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The investigations on L ake B alaton  having been recom m enced since 
1965, have estim ated  th e  horizontal d istribu tion  of R o ta to ria  p lank ton  over 
th e  whole lake (P .- Z á n k a i  and  K e r t é s z , 1967; P .- Z á n k a i  and  P o n y i , 1970; 
1971; 1972), an d  on th e  o ther hand, th ey  were connected to  th e  form er works 
{Se b e s t y é n , e t ah, 1951; S e b e s t y é n , 1953) concerning th e  qu an tita tiv e  an d  
qualita tive  relationships of th e  R o ta to ria  in th e  open w ater in  fro n t o f T ihany.

The presen t paper was in tended  a t  describing th e  changes o f R o ta to ria  
biom ass on th e  basis o f com parisons w ith  th e  form er investigations based 
on  th e  d a ta  o f population  density  ob tained  during 1965 — 67.

Methods

The volum e-values determ ined b y  S e b e s t y é n  (1958) were used for our 
calculations, nam ely those o f th e  “ form s o f w arm  w ate r” according to  th e  
possibilities, since th e  sam ples were collected from  M ay to  Novem ber in  each 
year. The specific w eight of th e  anim als was tak en  for u n ity  an d  th e  biom ass 
was expressed in  mg w et w eight/m 3.

D uring 1966 — 67, th ree parallel sam plings were m ade, therefore, th e  
values of th e  num ber o f individuals per lite r ob tained  during th e  evaluation  
o f  th e  samples, were averaged when calculating th e  biomass. F o r com parisons, 
th e  d a ta  of S e b e s t y é n  (1958) concerning th e  m onths from  M ay till Novem ber 
were also averaged an d  expressed in  th e  sam e u n it of m easure.

According to  our previous investigations (P .- Z á n k a i  and  K e r t é s z , 
1967; P . - Z á n k a i  and  P o n y i , 1970; 1971; 1972), th e  lake can be divided in to  
tw o areas considering th e  qualita tive  and  qu an tita tiv e  relations o f R o ta to ria , 
nam ely th e  south-eastern  p a rt, i.e. th e  K eszthely  B ay  and  its  surrounding 
(segments “M” and  “K ” ), as well as th e  north -eastern  basin to  th e  line of 
Ságpuszta—B alatonszem es (segments “ G” , “A ” an d  “ E ” ). The d a ta  o f po ­
pulation  density  o f segm ents “M” and  “K ” were averaged and  th e  biom ass 
values calculated from  them  were com pared w ith  th e  averages of segm ents 
“ G ” , “A ” and  “ E ” . This way, th e  changes of R o ta to ria  biomass are trea ted  
in  view of th e  two m ain areas o f L ake B alaton.
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R e su lts

The biom ass o f Keratella cochlearis showed a m axim um  in A ugust of 
all th ree  years in  th e  area “M -|- K ” (Table I .) .  In  th e  o ther p a r t  of th e  lake 
(“ G - f  A  - f  E ” ), th e  density  of population increased tw ice during bo th  1966 
an d  1967, th e  values of M ay were four or nearly  five tim es higher th a n  those 
o f A ugust, respectively. D uring th e  sam e tim e, th e  south-w estern p a r t  of the  
lake displayed only a  single mass developm ent. In  1965, very  high density  
o f individuals as well as values of biom ass were found in  th e  K eszthely  B ay 
an d  its  surrounding, w hich in  absence o f parallel sam plings is assum ed to  be 
a  resu lt of collecting from  shoals. The d istribu tion  of th is species can be re ­
garded as uniform  over th e  en tire  lake during th e  years o f investigations.

