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In  L ake B alaton  th e  num ber, biom ass and  production o f th e  hetero- 
trophic an d  to ta l bacteriop lankton  have been investigated  intensively from  
m any points of view during th e  years of 1966—1971 (O l á h , 1969 a, b ; 1970; 
1971 a, b, c; O l á h  an d  V á s á r h e l y i , 1970 a). However, our knowledge abou t 
th e  bacteriobenthos of th is  lake is ra th e r scanty . According to  our sho rt periodic 
investigation, in  th e  constan tly  d istu rbed  w ater o f shallow L ake B alaton  
th e  sedim ent has a  significant role in th e  form ation of bo th  th e  heterotrophic 
and  to ta l bacterioplankton. Therefore, th e  investigation o f bacterial gradients 
is of special im portance a t  th e  sedim ent — w ater interface, i.e. in  th e  w ater 
layers above th e  bo ttom , th e  sedim ent — w ater in terface tak en  in  th e  literal 
sense as well as th e  deeper sedim ent layers. In  th is s tu d y  we determ ined 
the  q u an tita tiv e  d istribu tion  of th e  aerobic, anaerobic bac teria  and  th a t  of 
th e  bac teria  counted on th e  m em brane filter a t  th e  sedim ent — w ater interface 
in th ree shallow lakes of d ifferent troph ic  levels.

Methods

In  L ake B alaton  th e  sam ples were tak en  in  th e  K eszthely  B ay  th e  m ost 
eu trophicated  p a r t  of th e  lake and  in  section “A ” (in fron t o f th e  In stitu te ), 
which represents th e  less eu troph icated  larger p a r t of the  lake. In  th e  highly 
eutrophic L ake Belső th e  sam ples were tak en  in  th e  deepest p a r t  of th e  lake. 
In  Lake Velence betw een th e  s ta te  of eu trophy  an d  “senescence” , th e  sam ples 
were tak en  in  th e  reeds-free open w ater (sampling sta tio n  “C” , O l á h  and  
V á s á r h e l y i , 1970 a). Samples were taken  in Ju ly , 1971 w ith  a  M i l b r i n k ’s 
m icrostatification sam pler (1968) in to  sterile glass or P etri-d ish  an d  th e  de­
term inations were carried o u t im m ediately a fte r sam pling or in  th e  case o f 
L ake Velence and  K eszthely  B ay  n o t la te r th a n  5 hours. The anaerobic b ac­
teria l gradients were determ ined in Ja n u a ry  of 1973.

The q u an tity  of bac teria  counted on th e  m em brane filter was d e te r­
m ined according to  K u z n e t s o v  an d  R o m a n e n k o  (1963). The d istribu tion  
o f aerobic bac teria  a t  th e  sedim ent — w ater in terface was determ ined w ith  
th e  usual p lating  m ethod. F o r p la te  pouring we have chosen th e  sodium  
caseinate agar (O l á h  and  V á s á r h e l y i , 1970 b). B urri-tubes were used to
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estim ate th e  num ber of anaerobic bacteria . To ensure th e  anaerobic condition, 
besides using deep agar, th e  left-over oxygen in th e  closed tubes was absorbed 
w ith  alkaline pyrogallol. The aerobic bac teria  were cu ltured  a t  25° C and  the  
anaerobic bac teria  a t  38° C. Two cu lture m edia were used to  estim ate the  
num ber of anaerobic bacteria . N u trien t I I  agar w ith  a high organic content:

B eef e x tr a c t  (Difoo) 
P ep to n e  (Difco) 
G lucose 
D ifco ag ar 
D istilled  w a te r

3 g 
5 g

10 g
15 g 

1000 m l

W e used iron sulphite agar (Oxoid) w ith  a lower organic con ten t to  count 
th e  anaerobic and  sulphite-reducing bacteria . The colonies o f sulphite-reducing 
bac te ria  are b lack in th is  m edium  owing to  th e  iron sulphide precipitation. 
The agar colum n was pushed ou t o f th e  tube, th en  cu t in to  slices and  exam ined 
under a  microscope.

