
se rv e  to  give a general id ea  o f th e  h a b ita t  o f th e  in d iv id u a l species. In  resp ec t o f eac h  species 
l is te d  i t  is  specially  m en tio n ed  w h e th e r  th e  cu ltu res  g ro w n  from  th e  f ir s t  or from  th e  second 
c o lle c tio n  y ie lded  m ore o f i t .  T h is  is a d m itte d ly  o f no  g re a t significance since i t  is  qu ite  
p o ss ib le  t h a t  K n o p ’s n u tr ie n t  m ed iu m , or th e  l ig h t co n d itions, or th e  te m p e ra tu re  o f th e  
ro o m s , w hile  favouring  th e  g ro w th  and p ro p a g a tio n  o f  som e of the  species in  o u r  cu ltu res  
r e p re s e n te d  conditions d e tr im e n ta l to  th e  d ev e lo p m en t o f others. T he cu ltu res  fu rn ish  
a  c lu e  to  th e  species on ly  th a t  liv ed  a t  th e  d iffe ren t p o in ts  o f collection in  th e  cav e  b u t 
a llo w  o f  no  conclusions as to  th e  m asses in  w hich  th e y  occurred a t them .

Taxonom y
C Y A N O P H Y T A

C h r o o c o c c a c e a e

1. M icro cy stis  parasitica  K ü tz . ( In  s ta g n an t w a te rs , f req u e n tly  a tta ch ed  to  w a te r  p lan ts
o r  a lgae.) V ery few  in  co llection  4. A few  in  co llections I I ,  IV , and X I.

2. Gloeocapsa mellea K ü tz . (On h u m id  soil and h u m id  w alls.) V ery few in  collection  10. A  few
in  collection  IX .

3. Gloeocapsa granosa (B erk .) K ü tz .  (In  bogs and  h o th o u ses .)  Very few in  co llection  4. More 
H in  collection  I.

4. Gloeocapsa punctata  N äg . (F re q u e n t everyw here  on  m o is t rocks.) A few in  co llec tio n  10.
5. Gloeothece vibrio N . C arte r. (O n rocks and  tre e tru n k s .)  V ery  few in collection 5.
6. Synechococcus elongatus N äg . (O n hum id  soils an d  aged tree tru n k s .) More in co llection  1

a n d  I ,  less in  collection 2. »
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Fig. 1. Lyngbya p a lik ia n a  n . sp. Strong m ag n ifica tio n  from  the  righ t hand  side. F ig . 2. Tetra- 
spora larnayana  n. sp. F ig. 3. Phormidium  fr ig id u m  F ritsc h . Fig. 4. Tetrapedia  reinschinna  
A rch. f .  aggtelekienses n. f. F ro n ta l and la te ra l  v iew . Fig. 5. Phormidium  d im o rp h u m  Lem n. 
Fig. 6. S p iru lin a  laxa  S m ith . Fig. 7. P h o rm id iu m  p ris lley i  F ritsch . Fig. 8. Oscillaloria dudi- 
chiana  n. sp. Fig. 9. Lyngbya erebi. Fig. 10. Oscillaloria pseudoangusta var. brevicellulata. 
Fig. 11. Sorastrum  sim plex  (a  form  found in  th e  cave). Fig. 12. Sorastrum sim p lex  according

to W ille’s d raw in g
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7. Tetrapedia  re inschiana A rch . f .  a g t e l e k i e n s i s  n o v a  f o r m a . Cells m ore o r less q u a
d ra tic ,  3,5 to  4 рь w ide, p o in te d  a t  the  apices. O ne p a ir  o f opposite walls co n cav e , th e  
o th e r  t r ia n g u la r . L a te ra l  v iew  barre l-sh ap ed . C olour b lu ish  green. T hey  d iffer f ro m  th e  
species b y  be ing  sm alle r in  size and h av in g  a  f i f th  ap icu lu s on th e  cell su rface . (T he  
spec iesoccurs in  p e a ty  b ogs.) A few  in  co llec tio n  10. (F ig . 4)

C ellula p lus m in u sv e  q u a d ra ta , 3,5— 4 /л l a t a ,  angulis acum inatis . D uo  la té ra  
o p p o sita  co n cav a , a lte ra  duo la té ra  a u te m  fo rm a  trian g u lari ex ca v a ta . C ellu la  a  
la te re  v isa  do lio lifo rm is, colore g lau cescen tiv irid is . A typo  m ensuris m in o rib u s  
n ecnon  in  m arg in e  superio re  p ra e te r  an g u lo s apiculo  qu in to  d iffe rt. (T y p u s  
in  p a lu d ib u s  sp h ag n e to s is  in v en itu r.)

C h l o r o g l o e a c e a e

8. Chlorogloea microcystoides G eitl. (O ccurring on  w ell-cu rb s in  dripp ing  w a ter, o ccasio n ally
in  s ta g n a n t  w a ters .)  A fa ir  n u m b er in collection  5. M ore in  collection I ,  less in  X I I I .

S t i g o n e m a t a c e a e

9. H apalosiphon  in tricatus  W . e t  G. S. W est. ( In  s ta g n a n t  w aters  a tta ch ed  to  w a te r  p la n ts
o r am o n g  th e  m oss, so m etim es on hum id soils. E u ro p e , A frica, and A ntilles.) D esc rib ed  
b y  M agdeburg  from  sev era l Swiss caves as a  s ta la c tite -fo rm in g  species. B y  d isso lv ing  
th e  lim estone  w ith  5%  HC1, th e  filam en ts can  be b ro u g h t to  ligh t u n d a m a g ed  fro m  
th e  m in u te  d rip sto n es . W e fo u n d  i t  in  m in u te  s ta la c t i te s  all over th e  ex am in ed  a re a .

S c y t o n e m a t a c e a e

10. Plectonem a puteale  (K irch n .) H an sg . (On well s tru c tu re s  ; in  rivu le ts, a tta ch e d  to  sto n es
a n d  pieces o f w ood, o r free -flo atin g . C entral E u ro p e  a n d  A laska.) A few in  co llec tio n  1.

11. P lectonem a schm idlei L im an . (O n hum id  w alls.) A fa ir  q u a n ti ty  in  collection 4 a n d  I.
12. T o lyp o th r ix  distorta  (FI. D an .)  K iitz . (In  s ta g n a n t, se ld o m  in  slowly flow ing w a te rs .)  V ery

few  in  collection 2.

N o s t o c a c e a e

13. N ostoc punctiform e  (K iitz .)  H a r io t.  (In  s ta g n an t w a te rs , a tta ch e d  to w ater p lan ts .)  M any
in  collection  10.

O s c i l l a t o r i a c e a e

14. S p iru lin a  laxa  Sm ith . F ila m e n ts  2,0 to  2,8 рь w ide a n d  b luish-green. Spirals 4,5 /л w id e 9
p lac ed  a t  15 to  20 рь in te rv a ls  from  one a n o th e r . Cells shorter th a n  w ide. C olony  a 
d a rk  b lu ish -g reen . (W isconsin , N o rth  A m erica. A cco rd in g  to  th e  la te s t Sov ie t k e y  to  
A lgae (H ö l l e r b a c h : p . 465), i t  occurs, th o u g h  r a re ly ,  also in  th e  s ta g n a n t w a te rs  
o f  th e  U k ra in e . F ig . 6). A  few  in  collections 10 a n d  X I I I .

15. Pseudanabaena tenu is  K o p p e . (O n p u trescen t m u d , in  h u m u s , fu rth er on th e  b a n k s  o f th e
H o ls te in  lakes.) A few  in  co llection  1.

16. O s c i l l a t o r i a  d u d i c s ia n a  n o v .  s p .  Colony je lly -lik e  a n d  yellowish green. F ila m e n ts
d a rk v io le t-b ro w n , 7,5 to  11,3 рь w ide, w ith  a  w e ll-d ev elo p ed , tig h t, colourless sh e a th . 
T h e y  are  n o t a r tic u la te d  a t  th e  sep ta , th e  ap ices a re  th in n in g  ou t and  cu rv ed . Cells 
6 to  8 /it long, p lasm  n o t  g ra n u la te d . V ery m a n y  in  co llection  2. The species is  c losely  
re la te d  to  0 . borneti Z ukal, b u t  th e  plasm  is n o t  k e rito m iz ed , and th e  sh e a th  is well 
dev elo p ed  (F ig. 8).

F ilam e n ta  s tr a tu m  g e la tin o su m  lu teo -v ir id em  fo rm a n tia , ipsa fila m en ta  o b scu re  
v io laceo-fusca , 7,5— 11,3 рь la ta , v a g in a  c ra s sa , stric te  a d h ae ren te , h y a lin a  
c ircu m d a ta , ad  s e p ta  n o n  co n stric ta , ap icem  v e rsu s  a tte n u a ta , incu rv a . C ellulae 
6— 8 рь longae ; p la s m a te  non  g ran u la to . A d O. borneti Zukal vergens, a b  ea  
p lasm a te  non  k e r ito m isa to  e t vag ina  c rassa  d iffe r t .

17. O scillatoria chlorina  K iitz . ( In  m u d  and even in  sa line  w a te rs . E urope, N o rth  A m erica ,
A frica , A n ta rc tis .)  M any  in  collection  I.

18. Oscillatoria tenuis  Ag. (F ix ed  o r sw im m ing in  s ta g n a n t  w a ters  ; cosm opolitan .) G re a t
m asses in  collection  I.

19. O scillatoria tenu is  Ag. var. sym plociform is  H ansg. ( In  flo w in g  w aters.) M any in  co llec tio n  5#
20. O scillatoria irrigua  K iitz . ( In  s ta g n a n t  and flow ing w a te rs , o r even on dam p rocks ; co sm o .

po li ta n .)  M any in  collections I I  and  III .
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21. Oscillatoria neglecta L em m . (O n h um id  walls and  in  w a te rs  co n ta in ing  p u trescen t m a tte r .)
M any in  collection  5.