T A B L E  I

Q uantitative d istribu tion  o f K eratella  cochlearis along five  
transversal sections o f L ake  B alaton  

(w  =  1.22  • 10~ A m g fresh)

Date
i/m3

Collecting place
Biomass (fresh) 

mg/m*

M  + К G + A  +  E M  +  К в  +  A  +  E

1965, VI. 1 000 20 700 0.1 2.5
V II. 2 100 8 500 0.2 1.0
V III. 168 000 27 500 20.5 3.3
IX . 20 000 40 300 2.4 4.9
X. 2 500 35 000 0.3 4.3

average: 38 720 26 400 4.7 3.2

1966, V. 13 000 149 000 1.6 18.2
VI. 25 300 309 000 3.1 3.8
V II. 58 200 39 800 7.1 4.8
V III. 61 000 36 100 7.4 4.4
IX . 16 000 19 400 1.9 2.4
X. 23 200 25 700 2.8 3.1
X I. 3 100 16 000 0.4 1.9

average: 28 542 44 271 3.4 5.5

1967, V. 21 000 130 000 2.6 15.9
VI. 21 000 28 000 2.6 3.4
V II. 29 200 16 200 3.5 1.9
V III. 60 500 33 600 7.4 4.1
IX . 4 800 6 900 0.6 0.8
X. 1 800 18 100 0.2 2.2

average: 23 050 38 800 2.8 4.7

average of three years 23 189 36 823 3.6 4.4

The species Keratella cochlearis tecta was form erly considered to  be an  
au tu m n al form  in L ake B alaton  on th e  basis of its  occurrence (S e b e s t y é n , 
1958). However, i t  displayed a  characteristic sum m er developm ent during 
th e  th ree  years, th e  values of biom ass were th e  highest in  Ju ly  an d  m ainly in 
A ugust (Table I I ) .  The density  o f population  increased only once during the  
th ree  years overall th e  lake, th e  ra te s  o f which and  th e  biomasses were different
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TABLE II
Q u an tita tive  d is tr ib u tio n  o f K e ra te lla  cocKLearis tecta along

five  tran sversa l sections o f L a k e  B a la ton
(w  =  1 .31  ■ 10  ~4 m g fresh )

Date
i/m3

Collecting place
Biomass (fresh) 

mg/m3

M  +  К G +  A  +  E M  +  К G +  A  +  E

1965, VI. 0 1 700 0 0.2
V II. 1 100 14 000 0.1 1.8
V III. 83 000 330 000 10.9 4.3
IX . 3 100 12 500 0.4 1.6

average: 20 040 13 860 2.6 1.7

1966, V. 0 5 400 0 0.8
VI. 7 800 15 000 1.0 2.0
V II. 101 000 48 700 13.3 6.4
V III. 199 000 31 900 26.0 4.2
IX . 6 100 9 300 0.8 1.2
X. 14 000 9 300 1.8 1.2
X I. 2 100 5 500 0.3 0.7

average: 47 142 17 871 6.1 2.3

1967, V. 0 3 100 0 0.4
VI. 11 000 18 000 1.4 2.4
V II. 23 000 12 300 3.0 1.6
V III. 43 300 21 700 5.7 2.8
IX . 7 800 8 900 1.0 1.2
X. 3 100 7 200 0.4 0.9

average: 14 700 18 866 1.9 1.5

average of three years 27 294 14 532 3.5 1.8

on th e  tw o areas of th e  lake. The very  low biom ass values o f th e  south-w estern 
p a r t characterized b y  tw o segm ents, observed in  Ju ly , increased to  th e ir high 
m ultiple b y  Ju ly  an d  A ugust, th en  decreased again nearly  to  th e  form er values 
b y  Septem ber. The increase of biom ass was o f m uch lower ra te  in  th e  o ther 
region of the  lake, during th e  las t year of investigation no m axim um  appeared, 
th e  mass was uniform ly d is trib u ted  during th e  period o f Ju n e  —Septem ber. 
Com paring th e  yearly  averages, large differences betw een th e  tw o areas of 
w ater were found only in  1966. This results in tw ice as high biom ass in the  
K eszthely B ay  and  its  surroundings when com paring th e  averages of th ree  
years.