R e su lts  a n d  d iscu ss io n
Aerobic bacteria

A t th e  end of th e  1920s th e  q u an tity  of bac teria  on th e  sedim ent surface 
o f th e  open w ater was below th e  value of 1 • 103 cell/g w et sedim ent (Zih , 1929) 
in L ake B alaton. A fte r ten  years there  was no significant change. On th e  sedi­
m ent surface of th e  open w ater H a r a n g iiy  (1941) found ab o u t 1 • 103 cell/g 
w et sedim ent b o th  on gelatine and  H eyden agar. In  th is  s tu d y  th e  num ber 
of aerobic bac teria  on th e  sedim ent surface o f th e  open w ater reached the  value 
o f 1 • 10s/g w et sedim ent ( Fig. 1). The com parison o f d a ta  ob tained  during 
th e  1920s and  1930s and  in  th is  s tu d y  is reasonable. All these investigations 
were carried ou t in J u ly  an d  th e  sam e types o f m edia occurred am ong the  
cu lture m edia which were used for p la te  pouring. A tten tio n  was pa id  to  th e  
selective effect of m edia ( H a r a n g i iy , 1941; O l á h  and  V á s á r h e l y i , 1970 b). 
T he com parison shows th a t  during th e  firs t ten  years o f th e  period of fo rty  
years there  was no significant change while in  th e  course of th e  following 
th ir ty  years th e  num ber o f hetero trophic bac teria  on th e  sedim ent surface 
increased by  tw o order o f m agnitude. This very  high increase is especially 
strik ing, because during th e  sam e period th e  q u an tity  of aerobic bacterio- 
p lan k to n  rem ained on th e  sam e order o f m agnitude (O l á h , 1969 b).

The grad ien t o f aerobic hetero trophic bac teria  a t  th e  sed im ent—w ater 
in terface of L ake B alaton  indicates th e  low num ber o f cells in  th e  w ater layer 
o f 11 — 15 cm above th e  sedim ent surface (Fig. 1). The num ber of aerobic 
hetero trophic bac teria  decreased rap id ly  in  th e  deeper sedim ent layers. H ow ­
ever, th e ir num ber even in th e  sedim ent layer o f 9 —11 cm was significant: 
reached th e  value o f 1 ■ 104 cell/g. In  th e  sedim ent o f K eszthely  B ay  th e  ac­
cum ulation of organic m a tte r is higher th a n  th a t  in  th e  o ther p a r t  of th e  lake 
( P o n y i  e t al., 1972). The in p u t exceeds th e  ou tp u t. This is reflected  by  th e  
q u an tity  o f aerobic hetero trophic bac teria  living on th e  sedim ent surface. 
Their num ber reach th e  value o f 3.2 • 10s cell/g w et sedim ent. W e have m easur­
ed sim ilar values in  L ake Velence. In  th e  highly eutrophic L ake Belső 
th e  q u an tity  o f aerobic hetero trophic bac teria  reached th e  value o f 2 • 106
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F ig . 1. The q u a n ti ty  o f  aerob ic  h e te ro tro p h ic  b a c te r ia  a t  th e  se d im e n t—w ate r in te r ­
face o f  d iffe ren t lakes

cell/g w et sedim ent on th e  sedim ent surface an d  in  th e  w ater layer o f 11 —15 
cm above th e  sedim ent we have found more bac teria  th an  on th e  sedim ent 
surface of L ake B alaton . In  th e  lakes investigated  th e  q u an tity  of aerobic 
heterotrophic bac teria  decreased rap id ly  in  th e  deeper sedim ent layers except 
th e  sedim ent of K eszthely  B ay  which produced an  increase again in  th e  sedi­
m ent layer o f 6 —8 cm.

