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The characteristics o f th e  aqua tic  environm ent are deeply  changed by  
th e  ice cover, isolating th e  w ater body  from  th e  athm osphere. I t  prevents th e  
form ation o f waves, th e  exchange o f gases an d  alters th e  ligh t conditions. 
The changed ligh t conditions exert an  influence in  th e  firs t place on th e  p r i­
m ary  production.

In  shallow lakes besides th a t  o f th e  p lanktonic algae th e  production 
o f benthic algae is also o f im portance (H a r g r a v e , 1969; H u n d in g , 1971; 
H ic k m a n , 1971). According to  E n t z  (1954), F e l f ö l d y  (1963) and  O l á h  
(1972) considerable algal biom ass an d  chlorophyll are  to  be found a t  th e  bo ttom  
o f L ake B alaton. This m ass is p robab ly  th e  highest in  w inter, when th e  m ud 
surface is covered by  a brow nish algal carpet visible to  th e  naked  eye. On the  
basis of th e  investigations in  th e  early  fifties E n t z  (1954) estim ated  th e  mass 
o f m icrophytobenthos in  w in ter to  be 10 g/m2. On th e  production  o f algae 
under th e  ice cover only a  single inform ation is available, in  J a n u a ry —M arch 
1956 in  six weeks 4.6 m g/litre 0 2 increase was detec ted  in  th e  w ater under the  
ice-cover b y  E n t z  an d  L u k a c s o v ic s  (1957).

This paper offers d a ta , collected in  th e  w in ter of 1972—1973 on the  
light conditions, chlorophyll con ten t and  p rim ary  production of phy top lank ton  
and  phytobenthos and  on th e  oxigén con ten t o f w ater under ice.

Methods

The investigations were carried a t  500 m  eastw ards from  th e  In s titu te  
in  th e  pelagic zone of th e  lake. L ight was m easured b y  Gemware subm arine 
photom eter. The vertical d istribu tion  of th e  p-algae was determ ined  by  th e  
m ethod of D e N o y e l l e s  (1968). The chlorophyll was m easured according 
to  St r ic k l a n d  an d  P a r s o n s  (1968).

Production of the phytoplankton. To m easure th e  p rim ary  production 
of th e  phy top lank ton  100 m l sam ples were tak en  from  25, 100, 200, an d  300 
cm depths. A fter adding 20 pCi N a 214C 0 3, th ey  were in  situ  exposed from  
10h to  14h. The bottles, lowered to  d ifferent dep ths were tied  to  th e  end of a 
Z shaped iron  rod. The lower, horizontal p a r t o f th is rod  reached as far as 
150 cm u n d er th e  in tac t ice cover. The sm all hole cu t in  th e  ice was covered
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by  snow. This w ay th e  sam ples got in to  n a tu ra l light conditions. F u rth e r hand l­
ing o f sam ples, rad ioactiv ity  m easurem ent an d  calculations were carried ou t 
as described earlier (H e r o d e k  and  T a m á s , 1973).

Production of the phytobenthos. I t  was m easured b o th  b y  14C an d  0 2 
techniques. M ud was brough t to  the  surface b y  a H a r g r a v e ’s (1969) sam pler. 
The m ud in its  original s tru c tu re  was covered w ith  w ater from  th e  bo ttom .

