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The food, growth, m orta lity  and  production o f pike-perch population 
inhabiting  L ake B alaton  have been stud ied  b o th  in  larva l and  m ature stages 
in details w ithin the  period 1965- 73 (B ir ó  and  E l e k , 1969; B í r ó , 1969; 1970; 
1972; 1973; 1975a, b). F rom  the  results ob tained  i t  could be established th a t 
in the  food of pike-perch (Stizostedio lucioperca L.), the  m ain p redato ry  fish 
o f Lake B alaton, the bleak p layed the  m ost im p o rtan t role. In  earlier papers 
( E n t z , 1949—50; 1951; E n t z  and  L u k a c s o v ic s , 1957; W o y n á r o v ic h , 1959), 
however, th e  p rio rity  of pope (Gymnocephalus cernua L.) was noticed, and  the  
bleak was m entioned as secondary prey-fish. The significance of bleak as food 
fish of pike-perch has increased due to  its g reater frequency parallel to  the  
strong decrease or even disappearance of several sm all-sized fish species (B i r ó , 
1971; 1974; P o n y i  e t al., 1972).

E n t z  stud ied  th e  grow th o f b leak on m ateria l collected in  the  years 
1947 —49, an d  reported  a  fairly  fast grow th ra te  ( E n t z , 1949 — 50). Changes in 
quality  o f food and  ra te  of grow th of pike-perch and  those of d ifferent p rey  fishes 
were observed (B i r ó , 1971; B ir ó  and  G a r á d i , 1974). The necessity came up 
to  repeat studies concerning the  grow th and  food of bleak in  order to  reveal the  
food-chain of pike-perch. In  addition  we have obtained  d a ta  on m orta lity  
and  production of bleak population, too, because no such d a ta  have been 
published till now as yet.

Material and method

Collections were m ade in  L ake B alaton  using a  5 m long and  3 m wide 
o tte r-traw l o f 5 mm m esh size altogether 47-times during th e  years 1968 — 70. 
F o r th is s tu d y  1112 bleaks of d ifferent m easures have been w orked up collected 
from  A pril to  October 1968 (Table I ). The specimens caught by  net were p re ­
served in 4 — 5 per cent form aldehyde solution, an d  th e ir s tan d ard  and  to ta l 
lengths, as well as th e ir weights were m easured. 10—15 scales were detached  
from  the  area above the  lateral line behind the  posterior m argin of the  left 
pectoral fin  (Fig. 4). A fter cleaning, th e  w et scales were placed betw een slides, 
and  stud ied  w ith  profile p ro jector a t  a 50-times m agnification. The to ta l length 
of caual radii and  th e  annual ring  distances from  the  focus were m easured
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T im e  of sam plings, the num ber of bleaks caught and  the lim its  of measured  
lengths and weights (1968)

TA BLE I

Date of collection
Number of 

fish
Standard 

length (cm)
Weight

<g)

April 4 1 8 4 .6 — 1 1 .0 1 .0 — 2 1 .0
M a y 2 7 3 4 .8 — 1 0 .2 1 .5 — 1 3 .5
June 31 5 .5 — 1 0 .7 2 . 0 — 1 5 .0
Ju ly 2 9 8 5 .1 — 1 0 .0 1 .5 — 1 4 .0
August 1 2 6 .5 —  9 .9 3 .0 — 1 3 .5
September 71 3 .5 — 1 1 .1 0 . 5 - 2 0 . 0
October 9 6 .7 —  7 .9 4 . 5 —  7 .5

Total 1 1 1 2

(Fig. 4). More detailed  scale investigations and  age-determ inations were 
carried ou t on 294 specimens. In  order to  determ ine th e  seasonal variances of 
length-w eight relationship (viz. B e v e r t o n  an d  H o l t , 1957) d a ta  o f body meas-

F igs 1 —2. H istog ram s o f  s ta n d a rd  len g th  d is tr ib u tio n  o f  b leaks co llected  d u rin g  A pril- 
O ctober, 1968. N  =  n u m b e r o f  fish  inves tig a ted , L  =  s ta n d a rd  len g th
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urem ents o f 1112 specimens were utilized. To define th e  length  s tru c tu re  o f 
th e  stock, leng th -da ta  of 1112 bleaks were studied. The relationship between 
th e  s tan d ard  lengths and  to ta l caudal radii o f scales was determ ined by  the  
least square m ethod. The in tercep t of th is  line on th e  abscissa was tak en  into 
consideration as a  correction factor in  th e  back-calculations o f fish lengths 
(F r a s e r , 1916). The grow th of bleak was graphically  represen ted  by  F o rd -  
W a lfo r d ’s m ethod (W a l fOr d , 1946) w ith  use of th e  back-calculated stan d ard  
lengths. F o r th e  description o f grow th in  length, B e r t a l a n ffy ’s (1938; 1957) 
growth-m odel was applied. M ortality  an d  production o f bleaks belonging 
to  different age-groups were assessed according to  R ic k e r  and  F o e r st e r  
(1948) and  R ic k e r  (1958). The instan taneous coefficients of grow th in  weight 
necessary to  th e  assessm ent of production were calculated a f te r  Ch apm an  
(1968) and  T e sc h  (1968).