22. Oscillatoria lim netica  L em m . (In  th e  p lan k to n  o f  lak es, freq u e n tly  in  sew age, m u d , an d
occasionally  in  th e  g e la tin o u s  capsule o f o th e r  a lg ae .) M any in  collection  3, less in 
collection 4, m ore in  X I I I .

23. Oscillatoria gem inata  M enegh. (In  p e a ty  bogs, h o th o u ses , th e rm a l springs.) V ery  m an y  in
collection  10.

24. Oscillatoria pseudoangusla  C laus c a r .  b r e v ic e l lu la ta  n o v .  v a r .  F ilam en ts  so lita ry , 0,6 ft
w ide, b lu ish -g reen  or a lm o st colourless, n o t a r tic u la te d  along th e  sep ta . L e n g th  o f  cells 
0,3 f t ,  w id th  ab o u t 0,6 f t .  Som e cells w ith  one or tw o  lum inous grains. T he v a r ie ty  differs 
f ro m  th e  species in  i ts  d im ensions. (The species occurs in  th e  th e rm al sp ring  a t  B ü k k 
szék .) A few  in  co llection  4 (F ig . 10).

F ilam e n ta  0,6 f t  la ta ,  so lita ria , g lauco-v irid ia  vel subh y a lin a , ad  se p ta  n o n  con- 
s tr ic ta . Cellulae d im id io  brev iores q u a m  la ta e ,  0,3 /x longac. In  cellulis no n n u llis  
p u n c tu m u n icu  m  v e l duo  p u n c ta  fu lg en tia  v isib ilia . (T ypus in  th e rm is  B ük k szék - 
ensibus in v en tu s .)

25. Oscillatoria pseudogem inata  G. Schm id. (On g rim y , d a m p  w alls.) M any in  co llection  V.
26. Oscillatoria pro funda  K irc h n . (O n lak e  m uds). A  few  in  collection  X II .
27. Oscillatoria guttu la ta  v a n  G oor. (F ix ed  on lake m u d s, o r freely  sw im m ing.) G re a t m asses

in  co llection  I.
28. Oscillatoria agardhii Gom . (In  lak e  p lan k to n s.) A fa ir  a m o u n t in  collection 1.
29. Oscillatoria woronichinii A nissim . ( In  m ineral w a te r  lak es in  th e  U kraine.) M any in  collection

X II I .
30. Oscillatoria anim alis  Ag. ( In  cold o r w arm  s ta g n a n t  w a te rs , on  th e  walls o f h o th o u ses ;

co sm opo litan .) V ery few  in  collection 8.
31. P horm id ium  fr ig id u m  F r itsc h . Colony th in , sk in-like . F ilam en ts  b e n t, en tan g led . S h ea th

slim y , d iffuse. F ilam e n ts  stro n g ly  a rticu la ted  a long  th e  se p ta , ends n o t  ta p e re d , th e ir  
w id th  0,8 to  1,2 ft .  A p ical cells rounded . Cells tw ice  as long as w ide, fa in t ly  b lu ish- 
g reen , each  w ith  a  lu m in o u s g rain  b y  th e  side o f th e  sep ta . A n in te res tin g  o ccurrence . 
I t  is described  in tw o  o f Ge it l e r ’s works (1932, p . 997 ; 1925, p. 377) as occurring  
in  th e  a n ta rc tic  reg ions an d  in  th e  H igh T á tr a ,  w hile according to  H öllerbach , 
K osslnskaia , P o l ia n sk ii, i t  can  also be fo u n d  occasionally  in  va rio u s p a r ts  o f  th e  
Sov ie t U nion , b o th  in  flow ing  and  s ta g n an t w a te rs . (1952, p. 477). (F ig . 3) M any  in  col
lec tio n  3. Few  in co llection  I I ,  V, V III  and  X II .

32. P horm id ium  foveolarum  (M ont) Gom. (On hum id  soils, d am p  lim e rocks, and  also in  sew age.)
A few  in  collection 10.

33. P horm id ium  henningsii L em m . (On peat-m oss ; in  w ash-houses.) A fa ir n u m b e r  in  col
lec tio n  1.

34. P horm id ium  molle Gom . ( In  s ta g n a n t w aters ; on  h u m id  soils.) A few  in  co llection  I.
35. P horm id ium  pristley i F r i ts c h .  Colony soft and  o f a  b r ig h t b lu ish-green , easily  fa lling  to

pieces on  pressure . F ila m e n ts  coiled and densely  in te rtw in ed . S hea th  t ig h t. F ilam e n ts  
a r tic u la te d  a t  th e  se p ta , frag ile , n o n -tap erin g , 3,3 f t  w ide ; ap ical cells ro u n d e d . Cells 
h a lf  as long as w ide, fa in t ly  b lu ish  green ; no g ra ins b y  th e  side o f th e  sep ta . A n in te re s t
ing  occurrence. Ge it l e r , 1925, p . 378. A n ta rc tis . 1932, p . 1008 « Im  S üssw asser A n
ta rk t is»  (N ähere  S ta n d o rtsan g a b en  fehlen). H ollerbach  does n o t m en tio n  i t  (F ig . 7).

36. P horm id ium  dim orphum  L em m . Colony skin-like, e x te n d ed , b lack ish , b lu ish -g reen . The
s tra ig h t  o r  b e n t f i la m e n ts  freq u e n tly  tak e  p a ra lle l courses, th e y  are s tro n g ly  a r tic u la te d  
a long  th e  sep ta , 3,5 to  5 g  w ide, b rig h t b iu ish -g reen , tap e rin g , or else w idely  rou n d ed  
off a t  th e  end w ith o u t th in n in g  ou t. S h ea th  t ig h t ,  colourless, th in , n o t  lay e red , and 
fa ils  to  s ta in  w ith  chlor-zinc-iodine. Cells m o stly  q u a d ra tic , occasionally  sh o rte r  b u t  
a t  th e  en d s o f  f ila m en ts  u sua lly  longer th a n  th e ir  w id th  ; th e ir  len g th  v a ries fro m  2 to  
5,6 f t ,  b u t  is m o stly  3 f t .  N o grains by  th e  side o f  th e  sep ta . A pical cells th e  sh ap e  of 
a n  e lo n g a ted  ro u n d ed -o ff cone, o r th a t  o f a so m ew h at f la tte n e d  hem isphere  w ith  a  cap 
a b o u t 2 f t  wide an d  1,5 f t  long. Ge it l e r , (1925, p . 381 and  1932, p . 1011) «Salinen  in  
K iss in g en » . H öllerbach  (p. 481) claim s i ts  occurrence  in  W est S ib iria , in  sa line  basins 
a n d  e v en  in  th e  soil. T h e  p re sen t a u th o r  h as fo u n d  i t  in  th e  th e rm al spring  a t  B ükkszék . 
A g re a t  n u m b er o f  b o th  fo rm s in collection 2, a n d  a fa ir n u m b er in 7 (F ig . 5).

37. L yngbya  am plivag ina ta  v a n  Goor. (In  river m u d s in  H o lland .) M any in  collection  V.
38. L yn g b ya  er ebi W . e t G. S. W est. Colony fla tly  e x te n d in g , from  3 to  5 m m . th ic k  and  of

sh ad es  vary in g  from  d a rk  blu ish-green to  colourless. F ilam en ts  en tan g led , 0,9 f t  th ick , 
s tro n g ly  a rticu la te d  a long  th e  sep ta . S h ea th  th in  and  tig h t. F ilam en ts  n o n -tap e rin g . 
An in te re s t in g  o ccurrence . Ge it l e r  (1925, p . 394 and  1932, p. 1056) « In  s tehendem  
W asse r A n ta rk tis» . H ollerbach  does n o t m en tio n  i t .  A few in collection  6 (F ig . 9).
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39. L y n g b y a  digueti Gom. ( In  s ta g n a n t  w a ters .)  M any in  collection  4.
40. L y n g b y a  p a l ik i a n a  n o v .  s p e c .  Colony b rig h t b lu ish -g reen , form s a m em b ran e  flo a tin g

o n  th e  surface of th e  w a te r; som etim es se ttle s  a t  th e  b o tto m  of th e  e x p e rim e n ta l flask . 
F ila m e n ts  fo rm  bu n d les , a n d  are  e ith e r s tra ig h t o r irreg u larly  b e n t, 2 to  3 /л w ide, b rig h t 
b lu ish -g reen , m ark ed ly  a r tic u la te d  along th e  se p ta . S h ea th  th in  and  ad h esiv e . Cells 
q u a d ra t ic  or so m ew hat sh o r te r  th a n  w ide. G ra in s on  th e  side w alls. A pical cells rou n d ed  
off. G rea t m asses in  co llection  7, m an y  in  5 (F igs. 1 an d  la ) .

S tra tu m  m em b ran a c eu m  glauco-viride in  superficie  aquae form ans, n o n n u n q u am  
in  v itro  su b s tra to  ad h ae ren s . F ila m e n ta  fascicu laria , re c ta , vel ir reg u la rite r  
cu rv a ta , 2— 3 p, l a ta ,  la e te  g lau c o -v ir id ia ,. ad  sep ta  valde  co n str ic ta . V agina 
tenu is, s tric te  a d h ae ren s . Cellulae q u a d ra ta e , vel p a ru m  b rev iores q u a in  longae. 
M em branae c e llu la ru m ) la te ra les  g ra n u la ta e . Cellula apicalis ro tu n d a ta .

