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I t was H en r ic i (1938) who for the first time found a positive relationship 
between the seasonal changes of the bacterio- and phytoplankton of lakes. 
Overbeck ’s results (Overbeck  and B a b en zien , 1964; Ov erbeck , 1965;
1968) also indicate a parallelism existing between the changes of bacterio- 
and phytoplankton. A similar relationship was observed between the primary 
production and the quantity and production of the bacterioplankton (Schegg , 
1968; K uznetsov , 1968). Some authors on the other hand found no such 
relationships (R omanenko , 1966; Gerletti and Melch io rri-Sa n to lin i, 
1968; Goldman et al. 1968; Gu n k e l , 1968) and I have also described negative 
and positive relationships (Olá h , 1970; 1971).

Taking into account the few and contradictory data I have examined 
the seasonal changes in the quantity of the heterotrophic and total microbial 
plankton and the phytoplankton weekly during a period af one year in the 
highly eutrophic Lake Belső and in Lake Balaton.

Methods

The investigation was carried out in the open water of Lake Balaton 
in front of our Institute beside a buoy and in the centre of Lake Belső between 
4th September, 1969. and 21st August, 1970. The samples were taken with a 
F rancev’s sampler (K uznetsov , 1952) from a depth of 50 cm and from the 
bottom water. We determined the quantity of the heterotrophic microorgan­
isms on sodium-caseinate agar' and that of the total microbial plankton with 
the R azumov’s direct method (Razumov, 1932).

Phytoplankton counting was done with an “Oxoid” membrane filter 
(pore size: 0.45 ц) using erythrczine staining. The /i-algae were stained and 
counted with the D e  N oy elles’s method (1968). During the investigation 
the surface water temperature and the Secchi transparency were measured
(Fig. 1).

Results

In the green coloured Lake Belső with a very low Secchi transparency 
the phytoplankton maxima reached 3 -105 cells/ml while in Lake Balaton 
the maxima were only about 8 -103 cells/ml ( Fig. 2). In Lake Belső the bottom
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Fig. 1. W a te r  te m p e ra tu re  an d  Secchi tra n sp a re n c y  o f  th e  lakes in  th e  period  o f  th e  in v es ti­
g a tio n

water contained a smaller number of algae comparing with that in the surface 
water especially in winter, under ice and in August during the water bloom 
of the blue-green algae. In Lake Balaton the bottom water contained a higher 
number of algae in winter. I t is striking that the greater changes in the quan­
tity of the phytoplankton was observed almost simultaneously in both lakes. 
Generally, a sudden decrease in the number of algae was accompanied by a 
change of the dominant species. During September and October there was no 
significant change in Lake Belső. In Lake Balaton Diatoms developed in the
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middle of October. In the winter months the /г-algae stained by the D e  N o y e l - 
les’s method were found in a higher number in both lakes. In the Lake Belső 
they appeared in large numbers already in December and in a smaller number 
they were present in various forms during the whole investigation period. In 
the bottom water of the Lake Belső the number of the photosynthetic bacteria 
(Thiopedia rosea, Thiocystis sp.) was also significant in the winter months. 
In Lake Balaton the /г-algae appeared at the beginning of February and 
mainly the whole standing stock consisted of a small (1—4 /t) “coccus”-form 
colouring blue with the D e  N oyelle’s staining. At the end of April in Lake 
Belső the number of algae decreased with the disappearance of winter dominant 
species. In Lake Balaton this process took place at the beginning of May. 
In May a significant development of Diatoms was observed following the 
decrease in the number of algae in both lakes. During the summer months 
only slight changes were observed in the quantity of the phytoplankton except 
in Lake Belső, where in August a quite rapid bloom of Microcystis developed. 
During the period of the investigation nc blue-green algal water bloom 'was 
observed in Lake Balaton. I t  was absent even in Keszthely-Bay. In both lakes 
the number of phytoplankton was surprisingly high during the winter months 
due to the /г-algae.

In this one-year period the quantity of the heterotrophic microbial 
plankton in the bottom water of Lake Belső was somewhat higher than in 
the surface water except in the first half of June, when the number of hetero- 
trophs increased (Fig. 3) in the surface water owing to the mineralization 
of the large biomass of Diatoms. During the whole period of investigation 
this was the highest value for heterotrophic microbial plankton. Throughout 
the summer months, following this high spring value, the number of hetero- 
trophs was very low even at the time of the blue-green algal water bloom.