Anaerobic bacteria

W e investigated  th e  d istribu tion  o f anaerobic bac teria  a t  th e  sed im ent— 
w ater interface only in  section “A ” o f L ake B alaton . On th e  sedim ent surface 
th e  q u an tity  of anaerobic bac teria  counted on iron sulphite agar reached th e  
value of 2 • 104 cell/g w et sedim ent (Fig. 2). The same value on n u trien t I I  
agar was lower b y  one order of m agnitude. D uring th e  la s t th ir ty  years th e  
q u an tity  o f anaerobic bac teria  also increased on th e  sedim ent surface. In  th e  
open w ater sedim ent H a r a n g h y  (1941) found an  average value of 1 • 102 
an d  even in  th e  litto ra l zone, in th e  sedim ent of th e  reeds his values were 
below th e  value of 1 • 103 cell/g. The anaerobic bacterial g radients differ from  
th e  gradient of aerobic hetero trophic bacteria . In  th e  w ater layers we found 
no anaerobic bac teria  except some cells in  th e  w ater layer im m ediately above 
th e  sedim ent. The q u an tity  o f anaerobic bac teria  counted on n u trien t I I  agar 
was sm aller in th e  oxidized sedim ent surface th a n  in  th e  reduced sedim ent 
layer of 1—5 cm. The d istribu tion  of su lphite reducing bac teria  was sim ilar. 
The anaerobic bac teria  counted on iron sulphite agar occurred in  a  larger n u m ­
ber on th e  sedim ent surface th an  in th e  deeper reduced sedim ent layers. This 
ty p e  of d istribu tion  m ay be explained b y  th e  higher proportion o f facu ltative 
anaerobic bac teria  and  th e  anaerobic m icroenvironm ent.

I
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F ig .  2. The quantity of anaerobic heterotrophic bacteria a t the sediment—water inter­
face of Lake Balaton

Bacteria counted on membrane filter

A m em brane filter v arie ty  o f th e  original V in o g r a d s k y ’s m ethod is 
used more o ften  to  estim ate th e  to ta l num ber of bac teria  living in  th e  sedi­
m ent (K u zn etso v  and  R o m a n en k o , 1963). According to  our present d a ta  
th e  q u an tity  of bac teria  on th e  sedim ent surface o f open w ater in  L ake B alaton  
is lower in Ju ly  th a n  in  th e  m esotrophic lakes (Fig. 3). The values of 3 • 108 
cell/g w et sedim ent is lower th a n  th e  values of 0 .5 — 1.5 ■ 109 cell/g charac­
terizing th e  m esotrophic lakes (R o m a n e n k o  and  R o m a n e n k o , 1971). How-

Tota! bacteria cell/ml, g, resp.

Fig. 3. The quan tity  of bacteria counted on the m em brane filter a t  th e  sedim ent —
w ater interface of different lakes



223

Fig. 4. S torm  effect on the  quan tity  of aerobic heterotrophic bacteria  and bac teria  
counted on the  m em brane filter in  the bo ttom  w ater layers

ever, according to  our earlier au tum nal investigation th e  q u an tity  of bac te ria  
on th e  sedim ent surface reaches th e  values of m esotrophic lakes (P o n y i  e t al., 
1972). In  th e  K eszthely  B ay  w ith  a  higher trophic level, th e  q u an tity  o f b ac­
te ria  reached th e  value of 5 • 109 cell/g characterizing th e  eutrophic lakes. 
D uring our earlier investigation in au tu m n  we found no such a large difference 
betw een th e  K eszthely  B ay  and  th e  o ther p a r t  of th e  lake.

The num ber of bac teria  living on th e  sedim ent surface of th e  highly 
eutrophic L ake Belső exceeded th e  value o f 1 • 1010 cell/g wet sedim ent.