B y  14C technique glass tubes f itte d  w ith  19 m m  norm al grounds on b o th  
ends were used. Their d iam eter was 17 m m , th e  leng th  betw een th e  norm al 
grounds 100 mm. The tubes were stuck  in to  th e  m ud in  H arg rave’s sam pler to  
get a  2 cm th ick  core. The w ater filled th e  tubes to  th e  rim . The tubes were 
stoppered  from  below, an d  som e w ater was draw n off ju s t to  m ake room  for 
th e  1 ml w ater, w ith  which th e  isotope was in troduced. In to  each tu b e  20 yCi 
N a 2C 0 3 was in jected  in  a  w ay th a t  th e  label should be m ixed w ith  w ater 
above th e  m ud as evenly as possible. The tubes were now stoppered also from  
above, and  th e  glass stoppers were fixed  b y  th in  elastic tapes. The tubes serving 
as dark  parallels were covered w ith  alum inium  sheets. The tubes f itte d  on 
s tan d  were lowered to  th e  bo ttom  through  a small hole which was th en  m asked 
b y  ice. The tubes were exposed from  l l h to  14h. A fter exposal th e  w ater and  
th e  upper 3 m m  m ud layer were separated  from  th e  bu lk  o f th e  m ud, which 
w ould hinder th e  rad io ac tiv ity  m easurem ent. The w ater containing th e  upper 
m ud layer, th e  labeled hydrocarbonate an d  th e  algae was filled up  w ith  in ­
active B alaton-w ater to  50 ml, and  vigorously shaken, th en  5 ml aliquot o f it  
was filtered  th rough  a  m em brane filter. A fter th e  sam ples 50 ml, previously 
filtered  inactive B alaton-w ater was passed th rough  th e  filters, th en  th ey  
were exposed to  th e  fum es o f concentrated  HC1 for 4 min, in order to  rem ove 
th e  contam inating labeled hydrocarbonate. The filters were dissolved in B r a y  
solution, and  th e  rem aining th in  m ud-alga film  was hom ogenized in P o t t e r — 
E l v e h j e m  apparatus. R ad ioac tiv ity  was m easured b y  liquid scintillation. 
Sedim entation was p reven ted  b y  adding 4 percen t Cab-O-Sil to  th e  scin­
tilla tion  liquid. The carbon u p tak e  was calculated from  th e  to ta l carbonic 
acid con ten t o f th e  w ater and  th e  rad ioac tiv ity  of algae.

In  experim ents b y  0 2 technique glass cylinders o f 50 m m  diam eter and  
200 m m  length  were used. The cylinders were stuck  5 cm  deep in to  m ud, 
ob tained  by  H a r g r a v e ’s sam pler. T he tubes containing th e  in tac t sedim ent 
core and  th e  w ater above i t  were stoppered bubble free b y  rub b er corks. 
The upper cork was provided w ith  spill-way. D ark  controls were covered by  
alum inium  sheets. The glass cylinders f itte d  on stands were in  situ  exposed. 
A fte r exposal th e  w ater was draw n off from  th e  cylinders avoiding contact 
w ith  air. The oxygen concentration was determ ined b y  th e  original W in k l e r  
m ethod an d  b y  its  N a-azide m odification. The sam e resu lt was ob tained  b y  
b o th  m ethods proving th a t  b y  th e  applied  procedure reduced m aterials had  
no disturb ing  effect.

Ice conditions

The lake was overfrozen on th e  28th Decem ber, 1973. The ice was glass­
like tran sp a ren t except on places o f drift-ice accum ulation. Snowing s ta rted  
on th e  16th J a n u a ry  an d  th e  25 cm th ick  ice was covered b y  a  4 cm th ick  
snow -blanket. One week la te r th e  snow thaw ed and  on th e  31st J a n u a ry  th e  
18 cm th ick  ice opaque from  sm all holes an d  cracks was covered b y  cca.
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1 cm w ater. Three days la te r th e  w ate r disappeared, th e  ice becam e opaque. 
On th e  6th F eb ru ary  only th e  upper 2 cm  o f th e  ice was o f continuous s tru c ­
tu re , the  lower layer was in  th e  s ta te  o f desintegration. On th e  8th F eb ru a ry  
th e  ice-cover w ent to  pieces, and  on th e  12th F eb ru a ry  large areas were already  
ice-free.

Results

Light (Table I ) .  On th e  28th D ecem ber ligh t was m easured u nder 
th e  th in  ice lam ellae form ed in  th e  freezing w ater. The high ex tinction was due 
to  th e  sedim ent, swirled up  b y  th e  strong  w ind o f th e  previous day. L ight 
conditions were sim ilar to  those generally found in Lake B alaton  a t  w indy 
w eather (F e l f ö l d у  an d  K a l k ó , 1958; E n tz  and  F il l in g e r , 1961; H e r o d e k

TABLE I

Illu m in a tio n  in  the ice-covered lake 
( lu x )

Depth,
cm

28. Dec. 
1972

17. Jan. 
1973

18. Jan. 
1973

31. Jan. 
1973

5. Febr. 
1973

6. Febr. 
1973

0 30 600 13 500 10 500 5 500 20 500 34 500
25 21 350 1 250 1 640 2 360 11 490 21 500