Results

1. Lenght-distribution in  different months
The s tan d ard  lengths of bleaks caught in  L ake B alaton  varied  between 

3 .5—11.0 cm (Table I ) .  B y  s tan d a rd  length  th e  population  showed a bim oda

L ( c m )

F ig . 2. T e x t see a t  F ig . 1.
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t o g  L

16  1 7  18  19  ? 0  2.1

F ig . 3. Seasonal v a ria tio n  in  len g th -w e ig h t re la tio n sh ip  o f  b leak  o f  L ake B a la to n  d u ring  
consecu tive m o n th s  o f  1968. L  =  s ta n d a rd  len g th , W  =  w eigh t, A  =  A pril, B  =  M ay, 

C =  Ju n e , D  =  J u ly , E  =  A ugust

distribu tion  during spring tim e (April-May). D uring sum m er and  au tum n 
(July-Septem ber) its d istribu tion  was as well asym m etrical, considering the  
fish m ateria l collected in  d ifferent m onths (F igs 1—2). In  spring m onths the 
sam ple is d ivided in to  tw o dom inant leng-groups due to  th e  num erous occur­
rence o f second (1 - f ), th ird  (2 +  ), as well as four-sum m er-old (3 + )  specimens. 
D uring sum m er, i t  was com pensated b u t th e  asym m etric length  d istribution 
rem ained unchanged. This phenom enon should have been only in a sm aller 
degree th e  resu lt of grow th com pensation.

2. Seasonal variation in  length-weight relationship

The coefficient expressing the  grow th ra te  of linear dimensions in propor­
tion  to  th e  weight, varied  between 2.27 — 3.43 during th e  period of studies.
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Their deviations experienced during successive m onths are significant (P  <  
<  0.01). The relationships were as follows (Fig. 3, curves A —F ) :

April logW  = —4.9919 + 3.0447 XlogL (A)
May logW  = -5 .1 9 2 7 + 3.1788 XlogL (B)
Ju n e logW = 4.8398 + 2.9840 XlogL (C)
Ju ly logW  = — 5.6741 + 3.4262 XlogL (D)
A ugust logW  = 5.5925 + 3.3749 XlogL (E)
Septem ber logW  = -4 .6 1 3 9 + 2.8662 X logL (F)

The average of six m onths:

logW =  —5.1508 +  3.1458 x lo g L

where L  =  s tan d ard  length  in  mm; W  =  w eight in  grams. As can be seen in  
Fig. 3, there  are no g reat variations in  body weights as com pared to  stan d ard  
lengths. The seasonal fluctuations are ra th e r significant am ong specimens o f  
9 —11 cm sizes. The shape o f curves calculated for A ugust (E) and  Septem ber 
(F) are uniform  covering up  each other.

3. Relationship between standard body length and total scale radius

The relationship betw een average to ta l  caudal rad ii o f “ key-scales” 
and  stan d ard  body lengths was found linear on 294 bleaks. F o r th is  the  nex t 
equations have been calculated (Fig. 4):

F ig . 4. L in ea r regression o f  average  cauda l rad ii o f  scales (R ) in  th e  fu n c tio n  o f  s ta n d a rd  
len g th s  (L) estab lished  fo r 294 bleaks cau g h t in  L ake B a la to n . I t s  in te rcep t on  th e  
abscissa  8.7 m m . P o in ts  o f  m easu rem en t in d ica ted  on  th e  sk e tch  o f scale are :
F  =  focus, R  =  to ta l  caudal rad iu s , O =  o ra l edge o f  scale, C =  cauda l edge o f  sca le



R  =  —0.1749 +  0.0222 X L 
L  =  8.68 +  44.528 X R

where L  =  s tan d ard  length in  mm; R  =  to ta l caudal radius o f scale in mm.
Average scale radius and  stan d ard  length calculated by bo th  equations 

show only sm all deviations as com pared to  th e  m easured averages (Table I I ) .
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T A B L E  I I
R elationship  between the standard lengths (L  — m m ) and the 

total caudal rad ii of scales ( R  — m m ) of bleak

Measured Calculated

standard caudal radius standard caudal radius
length of scale length* of scale**

55 1 .02 54.1 1 .0 5
60 1 .17 6 0 .8 1 .1 6
65 1 .2 6 6 4 .8 1 .27
70 1 .4 4 7 2 .8 1 .3 8
75 1.51 7 5 .9 1 .4 9
80 1 .57 7 8 .6 1 .6 0
85 1 .6 4 8 1 .7 1 .71