41. L y n g b y a  m artensiana  M enegh. ( In  s ta g n a n t an d  flow ing  w a ters , ho thouses ; cosm opo litan .)
A  fa ir  nu m b er in  co llections 5 and  8. ( I t  was n o t  fo u n d  w hen th e  te s t  m ate ria l collected 
o n  th e  f irs t  tr ip  was ex am in ed  b u t  th e re  was a  g re a t n u m b er o f i t  in  th e  glass b o x  w hich 
h a d  been p u t b ack  in to  th e  cave  w ith  th e  co n te n ts  o f  collections 5 and  8). W e sha ll come 
b a c k  to  th is p o in t.

42. S ch izo tr ix  fra g ilis  (K^iitz.) G om . O n th e  b o rd er of p u d d les , on  dam p w alls.) A few  in  co llection  5.
43. S ch izo tr ix  cyanea N äg. (O n d a m p  rocks.) M any in  co llection  3. Colony b lack . I t  occurs in

th e  soot-like deposits in  th e  cave.
( I t  is n o tew o rth y  th a t  th e  b lack  coatings o ccurring  in  d ifferen t caves h av e  given 
rise to  c o n tra d ic to ry  th eo ries since th e  beg in n in g  of th e  las t c e n tu ry . R aisz 
(1807) believed th e m  to  have  been  p ro d u ced  b y  th e  fire  o f p rim eval m en , while 
K y rle  (1923) a t t r ib u te d  th em  to  th e  to rch e s  o f v isitors. L a te ly  i t  is assu m ed  th ey  
are colonies o f iron  b a c te r ia  (Ma g d eb u r g , D u d ic h , J ak ucs). N o iro n  b a c te ria  
were found d u rin g  o u r  tw o tr ip s  to  th e  B a rad la  cave, while a n u m b er o f algae 
could be show n fo rm in g  b lack ish  or b lac k  colonies, e. g. Gloeocapsa pu n c ta ta , 
Phorm idium  foveo la ru m , P horm id ium  h en n in g s ii , P horm id ium  d im orphum  and  
Schizotrix cyanea. I t  can  therefo re  be assum ed  th a t  some of th e  b lack  coatings 
consist o f colonies o f a lgae.

C h l o r o b a c t e r i a c e a e

44. Tetrachloris inconstans P a sch e r. (O n p u trescen t m u d , in  s ta g n an t and  flow ing w aters .)
A fa ir  num ber in  collection  7, m an y  in  X II.

E U G L E N O P H Y T A

E u g l e n a c e a e

1. Trachelom onas sp. Capsule covered  w ith  b ristles, e llip tic , 8,4 long and  7,5 p  w ide, brow nish  
yellow . Two specim ens w ere fo u n d  in  collection  10.

C H R Y S O P H  Y T  A

X a n t h o p h y c e a e
S c i a d i a c e a e

1. O p h iocytium  parvulum  (P e r ty )  A. B rau n . (V ery  fre q u e n t ; g rea t m asses in som e p laces.) 
A  few  in collection 5.

C h r y s o p h y c e a e
O c h r o m o n a d a c e a e

2. Ochromonas ovális Dofl. (O ccuring  in  g rea t m asses.) M in y  in  collection 10.

B a c i l l a r i o p h y c e a e
F r a g i l a r i a c e a e

3. D ia to m a  vulgare B ory. (C osm opolitan . In  s ta g n a n t a n d  flow ing w aters, on d am p  ro ck s,
w ell-curbs, etc .) Two chains fo und  in collection X .

4. D ia to m a  elongatum  Ag. var. m inor  G run. (C osm opolitan. In  s ta g n an t and  flow ing  w aters,
on  d a m p  rocks, w ell-curbs, e tc . b u t  ra th e r  pelagic.) M any in collection X III .

5. F ra g ila r ia  virescens R alfs. (F re q u e n t in m o u n ta in  w a te rs , springs, som etim es also in  low 
la n d s .)  A fa ir num ber in co llection  8.
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6. Fragilaria brevistriata G ran . (F re q u en t on hanks of lakes.) A few  in collections 3 and IT, 
m any  in 10.

N a v i c u l a c e  a e

7. N avicula mutica  K ü tz . var. n ivalis  K ü tz . (In  fresh w aters, on d am p  rocks ; an  ep iphy te .)
A few in collection 6.

8. A m phora ovális K ü tz . var. pediculus  K ü tz . (F req u en tly  a tta ch e d  to  large-sized  B ac illa rio p h y ta
or w ater p lan ts.) A fa ir n u m b er in collection 9, m any  in V II and  X II .

9. Gomphonema angustatum  (K ü tz .)  R abenh. (C osm opolitan. In  s ta g n a n t an d  flow ing w aters,
on dam p rocks, cu rbs o f wells, e tc .) (V ery m any) in  collection I I I .

10. Gomphonema bohemicnm  R e ich elt e t  F ricke. (In  T yrol, in th e  neighbourhood  o f W iesenegg.
Ecology no t in d ica ted .) G rea t m asses in collection X II  and X IV .

N i t z s c h i a c e a e

11. H anlzschia am phioxys (E h r .)  G run. ( In  lakes, b rooks, springs ; co sm opo litan .) M any in
collection V.

12. N itzschia thermalis K ü tz . var. m inor  Hilse. (F req u en t.)  A fa ir n u m b er in  collection 8.

C H L O R O P H Y T A
C h l o r o p h y c e a e

P a l m e l l  a c e a e

1. Gloeococcus schroeterii (C hodat.) Lem m . (V ery freq u en t in  p lan k to n s , k a th a ro b e .)  Many 
in collections 1, 3, 10, V.

T e t r a s p o r a c e a e

2. T e tr a s p o Y a  ta r n a y a n n  n o v .  s p e c .  Mucous colony of irregu lar shape, b rig h t o r d a rk  green.
D iam eter of cells 13 to  15 /л. T he tw o flagella 10 to  12 tim es th e  cell d iam e te r . More than  
h a lf o f th e  flagella  h ang ing  o u t of th e  gelatinous capsule. I t  d iffers from  T . gelatinosa 
(V auch.) Desv. sp. in th e  size o f the  cells and in th e  m arked  p ro tru s io n  of th e  flagella 
from  th e  capsule. I t  d iffers from  T . lim netica  W. e t G. S. W est sp. in  colour and  size of 
th e  cells. A fa ir n u m b er in  collection 10, less in  6 (F ig . 2).

Colonia m ucosa irreg u la rite r fo rm ata , lae te  vel obscure v irid is. Cellulae 13— 15 
d iam etien tes. F lagella  m ucosa duo ad su n t, long itud ine  la ti tu d in e m  cellulae 
10— 12 X su p e ran tia . P ars m ajor flagellorum  e capsula m ucosa exstan s . A T. 
gelatinosa (V auch .) Desv. in m agnitud ine cellu larum  e t flagellis capsu la  valde 
exsertis, a  T . lim netica  W . e t G. S. W est in  colore e t d im ensione d iffert.

C h l o r o c o c c a c e a e

3. Chlorococcum in fn s io n u m  (Sch rank) Menegh. (F req u en tly  in s ta g n a n t w a te rs  a tta ch ed  to
p lan ts ; occurs also on hum id  soils.) A few in collection 3, m ore in  X II I .

C h l o r e l l a c e a e

4. Chlorella sim plex  (A rta ri)  Migula. (Basel. No ecological deta ils av ailab le .) A fa ir num ber in
collection 9.

5. Chlorella m iniata  (N äg .) O ltm anns. (F req u en t on walls and  flow er p o ts .)  V ery  m an y  in nearly
all collections.

O o c y s t a c e a e

6. Oocystis pusilla  H ansg. (On dam p rocks.) M any in  collections 10, IV  and  X I.

C o e l a s t r a c e a e

7. Sorarstrum  sim plex  W illeä According to Wille (in Lem m erm ann , Br u n n t h a l e r , P ascher :
Die Süssw asserflora . . .  1915, p. 200) coenobia round  an d  consisting  o f 7 cells, which 
have th e  shape o f e longated  eggs ending in 3 long spinules. Seen from  th e ir  apical side
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th e y  are round. In c lu s iv e  o f  sp inu les, cells 12 /л long a n d  13 f i  w ide. (N ovaia  Zem lia) 
(F ig . 11). The colonies fo u n d  in  th e  cave a t  A ggtelek  g re a tly  resem ble  W ille’s draw ing 
(F ig . 12), th e  only d ifferen ce  b e in g  th e ir  size and th e  absence  o f sp inules in  o u r specim ens. 
D ia m e te r of th e  co lony  20 /г , t h a t  o f th e  in d iv idua l cells 6  to  7 [Л. Several colonies were 
fo u n d  in  collection 4.

P r o t o c o c c a c e a e

8. Protococcus anulatus P a sc h . (F o u n d  only in  e levated  reg ions.) I t  w as p re sen t in  all collec
tio n s  excep t 8  an d  1 0 , a n d  in  a  v e ry  great n u m b er in  2 .

U l o t r i c h a c e a e

9. H o rm id iu m fla cc id u m  A. Hr. fo rm a  lypica  H eering. (O ccu rrin g  in  th e  m o st diverse h a b ita ts :  
on  ice, in  s tag n an t a n d  f lo w in g  w a ters , hum id soils, on  th e  b a rk  of tree s .)  M any in  collec
tio n s  2 and 1, less in  3 a n d  4.

10. Stichococcus bacillaris N äg . fo rm a  m inor  Näg. (E v ery w h ere .) M any in  collections 2 and  I, 
less in  X  and X II I .

C h a e t o p h o r a c e a e

11. Chaetophora elegáns (R o th ) Ag. (W id e ly  d istribu ted  in  s ta g n a n t  a n d  flow ing w aters, a tta ch ed , 
to  w a te r  p lan ts, shells a n d  s to n e s , or freely sw im m ing.) Tw o th ic k  bund les w ere encoun
te re d  in  collection I I I .

C l a d o p h o r a c e a e

12. R hizoclon ium  hieroglyphicum  (A g.) K ü tz ing . (Occurs b o th  in  fresh  and  seaw ater.) A single 
b u n d le  developed in  co llec tio n  1, several bundles w ere fo u n d  in  I an d  V.