The population  density  of Keratella quadrata was higher in  th e  n o rth ­
eastern  areas o f w ater (“G -J- A +  E ” ) during th e  spring an d  au tu m n  of all 
the  th ree years (May, Ju n e  in 1965; October, Novem ber) th an  in the  K eszthely  
B ay  and  its  surrounding (Table I I I ) .  Considerable masses of th is  species 
appeared ju s t during th e  spring an d  au tu m n  m onths on th is p a r t  of th e  lake. 
This resu lt supports th e  finding o f S e b e s t y é n  (1958) who regards th is  species 
an  early  spring form  on th e  basis o f collections across segm ent “A ” , as well 
as th e  occurrence of population m axim a. However, during th e  sum m er periods 
(e.g. Ju ly  —Septem ber of 1966 an d  1967), th e  biom ass of th e  species was 
2 — 24 tim es higher in  segm ents “M +  K ” , th an  in the  o ther regions. T he
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TABLE I I I
Q u a n tita tive  d is tr ib u tio n  o f K e ra te lla  qu adra ta  along five

tran sversa l sections o f L ake B a la to n
(w  =  6 .61  • 1 0 ~1 m g fresh )

Date
i/m3

Collecting place
Biomass (fresh) 

mg/m8

M  +  К G + A  + E M  +  К G +  A  +  E

1965, VI. 510 1 300 0.3 0.9
V II. 2 100 1 100 2.2 0.7
V III. 18 000 0 11.9 0
IX . 7 500 1 300 5.0 0.8
X. 510 1 100 0.3 0.7

a v era g e : 5 724 960 3.9 0.7

1966, V. 1 600 4 500 1.1 3.0
VI. 50 700 2 100 33.5 1.3
V II. 16 700 2 100 11.0 1.3
V III. 25 700 4 000 17.0 2.7
IX . 24 000 2 300 15.9 1.5
X. 16 700 7 400 11.0 4.9
X I. 810 4 300 0.5 2.8

a v e r a g e : 19 458 3 814 12.8 2.5

1967, V. 21 000 57 000 13.9 37.7
VI. 9 100 3 100 5.9 2.0
V II. 9 500 4 300 6.3 2.8
V III. 18 000 2 400 11.9 1.6
IX . 6 300 410 4.2 0.3
X. 510 2 300 0.3 1.5

a v era g e : 10 735 12 101 7.1 7.6

a v e r a g e  o f  th r e e  y e a r s 11 969 2 812 7.9 3.4

average values of th ree  years showed a m ore th a n  double difference betw een 
th e  tw o areas o f w ater in favour of th e  K eszthely  B ay  and  its  surrounding.

The biom ass o f Polyarhtra vulgaris strongly  varied  during th e  th ree  
years following each other on b o th  areas o f w ater (Table I V ) .  A  certain  re ­
gu larity  was only observed over th e  en tire  lake during all th ree  years, in  so far 
as th e  population  increased during th e  au tum n. A p art from  th a t, th e  values 
o f biom ass were high in Ju n e  in  th e  K eszthely  B ay  an d  its surrounding, as 
well as in  M ay an d  A ugust in th e  north -eastern  p a rt. The form er investigations 
in  segm ent “A ” (S e b e s t y é n , 1953) ind icated  th e  m onths J u ly —A ugust as 
well as May, D ecem ber and  Septem ber when th is species reached th e  highest 
num bers per liter. Com paring th e  yearly  averages o f biom ass values found 
in th e  tw o areas o f th e  lake reveals th a t  th is  species occurs in larger mass in 
segm ents “ G —E ” . The difference is som etim es sm all (1966) b u t i t  can even 
reach a  double level.