Fig. 3. Seasonal f lu c tu a tio n  in  th e  n u m b er o f h e te ro tro p h ic  m icrob ia l p lan k to n
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In the Lake Belső the heterotrophs were present in a significant number 
in the winter months, too. In the surface water we have found no correlation 
at all between the quantitative changes of the heterotrophs and algae (r =  
- 0 .001).

In Lake Balaton the quantity of the heterotrophs determined on sodium- 
caseinate agar was smaller by one order of magnitude and decreased to a 
very low level during the winter months. Like Lake Belső, after the spring 
maximum the number of heterotrophs decreased but in autumn it was high 
again. In the surface water of Lake Balaton there was not any correlation 
between the quantitative changes of the heterotrophs and algae (r =  0.02).

In the Lake Belső great seasonal changes were measured in the quantity 
of the total microbial plankton. Generally, it was above 3 -10® cells/ml and 
the maxima reached the 17.7 -106 cells/ml. After a decrease in the beginning 
of November the quantity of the total microbial plankton grew, especially 
in the bottom water (Fig. 4). After the decrease in January—February we 
measured a rise again simulataneously with the increasing water temperature. 
The spring maximum consisting of several peaks was also followed by a sig­
nificant decrease, like in the phytoplankton and the heterotrophs. In the 
surface water a very strong negative correlation was found between the quan­
titative changes of the phytoplankton and the total microbial plankton 
(r =  —0.913) with a large significance (P 0.001).

In Lake Balaton the quantity of the total microbial plankton was very 
low, generally below 1 -105 cells/ml. The autumn and spring maxima reached 
1.5 TO5 cells/ml. Atfer the autumn maximum we measured a decrease and 
in the winter months, under ice the quantity of the total microbial plankton

Fig. 4. Seasonal f lu c tu a tio n  in  th e  n u m b e r o f to ta l  m icrob ia l p la n k to n
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rose parallel with that of the //-algae. In the second half of July and in August 
the number of the total microbial plankton was very low in Lake Balaton, 
contrary to Lake Belső, where the standing stock of the total microbial plank­
ton consisted of several various forms, in Lake Balaton cocci with about 
1 fi diameter were the dominant forms in this period. In the surface water 
no correlation was found between the quantitative changes of the phytoplank­
ton and the total microbial plankton (r =  0.02).

Discussion

In the Lakes Balaton and Belső the seasonal changes in the quantity 
of the phytoplankton and the microbial plankton has never been simul­
taneously investigated. The majority of the algological studies is also floristic 
or taxonomic. Quantitative algological work extending over the whole year 
in Lake Belső was carried out by J a c z ó  and M a n n  (1940) and that in Lake 
Balaton by E n t z  et al. (1937) and T a m á s  (1954). The comparison on equal 
bases is not quite justified owing to the different methods employed by earlier 
investigators and by us, nevertheless, it can safely be said that since 1932 
in Lake Balaton and since 1938 in Lake Belső the quantity of the phytoplankton 
increased immensely.

In February, 1969 the standing stock of the //-algae was represented 
by a Chlamydomonas sp. with a number of 18—19 -103 cells/ml in the bottom 
water (Olá h , 1970). In the present investigation the February standing stock 
of //-algae consisted of a “coccus” form of various size (1—4 //) with a number 
of 7.8 -103/ml also in the bottom water. All these prove the very important 
role of the winter //-algae in Lake Balaton. In Lake Belső no homogeneous 
standing stock of //-algae was formed Uke in Lake Balaton. In winter, besides 
the Flagellates and Diatoms even some species of photosynthetic bacteria 
were observed in the bottom water of Lake Belső. In the open water of Lake 
Balaton no phytosynthetic bacteria were found.

In Lake Belső a smaller number of active algae was regularly in the 
bottom water; this phenomenon is due to the unsuitable light condition pre­
valent there. In the bottom water of Lake Balaton the strong development 
of //-algae was initiated among others by the favourable light condition in 
winter months.