100 4 190 440 800 1 650 7 320 11 380
200 940 210 650 1 140 4 620 8 050
300 260 140 450 700 2 820 5 060
360 (bottom) 140 100 350 470 2 250 4 030

an d  T a m á s  1973). Less th an  1 percent o f surface light p en e tra ted  to  1 m  depth . 
On th e  17th Jan u a ry  th e  25 cm th ick  ice was covered by  4 cm fresh snow and  
9 percent of th e  light got th rough  th e  snow and  ice. E ntz and  F il l ig e r  (1962) 
found 7 percent of th e  surface light in ten sity  under th e  ice covered b y  8 — 10 
cm th ick  fresh snow. This way, in  sp ite of th e  clear w ater, th e  illum ination 
o f th e  deeper layers was very  low. The snow-free ice tran smitted  th e  h a lf 
o f th e  light and  as in th e  ra th e r clear w ater under th e  ice th e  ligh t in ten sity  
decreased only to  its one fifth , ab o u t 1/10 o f th e  surface illum ination was 
m easured a t  th e  bo ttom . In  th e  period A pril—Septem ber only in  tw o cases 
o f th e  13 m easurem ents was found as m uch light a t  th e  bo ttom  as here, while 
in  10 cases th e  illum ination a t  th e  b o tto m  was less th a n  1 percent (H e r o d e k  
an d  T a m á s , 1973). In  L ake B alaton  th e  light conditions under th e  snow- 
covered ice are worse, under snow-free ice m uch b e tte r  th an  in  th e  open lake.

Chlorophyll content of the phytoplankton and the vertical distribution of 
p-algae (Fig. 1). The chlorophyll con ten t o f th e  w ater, sam pled under th e  ice 
cover was m uch lower th a n  in  sam ples originating from  th e  open lake (F e l ­
f ö l d  y , 1963). In  sam ples from  25 cm d ep th  th e  chlorophyll was scarcely 
m easurable. The chlorophyll con ten t increased w ith  depth . P erhaps th is  
d istribu tion  of algae is responsible for th e  lack o f production in  th e  w ater 
layer nearest to  th e  ice. The low chlorophyll con ten t under th e  ice indicates 
a  poorly developed phy top lank ton . A t th e  sam e tim e th e  2—Gp  large /л-algae 
which are otherw ise n o t p resen t in  considerable quan tities in  L ake B alaton
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chlorophitl-a p g / l  celt number^/mt

Fig. 1. Chlorophyll-а content o f phytop lank ton  and vertical d istribu tion  of y-algae

(O l á h , 1970) were num erous. The surface of these tin y  organism s is relatively  
large. T hey were found in  th e  w inter p lank ton  of o ther lakes in  g reat num bers 
(L u n d , 1961; P e n n á k , 1968; R o d h e , 1955). T heir presence indicates shortage 
o f n u trien ts . The n u trien ts  in  low concentrations are b e tte r  u tilized by  these 
organism s, th an  b y  larger algae. W hile in  th e  unfrozen w ater th e  p h y to ­
p lank ton  was in  th e  average evenly d istribu ted  (H e r o d e k  an d  T a m á s , 1973) 
th e  num ber o f y-algae showed consequently  an  increase downwards during 
th e  investigations in  different years.

Chlorophyll content of the phytobenthos. Only sum m er d a ta  were published 
on th e  chlorophyll con ten t o f th e  m ud u n til now (Ol á h , 1972). In  Ju n e  1972 
th e  chlorophyll con ten t o f th e  2 cm th ick  m ud cores was 5 — 7 yg chlorophyll- 
a/g w et m ud. In  F eb ru ary  1972 th e  chlorophyll con ten t was determ ined  in 
m ud sam ples from  one po in t in  fron t of th e  In s titu te  an d  from  th ree  points 
in  th e  K eszthely  B ay  (Table I I ) .  Sim ilar high values were found a t  all points.

TABLE I I

The chlorophyll content o f the microphytobenthos in  February 1972 
уд  chlorophylljg wet m ud

4. Febr. 1972 
In front of 
the Institute

8. Febr. 1972 
Keszthely Bay

point 1. point 2. point 3.

chlorophyll-a 46.9 40.0 43.8 38.1
chlorophyll-b 1.9 2.1 1.2 1.7
chlorophyll-c 40.9 38.5 32.4 39.6