The biom ass o f Pompholyx sulcata showed th e  largest difference between 
th e  tw o areas, since it  was negligible in  th e  K eszthely  B ay  and  its  surrounding, 
whereas even 20 m g/m 3 occurred in o ther regions (Table V ). I t  is a charac­
teristic  species of sum m er developm ent, its  m axim al masses occur during Ju ly
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TABLE IV
Q u an tita tive  d is tr ib u tio n  o f P o lya rth ra  vu lg a ris  along five

tran sversa l sections of L ake B a la to n
( w  — 3 .83  • 1 0 ~ l  m g fresh )

Date

i/ms
Collecting place

Biomass (fresh) 
mg/m3

M  +  К в  +  А  +  Е M  +  К G +  A  +  E

1965, VI. 1 000 3 300 0.4 1.3
V II. 0 0 0 0
V III. 0 0 0 0
IX . 49 000 35 700 18.8 13.7
X. 49 000 172 000 18.8 65.9

average: 19 800 42 200 7.6 16.2

1966, V. 21 000 91 900 7.7 35.2
VI. 23 800 5 700 9.1 2.2
V II. 3 200 29 000 1.2 11.1
V III. 9 500 52 100 3.6 21.0
IX . 36 000 25 900 13.8 9.9
X. 75 700 11 300 29.0 43.2
X I. 6 400 12 900 2.4 7.3

average: 25 085 48 114 9.5 18.5

1967, V. 23 000 29 000 8.8 11.1
VI. 31 000 18 000 11.9 6.9
V II. 2 800 22 100 1.1 8.5
V III. 9 100 64 000 3.4 24.5
IX . 5 800 31 200 2.2 11.9
X . 51 500 43 400 19.7 16.6

average: 20 533 34 616 7.8 13.2

average of three years 21 806 41 643 8.3 16.0

tn d  A ugust. I ts  d istrib u tio n  was uniform  in segm ents “G -  E ” during all th e  
ahree years on th e  basis o f com parisons of th e  yearly  average biom ass values.

B oth  th e  density  of individuals and  th e  biom ass of Kellicottia longispina 
are uniform ly low in b o th  p arts  of th e  lake. I ts  highest mass appears in  M ay 
in  accordance w ith  form er lite rary  d a ta  (S e b e s t y é n , 1953; 1958) .The yearly  
averages show no significant differences betw een th e  tw o areas, whereas th e  
com parisons of th e  years revealed sm all differences only.

Discussion

D uring th e  th ree  years o f investigations, th e  Polyarthra vulgaris occupied 
th e  firs t place am ong th e  R o ta to ria  of th e  open w ater of th e  lake as regards 
biom ass values. I t  was followed b y  Keratella quadrata and  Pompholyx sulcata 
(Tables I I I ,  I V  an d  V),  i.p. th e  m ass is form ed by  a  species o f m edium  volum e 
b u t high density  as well as b y  an  o ther one of large volum e an d  re la tively  
of lower num ber of individuals. According to  form er investigations (S e b e s ­
t y é n , 1958), Polyarthra an d  Pompholyx showed th e  highest biom ass values 
even during o ther years in  th e  north -eastern  basin  o f th e  lake.

19



TABLE V
Q u a n tita tive  d is tr ib u tio n  o f P o m p h o lyx  su lca ta  along five

tran sversa l sections of L ake  B a la to n
(w  =  3.11  • 1 0 - i  m g fresh )

Date
i/ms

Collecting place
Biomass (fresh) 

mg/m8

M  +  К 0  +  A  +  E M  +  К G +  A  +  E

1965, VI. 0 7 300 0 2.3
V II. 0 67 000 0 20.8
V III. 0 35 500 0 11.0
IX . 0 38 300 0 11.9
X. 0 12 500 0 3.9

average: 0 32 120 0 9.9

1966, V. 210 47 000 0.1 14.6
VI. 17 000 56 000 5.3 17.4
V II. 700 54 100 0.2 16.8
V III. 0 64 500 0 20.1
IX . 0 17 000 0 5.3
X. 830 7 300 0 2.3
X I. 0 810 0 0.2

average: 2 677 35 244 0.8 10.9

1967, V. 3 000 25 100 0.9 7.8
VI. 2 000 36 000 0.6 11.2
V II. 1 500 69 000 0.5 21.4
V III. 0 30 300 0 9.4
IX . 0 17 700 0 5.5
X. 0 14.300 0 4.4

average: 1 083 32 066 0.3 9.9

average of three years 626 33 143 0.4 16.2

However, Keratella quadrata has never been o f such a  high density . Since 
a t  each th ree  points of each th ree  segm ents nearly  uniform  num ber o f ind iv i­
duals per liter were obtained, one can exclude th e  possibility of collecting 
from  shoals, an d  one has to  accept th e  wide propagation  of th is  species over 
th e  en tire  area o f w ater.