During our earlier investigations (Oláh  and Vá sá rh ely i, 1970) we 
have stated that in the shallow lakes Balaton and Velence with large surface 
areas the low quantity of the total microbial plankton did not reflect the 
real trophic state of these lakes and in Lake Belső the relation between the 
quantity of the total microbial plankton and the trophic state corresponds 
to the data in the literature. This statement is supported by the present investi­
gation, too.

In Lake Belső the quantity of the total microbial plankton was very 
high throughout the year corresponding to the highly eutrophic state of this 
lake. The highest values were recorded in spring but in July and August we 
observed a summer maximum, too. In Lake Balaton a similar summer maxi­
mum was measured only in the Keszthely-Bay (Olá h , 1969b).

In Lake Balaton the quantity of the total microbial plankton was sur­
prisingly low during this investigation, too. The values were even smaller
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than those measured in 1966—67 and followed the characteristics of earlier 
seasonal changes of shallow lakes like Balaton and Velence: 1. spring maximum 
formed during the rising temperature of the water, 2. summer minimum, 3. 
autumn and winter maximum. In the present investigation the winter maximum 
accompanying the mass-development of the p-algae compared to the 1969 
winter maximum was smaller. I t  seems that in the winter of 1969 the mass- 
development of the Chlamydomonas sp. produced a more suitable environment 
for the proliferation of the total microbial plankton than the coccus-form in 
the present investigation.

In Lake Balaton the seasonal changes in the quantity of the hetero- 
trophs was the same as was observed earlier in other parts of the lake with a 
lower trophic level (Oláh, 1969b; 1970). Spring—autumn maxima and summer— 
winter minima. In the Lake Belső the high spring values and the low summer 
minimum were the most conspicuous. The summer minimum may be explained 
by the constant green colour of the water owing to the algae. I described a 
similar phenomenon during the bacteriological study of a water bloom in 
River Zala (Oláh, 1971).

I t  was very surprising that the tendencies of the changes in the quantity 
of the heterotrophic and total microbial plankton and the phytoplankton 
were nearly the same in both lakes. Considering that the lakes are absolutely 
isolated from each other this similarity in the quantitative changes may 
only be explained by climatic conditions which emphasizes that the weather 
plays a more important part in the plankton life of these lakes than in deep, 
stratified lakes.

The correlation coefficients in this study has revealed a significant con­
nection in the surface water of Lake Belső, only between algae and the total 
microbial plankton. In the other cases, after the proliferation of algae the 
quantity of the microbial plankton decreased or increased depending partly 
on the type of algae present and thus the counting during to the whole period 
did not reveal any correlation whatsoever. The interrelation between the algae 
and bacteria is quite complicated. From this point of view numerous experi­
mental results prove the importance of the stimulatory and inhibitory extra­
cellular substances excreted by algae (G o c k e , 1970; W e i m a n u , 1970). The 
changing pH and rH2 during the activity of the algae and bacteria (M aksimova, 
1966) and the bacterial C02 production ( K u e n t z e l , 1969) further enlarge 
the number of factors operating in an inverse direction. We must take into 
account also the different effects of the active and dead plankton, too (G u s e v a , 
1952).

Among the seasonal changes in the relation of the microbial and phyto­
plankton it was possible to observe three types for Lake Balaton and Lake 
Belső considering our earlier investigations, too.
1. The quantity of the microbial plankton increases with the increasing number 
of algae. In February, 1969 (Oláh, 1970) and in the present investigation the 
quantity of the total microbial plankton increased with the mass-development 
of /i-algae. In Lake Balaton the autumn phytoplankton standing stock consist­
ing mainly of Diatoms was accompanied with a total microbial plankton maxi­
mum.
2. The quantity of the microbial plankton decreases with the increasing number 
of algae. In Lake Belső the abrupt appearance of the blue-green algae was 
accompanied with a significant decrease in the quantity of the total microbial
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plankton standing stock. In 1966, during the blue-green algal water bloom 
the quantity of the total microbial plankton was very low in the Keszthely - 
Bay (Oláh, 1969a). At the time of the water bloom in River Zala especially 
the number of the heterotrophic microorganisms was very low.
3. The quantity of the microbial plankton increases only after a definite delay 
following the phytoplankton maximum. In Lake Balaton at the end of April 
we observed' a development of microbial plankton after the maximum of 
the winter standing stock of fx-algae. In the Lake Belső the large spring 
biomass of algae was accompanied by the maximum of the total microbial 
plankton with some delay. After the water bloom in River Zala a very high 
number of the heterotrophic microorganisms was measured.