100 2 .0 3 99.1 2 .0 4
109 2 .2 8 1 1 0 .2 2 .2 7

* calculated according to  the equation of L =  8 .6 8  +  4 4 .5 2 8  x R  
** calculated according to th e  equation of R  =  — 0 .1 7 4 9  +  0 .0 2 2 2 X L

A bout 30 — 40 per cent of th e  scales exam ined showed spots of regeneration 
a f te r  d ifferent m echanical dam ages and  irregularly  developed m arks due to  
parasitic  effects. The year rings on norm al scales, developed sym m etrically, 
were usually  form ed regularly, th e ir radii being ju st th e  same.

The larval annuli usually  do no t separate  definitely  on th e  scales. N um ber 
o f sclerits developing w ithin th e  firs t year ring varied  betw een 15—25. A stepped, 
gently  S-shaped relationship seems to  ex ist between th e  s tan d ard  lengths 
an d  th e  average year-ring distances established for d ifferent age-groups, which 
reflects th e  exponential p a tte rn  of growth.

4. Growth in  standard length

Average s tan d ard  lengths back-calculated from  th e  distances o f th e  year 
rings are shown in Table I I I .  No positive Lee-phenom enon was observed on 
th e  basis o f m inim al and  average s tan d a rd  lengths back-calculated  for th e  
five age-groups, b u t i t  was found to  be positive in th e  case of m axim al values. 
The grow th of b leak in L ake B alaton  based on th e  back-calculated  average 
values (Table I I I ,  G)  seems to  be slow, b u t even sm oothed ( Fig. 5). Analysing 
th e  grow th o f five d ifferent age-groups by  year-class strengths, th e  linearity  
o f average grow th in length  has changed and  preferably  a  stepped  grow th 
could be observed prim arily  in  age-groups 4 +  an d  5 +  (F ig. 6). B ased on 
differences in  m ean length  o f age-groups, th e  annual grow th is small. The
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F ig . 5. A verage an n u a l g row th  in  s ta n d a rd  len g th  o f  b leak  in  L ake  B a la to n  from  th e  
one-sum m er (0 +  ) to  six-sum m er-old  (5 +  ) age

F ig . 6. G row th  b y  year-c lass s tre n g th  o f  age-groups 0 +  to  5 +  in  L ake  B a la to n

10
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T A B L E  I I I

Back-calculated standard lengths (cm ) o f bleak in  Lake  B alaton

Standard  length
0+ 1 +

Age-groups 

2 +  3 + 4 + 5 +
Average Increase

w*
(g)

A 4.1 3.7 3.4 3.9 4.2
L 0 B 5.2 5.2 5.1 5.2 4.5 —

C 4.7 4.3 4.2 4.6 4.3 3.9 4.3 4.3 1.0

A 5.2 4.9 5.1 5.8 . ___

L j B 7.1 7.0 5.9 6.3 —

C 5.9 5.9 5.6 6.0 6.4 6.0 1.7 2.8

A 6.3 6.7 7.0 —

L : B 8.0 7.4 7.3 —

C 7.1 6.9 7.1 7.1 7.1 1.1 4.7

A 7.7 8.0 ___

L 3 B 8.9 8.2 —

c 8.2 8.1 8.1 8.1 1.0 7.1
A 9.3 _

L j  B 9.9 —

C 9.6 9.9 9.8 1.7 13.0

L- C 10.6 10.6 0.8 16.6

A =  m in im um ; B  =  m ax im um ; C =  average value
* calcu la ted  w eight according to  th e  average  leng th-w eigh t re la tionsh ip : 

logW  =  — 5.1508 +  3 .1 4 5 8 x lo g L

slowest grow th period o f age-group 5-f- coincides in  tim e w ith  th e  mass fish 
kill (1965). The back-calculated  s tan d ard  lengths were graphically  represen ted  
according to  F o r d -W a l f o k d ’s m ethod. P lo tting  th e  lengths in  t-tim e (L,) 
in  th e  function of one year la te r values (Li+1), th e  dots determ ine a  s tra ig h t 
line of which th e  in tercep t by  th e  diagonal line passing th rough th e  origin 
a t  an  angle of 45 degrees, gives a theoretically  atta inab le , m axim um  length ,
i.e. Loo =  18.8 cm ( F ig .  7). E xcep t the  L 0 value, the  dots are placed closely 
along th e  s tra ig h t line. F rom  our d a ta  th e  o ther param eters of B e r t a l a n f f y ’s  
grow th-m odel were also determ ined, as well as th e  s ta r t  po in t of th e  exponential 
curve (t0 =  — 1.25 year) and  th e  grow th coefficient (K  =  0.1142) (F ig. 8).