System atic q u an tita tiv e  investigations of R o ta to ria  p lank ton  involved 
only th e  open w ater area in  fro n t of T ihany  (segment “A ” ) before 1965. 
According to  our results hav ing  been ob ta ined  so far, th is  segm ent represents 
well th e  area of th e  whole north -eastern  basin, an d  on th e  o ther hand, its 
R o ta to ria  fauna is sim ilar to  th a t  o f th e  line S ágpuszta—Balatonszem es 
(segm ent “G ” ) b o th  qualita tively  an d  quan tita tively . Therefore, one can con­
clude on th e  basis of changes appearing in  segm ent “A ” th a t  sim ilar phenom ena 
also occur in  th e  larger p a r t  of th e  open w ater o f th e  lake (“ G -j- A  - f  E ” ).

In  order to  be able to  com pare th e  recent biom ass d a ta  w ith  th e  form er 
ones, th e  values o f segm ent “A ” were separated  from  th e  o ther tw o segm ents 
belonging to  th e  no rth -eastern  basin. A nalyzing th e  changes o f biom ass of 
certain  species presen t in  th e  p lank ton  w ith  higher num ber of individuals 
(Table VI ) ,  one can establish  th a t  th e  m ass of Keratella cochlear is increased 
as com pared to  th a t  of years 1936—49, it  rem ained practically  unchangedfrom
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TABLE VI
C h a n g e s  o f  R o t i f e r a  b io m a s s  i n  th e  w a te r - a r e a  i n  f r o n t  o f  th e  B io lo g ic a l  I n s t i t u t e

(transversal section “A ”)

Year Keratella
cochlearis

Keratella 
c. tecta

Keratella
quadrata

Polyarthra
vulgaris

Pompholyx
sulcata

Kellicottia
longispina

Trichocerca
pusilla

Total
biomass
mg/m3

1936 l . i 0.3 0.7 1.5 2.5 0.4 0 6.5
1937 1.0 0.4 1.3 2.3 3.1 0.6 0 8.7
1938 2.2 0.4 2.0 1.5 4.3 1.7 0 12.1
1947 0.8 3.5 1.3 17.6 4.0 0.4 1.4 29.0
1949* 0.8 1.0 0.7 2.7 1.5 1.3 0.4 8.4
1951 6.3 6.1 1.3 15.3 9.6 0.2 2.1 40.9
1965** 2.4 1.1 0.3 5.4 13.2 0 0 22.4
1966 6.0 2.2 1.5 19.5 11.7 0.6 0.5 42.0
1967 4.3 1.3 8.0 10.2 9.8 1.4 0.5 35.5

* a n  u n u s u a l  su b s id e n c e  o f  th e  o p e n  w a te r  d u r in g  t h a t  t im e  
** r e la t iv e ly  few  sa m p lin g s

1951. A sim ilar p a tte rn  was shown even by  Pompholyx sulcata. The biom ass 
o f Keratella c. tecta increased un til 1951 and  s ta rted  to  decrease only during 
recent years, whereas th a t  o f Keratella quadrata was practically  unchanged 
from  th e  firs t year of investigation, ap a rt from  th e  higher value of 1967 which 
however, could no t be eva lua ted  because of th e  absence o f fu rth e r investig­
ations. The Polyarthra from  th e  1940s, th e  Kellicottia during th e  whole period 
of investigations occur in  th e  R o ta to ria  p lank ton  w ith  a  nearly  constan t mass. 
Trichocerca pusilla  could be collected in  alm ost identical masses since its  
propagation to  th e  open w ater (S e b e s t y é n , 1953; 1958).