Ecology-

On examining the algal m aterial collected from the cave o f Aggtelek a 
num ber o f questions arises :

1. H ow  do the specified algal species come to  be in the cave?
2. H ow  are they able to  live there?
3. H ow  can there the presence of arctic and antarctic species be explained?
Several theories are possib le in connection w ith  the first question.
1. The algae are being carried into the cave b y  the stream s th at flow  

th rough  them . This assum ption  fails to explain the presence in the cave of 
the species that were found in  scrapings taken from  elevated points on the 
walls, and  from the roof o f  th e  cave, to which the w ater of the streams now  
n ever rises. The cave being its e lf  the product of w ater erosion it  is conceivable 
th a t som e algal colonies h ave subsisted for m illions o f  years in a more or 
less unchanged condition on th e  spot of their original settlem ent. To this point 
we propose to revert later in  th is  paper.

2 . Individual algal cells are being carried in to  the cave b y  currents of 
air. S atisfactory as this assum ption  at first appears, it  is vulnerable from two  
points o f  view . First, although th e  entire cave is pervaded by strong air cur
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rents, the great number of breaks makes it im possible for the cells or spores 
to  travel further than  20 to 30 m. from the entrance without striking against 
and becom ing attached  to  some wall. Secondly, owing to the 100%  relative 
hum idity o f the atm osphere in it, cells sw ept in to  the cave will, like dust par
ticles, form nuclei o f  condensation and precip itate in the very foreground of 
the cave. Incidentally, this phenomenon accounts for the purity and alm ost 
com plete sterility  o f  the air within the cave.

3. The algal organisms are deposited on the higher spots on the walls 
by anim als to w hich th ey  attach, e. g. by b ats. This, however, is inconsistent 
w ith  the fact th a t whereas bats are known to  dwell exclusively in  certain defi
nite parts of the cave system , algae have been collected from the w alls of 
other parts. B y  another hypothesis, algae are spread in the cave by animals 
o f lower orders, such as arthropoda, insects, etc. W hile this would well explain  
the distribution o f the different algae w ith in  th e  cave, it still leaves open the 
question as to how  th ey  get into the cave at all, since the host anim als never 
leave the cave and m ostly  occupy its more rem ote parts.

4. The cells are carried into the cave b y  the water that seeps in to  it  from 
above and appears in the form of droplets at the point of sta lactites. This 
assum ption is untenable because before reaching the cave the w ater penetrates 
several thick layers o f rock which act as ultrafilters and free it  o f  all even 
m icroscopic im purities. Prof. MÁGÓCSY-DlETZ claims to have seen algal cells 
in w ater drops at the point of stalactites b u t this is no proof o f the cells hav
ing reached th e  cave w ith the seeping w ater (DudICH, p. 66).

All our theories having failed, there seem s to be no definite answer to  
the first of our questions unless we assume th a t the algae have existed  in the 
cave ever since its formation.

As regards the second question, it  is know n that the algae (except sapro
p h ytes and a few  parasites) require a certain moisture, heat and light to  sub
sist. W hile the first two of these requirem ents are satisfied in the cave, the 
third factor, i. e. light, is absent. It was shown by MORTON (p. 6) th a t as little 
as a 2500th part o f  normal sunlight in ten sity  sufficed for certain C ya n o p h y ta e  
to  exist, and so it  is conceivable that the ligh t shed by the lam ps o f visitors, 
or the guards m aking their daily rounds, is sufficient for the algal organisms 
in the cave to  com plete their assim ilative processes. Comparisons with the 
light requirem ents of deep-sea algae m ay help to clear up this point.

It was observed by F eldmann in 1937 (Smith, p. 315) th at certain 
green algae are able to live in depths (200 m) to which practically no light 
can penetrate. It was found by members o f the deep-sea exploring expedition  
«Albatros» (BiebI, p. 37) that even the com paratively very short w aves (310 
m p )  o f ultraviolet rays are com pletely absorbed before reaching such depths. 
Experim ents prove that, beyond a depth o f 20 m, every m eter absorbs 90% 
o f  the residual radiation. Although rays w ith a still shorter wave length  (about
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200 m ju) penetrate som ew hat deeper, they are no longer capable o f producing  
bio log ica l effects. Lately it  has been discovered th a t the reason w hy there are 
no a lgae in the lower regions o f  the oceans is not the absence of light but de
fic iency  in nitrogen. The problem  o f assim ilation in deep-sea algae is still far 
from  being solved.

Soil algae may furnish another basis for comparison. In 1919 MOORE 
and Carter  found certain C y a n o p h y ta  1 m . below  the surface o f the soil.
D . F e h é r , the recently deceased eminent academ ician, undertook detailed  
and precise investigations in this respect (Soil B iology, p. 325). He says : 
«W hen placed under the m icroscope, all our soil samples brought up from  
considerable depths unfailingly  revealed the presence o f intact algae w hich  
had reta ined  the green colour of their chlorophyll even in depths over 1 m. 
In 1935 w e started experim ents that stretched over a number of years. F lour
ish ing  algal cultures, grown in  light, were placed in suitable vessels and buried 
in d ep th s o f  1 to 1,5 m. On unearthing and re-exam ining them after 1 to  2 
years, i t  was found that in sp ite  of having been cut off from any source o f  
ligh t in  the soil these m icroorganism s retained their green colour, and th a t, 
accordingly, their chlorophyll remained unim paired». Summing up the result 
o f h is investigations perform ed during m any decades, Prof. F ehér  reaches 
the fo llow ing conclusion (I, p . 696—698) : «Our results do not allow us to  
put forw ard the transition to  a heterotrophic m ode o f life as the sole exp lan a
tion  for th e  problem of nutrition  and assim ilation in algal organisms th at live  
in darkness and are able to conserve their green chlorophyll». Prof. F eh ér  
failed to  achieve an increase in  the weight o f  his algal cultures and, because  
of m ethodological difficulties, to  attain precision in  his assimilation experi
m en ts. N evertheless, he regarded intact retention o f the chloropasts as not  
quite perfect yet sufficient proof of continued algal life. Our own studies in 
th is resp ect will be reported later.

S ince the end of the la st century various view s have been developed on 
how  som e algal species can to lerate the total absence o f light. Maheu (1860)*  
believed  th a t even the very litt le  light em itted by phosphorescent fungi w as 
sufficient to  be utilized by algae. To this it m ust be observed that algae have  
been fou n d  in many caves w here there were no lum inous fungi. MORTON (p. 
4 —6) attributed  an assim ilatory effect to such infinitesim al light as is im 
perceptib le not only to the hum an eye but even  to the most sensitive instru
m ents o f  today. If  we use th e  word «light» in its physically accepted w ider 
sense, there m ay he some tru th  in this hypothesis ; it  is therefore to be re
gretted  th a t  Morton om itted to  state to which range of the electrom agnetic  
w aves he referred when using th e  term «light» (gam m a, ultraviolet, infrared  
rays, radio waves).

See Morton p. 2.
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Smith (p. 315) refers to the long-known phenomenon that in want of 
light som e o f the C ya n n p h y ta  change over to  heterotrophic nutrition, provided  
there is suitable organic m atter or abundant anorganic nitrogen at their dis
posal. T hey even retain their colour, whereas Chlorophyta loose it in darkness 
to regain it when coming to light again. It  is repeatedly em phasized in Prof. 
FehÉr’s work that he only supplied his cultures with anorganic nutrition, 
and so the possibility o f an adoption of a heterotrophic mode of life was from 
the outset out of question.

In Magdeburg’s view, substantiated  by observations m ade in Swiss 
caves, Chlorophyta too retain their colour in darkness, even i f  th ey  adopt 
there a saprophytic mode of nutrition. A t the same tim e, he points out sharply 
how highly improbable it is that the ex isting  chloroplasts should live forth 
in the cells as functionless rudim ents. In setting up his new theory he gives, 
however, no answer to the question o f the real part played by the chloroplasts. 
In  h is conception, some of the C y a n o p h y ta , or C h loroph yta , and th e  autotro
phic iron bacteria that are «never lacking» in caves enter into a sta te  o f  sym 
biosis. E qually interesting are Magdeburg’s attem pts to explain the life proc
esses o f  a stalactite-form ing blue alga, the H a p a lo syp h o n  in tr ic a tu s ,  which 
was first described by him out o f caves. He found, this alga lived  in the 
in terior o f small stalactites com paratively near the entrance and so still 
received some light ; it secreted a considerable amount of calcium and therefore 
played an im portant role in the form ation o f  stalactites but, by doing so, it cut 
itse lf  o ff from the light. In a section m ade from a stalactite o f  th is kind, 
Magdeburg observed regular algologic zonation : in the outer part and 
covered w ith but a thin layer o f calcium  there were colonies o f  C hroococcus, 
D a c ty lo c o cc o p s is , which in his view  supplied nutrim ent to the H a p a lo s y p h o n  
species occupying the dark interior o f the stalactite. He substantiated  his 
opinion b y  the observations o f Cholodny who, too, described phenom ena  
believed  to  be sym biosis o f iron bacteria and C ya n o p h y ta  and o f different 
kinds o f  C y a n o p h y ta , respectively. A num ber of objections can be made 
to Magdeburg’s theory, viz. :

1. Iron bacteria do not live in great m asses in all caves, nor do they  in 
the Baradla cave. It is quite possible th a t they do occur in certain periods 
and in certain places but not more than three specimens were found during 
our collections, and these at places from where we were unable to  obtain algal 
cells in cultures.