T A B L E  IV
Back-calculated standard lengths o f bleak in  Lake B alaton

Age groups
Back-calculated standard  length (cm)

From  scales
Ford-W alford’s

plo t
B ertalanffy’s

model

0 + 4.3 3.8 4.3
i + 6.0 5.9 5.8
2 + 7.1 7.4 7.3
3 + 8.1 8.4 8.5
4 - j- 9.8 9.2 9.6
5 + 10.6 10.8 10.6
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F ig . 7. F o r d -W a l f o k d ’s  p lo t. L t =  s ta n d a rd  len g th  in  ev ery  i-period o f  tim e , i f  i =  
1 y e a r; L t+l =  th e  sam e one y e a r  la te r ; L „  — m ax im u m  a tta in a b le  s ta n d a rd  len g th

F ig . 8. E s tim a tio n  o f  £0 an d  K ,  th e  p a ra m e te rs  o f  B e r t a l a n f f y 7 ’s g ro w th  m odel (F or
ex p lan a tio n  see te x t)

R epresenting th e  exponential grow th by  th e  param eters obtained, we got 
a  flat-like curve (Fig. 9), th e  num erical equation  being as follows:

L, =  18.8 ( 1 - e x p -0 .1 1 4 2 /t  - f  1.25/)

where L, =  stan d ard  length  given in cm in every  t-period  of tim e, if  t  =  1 year.

10*
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F i g .  9 . G r o w t h  i n  l e n g t h  o f  b l e a k  i n  L a k e  B a l a t o n  b y  B e r t a l a n f f y ’s  g r o w t h  m o d e l
( F o r  e x p l a n a t i o n  s e e  t e x t ) .

Com paring th e  values back-calcu lated  from  scales and  those represented 
according to  F o r d -W a lfo rd  and  by  B e r t a l a n f f y ’s model, th ere  is a devi­
ation of 2 to  5 mm in d ifferent age-groups (Table IV ) .  This insignificant differ­
ence proves the  su itab ility  of th e  model for correct description of growth.

5. Age-distribution and mortality

F rom  1112 bleaks studied, altogether 291 specimens were aged on the  
basis of th e  num ber of com pletely developed annuli. F o r th e  age-distribution 
we got a  ty p ica l curve (Fig. 10), where th e  overwhelm ing m ajo rity  consisted 
o f age-groups l-f- and  2-f- (46 and  34.7 per cent respectively), b u t th e  num ber 
o f older ones decreased significantly  (0.3—4.1 p er cent). One-summer-old 
specimens belonging to  age-group 0 +  were also represen ted  in  a restric ted  
num ber (13.7 per cent). This fac t is ev idently  in  connection w ith  sam pling 
techniques applied. The age-distribution of bleaks exam ined is asym m etrical. 
R epresenting th e  num ber o f specimens in different age-groups, using th e ir 
logarithm s o f n a tu ra l base when th e  decrease in num ber from  age-groups 
1-|- to  5-)- was tak en  to  be linear, th e  instan taneous to ta l m orta lity  coefficient 
(Z) proved to  be 1.33. Survival ra te  calculated from  i t  was S =  26 per cent 
and  th a t  o f th e  annual m o rta lity  was A =  74 per cent (Fig. 11). These ra tes 
in d ifferent age-groups are g reatly  variable: between age-groups 1 +  and  2 +
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F i g .  1 0 .  A g e - s t r u c t u r e  o f  b l e a k  p o p u l a t i o n  i n  L a k e  B a l a t o n  p r e s e n t e d  b y  t h e  s a m p l e
s t u d i e d

F i g .  1 1 .  M o r t a l i t y  o f  b l e a k  i n  a g e - g r o u p s  1 +  t o  5  +  : t h e  l o g a r i t h m i c  d e c r e a s e  o f  i n d i ­
v i d u a l  n u m b e r  i n  d i f f e r e n t  a g e - g r o u p s .  Z  =  i n s t a n t a n e o u s  t o t a l  m o r t a l i t y  c o e f f i c i e n t ;  

S  =  s u r v i v a l  r a t e ;  A  =  r a t e  o f  a n n u a l  m o r t a l i t y
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Z =  0.28; S =  76 per cent, A  =  24 per cent; in  2-\-----3 +  year-old ones
Z =  2.13; S =  25 per cent, A =  75 per cent; and  finally  in  4-|-----5-(- year-old
specimens Z =  1.10; S =  33 per cent and  A =  67 per cent.