Summary

1. In Lake Balaton the maxima of the phytoplankton were about 8 • 103 
cells/ml and those in the Lake Belső 3 TO5 cells/ml. In both lakes there was a 
significant spring and winter maximum and in Lake Belső a maximum of 
blue-green algae in August. In Lake Balaton the standing stock of the winter 
ц-algae consisted of one species (1 — 4 /x coccus) while in Lake Belső of several 
species. There was a significant number of photosynthetic bacteria in Lake 
Belső.

2. In Lake Balaton the maxima of the heterotrophs were reached in 
spring and autumn and the minima in summer and winter. In Lake Belső 
the spring maximum and the summer minimum were the most prominent. 
In Lake Belső the quantity of the total microbial plankton was above 3-10° 
cells/ml and the maxima reached 17.7 -10® cells/ml, while in the Lake Balaton 
generally below 1 -105 cells/ml and autumn and spring maxima about 1.5 • 105 
cells/ml. Contrary to Lake Balaton, in Lake Belső the quantity of the total 
microbial plankton was high in summer months, too.

3. The correlation coefficients revealed significant connection (r =  
—0.913; P <̂r 0.001) in the surface water of Lake Belső only between the total 
microbial plankton and the phytoplankton.
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A B A K T E R IO - É S  F IT O P L A N K T O N  Á LLO M Á N Y  H E T E N K É N T I V Á LTO ZÁ SA I 
A  B A L A TO N B A N  É S  AZ E R Ő S E N  E U T R Ó F  B E L SŐ -T Ó B A N

Oláh János 

összefoglalás
1. Az egyéves h e te n k é n ti v izsgála tok  so rán  a  f i to p la n k to n  m ax im u m o k  a  B a la to n ­

ban  m eg k ö ze líte tték  a  8 • 103/m l-t, a  B első -tóban  ped ig  e lé r té k  a  3 • 105/m l-t. A z évszakos 
m ennyiség i v á lto záso k b an  m in d k é t tó b a n  leg szem betűnőbb  a  té li és tav a sz i m ax im um . 
Je len tő s  a  B első -tóban  au g u sz tu sb an  k ia la k u lt k ék a lg a  tö m egprodukció  is. A  té li p- a lga  
á llo m á n y t a  B a la to n b a n  egyetlen , 1—4 /i-оя ,,kokkusz” fo rm a , a  B első tó b a n  pedig  tö b b
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fa j populáció i a lk o ttá k . A  B első-tó  té li p la n k to n já b a n  je len tő s v o lt a  fo to sz in te tizá ló  
b a k té r iu m o k  szám a is (Thiopedia rosea, Thiocystis sp.).

2. A  h e te ro tró fo k  m enny iségének  évszakos v á lto zása i a  B a la to n b a n : tav a sz i, őszi 
m ax im u m  és n y á ri , té li m in im um . A  B e lső -tó b an  legszem betűnőbb  a  tav a sz i m ax im u m  
és a  n y á r i m in im um . A  B első -tóban  a  te lje s  m ik rob iá lis  p la n k to n  m enny isége 3 • 106/m l 
fö lö tt  v o lt és a  m ax im u m  e lérte  az  17.7 ■ 106/m l- t.  A  B a la to n ra  jellem ző n y á r i m in im u m ­
m a l szem ben a  B első -tóban  n y á ro n  is m ag as v o lt a  te ljes  m ik rob iá lis  p la n k to n  szám a.

3. A  h e te ro tró f, a  te lje s  m ik rob iá lis  p la n k to n  és a  f i to p la n k to n  m ennyiségének  
évszakos v á lto zása i k ö z ö tt a  szám ítások  gyenge k o rre lác ió t m u ta tta k . E g y ed ü l a  B első-tó  
felszíni v ízében  a  te lje s  m ik rob iá lis  p la n k to n  és az a lg ák  k ö z ö tt ta lá ltu n k  erős n eg a tív  
k o rre lác ió t (r =  —0,913), n a g y  sz ign ifikanciával (p  <s 0,001).
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