The cores were 5 mm thick, therefore th e  yg/g values divided by  tw o offer 
th e  results approxim ately  in yg chlorophyll/cm 2. In  1973 th e  chlorophyll 
con ten t of th e  m ud was analyzed a t  tw o different tim es (Table I I I ) ,  parallel 
w ith  th e  m easurem ent of th e  p rim ary  production o f th e  benthos. In  th is  case 
5 m m  th ick  cores w ith  given surface (12 cm2) were analyzed. This w ay th e  d a ta
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TABLE III
T h e  c h lo r o p h y l l  c o n te n t  o f  th e  m ic ro p h y to b e n th o s  i n  f r o n t  o f  th e  I n s t i t u t e  

i n  th e  w in t e r  o f  1 9 7 3  
p g lc m *

31. January 5. February

point 1. point 2. point 1. point 2.

chlorophyll-a 8.54 6.58 15.50 15.13
chlorophyll-b 0.10 0.09 0.96 1.13
chlorophyll-c 2.64 2.22 2.38 2.55

are d irectly  com parable w ith  those o f th e  p rim ary  production  also re la ted  
to  th e  surface area. The chlorophyll level was high, b u t lower th an  in  th e  
previous w inter. On th e  5th F eb ru ary  th e  chlorophyll con ten t was higher 
th a n  on th e  31st Jan u a ry , on th e  o ther han d  th e  parallels of th e  sam e days 
showed sim ilar values. In  th e  sam ples th ere  was m uch chlorophyll-c, charac­
teristic  for th e  diatom s.

Primary production of the phytoplankton ( Fig. 2) The production 
o f phy top lank ton  showed different p ictures a t  th e  days investigated . On 
th e  28th Decem ber th e  tin  ice absorbed p ractically  no light, and  in strong 
sunshine a t  25 cm d ep th  photo-inhibition  was found. The m axim um  was 
a t  1 m depth , a t  2 m  th e  production was a lready  som ew hat lower, and  
a t  3 m it  was very  low owing to  th e  insufficient illum ination in th e  tu rb id  
w ater. On th e  17th J a n u a ry  in  th e  darkness u nder th e  snow-cover th e  m axi­
m um  was in  th e  highest level a t  25 cm, b u t decreased downwards. This was 
th e  lowest p roduction per surface area found in  th is  lake. On th e  31st Jan u a ry , 
under snow-free ice, th e  sequence o f th e  production  o f th e  w ater layers was 
th e  opposite. The highest production  was observed a t  3 m, it  decreased a t  
2 m  and  a t  1 m, and  a t  25 cm under th e  ice th ere  was practically  no production. 
U nder th e  snow-free ice th e  production  per u n it o f surface area was 20 mg 
C/m2/h. I t  is lower, th a n  in  th e  w arm  period (Herodek an d  Tamás, 1973) b u t 
no t lower th a n  usually  in  au tum n.

thin ice i

С/ЮО m l / 4  hours

F ig .  2 . Primary production of the phytoplankton
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Primary production of the phytobenthos. W e tried  to  m easure th e  p rim ary  
production  o f th e  benthos on th e  26th A pril, an d  th e  18th J u ly  b y  14C tech ­
nique, an d  on th e  13th Ju ly , 18th A ugust and  20th Septem ber b y  0 2 m ethod. 
No significant difference from  th e  d ark  parallels was observed. Accordingly 
on these days th ere  was no p rim ary  production  in  th e  benthos, or i t  was 
negligible as com pared to  th a t  o f th e  p lankton . P roduction  (463 mg 0 2/m 2) 
was detec ted  for th e  firs t tim e on th e  13th October (F ig. 3). Oxygen con­
sum ption  of th e  m ud per th e  gross oxygen production, i.e. th e  R /P  quotien t 
was 0.52. In  th e  case of m ud th e  resp iration  o f algae am ounts to  th e  sm aller 
p a r t  o f th e  to ta l oxigén consum ption, th e  bac teria  an d  anim als are responsible 
for th e  rem ainder. On th e  14th Decem ber th e  oxigén production  was consider-

130kt. 14.Dec. 18. Ja n .

Fig. 3. P rim ary  production of m icrophytobenthos in  the unfrozen and the  frozen, snow- 
covered lake. (Exposal for 24 hours)