6. Production

K now ing the  in itia l num ber o f specim ens (N„) an d  th e  average w eight 
(W0) o f fish in  every  age-group an d  those of the  coefficients of m orta lity  (Z) 
an d  grow th in  w eight (G), th e  average biom ass (B) o f age-groups 1-)- to  5-f- 
have been assessed according to  th e  exponential p a tte rn  o f grow th (Table V). 
The average biom ass proved  to  be 737 g and  its  annual increase was 529 g

T A B L E  V

Average biomass and its  annual production in  age-groups l- \-  to 5 +  
of bleak in  Lake  B alaton

Age-groups N .
(P<9

W 0
(g)

N 0W  o =  B 0
(g) z G Z—G B

(g)
P
(g)

P/B  • 100 =  
=  A .P .

(% )

i + 134 2.8 372.5 1.3312 0.9929 0.3383 317.4 315.1 99.3
2 + 101 4.7 475.7 1.3312 0.5272 0.8040 325.8 171.8 52.7
3 + 12 7.1 85.6 1.3312 0.4146 0.9166 56.2 23.3 41.4
4 + 3 13.0 38.9 1.3312 0.6007 0.7305 27.6 16.7 60.5
5 + 1 16.6 16.6 1.3312 0.2444 1.0868 10.2 2.5 24.5

Total 251 737.2 529.4

B =  B°(1~eXp~/^ Stíl if Z >  G ZT/ABXlOO =  A. P . =  71.8 per cent 
Z  — G

in  our sam ple. The ra tio  o f increased biom ass (BG) per average biomass' (B) 
gives th e  annual p roduction (P), which on an  average proved  to  be 71.8 per cent 
for th e  given age-groups. The annual p roduction o f average biom ass was the  
highest in  age-group 1 +  (99.3 per cent), while in  o thers i t  ranged  from  24 to  
60 per cent.

D iscu ssion

The bim odal or asym m etrical length-d istribu tion  of bleak population 
in  L ake B alaton  has been previously observed by Entz (1949 — 50) during 
his studies carried  o u t on w in ter shoals of bleak. Such p a tte rn  o f length- 
d istribu tion  was also experienced during our investigations. The seasonal 
charac ter of th e  age-structu re unanim ously shows th a t  in spring th e  bleak 
population  o f L ake B alaton  is d ivided in to  tw o dom inan t age-groups. T here­
afte r, during th e  sum m er m onths, one predom inating size-class is formed. This 
com pensation is ev idently  due to  th e  re la tively  high num ber of tw o-sum m er-old 
fish  (F igs 1—2). The sam e could be observed when analysing th e  length- 
d istribu tion  o f bleak rem ains found in  pike-perch stom achs (Bieó, 1973). 
T he length-d istribu tion  of bleaks proved  to  be extrem ely  sim ilar in  th e  pike-
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perch stom achs and  during our presen t investigations. The spring bim odal 
an d  th e  sum m er asym m etrical s tru c tu re  have been observed in  bo th  cases. 
I t  could be concluded th a t  pike-perch selects th e  m ost ab u n d an t 1 — 2 year-old  
specimens o f 5.5 —7.0 cm being presen t any  tim e. Since th e  p red ato ry  pike- 
perch population consumes annually  31 — 32 kg/ha fish (B ir ó , 1973; 1975a, b), 
an d  its food consists m ainly of bleak, i t  is ev ident th a t  b leak has a  decisive 
im portance in th e  food-chain as an  energy-m ediator. To th e  q u an tita tiv e  
estim ation  of th is phenom enon th e  correct knowledge of real biomass of bleak 
population expressed in u n it of area is w anted. This should be determ ined 
by fu rth e r investigations. In  th e  litto ra l zone o f L ake B alaton  th e  biomass 
of b leak population present seasonally varies very  m uch because o f em igration 
an d  im m igration. This fluctua tion  is m ultiplied by  bleak-consum ption of 
d ifferent p reda to ry  fish  (pike-perch, eel, etc.). B leak can be found along the  
litto ra l zone in significant num ber during th e  spawning period, when shoals 
consisting m ainly of 1 — 4 year-old specimens can be observed (Fig. 12).

F rom  th e  seasonal varia tion  of length-w eight relationship i t  seems to  be 
th a t  th e  value of its  coefficient changes parallel w ith  the  periodical spawning 
and  takes place during spring and  sum m er m onths. More rem arkable differences 
in weight a ttr ib u ted  to  spawning activ ities releasing a re la tively  g reater am ount 
o f eggs only appeared above 8 —  9 cm s tan d ard  length. According to  P a p a -  

dopol(1968), th e  range o f egg num ber of 1 — 4 year-old, and  of 6 .5—11.5 cm 
sized bleaks orig inated  from  Somova (R iver D anube) was between 592—5700, 
on an  average 1970. The num ber of ovocytes in  d ifferent stages o f developm ent