2. N ot only some primitive blue algae but also C h lo ro p h yta  were found 
to  ex ist in the entire area where we collected, and it is hardly concievable 
that these cells attached to stalactites or walls should all subsist on organic 
m atter. Even Magdeburg makes no m ention of a state o f sym biosis be
tw een iron bacteria and C h lo ro p h yta , or between C y a n o p h y ta  and Chloro
p h y ta .
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3. E xperim ents to  be described below have proved that in the present 
case there can be no question o f any sym biosis either o f C y a n o p h y ta  in ter se , 
or o f  these and iron bacteria.

4. U sing Magdeburg’s m ethod, we found H a p a lo syp h o n  in tr ic a tu s  in  
nearly every one o f our collections, also in  collections made at a d istance o f  
approxim ately 600 m . from the entrance, in com plete darkness. A t the sam e  
tim e, w e saw no traces of any algal zonation in  th e  cross section of the m in u te  
sta lactites. This precludes sym biosis of th is species and Chroococcus or other  
C y a n o p h y ta .  MAGDEBURG probably m istook som e alga cells attached to  th e  
surface o f  a sta lactite for the sym biont o f  the H a p a lo sy p h o n .

A ll hypotheses attem pting to solve the problem  by attaching specia l 
significance to  u ltraviolet and infrared radiation, or gamma rays em itted  b y  
the soil, y ielding equally unsatisfactory resu lts, one is bound to  say  th a t  
none o f  the theories gives a reliable explanation o f  the active algal life in  th e  
cave. I t  needs to be pointed out that, w ith  the exception of a few  isolated  
cases, th e  algae in th e  cave do not appear in an akinetic state as assum ed  
by som e but show definite signs o f active ex istence that can be substantia
ted b y  the following facts.

a )  Microscopical exam inations started on the day following that o f the  
collection (especially the second) perm itted o f th e  determination of several 
algal cells and filam ents in an unimpaired and assim ilatively active condition. 
I t  w ould be practically im possible to dem onstrate w ithout cultures all th e  
species described from the cave : it occured, for instance, that one of the cul
tures, grown from a particular collection, turned out to be a m onoculture, 
probably because only a single cell, or at m ost a colony composed of but a 
few  cells had found its w ay into the vessel. The suspicion may o f course arise 
th a t th e  collected m aterial becam e contam inated : th is possibility appears to  
be excluded by the above-described absolute ster ility  of the air in the cave  
as also b y  our use o f sterile im plem ents in collecting. Nor does it seem pro
bable th a t the P ro tococcu s a n u la tu s  (grown in th e  said monoculture), a rather  
rare alpine species, got into the vessel w ith  th e  air of the room when  
the vessel was filled w ith  sterile culture m edium  in  the Institute ; this w ould  
have been the sole opportunity, as the vessel w as opened on no other oc
casion.

b)  The presence o f  the species H a p a lo s y p h o n  in tr ic a tu s  offers a clear 
evidence o f  an active m ode o f life, as in th is species secretion of calcium and  
assim ilation are closely correlated processes. E ven  Magdeburg is convinced  
that th is is not a case o f  a passive «em bedding in  stalactite».

c )  Pow eful and apparently very virulent filam ents of C h an tran siae , cover
ing a surface o f  several square decimeters and reaching a height o f 10 cm , 
were found in the cave at Abaliget, and there is no reason why one should n ot  
suppose sim ilar v ita lity  in existence at Aggtelek.
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d )  F e h é r  failed to demonstrate an increase in the weight o f  his buried 
alga cultures, nor was he successful in perform ing measurements o f  assim ila
tion, so that it was in an indirect w ay, from  the unimpaired subsistence o f the  
chrom oplasts, th at he inferred the ex istence o f  a flourishing life a ctiv ity  in 
his algae. We used the following m ethod : test material collected in  the cave  
was cultured in light, and the flourishing cultures were then taken back  to the 
cave. There sterile Petri dishes were filled w ith  water taken from  the cave 
stream s, then inoculated with our cultures b y  placing into the dishes tiny  
particles o f stalactite or fragments o f th e  w all «green with algae». A s the water 
of the stream s contains but a m inim um  o f organic matter, th is procedure 
precluded the possibility of a heterotrophic mode of nutrition. N or was sym 
biosis w ith  iron bacteria possible, since our cultures were devoid o f  such bac
teria. B y  placing our glass boxes at a distance o f about 600 m. from th e  entrance 
of the cave, it  was made impossible th a t any one C y a n o p h y ta  th a t  m ay still 
have received som e little light should becom e the symbiont o f th e  other, for 
there reigned the same utter darkness in th is part of the cave. The glass boxes 
were deposited at approxim ately 1% to  2 ]/2 meters above the floor, in  more or 
less closed w all recesses, partly in order to  put them  beyond even  the highest 
level o f  possible floods, and partly to protect them  from the possible effect o f  
the light shed b y  the lamps o f visitors or those of the guards m aking their 
daily rounds.

I t  m erits m entioning that we also succeeded in collecting algae from the  
«Peace Cave», a part o f the system  w hich is visited but rarely ; th e  material 
in question is now  being worked up. This fact apparently disproves tw o  assum p
tions : (i) th at it  is the lamp o f visitors which supplies the light required for 
the process o f assim ilation ; and (ii) th a t the algae are carried in to  the cave 
on the boots o f  the visitors. We collected algae by «climbing» parts o f the 
Peace Cave where no man had trodden before us.

The dishes left in the cave were exam ined after 6 m onths and found to 
be teem ing w ith  algae that floated on th e  surface of the water in th e  shape o f  
th ick  m em branes, or had climbed up th e  sides of the dishes covering even 
their lids. A ltough we too refrained from  measuring weights, y e t  we believe 
the facts ju st described sufficiently prove th e  active metabolism o f  these algae. 
The v ita lity  o f  som e o f them is well illustrated  by the following exam ple. When 
first exam ined, none of our collections appeared to contain L y n g b y a  m arten -  
s ia n a .  Y et, on re-determining the contents o f our dishes after 6 m onths of 
exposure in  the cave we were surprised to  find a great number o f  these algae 
in one o f them . I t  m ust be supposed th a t either there was such a sm all number 
in the collection at the first inspection th a t it  escaped attention  or, else, our 
cultures were contam inated by the w ater o f  the cave stream. In an y  case, the 
algae m ust have been in our material in  very  small numbers at th e  outset, and 
have y et grown to  a considerable colony b y  the tim e of the second inspection.
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The following list shows the specific com position of the cultures taken  
back  in to  the cave and re-determined after an exposure of 6 m onths.

I t  is known th at chlorophyllous plants need radiant energy to perform  
assim ilation . Visible light is generally regarded as the princial and alm ost

Species
No. of dish After 

6 monthsI. II. III.

C yanophyta

Synechococcus e longatus ...................... +

Plectonem a p u te a le ............................... +

N ostoc p u n c tifo rm e ............................... +

S p iru lin a  laxa  ...................................... + +

Pseudanabena tenuis .......................... + +

Oscillatoria te n u is .................................. + +

Oscillatoria neglecta............................... +
Oscillatoria l im n e tic a .......................... + +

O scillatoria g e m in a ta ........................... + +

Oscillatoria ag a rd h ii ............................. + +

P h o rm id iu m  foveolarum  ................... + +

P h o rm id iu m  h e n n in g s ii ...................... +
P h o rm id iu m  d im o rp h u m ................... - f +

L yn g b ya  digueti .................................... + +

L yn g b ya  m a rten sia n a .......................... + +

Schizo thrix  f r a g i l i s ............................... +

Sch izo thrix  c y a n e a ............................... + + +

C hrysophyta

O phiocyth ium  parvu lum  ................... + +

Ochromonas ovális ............................... + +

F rag ilaria  v ir e sc e n s ............................. +
N a v icu la  m utica var. n i v a l i s .......... + +

N itzsch ia  th erm a lis ............................... + +

Gloeococcus schröteri............................. + + +

Chlorophyta

Tetraspora tarnayana  ........................ +
Chlorococcum infusionum  ................. + + +

Chlorella m inia ta  ................................. + + +
Oocystis p u s i l la ...................................... +
Protococcus anulatus .......................... + +
H o rm id iu m  fla c c id u m .......................... + + +

Stichococcus bacillaris f .  m inor . . . +
R hizo c lo n iu m  h iero g lyp h icu m .......... + +
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the on ly  source o f such energy. Biebl observed that certain pelagic algae ab
sorb considerable amounts o f  u ltraviolet rays (A =  200 to 400 m/z) ; these  
rays can, however, play no part in the assim ilatory process o f cave algae since 
— as has been dem onstrated by F eh ér , F rank, Szelényi and Scheitz 
(Feh ér  1953. p. 205) — they  are stopped even b y  quite thin layers o f  soil. 
X -rays of still shorter wave lengths generally exert a bactericide, destructive  
or growth-inhibiting effect, although th ey  have no practical im portance in 
soil biology, as was stated by F ehér  (1953. p. 209). Investigations into the  
effect o f  infrared rays on soil algae proved that, while these rays m ay som e
w hat heat up the surface o f  the soil, th ey  exert no assim ilative action, and it 
is sure that this applies to  cave algae as well. As regards Morton’s above- 
m entioned theory about the invisible rays, only the long radio w aves and the  
various very short gamma waves have still to  be considered. As radio w aves 
exercise no physiological effect, there is no need to speak of them . There re
m ain the gamma rays, and it was to  be seen whether there existed  in the A gg
te lek  cave a gamma radiation strong enough to  be utilized b y  the algae for 
assim ilatory purposes. Such supposition was justified by the fact th a t, in the  
thirties, Stoklasa and P enkova (p. 413) observed certain algae w hich while 
kept in radium light, m ultiplied and increased in weight.

To settle the problem, the Institu te  of Botanical Taxonom y organized, 
on Decem ber 12, 1954, a third trip to  A ggtelek under the guidance o f  Miss P. 
P alik which was joined by Z. TÁRCZY-Hornoch of the Technical U niversity  
who equipped him self w ith  Ge iGER-MÜLLER counting tubes taken from the 
Central Physical Research Institu te . Our gratitude is due to  Prof. K . SlMONYI, 
director o f the Departem ent o f A tom ic Physics of that Institute, for having  
facilitated  these investigations by his valuable advices and b y  lending the  
necessary instruments.