ab ly  lower, and  already  surpassed by  th e  resp iration  (R /P  =  1.62). A fter these 
m easurem ents in open w ater th e  firs t 24 hours experim ent under th e  ice cover 
was carried o u t on th e  18th Jan u a ry . This d ay  th e  ice was covered by  4 cm snow, 
an d  th e  light in ten sity  on th e  b o ttom  was 352 lux. On th e  previous day  under 
sim ilar conditions a t  2 an d  3 m  dep ths there  was p ractically  no production 
in  th e  phy top lank ton . The gross production of th e  benthos, i.e. th e  value of 
th e  ligh t cylinder m inus th e  value o f th e  d ark  cylinder was 66 mg 0 2/m2/day . 
The n e t production, i.e. th e  difference betw een th e  0 2 in  th e  light cylinder 
a t  th e  beginning and  a t  th e  end of th e  experim ent was —257 mg 0 2/m 2/day . 
I t  shows th a t  b y  th is  low illum ination th e  m ud even if  covered b y  th e  algal 
carpet decreases th e  oxygen con ten t o f th e  w ater. H ere again algae could be 
responsible b u t only for a  sm all p a r t  of th e  oxigén consum ption.

A fte r th e  snow thaw ed  th e  p rim ary  production  o f th e  m ud was m easured 
a t  th ree  occasions (Fig. 4). C ontrary  to  th e  previous experim ents now th e  
sam ples were exposed n o t for 24 hours, b u t in  case of 14C m ethod  for th ree 
m idday  hours and  in case o f 0 2 m ethod for five m idday  hours. To express th e  
results o f th e  tw o types o f m easurem ents in  common u n its  th ey  were con­
verted  to  calories supposing th a t  1 g C =  10 K cal an d  1 g 0 2 =  3.51 Kcal. 
The 0 2 m ethod gave th e  gross production. The values ob ta ined  b y  th e  14C 
m ethod  were betw een th e  n e t an d  gross productions th ey  were. 5 percent 
lower th a n  th e  gross production. The d ay  length  was tak en  for 10 hours, and  
th e  production during th e  exposals was ex trapo lated  to  th is  tim e to  ob tain  
th e  daily  production. The 14C and  0 2 m ethods gave ra th e r sim ilar results, 
3.6, 4.3 and  4.0 K cal/m 2/d ay  on th e  th ree  different days.



203

Fig. 4. P rim ary  production of m icrophytobenthos in  the  lake covered b y  snow-free ice.
(Exposal for the  m idday hours)

Oxygen content of the water. (Table I V ).  In  th e  unfrozen lake th e  w ater 
was sa tu ra ted  b y  oxygen an d  becam e highly o versa tu ra ted  when covered b y  
ice indicating intensive photosynthesis in  th e  frozen lake. On th e  5th F eb ru ary  
th e  oxygen con ten t was n o t higher th a n  on th e  18th Jan u a ry . This can be 
explained by  th e  snow, covering th e  ice for a tim e in  th is period. In  th e  d a rk ­
ness under th e  snow ra th e r a  decrease th a n  an  increase o f oxygen con ten t is 
expected.

TABLE IV

The Ог concentration in  the water of Lake Balaton

Date Notice Temperature mg О.Д

14. Dee. no ice 5 °C 12.55
19. Dec. no ice 4 °C 13.00
18. Jan. ice cover 3 °c 22.59
5. Febr. ice cover 3 °c 22.53

Discussion

The chlorophyll-a con ten t o f th e  p h y top lank ton  re la ted  to  surface area 
was 10 mg/m2. This is w ith  one order o f m agnitude lower th a n  th a t  o f th e  
benthos, where in F eb ru ary  1973 66— 155 m g/m2 was found. The p rim ary  p ro ­
duction o f th e  p lank ton  an d  benthos, on th e  o ther hand , were sim ilar; in  case 
o f p lank ton  20 mg C/m2/hour, in  case of benthos 36 mg C/m2/hour. T he to ta l 
o f th e  p lanktonic and  ben th ic  productions was 560 mg C/m2/day . In  A pril— 
Septem ber th e  m ean production  o f th e  phy top lank ton  was 413 mgC/m2/day , 
th e  m axim al production  was 588 m g C/m2/d ay  (Herodek and  Tamás, 1973). 
As in  th is  w arm  period no p rim ary  production was found in th e  benthos, th e  
to ta l of th e  productions of th e  p lanktonic an d  benth ic algae was higher in 
th e  lake covered by  snow-free ice th a n  th e  average in th e  w arm  m onths, and
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approached  th e  sum m er m axim um  of algal production. Since however there  
was a period, even if  short, when th e  ice was covered by  snow, th e  p rim ary  
production  during th e  whole period when th e  lake was frozen was abou t th e  
sam e as during a sim ilar in terva l in sum m er. The p rim ary  production  of th e  
frozen lake depends to  a g rea t ex ten t on th e  du ra tion  o f th e  snow cover, i t  
w ould be useful therefore to  rep ea t th e  investigations in  o ther years, too.