F ig .  1 2 .  P e r i o d i c a l l y  s p a w n i n g  s h o a l  o f  b l e a k  c o n s i s t e d  o f  1 — 4  y e a r - o l d  s p e c i m e n s  a t
s t o n y  l i t t o r a l  z o n e  o f  L a k e  B a l a t o n
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varied  between 898 5814, on an  average it  was 2437. In  th e  ovary  he found
in 44.7 per cent ovules and  in  55.3 per cent ovocytes. W e have no d a ta  referring 
to  fecundity  o f bleaks w idespread in Lake B alaton, b u t the  num ber o f th e ir 
eggs possibly shows th e  sam e variation. In  seasonal varia tion  of length-w eight 
relationship Ch it r a v a d iv e l u  (1974) described very  g reat differences of the  
coefficients of bleaks caught in  ZoFiN-complex (R iver D anube) between Ju ly  
and October.

Studies on cycloid scales of characteristic shape showed a linear regression 
oetween stan d ard  lengths an d  caudal rad ii of scales. B y th is  relationship  
8.7 cm was calculated  for s tan d ard  length, which gives th e  size m easurable 
in tim e of “key-scale” form ation ( Fig. 4). This is abou t a  h a lf of th a t  Ch it r a - 
v a d iv elu  (1971) has observed on bleaks (16 mm) inhabiting th e  L abe river 
system . This difference m ay be due to  th e  m easuring o f diagonal radius applied 
by  him. The size of 8.7 mm obtained  during our investigations seems to  be 
sm aller th an  th e  real one, and  equals w ith  th e  length of one-two week-old fry.

S tan d ard  lengths back-calculated from  annual radii o f scales showed 
a  slow grow th of bleak in  L ake B alaton. I ts  p rim ary  reason m ight be due 
to  qualita tive  and  qu an tita tiv e  features of food. This is supported  by  analysis 
of th e  g u t con ten t of a num ber of specimens, th e  food m ainly consisting 
o f diatom s (G. T am ás, oral inform ation) and  in  sm aller am ount o f anim al 
food (crustacean-plankton, insects) (E ntz and  L u k a cso v ics , 1957). The m ono­
to n y  o f g u t contents can reflect th e  insufficiency of available food for bleak 
in th e  litto ra l zone, b u t on th e  o ther hand, it  can be th e  results o f its com petition 
w ith  eel (Anguilla anguilla L.) for food (B ir ó , 1974). B ased on these assum p­
tions, th e  difference experienced in grow th ra te  of bleak as com pared to  d a ta  
published by E ntz (1949 — 50) can be explained. F rom  th is  fact, however, 
we drew th e  conclusion th a t  th e  slow and  uneven grow th o f pike-perch (B ir ó , 
1970; 1972) m ust be in causal connection w ith  th e  slow ra te  of grow th of bleak 
recently  observed. Decrease recorded in  th e  grow th ra te  o f bleak was also 
described in o ther prey  fishes of pike-perch (B ir ó , 1971; 1972; P o n y i e t al., 
1972). These signs should be considered if  th e  food chains of different fish 
species, e.g. pike-perch should be explained q u an tita tiv e ly  as re la ted  to  
environm ental changes of th e  lake. E nv ironm ental change, toxic effect, etc. 
concerning th e  grow th b y  year-class s treng ths m ostly  seems from  the  length 
increase of bleaks of age-group 5 + ,  where th e  fish kill tak en  place in  1965 
coincides w ith  the  slower grow th-period of th is  age-group. The causal connec­
tion  of th is coincidence in tim e, however, can n o t be dem onstrated  unanim ously.

The m axim al stan d ard  length  in  th e  model describing th e  grow th of 
bleak in  Lake B alaton, L „  =  188 mm, hard ly  differs from  th e  theoretical 
size of 192 mm described by  Ch it r a v a d iv e l u  (1974). According to  his findings, 
th is  is a tta in ed  by  13— 15 year-old bleaks. In  L ake B alaton  such old specimens 
could no t be detected. The age of the  oldest ones supposed to  be present m ay 
reach probably  8 — 9 years. The num ber of such old specimens, however, m ay 
be very  sm all in  th e  lake, because n o t a single such old specimen was caught 
during our 47 collections. M ortality  of th e  population is strongly  affected by  
d ea th  im m ediately a fte r spawning, when prim arily  males die (E n t z , oral in ­
form ation). The instan taneous m orta lity  coefficient Z =  1.33 is higher th an  
th a t  observed in the  D anube, which was Z =  0.82 (Ch it r a v a d iv e l u , 1974). 
The assessed value o f m o rta lity  in L ake B alaton  is strongly  influenced by  
significant loss during spawning, too. Besides m ature bleaks a  g reat am oun
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of eggs laid  down dies before hatching o f larvae; in  consequence of th a t  th e  
eggs become en tire ly  covered by  m uddy sedim ent and  colloids floated  by  
rough w ater. This observation refers to  o ther fish species, as well as to  bream  
(Abramis brama L.), which spawns on th e  sam e stony  grounds (B iró  and  
G a r á d i , 1974).