The measurements gave negative results in as much as it  was found that, 
far from reaching even the m ean value o f the gamma radiation in Budapest, 
the in ten sity  o f the gamma rays was not more than one fifth o f th at value in 
som e places o f the cave. (The appendix contains a detailed report on the local 
distribution of the radioactivity and the m ethod o f assessment.)

W e are now again faced w ith  two m oot questions :
1. Is the slight emission o f gam m a rays found in the cave and due pro

bably  to  cosmic radiation, sufficient for the assimilation of algae, or in other 
words are the alga cells able to  take up at all the existing quanta which are 
few  in number but large in size?

2. I f  it is not from this m inim al but still demonstrable radiation that 
the algae take up the energy required for their assim ilative function, what 
do th ey  utilize for this purpose?

Because of technical difficulties, it  is for the tim e being im possible for 
us to decide the first problem.

^  A c ta  B o ta n io a  I I / 1 2
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The m ethod th a t w ill at one tim e have to  be em ployed is briefly this : 
the cultures m ust be placed in rayproof cases o f  lead w ith walls of 15 to  20 cm 
thickness. A stoppage in their growth or their death would prove that the 
slight radiation existing in the cave, as m easured b y  us, suffices for the algae 
there to assim ilate C 0 2. Increasing doses o f  radioactive substances, em itting  
know n quantities o f  radiant energy, will then have to  be added to the cultures 
in the cases, in order to  ascertain the m inim um  am ount of radiation required 
for a continued m etabolistic activity of the algae. E ven after that the problem  
of how the cells are able to take up rays o f such a high energy and, consequently, 
of such a high power o f  penetration, and to  utilize them  for assim ilative pur
poses, will remain unsolved. Stoklasa and P enkova did not deal w ith this 
question.

I t  is known th a t gamma rays are stopped only by heavy m etals and 
their salts, and it is also known that these m etals have a toxic effect on plasma 
colloids : proteins are precipitated while com plex is formed. The question has 
been evaded by the introduction of the concept o f  «hits». Glocker defines 
«hit» in the folio wing m anner (Fehér  1953. p. 207 — the original work was, 
unfortunately, not available) : ,,«hit» means the penetration of a photo- or 
Com pton-electron through the «ray sensitive» m ass of the cell or bacterium , 
and its ionizing action  therein.“

R ecent researches have shown this «ray-sensitive» space to be but a 
sm all fraction of the entire mass of the bacterial body. Glocker (1949) found 
that the «ray-sensitive» space of a bacterium o f m edium  size consists o f about 
250 spherules with diam eters hardly exceeding 12 mfJ, or 120 Á. A single quan
tum  i f  it  hits this com paratively small area m ay destroy it, while all other 
quanta o f the ray w ill pass ineffective.

P ietSCHMANN (p. 128) made similar experim ent on green algae, and
found th at doses o f 100 to  200 roentgen were lethal to C hlorella , although they  
were but one tw entieth  part o f  the resistance as measured in E sch erich ia  coli 
units. W e have thus succeeded in getting round the problem by introducing  
the concept of the ray-sensitive space but only at the price of having raised 
another problem : i f  C h lore lla  and other green algae are so sensitive to radi
ation, how  was it possible th at, far from being killed, the cells exposed to  direct 
radium energy in Stoklasa and P enkOVa’s experim ents were able to m ul
tip ly?  A lthough it was dem onstrated in P ietschmann’s later experim ents 
that som e algal cells survived even radiations o f  10 000 roentgen that lasted  
from 5 to 10 m inutes, the said contradiction does not seem to be fully ex
plained.

In  any case, the experim ents of Stoklasa and P enkova seem to  con
firm th a t radioactivity is being utilized by algae, i f  th ey  stood it at all ; it 
remains nevertheless an open question whether it  is this source which is used 
by the algae of rather som e other as yet unknown kind o f energy. This leads
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us to the other problem : if algae are able to  exist in «absolutely rayproof 
space» where does the energy they utilize com e from? The only explanation  
which offers itself is Prof. Fe h k r ’s theory to  the effect that every substance  
em its rays of very short wave lengths and a great power o f penetration  of 
which, so far, only their supersensitive biological detectors are know n.

It has been known since the nineties o f  the last century th a t a certain 
radiation is em itted also by inactive, i. e. non-radioactive, m etals. E lfVING 
(1890) discovered this effect on P h yco m yces  n iten s  ; the problem w as treated, 
later by Th iele  and W ole (1899), Luoer  and Spat (1920), R ied  (1931) 
Lagrange and Boucher (1932) ; R ivera  and liis collaborators studied  the 
question on plants of higher orders in  1935 39 ; having experim ented
in the Leningrad Roentgen Institute since 1933, Nadson and Stern  suc
ceeded in arranging the ray-em itting m etals in a progressive series.* Y et, 
only Prof. F ehér  and his collaborators (from 1938 to our days) have been 
able to dem onstrate the existence of strict quantitative relations betw een  the 
mass o f  the radiating substance on the one side and the biological effect of 
the radiated energy, further its absorption by heavy metals, on the other side. 
B y a stroke o f genius this prominent worker generalized his experim ental 
findings and extended his studies on the phenomenon to the non-m etallic  
substances, and thereby started a series o f  new and fertile investigations in 
nuclear physics concerning the structure o f  m atter. No satisfactory physical 
interpretation o f the phenomenon has y e t been found but there is no doubt 
as to its existence, and it has been pointed out by HÖLLERBACH, the em inent 
Soviet scholar, (1953, p. 108) that F eher’s biophysical conception is in perfect 
harm ony with the quantum  theory o f today.

It will be seen from the above that we are not yet in a position  to  give 
a satisfactory answer to the second question  either ; it is to be hoped that 
a solution Avili be found within the n ex t few years.

As regards our third problem, th a t is, how the presence o f  arctic and 
antarctic algae in the cave can be explained, we must be content w ith  more 
assum ptions. I f  we attem pt to draw a parallel between the cryobiont orga
nisms and the species enumerated below  we shall find only three species, i. e. 
H o rm id iu rn  f la c c id u m  and Stichococcus b a c i l la r is  f .  m inor that p lay a constant 
part in the form ation o f coloured snows. The two latter are cosm opolitan ; 
although P h o r m id iu m  fr ig id u m  too has been found in the Soviet U nion, its 
habitat is not reliably stated. So a com parison with cryobiont organism s does 
not help us in solving the problem. It is probable that in the present case we 
have to  do with glacial relics ; these settled  in the cave when it was formed, 
and habituating them selves to the cave’s constant temperature o f about 10" 
C, th ey  found there a refuge from the rising temperatures of the interglacial

* (See Fehér, 1953. p. 253.)

2*
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epochs. These warm epochs killed the glacial hardy algae not only in the n eigh 
bourhood of the Baradla cave but in all lower regions throughout Europe, 
and on ly  those few  species managed to survive th e  intervening higher tem 
peratures which took  shelter in the caves or high mountains.

The following list gives the alpine arctic and antarctic algal species, 
ind icating the m ean annual temperature o f  their  habitat. The forms marked  
w ith  asterisk are ubiquitous to which the above arguments do not fu lly  apply.

Name of species Occurrence
Annual
mean

temperature
°C

P lectonem a puteale* . . . A laska S o u th e as t 5 ,6 —6,4
R eg ion  o f th e  R iver Y ukon - 3 , 5 --------5,1

S p iru lin a  laxa* ............ W isconsin L ak e  shore 4,5
P la te a u 7,3

O scillatoria chlorina* A n ta rc tic a

P h o rm id iu m  fr ig id iu m A n ta rc tic a
H ig h  T a tra Á rv a v á ra lja  501 m 6 , 2

K őrösm ező 652 m 6 , 0
E u ro p ea n  h igh m oun-

ta in s E n g elb erg  1018 m 5,2
(500 — 1200 m) S t. B e a ten b e rg  1148 m 6 , 0

P h o rm id iu m  pristley i . . A n ta rc tic a 50° o f la t i tu d e 5,8
55° « « 1,3
60° « « — 3,4
65° « « - 8 , 2
70° « « - 1 3 ,6
75° « « - 2 0 , 2

L y n g b y a  e r e b i ................ A n ta rc tic a as above

Protococcus anulatus . . C en tra l E uropean
h ig h  m ountains see P h o rm id iu m  frig idum

S o ra s tru m  sim plex  ? . . N o v a y a  Zem lya M arkow o 64° of la t. - 9 , 1
K o la  p e n in su la  6 8 u —0,7
N arw ik  6 8 ° o f lat. —1,7
S o d an k y lä  67° o f la t. +  0 , 6

H o rm id iu m  flacc idum  * C en tra l E uropean
h ig h  m oun ta ins see P h o rm id iu m  fr ig idum

Stichococcus bacillaris
f .  m i n o r ........................ A n ta rc tic a see P h o rm id iu m  pristleyi

Our work is far from being completed, the problems are manifold, and  
their solutions require further prolonged but very  intriguing research work.

Our acknowledgem ent is due to Miss. P. P alik  who, besides drawing  
our a tten tion  to the problem s in question, spared neither efforts nor pains to  
lend  her assistance throughout our investigations ; we are also indebted to  
Prof. R . Soó, who supported our efforts during th e  whole of the tw o years 
not on ly  by his valuable advices and his devotion  to  our problems but also
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by having arranged the material aid required ; we must thank also Prof. E . 
Dudich for giving us constant advice, m aking much of the pertinent litera
ture available, and taking an active interest in our algological investigations.