The lack in  A pril—Septem ber of p rim ary  production  in  th e  benthos 
is explained b y  th e  tu rb id ity  of th e  w ater caused b y  waves. In  th is  period th e  
b o ttom  illum ination is rarely  higher th a n  1 percent. M oreover, th e  d isturbance 
is b y  itse lf unfavourable for th e  diatom s. In  th e  sum m er and  even more in  
au tu m n  however th ere  are calms long enough to  perm it th e  form ation of algal 
carpet. The m easurem ent on th e  13th October fell on such a  period. Thus, while 
th e  phy top lank ton  is productive in th e  whole year, th e  p rim ary  production 
o f th e  benthos in  th e  unfrozen lake is only a t  tim es significant. In  th e  frozen 
an d  unfrozen periods together th e  tim e o f intensive benth ic production can 
be estim ated  to  roughly  th ree  m onths. A t th is tim e th e  ex ten t of ben th ic  
p rim ary  production is sim ilar to  th a t  o f th e  p lankton , th e  yearly  production 
o f m icrophytobenthos is therefore ab o u t one fou rth  of th a t  o f th e  p h y to ­
p lank ton .

The increase of oxygen concentration under th e  ice can serve as a m easure 
o f th e  production in  th e  lake. I f  th e  9.59 mg 0 2/l increase betw een th e  m easure­
m ents on th e  19th Decem ber an d  18th J a n u a ry  took  place a f te r  freezing o f 
th e  lake on th e  28th D ecem ber th en  it  corresponds to  1958 mg 0 2/m2/day  
or to  561 mg C/m2/d ay  n e t production. The to ta l of th e  p rim ary  productions 
of th e  p lank ton  and  benthos as m easured b y  14C technique on th e  31st Jan u a ry  
was 560 m g C/m2/day . In  fact th e  agreem ent is n o t as tig h t as th is  since n o t 
th e  sam e “production” was m easured b y  th e  tw o m ethods. The p rim ary  p ro ­
duction m easured by  14C m ethod  is lower th a n  th e  gross production only by  
th e  p a r t  of the  newly incorporated  carbon, burned  b y  algae during th e  th ree  
hours o f th e  experim ent, i.e. abou t b y  5 percent. The oxygen increase under 
th e  ice, on th e  o ther hand, was lower th an  th e  ac tua l gross production by  th e  
oxygen consum ption of all b iotic and  abiotic processes during th e  whole day.

In  3.5 m deep w ater th e  9.59 mg 0 2/l p roduction corresponds to  33.6 g 
0 2/m 2 or to  11.8 g C/m2. This carbon m ust ex ist somewhere in  th e  form  o f 
organic m aterial. As com pared to  th is am oun t th e  biom ass o f th e  p lank ton  
is insignificant. M ost likely th e  bu lk  o f th is  carbon is p resen t in th e  benth ic 
algae. D ividing th e  11.8 g/m2 carbon b y  th e  0.15 g/m 2 chlorophyll-a con ten t 
of th e  ben th ic  algae 78.7 is obtained. In  different algae th is  quo tien t used to  
vary  betw een 25 an d  100. The 11.8 g C/m2 n e t production  corresponds to  abou t 
118 g biom ass /m2 which if  ex trapo lated  to  th e  600 km 2 surface of th e  lake 
provides 70 800 m etric tons. The whole sum m er biom ass of th e  lake was estim ­
a ted  b y  E n t z  (1954) to  30 000 m etric tons. Accordingly th e  n e t increase 
of biom ass in J a n u a ry  1973 was tw ice as high as th e  whole biom ass in th e  
sum m er of 1954. The m ass of th e  ph y to p lan k to n  an d  m acrophytobenthos 
increased in th e  las t tw o decades, still th e  biom ass o f th e  huge algal carpet, 
covering th e  b o tto m  of th e  lake under favourable light conditions in w inter 
is m uch larger th an  th e  sum  o f th e  masses of all p lanktonic algae and  of the  
reed grasses tak en  all together. Owing to  th e  algal carpet th e  biom ass of th e  
lake shows its  m axim um  in w inter, an d  th is m axim al value m ay serve as a  
useful index o f eu tophication.
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S u m m a ry

Of th e  ligh t one te n th  was tran sm itted  b y  ice covered b y  4 cm snow 
an d  th e  h a lf b y  snow-free ice. The w ater was ra th e r clear under th e  ice, th e re ­
fore in  case of snow-free ice one te n th  of th e  surface light reached th e  bo ttom . 
This illum ination is higher th a n  th a t  in  th e  unfrozen lake, where due to  th e  
tu rb id ity  caused b y  waves th e  b o ttom  illum ination is usually  less th a n  1 
percent.