Because of insufficient knowledge of population num ber and  biomass 
expressed for u n it area, th e  production could be given only in u n it of average 
biomass. D espite of low surv ival ra te , th e  production of average biom ass is 
high, i t  m ay be estim ated  abou t 72 per cent in  which the  portion  o f one- 
sum m er-old fish is excluded. I t  is highly probable th a t  because of th e  g rea t

F i g .  1 3 .  G r o w t h  i n  l e n g t h  o f  b l e a k  i n  d i f f e r e n t  E u r o p e a n  w a t e r s :  1 . L a k e  L a n g e l m a r e s i  
( F i n l a n d )  ( B r o e f e l d t , 1 9 1 7 , c i t .  B e r g , 1 9 3 3 ) ,  2 . A v e r a g e  o f  2 0  N - G e r m a n  l a k e s  ( B a u c h , 
1 9 5 5 ) ,  3 . L a k e  I l m e n  ( S o v i e t  U n i o n )  ( D o m b a c e v , 1 9 2 6 , c i t .  B e r g , 1 9 3 3 ) ,  4 . S o m o v a
( D a n u b e  D e l t a ,  R o u m a n i a )  ( P a p a d o p o l , 1 9 7 0 ) ,  5 . T h a m e s  ( E n g l a n d )  ( W i l l i a m s , 1 9 6 3 ) ,  
6 . A v e r a g e  o f  S l a p y  a n d  L i p n o  R e s e r v o i r s  ( C z e c h o s l o v a k i a )  (V o s t r a d o v s k y , 1 9 6 3 ) ,  7 -  

L a k e  B a l a t o n  ( H u n g a r y ) ,  p r e s e n t  i n v e s t i g a t i o n s
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num ber of one-sum m er-old fish the  ra tio  of P /B  is higher. D uring his three- 
year studies Chitravadivelu (1974) found the  population density  o f bleak 
inhab iting  th e  ZoFiN-complex (R iver D anube) to  be varying betw een 158 — 
9675, th e ir biom ass ranging from  11 to  170 kg/ha and  w ith  a gross production 
from  5.2 to  91.0 kg/ha. P resum ably  we have to  reckon w ith  sim ilarly significant, 
b u t m ore balanced v ariab ility  in  bleaks of L ake B alaton, because its  shallow 
w ater gives m ore stabilized living possibilities as com pared to  th e  h ab ita t 
in  lotic environm ent.

Com paring th e  d a ta  published on grow th of bleak in  d ifferent E uropean  
w aters (B e r g , 1933; B a u c h , 1955; Oliv a  an d  F r a n k , 1959; Cih a r , 1961; 
V o str a d o v sk y , 1963; W il l ia m s , 1963; M a n n , 1964; B a lo n , 1967; K ie c k - 
h ä p e r , 1967; P a pa d o po l , 1970; Ch it r a v a d iv e l u , 1971; 1974) we found 
th e ir g row th  in  L ake B alaton  to  be re la tive ly  slow in spite of th e  fac t th a  
th e  m ean-size of one-year-old specimens is com paratively  large (F ig. 13)

Sum m ary

L ength- and  age-distribution o f 1112 bleaks, as well as th e  grow th of 
294 specimens collected during consecutive m onths o f 1968 have been studied. 
The seasonal varia tions in  length-w eight relationship, th e  m ortality , average 
biom ass and  p roduc tion  o f th e  population  were studied. I t  was established 
th a t :

1. The population  showed in  spring a  bim odal d istribu tion  by  s tan d ard  
length, w hich was transform ed to  asym m etrical.

2. The length-w eight relationship showed significant seasonal variation, 
w hich is ev idently  in  connection w ith  ripening cycle o f gonads, w ith  spawning 
as well as changes in  condition.

3. Regression betw een th e  to ta l caudal radii o f scales an d  stan d ard  
lengths was linear. The s tra ig h t line cuts 8.7 m m  from  th e  abscissa. On the  
basis of s tan d a rd  lengths calculated from  th e  annuli of scales, th e  grow th 
of b leak  is usually  slow in L ake B alaton, its  annual increase in  length  is small. 
E xponen tia l g row th in  s tan d ard  length could be well represen ted  by  B e r t a - 
l a n f f y ’s model. The observed s tu n ted  grow th of b leak as com pared to  p re ­
vious d a ta  m ay be p robably  th e  consequence of food scarcity  of th e  litto ra l 
zone an d  th e  resu lt of food com petition w ith  o ther fish species.