A P P E N D IX

REPORT ON TH E MEASUREMENTS OF RADIOACTIVE RADIATION IN THE STALACTITE CAVE 
OF AGGTELEK, PERFORMED BETW EEN DECEMBER 10 AND 12, 1954

B y

Z. TArczy-H ornoch

A ssis ta n t a t  th e  T ech n ica l U n iv e rs ity , B u dapest

In the course o f  the investigation the following instrum ents w ere u sed :  
A  rate m eter of typ e GK2 for ß  and y-radiation built by the Central Research  
Institu te for Physics, and a battery-operated counter equipped w ith  a counter
tube o f type NG 101, made b y  the G eophysical Institute.

The investigation was made m ain ly  for the qualitative determ ination  
of the radioactive radiations in the cave. The tim e at our disposal, altogether  
13 hours o f  working in the cave, could n ot have been sufficient for th e  accurate 
radioactive mapping o f a cave system  several kilometres long, even  i f  the most 
elaborate instrum ents had been used. I f  th a t object is to be achieved, system 
atic and several tim es repeated sets o f  meg sûrement will have to  be made 
involving much longer periods of investigation .

After a preliminary deliberation on the above circumstances I decided 
to  choose as the primary objective the stu d y  of those parts o f th e  cave only, 
whose radiation promised to he the m ost interesting, and then , b y  w ay of 
compromise, to  investigate there at as m any points as possible contenting  
m yself w ith  a lesser accuracy. A ssum ing, nam ely, a constant radioactive  
source in a fixed position, the average relative error in a separate counting of 
n  y-photons is given by the Poisson formula

n

which m eans that for ensuring an accuracy of 3% roughly thousand impulses 
are to be counted.

From this point of view, it w ould seem that GM tubes w ith  the greatest 
possible effective surface are desirable, for their use increases th e  number of 
im pulses registered during a fixed tim e interval, which means increased ac
curacy. However, on taking into account the finite resolving power, t , o f the 
counter, we find th at the greater th e  num ber o f impulses in u n it tim e, the
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greater is the probability o f  tw o consecutive im pulses being separated b y  a 
tim e shorter than т and leading to faulty recording. In first approxim ation  
the average relative error due to this effect is g iven by

t

where т is the resolving power mentioned above and t the average  in terval 
betw een  tw o consecutive im pulses. Contrary to  the former one, this last effect 
recom m ends the use o f  GM tubes of smaller dim ensions, by which it can be 
ach ieved  that the error h 2 be sm all ; and i f  the error h 1 is to be kept low  at 
th e  sam e time, the duration o f the observation m ust be considerably len g
thened .

These considerations h ave led to the selection  o f the tube NG 101, the  
zero effect of which at B udapest, averaged from m an y  measurements, am ounts 
to  94 im pulses per m inute. The same tube covered b y  a lead shield 4 cm th ick  
gives a zero effect o f 37 counts/m inute. Each observation was scheduled for 5 
m inutes. In this manner it  w as possible to keep the average error of the entire 
set o f  measurements in the neighbourhood o f 15% , not once exceeding 20% . 
(It can easily  be understood th at reducing the error to  only 13% by using a 
tu b e w ith  a zero effect o f one fourth the one used, w ould have claimed a dura
tion  o f  measurement five tim es as long, i. e. 25 m inutes in each case, which  
was entirely  out of question.)

I t  needs to be m entioned that other sources o f  errors m ay also have  
im paired the measurem ents, such as radioactive contam inations imported into  
the cave (e. g. Atter burners), variations in the b a ttery  voltage caused during 
several hours by the 100%  relative hum idity, leakage currents of the cable 
and leads caused by m oisture, etc.

These possible sources o f  errors were con stan tly  kept in mind and b y  
perform ing control m easurem ents, the evidently fa u lty  data were im m ediately  
discarded. The attached tab le contains only data regarded as correct. It shows 
the d ate, tim e, and approxim ate site of each observation, followed b y  an in 
d ication  o f its peculiar circum stances. The m easurem ents performed in air, 
sta lactite , limestone, clay, and pebbly sediment are designated by the letters a, 
st, 1st, cl, and ps, respectively . For all the m easurem ents, expect for those per
form ed in  air, the position o f  th e  GM tube is also g iven  [— horizontal, /  ver
tical, / obliques] with an indication  of the degree o f covering of the tube b y  the  
m aterial investigated, given b y  the angle of contact in a plane perpendicular 
to  th e  tu b e axis.

ОnfJHwrmwntrn
3 0 0 °
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Radioactive radiation  measurements in the stalactite cave at Aggtelek

Peculiar circumstuuccs Impulse*
No. time Site where measurement was made of measurement per S min.

1. Dec. 1 0 M ountain  lake h o t e l ................................................. a 487
2. i 6 40 E n tra n ce  to  cave . .................................................... a 427

17°5
3. 1715 F irs t s ta irs  : ab o u t 180 m ................................... a 236
4. 173° A bout 460 m ................................................................ a 277
5. ] 8oo In th e  m iddle  o f Concert H all .......................... a 520
6. a 537
7. a 361
8. 1826 A t sign No. 36 ........................................................... a 364
9. St. 1 270° 178

1 0 . st. — 2 0 0 ° 243
1 1 . 1st. -  180° 226
1 2 . 1910 A t sign No. 30 ........................................................... a 410
13. st. — 180° 176
14. 1946 On th e  w ay  back  : Concert H a l l ........................ a 410
15. st. — 180° 176
16. 2 2 16 M o unta in  lake hotel ............................................... a 419
17. Dec. 11.

1 4 0 « Cave h o t e l ...................................................................... a 352
18. a 355
19. 1 4 2 5 C harnel h o u s e ............................................................... a 140
2 0 . s t. - 2 0 0 ° 103
2 1 . st. 1 300° 70
2 2 . 14“ A fter K in g ’s W e l l ...................................................... s t. 1 300° 63
23. 15»° C a th e d r a l ......................................................................... a 189
24. 15« C oncert H all behind A q u a r iu m .......................... st. 1 180° 244
25. In  th e  m id d le ............................................................... a 191
26. a 165
27. 1540 N ád o r s tre e t, th e  p lace of first glass

b o x ................................................................................ s t. 1 270° 182
28. 15« In  th e  p lace o f second glass b o x ................................. st. 1 90° 183
29. 1606 In th e  p lace o f th ird  glass b o x .......................... st. 1 270° 164
30. 16« N ád o r m em orial ta b le t  .......................................... s t. 1 270° 1 1 2

31. 1625 Bridge beh ind  flood lock Sign No. M I 1926 . . . ps. - 2 7 0 ° 321
32. 16« S taggered  d e n ta tio n  ................................................. ps. - 1 8 0 ° 241
33. s t. 1 270° 135
34. 1700 20 m  fro m  cem ent r a m p ........................................ cl. - 1 8 0 ° 392
35. 1,5 m  f u r t h e r ............................................................... st. 1 270° 263
36. F a r th e r  from  clay  .................................................... s t. - 2 7 0 ° 67
37. 2 0  m , on  clay  a g a in ................................................. cl. —180° 505
38. 17« Two r a m p s .................................................................... a 222
39. On th e  h ighest p o i n t ............................................... a 220
40. 1820 D ining r o o m .................................................................. ps. — 180° 327
41. st. - 1 8 0 ° 208
42. 19« st. ps. 180° 327
43. sit. ps. — 180° 263
44. G a n g w a y ......................................................................... a 241

Control measurements*
45. 1410 A ggtelek  cave Concert H all on concrete . . . . a 452

— 180° 466
47. H 20 On th e  w ay  ou t, ab o u t 460 m ............................ cl. 180° 460
48. 1 s t./180° 225
49. 1526 R ailw ay  s t a t i o n .......................... ................................ a 430

I a 470
M ean in B u d a p e s t...................................................... lead —360° 185

* 1’ m easu rem en t co nverted  to  5* m easurem ents.
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This separate treatm en t of the observations performed in the air, resp. 
on th e  surface or in a hole o f  rock was necessary, because already the very  
first observations showed th a t  the radiation o f th e  cave atmosphere was rather 
inhom ogeneous and the radiations measured in  air were merely the resultants 
o f  th ose  o f the rocks around. The figures in the last column of the table give 
th e  in ten sity  of the radiation  expressed in the num ber of impulses counted  
in  five minutes. In tw o rows at the foot o f  th e  table are given the numbers 
o f im pulses calculated to  a five minute observation at Budapest, w ith  (2) and 
w ith o u t (a) lead shield.

T he contents of the ta b le  can be summarized in the following statem ents :
1. N o appreciable rad ioactiv ity  can be observed in  the stalactite cave o f  

A ggte lek . In some places, e. g. in  the Charnel H ouse, the radiation is rather re
m arkab ly  low and, w ithin th e  experim ental errors, is  nowhere above the average 
o f B u d ap est.

2. The radiation m inim a are invariably to  be found in places where there 
is n o  sedim ent. The basic lim estone and the sta lactites and stalagm ites were 
fou n d  to  have zero a c tiv ity , w ith in  the errors. On th e  other hand, the sedim ents, 
m a in ly  th e  clay, showed everyw here slight '/-a c tiv ity .

The question as to  w h at amounts of radioactive m aterials did give rise 
to  th e  observed activ ity  and w hether uranium, thorium  or potassium  em ittes 
it , can n ot be decided unless b y  lengthy and costly  laboratory determ inations.

In  conclusion, it  needs to  be m entioned th a t nowhere in the cave was 
/3 -activ ity  observable.

L IT E R A T U R E

B i e b l , R . : U ltra v io le tta b so rp tio n  d e r  M eeresalgen. B er. d . D eu tsc h . B o t. Ges. (45. 2. 39 — 41 . 
1952.

