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According to the fishery statistics of Lake Balaton the bream (Abramis 
Ъгата l .) represents the m ajority — about 70—80 per cent — of the annual 
catch, by weight it is about 900—1100 tons (Bmó and E l e k , 1970). In  conse
quence of its dense population on the level of nekton among the non-predatory 
fish it has an im portant, ecological role.

Relating to  its growth in Lake Balaton some data  were published by 
W u n d e r  (1930), W o y n á r o v ic h  (1958), and R i b i á n s z k y  and W o y n á r o v ic h  
(1962). Recently, P é n z e s  (1966; 1968) made further comparative studies on 
some Hungarian bream populations amongst them  on those inhabiting Lake 
Balaton. D ata published by the above-mentioned authors m ust be completed 
because of the rapid changes occurring in the fish-fauna of Lake Balaton and 
in the living conditions of fish observed during the last years. Our present 
knowledge is insufficient from the points of population structure and the local 
differences of growth. Ratios of m ortality and survival are entirely unknown 
as well as the annual production of the average biomass. Growth, length- 
distribution and age-composition of bream were studied on the basis of sam
ples collected a t different parts of Lake Balaton. The aims of our investiga
tions were as follows:

1. Determ ination of growth of scales and of standard length of bream 
in comparison with earlier data  and the analysis of growth a t five different 
parts of the lake.

2. Gathering informations on the changes in fish stock taken place 
after the fish destruction in 1965 and on the exploitation of the stock by fishing 
as well as the effects on the growth of eutrophication and probable food- 
competition.

3. Comparison of population dynamics and growth of bream inhabiting 
Lake Balaton with th a t of the various European bream populations. D eter
mination of some basic population param eters, i.e. length-distribution, age- 
composition, m ortality and production.
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Material and methods

The material of our investigations was sampled from among the fish 
caught with 1200 m long nets of 3.5 — 4 cm mesh size random ly on the fishery 
stations of Siófok, Tihany, Balatonszemes, Fonyód and Keszthely in July, 
1972—73 (Figs 1—2). Their standard and to ta l length and weight were 
measured. 10 — 20 scales were detached from the area above the lateral line 
behind the posterior margin of the left pectoral fin of 881 fish in 1972. In  July, 
1973 we made length and weight measurements on 1403 breams to learn the 
length-distribution of the stock. Of the scales collected in 1972, 4—8 well 
developed specimens were placed between slides. Using a millimetre divided 
ruler we measured the radii of winter rings and the to ta l caudal radii of scales 
a t a 50 times magnification (then these values were given in millimetres). 
Ageing was made by counting the number of completely developed annuli 
found on the scales. Detailed scale investigations were carried out on 453 
breams and simple age-determinations were made on 720 specimens. On the

F ig . 1. P o sitio n  o f fishery  s ta tio n s  o f L ake B a la to n  w here th e  m a te ria l w as collected

F ig. 2. 3 — 4 sum m er-o ld  b ream s from  L ake  B a la to n  (Siófok)



155

basis of measured length and weight data  the length-weight relationship 
was calculated according to H u x l e y  (1924) (cit. B e v e r t o n  and H o l t , 1957) 
with the use of a computer typ. IMP-360. The regression between the standard 
lengths and the to ta l caudal radii of scales was determined by the least square 
method. The intercept of the line on the abscissa was taken into consideration 
as a correction factor in the back-calculation of fish lengths ( F r a s e r , 1916). 
The growth of breams a t different areas of the lake was graphically represented 
by the F o r d -W a l f o r d ’s method (W a l f o r d , 1946). We applied B e r t a l a n f f y ’s 
(1938; 1957) growth-model for correct comparison of the growth rates using 
the back-calculated standard lengths. M ortality was determined by R i c k e r ’s 
(1958) method. Biomass and production were assessed according to R i c k e r  
and F o e r s t e r  (1948) and R i c k e r  (1958) for the most intensively harvested
3-f- to 7-(- age-groups. The instantaneous coefficients of growth in weight 
necessary to  the assessment of production were calculated after C h a p m a n  
(1968) and T e s c h  (1968). In  the present study the results of our observations 
made on altogether 2123 breams are summarized.

Results

1. Data on catch statistics

Surveying the data  on catch statistics referring to  bream between 
1950—71 it can be seen th a t the tendency of yearly catches — within some 
limits of fluctuation — decreased till 1965 and began to  increase (Fig. 3).  In 
the consecutive years between 1950—71 the calculated kg/ha values show 
th a t on the basis of the average catches the past 22 years may be divided into 
three periods. The first one includes the years of 1950 — 52 when the average 
annual catch amounted to about 20 kg (Fig. 3, line A) while the second one 
1953 — 64 when about 22 kg were caught and its value decrease annually by
0.58 kg (Fig. 3, line B). The th ird  period falls between 1965 and 1971 when 
the average annual catch reached about 16 kg/ha (Fig. 3, line C).