4. A ge-structure of th e  stock is asym m etrical an d  its  overwhelm ing 
m ajo rity  consisted of age-groups 1 +  an d  2 +  in  46 and  34.7 per cent, respec­
tively . One-sum mer-old (0 +  ) fishes were present only in  13.7 .per cent, and  the
ra tio s of older ones, belonging to  age-groups 3-|-----5 - f ,  were betw een 0.3 —
4.1 per cent. B ased on decrease in  logarithm ic num ber of specim ens, th e  in ­
stan taneous to ta l m o rta lity  coefficient proved to  be Z =  1.33, th e  ra te  of 
su rv ival was S =  26 per cent and  th a t  o f annual m o rta lity  A =  74 per cent. 
These values have changed in  different age-groups. The ra tio  of average bio­
mass an d  production  on an  average was P /B  = 7 1 .8  per cent. I t  was found 
to  be highest in  age-group 1-f- (99.3 per cent), while in o thers (2-f- to  5 -f )  it  
varied  betw een 24— 60 per cent.
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A  K Ü SZ  (A L B U R N U S  A L B U R N U S  L .) N Ö V E K E D É S E  A  B A L A T O N B A N , 
M O R T A L IT Á SÁ N A K  É S  P R O D U K C IÓ JÁ N A K  B E C S L É S E

B iró  Péter 

Összefoglalás

V izsgá ltuk  1968 kü lönböző h ó n ap ja i so rán  g y ű jtö tt  1112 db  küsz m ére t- és kor- 
m egoszlásá t és sca lim etrikus m érések  a la p já n  összesen 294 p é ld án y  növekedésé t. T an u l­
m án y o z tu k  a  tes th o ssz -te s tsú ly  v iszonyának  szezonális v a riác ió já t, az á llom ány  m o r ta ­
li tá s á t, á tlagos b iom asszá jának  p ro d u k c ió já t. M egállap ítha tó  vo lt:

1. T avasszal az  á llom ány  a  tö rzshosszak  ah p já n  b im odális m egoszlást m u ta to t t ,  
am ely  a  n y á ri kom penzá lódás u tá n  asz im m etrikussá  v á lt.

2. A  tes th o ssz -te s tsú ly  v iszonya szezonálisan szignifikáns kü lönbségeket m u ta to t t ,  
am i n y ilv án v a ló an  kapcso la to s a  gonádok  fejlődési c ik lusával, az  ívással, v a lam in t a  
kondicióbeli vá ltozásokka l.

3. A  p ikke lyek  te lje s  k au d á lis  rád iu sza  és a  tö rzshossz regresszió ja  g y ak o rla tilag  
lineáris  vo lt. A  „k u lc s ’’-p ikkelyek  képződésekor m érhe tő  tö rzshosszra  8,7 m m -t k a p tu n k . 
A  p ikk e ly g y ű rű k b ő l v isszaszám íto tt tö rzshosszak  a lap ján  a  küsz növekedése a  B a la to n ­
b an  á lta lán o san  lassú , év en k én ti növekedése k ism értékű . A  törzshossz exponenciális 
növekedése a  BERTALANFFY-féle m odellel p o n to san  le írh a tó . A  küsz á llo m án y ra  vonatkozó  
k o ráb b i ad a to k h o z  k ép est lassúbb  növekedése valószínűleg  a  tó  p a r t i  öve táp lá lék b e li e l­
szegényedésének következm énye, ille tve  m ás  h a lfa jo k k a l szem beni kom petíc ió  e red ­
m énye lehet.

4. Az á llom ány  ko r sze rin ti s t ru k tú rá ja  asz im m etrikus, a  d ön tő  tö b b ség e t 1 -f-
és 2 +  korcsopo rtok  a lk o ttá k  46 ille tve  34 ,7% -ban . C sak 13 ,7% -ban  szerepeltek  egy ­
n y a ra s  (0 +  ) h a lak , s  az idősebb, 3-)----- 5 +  k o rcso p o rtú ak  ré sza rán y a  0,3 — 4,1%  vo lt.
Az egyedszám ok logaritm ikus csökkenése a la p já n  a  to tá lis  m o r ta litá s  p illa n a tn y i e g y ü tt­
h a tó ja  Z =  1,33 vo lt, a  tú lé lés r á tá ja  S =  26% -nak , az éves m o rta litá s  A  =  74% -nak  
a d ó d o tt . E zek  az é rték ek  a  kü lönböző k o rcsopo rtokban  v á lto z tak . Az á tlag o s b iom assza 
és p rodució  a rá n y a  P /B  =  71,8%  vo lt, legm agasabbnak  az 1 +  k o rú ak n á i ta lá ltu k  
(99,3% ), m íg  a  tö b b i k o rcso p o rtb an  24 — 60%  k ö zö tt v á lto z o tt (2-)----- 5-(- k o rúakná i).
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