B o b o s , Â . : D ie V eg eta tio n  d . E is h ö h le n  von  Szilice u . B a rk a . B o t. K özi. 32. 104 — 114. 1935. 
Cl a u s , G y . : Algologiai v iz s g á la to k  a  bükkszék i h é v fo rrá sb a n . (A lgological s tu d ies  o f  th e  

th e r m a l  spring a t  B ü k k sz é k . U n d e r  p u b lica tio n .)
D u d i c h , E . : Biologie der A g g te le k e r T ropfste inhöh le  B a ra d la  in  U n g a rn . 1 —246. 1932. W ien. 
F e h é r , D . : T alajb io logia. (Soil B io lo g y .) 139 — 150., 201 — 221., 261 — 317. 1954. B u d a p es t. 
F e h é r , D . : U n te rsu ch u n g en  ü b e r  d . biologische W irk u n g  d. kurz-w elligen  S tra h lu n g , d. 

E le m e n te . M itt. a. b o t. I n s t .  d . ung . U niv . f. te c h n . u . w irtsch . W iss. I. —X II .  M t. 
1 9 4 3 -1 9 5 0 .  Sopron.

F r i t s c h , F . E . : The s tru c tu re  a n d  re p ro d u c tio n  o f th e  a lg ae . I . 1 — 791. 1935. I I .  1 — 939. 
1945. C am bridge.

G e i t l e r , L . : C yanophyceae. P a s c h e r ’s Süssw asserflora. H . 12. 1 — 281. 1925. Je n a . 
Ge i t l e r , L . : C yanophyceae. R a b e n h o rs t ’s K ry p to g a m e n flo ra . B d. 14. 1 — 1196. 1932. L eipzig . 
H e e r i n g , W . : C hlorophyceae. P a s c h e r ’s Süssw asserflora . H . 6. 1 —250. 1914. H . 7. 1 — 103. 

1921. Je n a .
Голлербах, Ковинская, Полянский : Определитель пресноводных водорослей СССР. Сине- 

зеленые водоросли. Вып. 2. 1 199. 1953. Москва.
Голлербах: Роль водорослей в почвенных процессах. Труды конф. по вопр. почв. Микро- 

биол. 98 108. 1953. Москва.
H u s t e d t , F . : B acilla rio p h y ta . P a s c h e r ’s Süssw asserflora. H . 10. 1 — 462. 1930. Je n a . 
H u s t e d t , F . :  K ieselalgen. R a b e n h o rs t ’s K ry p to g a m e n flo ra . B d . 7. 1 — 920. 1930. L eipzig . 
J a x u c s , L . : Az aggtelek i c se p p k ő b a rla n g  (S ta lac tite  c av e  a t  A ggte lek ). 1952. B u d a p es t



ALGAE AND THEIR MODE OF LIFE IN THE BARAD LA CAVE AT AGGTELEK 25

K o l ,  E . : T he Snow an d  Ice  A lgae o f  A laska, S m ith so n ia  M iscellaneous Coll. W. 101. N u m b . 
16. 1 — 32. 1942. W ash in g to n .

KOL, E . : V ergleich d. K ry o v e g e ta tio n  d. n ö rd lichen  u . sü d lich e n  H em isphäre . A rch . f. H y d ro - 
biol. B d. 40. 8 3 5 - 8 4 6 .  1944. Je n a .

Kol, E . : V ergleich d. K ry o v e g e ta tio n  d. A lpen u. d. K a rp a te n . V erhandl. d. In te r n a t .  V ereing.
f. th eo r. u. angew . L im n o l. 10. 243 — 246. 1949. S tu t tg a r t .

K o ppen  — Geig er  : H a n d b u c h  d. K iim a. Ser. B . T. 4. U . 11.
Lem m erm ann , E . — Br u n t h a l e r , J .  : C hlorophyceae. P a sc h e r’s Süssw asserflora H . 5. 1 —250. 

1915. Je n a .
Magdeburg , P . : O rg anogene  K a lk k o n k re tio n en  in  H ö h le n . S itzungsber. d. N a t. Ges. 59. 

1 4 - 2 6 .  1 9 2 9 -1 9 3 2 . Leipzig .
Morton , F . : H ö h le n p flan zen . Speleologische M onogr. H e rau sg eg . v . K yrie . B d . 5. 1 — 16. 

1925. W ien.
Pa l ik , P . : B eiträge  z u r  K e n n tn is  d. lith o p h y te n  A lg e n v eg e ta tio n  des B ü k k-geb irges. In d e x  

H o rti  B o t. U n iv . B u d ap es tin en sis . B d. 3. 143 — 150. 1938.
Pa sch er , A. : H e te ro k o n ta e . P asch e r’s Süssw asserflo ra . H . 31. 1 —250. 1925. Je n a . 
Pa sch er , A. : H e te ro k o n te n . R a b e n h o rs t’s K ry p to g a m e n flo ra  B d. 11. 1 — 1092. 1939. L eipzig. 
P ietschm an n , K . : Ü b e r d . B estrah lu n g  von C hlorella  v u lg a ris  m it R ö n tgen  s tra h le n . A rch . 

M ikrobiol. 8 . 1 2 6 - 1 3 0 .  1937.
Sm ith , G. M. : M anual o f  P h yco logy . 1 — 376. 1951. N ew — Y ork .
Stoklasa  &  Penkova  : B iologie d. R ad ium s u . U ra n iu m s . 598 — 612. 1932. B erlin . 
T il d e n , J .  : M inneso ta  A lg ae, 1 —302. 1910. M inneapolis.

О ФЛОРЕ ВОДОРОСЛЕЙ ПЕЩЕРЫ БАРАДЛА В АГГТЕЛЕК

Дь. КЛАУС

Р е з ю м е

Изложены результаты альгологических и радиологических исследований, про
веденных в пещере Барадла у с. Аггтелек в течение двух лет.

Было установлено, что в сталактитовой пещере Барадла расположенной в 
северной части Венгрии на территории, известной под названием Торнаи Карст, длиной 
приблизительно в 22 км., со среднегодичной температурой в 10°С, и относительной влаж
ностью воздуха в 80 100°/0, произрастает значительная флора водорослей.

Сборы проводились следующим образом :
Исходя из входа № 1. на территории, распространяющейся до 500 м., были взяты 

со стен соскобы до высоты в 160 см. Кроме того проводился сбор планктона в ручейках 
пещеры и в аквариуме. Из полученного материала в стерильных чашках Петри на пита
тельной среде, изготовленной раствором Кнопа, выводились водоросли, исследование 
которых дало следующие результаты.

44 вида, разновидности и формы относятся штамму C.yanophyta (синезеленые во
доросли), 1 вид к штамму Euglenophyia  и 12 видов и разновидностей к штамму Chryso- 
p h y ta  (точнее 1 вид К классу Chrysophyceae 1 вид к классу Xanthophyceae, и 10 видов 
и разновидностей к классу B adllariophyceae) а остальные 12 видов и разновидностей 

к классу Chlorophyceae штамма Chlorophyta. Из вышеприведенных видов новыми 
для науки являются следующие : Tetrapedia reinsch iana  Arch. f. agglelekiensis n. f., 
Oscillatoria dudichiana  n. sp., Oscillatoria pseudoangusta  Claus var. brevicellulala nov. v a r . ,  
Lyngbya  p a lik ia n a  n. sp . Telraspora tarnayana  n .  sp . a многочисленные ВИДЫ новые 
для Венгрии.

Из результатов исследований можно сделать следующие выводы :
I. Было установлено, что все гипотезы, выдвинутые относительно вопроса, каким 

образом водоросли попадают в пещеру, как например гипотеза, согласно которой клетки 
переносятся в пещеру воздушным потоком, водой или пещерными животными, неудо
влетворительны. На основании нам ныне известных фактов нельзя выдвинуть гипотезу, 
удовлетворяющую все требования, разве только на основании предположения, что водо
росли произрастают там уже со времени возникновения пещеры. Эта теория подтвержда
лась бы существованием в пещере следующих видов, известных ныне только в Арктике 
или же Антарктике : Oscillatoria chlorina, P h o rm id iu m  p ris tley i , Lyngbya  erebi,
Sorastrum  sim plex.
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II. Несмотря на полное отсутствие света водоросли ведут в пещере не латентную, 
а активную жизнь ; это доказывается :

1. видом H apalosiphon  in tr ica ius, выделяющим кальций в ходе ассимиляции, 
и тем обстоятельством, что в пещере обнаружены как этот вид, так и многочисленные кон
креции извести ;

2. исследованием так называемых «черных покрытий» пещер, которые долго 
считались колониями железобактерий, или же сажой. Удалось выявить, что эти «черные 
покрытия» в значительной мере состоят из следующих водорослей : Gloeocapsa p u n c 
ta ta , P horm id ium  foveolarum , P h . d im orphum , P h . H e n n in g tii  и Schizothrix cyanea ;

3. наконец, повторным исследованием возвращенных в пещеру культур. Выяви
лось, что виды, культивированные на свете, не погибали в темноте пещеры, а в значитель
ной степени размножались.

Ввиду того, что проведенные в пещере радиологические исследования выявили 
наличие в пещере лишь минимального гамма-излучения (часто примерно одна треть над
земного излучения), что в пещере вовсе нельзя выявить бета-излучения, далее, что при 
данных условиях нельзя рассматривать источником энергии для ассимиляции пещерных 
водорослей никакое излучение, относящееся к одной из известных до сих пор областей 
электромагнитных волн, - то остается открытым вопрос, какой же энергией пользуются 
эти, содержащие хлорофилл и живущие в темноте расстения для своей продукции. До 
окончательного выяснения этого вопроса следует принять известную теорию Д. Фехер о 
микроволновой радиации.

III. На основании присутствия арктических и антарктических видов можно пред
положить, что эти водоросли в качестве гляциальных реликтов сохранились в пещере 
при постоянной температуре воздуха в 10°С еще из ледникового периода, то есть со вре
мени возникновения пещеры.