The to ta l biom ass o f R o ta to ria  continuously increased u n til 1951 in 
segm ent “A ” representing th e  larger p a r t  of th e  lake. Since th a t  tim e a  stagn ­
ation  has appeared  instead  of a  fu rth e r increase, th e  reason is unknow n. H ow ­
ever, d ifferent hypotheses can be outlined (cf. P o n y i  an d  P .-Z á n k a i , 1972, 
p p .  1 3 6 -1 3 7 ).

Summ ary

Among th e  m ost frequen t ro tifers of th e  lake th ree  species (Polyarthra 
vulgaris, Keratella quadrata and  Pompholyx sulcata) represen t th e  highest 
biom ass values.

On th e  basis o f average biom asses of years 1965, 1966 an d  1967, Poly­
arthra vulgaris is of th e  highest im portance showing a  value o f 8.3 an d  14.1 
m g/m 3 in th e  K eszthely  B ay  and  its  surrounding as well as in th e  o ther p a rts  
of th e  lake. Keratella quadrata and  Pompholyx sulcata display different d is tri­
b u tion  o f biom ass in th e  tw o areas: th e  form er occurred in  7.9 m g/m 3 in th e  
sam ples tak en  from  th e  K eszthely  B ay  an d  its  surrounding (segments “M-j- 
K ” ), th e  la tte r  in  0.4 m g/m 3. In  th e  segm ents representing ab o u t tw o th irds 
o f th e  lake (segments “ G -f- A  +  E ” ), th e  form er showed 3.5 while th e  la tte r  
10.3 m g/m 3 biom ass value.

In  th e  larger p a r t  o f th e  open w ater (segments “G +  A +  E ” ), th e  to ta l 
biom ass o f th e  R o ta to ria  gradually  increased till th e  1950s from  6.5 up  to  
40.9 mg/m3, th en  it  rem ained a t  nearly  identical level u n til 1967 (38.7 m g/m 3).

19*
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K E R E K E S F É R G E K  (ROTATORIA) BIOMASSZÁJA A BALATONBAN 
P . - Z á n k a i  N ó r a  és P o n y i  J e n ő

összefoglalás

A  tó  leggyakoribb  kerekesférgei közül b iom assza é r té k e t te k in tv e  3 fa j ( P o ly a r t l i r a  
v u lg a r is ,  K e r a t e l la  q u a d r a ta ,  P o m p h o ly x  s u lc a ta )  a  legjelen tősebb .

1965, 1966 és 1967 évek  á tlag o s b iom asszája  a la p já n  a  leg fon tosabb  a  P o ly a r t h r a  
v u lg a r is ,  m elynek  é rték e  a  K eszthely i-öbö l és kö rn y ék én  8,3, a  tö b b i részen  14,1 m g /m 3 
v o lt. A  K e r a t e l la  q u a d r a ta  és a  P o m p h o ly x  s u lc a ta  b iom asszá jának  m egoszlása a  tó  k é t 
v íz te rü le tén  e lté rő ; az  e lőbbi fa j b iom asszája  a  K eszthely i-öbö l és k ö rn y ék én  v e t t  m in ­
tá k b a n  (M +  К  te rü le t)  7,9 m g /m 3, az  u tó b b ié  0,4 m g/m 3 vo lt. A  tó  k b . k é th a rm a d  részé t 
rep rezen tá ló  G  -f- A  -|- E  sze lvényeken  a  P o m p h o ly x  biom assza  é rték e  10,3 m g /m 3, a  
K e r a t e l l a  q u a d r a ta - é  3,5 m g /m 3 vo lt.

A  tó  n y íltv izén ek  n ag y o b b ik  részén  (G -f- A  +  E  szelvények) az 1930-as év ek tő l 
kezdődően  a  kerekesférgek  összes b iom asszája  az  1950-es évekig  fokoza to san  em elk ed e tt 
6,5 m g /m 3-ről 40,9 m g /m 3-ig, m a jd  e ttő l  kezdve 1967-ig közel azonos sz in ten  m a ra d t 
(38,7 m g /m 3).
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