In  th e  lakes B alaton  and  Belső th e  q u an tity  of bac teria  counted on 
m em brane filter decreased w ith  depth . In  th e  sedim ent o f L ake Velence an d  
K eszthely  B ay  th e  num ber of bac teria  was lower in  th e  deeper sedim ent 
layers, however, their num ber showed no decrease up to  th e  sedim ent layer 
of 10 cm. The num ber o f bac teria  in  th e  w ater layers im m ediately above th e  
b o ttom  decreased rap id ly  in  all th ree  of th e  investigated  lakes. A fte r a storm  
th e  num ber of heterotrophic bac teria  increased b y  tw o order of m agnitude 
an d  th a t  of th e  bac teria  counted on m em brane filter b y  one order o f m agnitude 
in th e  w ater layers im m ediately above th e  bo ttom  (Fig. 4). According to  our 
sho rt periodic investigation th e  sto rm  or strong w ind effect m ay be detectab le 
even in th e  surface w ater layers (Olá h , 1970).

Sum m ary

1. D uring th e  las t fo rty  years th e  num ber o f aerobic heterotrophic bac­
te ria  on th e  sedim ent surface o f L ake B alaton  increased from  a value of 1 • 103 
cell/g w et sedim ent to  a  value of 1 • 105. D uring th e  sam e period th e  q u an tity  
o f th e  heterotrophic bac teriop lank ton  showed no significant change. Most 
bac teria  occurred in th e  upper 1 cm layer o f th e  sedim ent. In  th e  deeper sedi­
m ent layers and  in th e  w ater layers above th e  b o ttom  th e ir num ber decreased 
rapidly.
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2. D uring th e  last th ir ty  years th e  num ber o f anaerobic bac te ria  on th e  
sedim ent surface increased a t  least b y  one order of m agnitude. In  th e  bo ttom  
w ater layers th ere  was no anaerobic bacteria. In  th e  deeper, reduced sedim ent 
layers th e ir num ber increased or decreased depending on the  d ifferent m edia 
used.

3. The q u an tity  o f bac teria  counted on th e  m em brane filte r increased 
from  a  value o f 3 • 108/g w et sedim ent (Lake B alaton) to  a value o f 1 • 1010 
in lakes w ith  different troph ic  levels.
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B A K T É R IU M  G R A D IE N S E K  A  S E K É L Y  T A V A K  V ÍZ -Ü L E D É K  H A T Á R Á N

Oláh János

ö s s z e fo g la lá s

1. Az e lm ú lt neg y v en  év  so rán  a  B a la to n  ü ledékfe lü le tén  élő aerob  h e te ro tró f  
b ak té r iu m o k  m ennyisége 1 • 103 sejt/g -ró l 1 • 105 se jt/g -ra  em elk ed e tt. U gyanezen  p e rió ­
du s a la t t  az aerob  h e te ro tró f  b a k te r io p la n k to n  m ennyisége nagyságrend ileg  nem  v á lto ­
z o tt . L eg tö b b  b a k té r iu m  az ü ledék  felső 1 cm -es ré teg éb en  vo lt. A z ü ledékm élységgel, 
de kü lönösen  az ü ledék fe le tti v íz ré teg b en  szám uk  gy o rsan  csökkent.

2. A z e lm ú lt h a rm in c  év  so rán  a  B a la to n  ü ledék fe lü le tén  élő an ae ro b  b a k té ­
r iu m o k  m ennyisége legalább  egy  nag y ság ren d d e l n ő tt .  K ö zv e tle n ü l az  ü led ék fe le tti víz- 
ré teg b en  nem  ta lá l tu n k  anae ro b  b a k té r iu m o t. A  m élyebb , re d u k á lt ü ledék ré tegekben  
szám u k  csökken t v ag y  n ő tt  az a lk a lm azo tt tá p ta la j tó l  függően.

3. A  m em b rán sz ű rő n  szám o lt b ak té r iu m o k  m ennyisége a  v izsgá lt kü lönböző  
tro f itá sú  ta v a k b a n  3 • 108 se jt/g  nedves ü ledékrő l (B ala ton) 1 • 1010 se jt/g  nedves ü le ­
dékre n ő t t  (Belső tó ).

♦
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