The chlorophyll-a con ten t of th e  w ater increased downwards. R ela ted  
to  surface i t  was 1 pg/cm2. Sim ilar vertical d istribu tion  was observed in  th e  
p-algae, occuring in th e  w ater under th e  ice. The chlorophyll-a con ten t of 
th e  bo ttom  was 6.6—8.5 yg/cm2 on th e  31st J a n u a ry  and  15.1—15.5 yg/cm 2 
on th e  5th F eb ru ary  1973.

W hen th e  ice was covered b y  snow th e  p rim ary  production  of p h y to ­
plankton , m easured b y  14C m ethod, was 4 mg C/m2/hour an d  decreased dow n­
wards. U nder th e  snow-free ice i t  was 20 mg C/m2/hour an d  increased dow n­
wards.

The production  o f th e  m icrophytobenthos was m easured b y  b o th  14C 
and  0 2 m ethods. No production  was found in  A p ril—Septem ber due to  th e  
tu rb id ity  o f w ater. In  th e  frozen lake when ice was covered b y  snow even 
th e  gross p rim ary  production  in  th e  benthos was very  low. In  case o f snow- 
free ice intensive benth ic photosynthesis was found. The p rim ary  production 
a t  th ree d ifferent days was 36 mg C/m2/hour, 122 mg 0 2/m 2/hour and  115 mg 
0 2/m 2/hour.

In  th e  lake covered b y  snow-free ice th e  to ta l p rim ary  production of 
th e  p lank ton  an d  benthos was am ounted  to  560 m g C/m2/day , which is sim ilar 
to  th e  sum m er m axim um  of p lanktonic production.

In  th e  ice-covered lake th e  oxygen con ten t of th e  w ater was w ith  9.6 
m g/litre higher th a n  before freezing, indicating th e  accum ulation of high 
am ounts o f organic m aterial.
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ELSŐ D LEG ES TER M ELÉS A BALATON JE G E  ALATT

Herodek Sándor és Oláh János

Ö ssze fo g la lá s

A 4 cm hóval borított 25 cm vastag jégtakaró a felületére eső fény egytizedét, 
a hómentes jég a felét engedte át. A jég alatti víz nagyon tiszta, ezért a hómentes jég 
alatt az aljzat megvilágítása a jég feletti megvilágítás egytizede. Hómentes jég alatt 
tehát jobb az aljzat megvilágítása, mint jég nélkül, amikor a hullámok okozta zavarosság 
miatt az esetek többségében kevesebb mint 1% fény jut az aljzatra.

A vízoszlop klorofill ta rta lm a  1 fig klorofill-a/cm2 volt, és felülről lefelé nő tt. 
H asonló vertikális eloszlást m u ta tta k  a  jég a la tti vízben m egfigyelhető ß  algák is.

Az aljzaton 1973 I. 31-én 6,6 — 8,5, I. 5-én 15,1 —15,5 /ig klorofill-a/cm2-t 
találtunk.

Havas jég alatt a fitoplankton termelése 4 mg C/mz/óra volt, és felülről lefelé csök­
kent, hómentes jég alatt 20 mg C/m2/óra termelést mértünk, amely felülről lefelé növe­
kedett. A fitoplankton termelését 14C módszerrel mértük.

A fitobentosz term elését 14C és 0 2 m ódszerrel is m értük. H avas jég a la tt  a  bentosz 
algái nem  term eltek. H óm entes különböző napokon az iszap elsődleges term elése 36 
m g C/m2/óra, 122 m g és 115 m g 0 2/m2/óra volt.

H óm entes jég a la tt a  fitop lankton  és fitobentosz együttes term elése 560 mg 
C/m2/nap volt, am i hasonló a fitop lank ton  term elésének nyári m axim um ához. N yáron 
a  bentoszban nem  tu d tu n k  elsődleges term elést k im utatn i.

A jég alatt a víz oxigén tartalma 9,6 mg/liter-rel magasabb volt, mint befagyás 
előtt, ami nagy tömegű szerves anyag keletkezésére utal.
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