2. Length distribution

The standard lengths of breams in our material caught in Lake Balaton 
varied between 12 — 35 cm (Figs. 4 —5),  for their length distribution areal 
fluctuations are characteristic. In  the environs of Siófok the specimens of 
14—19 cm length are chiefly caught and at the same time specimens above 
20 cm are scarcer here. In  the district of Tihany the specimens of 18 — 23 cm 
dominate. At Balatonszemes specimens of 18 — 23 cm predominate and their 
number continually diminishes up to  30 cm. At Fonyód a significant per cent 
of the catches comprised specimens between 17 — 22 cm, but specimens up to 
30 cm are also frequent. In  Keszthely Bay the overwhelming m ajority of fish 
ranged from 16 to 21 cm but those between 23 — 28 cm are also frequent, their 
distribution appears bimodal. The length distribution of fish regionally differs. 
The largest specimens, adcording to  our measurements, are caught in the en
virons of Balatonszemes and Keszthely, their age being mostly between 
2-)- and 44-- Older than  7-)- fish was not found and this fact can partly  be 
a ttribu ted  to the intensive fishing. In  the length distribution of the stock, the 
role of the older fish (7-f- and older) is insignificant. The measured standard

*
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F ig . 3. A n n u a l ca tches o f b ream  in L ake B a la to n  in  1950— 71. V ertica l lines ind ica te  
th e  to ta l  ca tch  in  kg ; circles th e  ca tches in kg /h a . L ines A , В  an d  C show  th e  ca lcu la ted  

regression o f ca tches in k g /h a  values (y) in  th e  fu n c tio n  o f consecutive y ea rs  (x)

lengths of the different age-groups in our bream m aterial significantly fluc tuat
ed and the deviation from the mean reached ± 4  — 5 cm. On the basis of measur
ed standard lengths the average for the entire Lake Balaton shows a smoothed 
growth pattern  ( Fig. 6).

3. Length-weight relationship

The allometric coefficient was found to be 3.3 ( Fig. 7). This average is 
evidently varying topographically and seasonally, which is prim arily in close 
connection with the condition and food consumption. The effect of Ligulosis 
on the length-weight relationship from our material, which in some age- 
groups can be significant, has not been determined yet. 4

4. Growth of scales in relation to the standard length and age
About 60—70 per cent of the examined scales were well and sym m etri

cally developed. Deformations, damages and regenerated spots were found in 
about 30 — 40 per cent. The relationship between the standard lengths and the 
to ta l caudal radii of scales is well represented by the calculated linear regres
sion (Fig. 8). A  stepped, sigmoid curve exists between the standard lengths 
and the average annuli distances established for the different age-groups. 
This sigmoid curve reflects the exponential pattern  of growth in standard 
length (Fig. 9).
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F ig . 5. L e n g th -d is tr ib u tio n  o f a ll b ream s in v es tig a ted  (N =  1403 specim ens)

5. Growth in standard length

Estim ating the yearly increments by using the back-calculated standard 
lengths, no essential, or great differences were observed amongst the different 
areas of the lake. However, according to the growth of fish caught a t five 
investigated areas of Lake Balaton definite deviations both in shape and rate 
of growth were registered (Table I , Fig. 10). The average growth in length 
from 1 +  to  7-f- age-groups in Lake Balaton is almost uniform, however, the 
limits (minimum —maximum values) within age-groups are rather significant 
(Table I I ).  From  the measured weights and back-calculated standard lengths 
it seems th a t in the south-western basin, i.e. in environs of Fonyód and in 
Keszthely Bay, the breams have higher mean weights and they grow faster 
than in other parts of the lake. Similar results were found when the growth of 
different age-groups were analysed by year-class strengths (Fig. 11). In  this 
case the growth is also rather smoothed, nevertheless, it is conspicuous th a t 
the differences of measurements in 2-f- and 3 +  age-groups were relatively 
small, except the material from Fonyód in 1972. The back-calculated standard 
lengths in different areas were graphically represented according to F o r d  — 
W a l f o r d ’s (1946) method. Plotting the lengths in t-tim es (lt) in the function



159

Age groups

F ig . 6. M easured average  s ta n d a rd  len g th s in  th e  tim e  o f  scale collections (circles) an d  th e  
m in im um -m axim um  len g th s in  th e  age-groups a t  d iffe ren t a reas o f L ake B a la to n
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lo g L

2,0 2,1 2,2 2.3 2M 2,5 2,6

F ig . 7. L en g th -w e ig h t re la tio n sh ip  o f  b ream  in L ake  B a la to n  (L  =  s ta n d a rd  le n g th  in
m m ; W  =  w eigh t in  g)

T A B L E  I

Back-calculated standard lengths ( cm )  of bream in  different parts of the lake

Standard lengths

h  1 l, 1 l* 1 i. 1. 1,

Siófok 7.7 12.1 16.1 20.7 23.9 26.4 28.8
Tihany 8.2 13.8 15.5 21.2 23.1 25.9
Balatonszemes 8.5 13.0 16.4 21.1 — — —

Fonyód 8.3 13.5 18.3 21.2 24.5 27.0 29.7
K eszthely 7.8 12.0 16.3 20.1 23.7 25.1 —

Average for
Lake Balaton 8.1 13.0 16.7 20.8 24.1 26.6 29.3
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L (c m )

F ig . 8. L inear regression o f th e  cauda l rad ii o f  scales (S in  m m ) in  th e  fu n c tio n  o f s ta n d a rd
len g th  (L  in  cm)

of one-year-later values (lt+1), the dots determine a straight line of which the 
intercept by the diagonal line passing through the origin a t an angle of 45 
degrees, gives a theoretically attainable, maximum length (Figs 12—15). 
The numerical vaues of for Lake Balaton differ by areas and on an average 
it is 47.4 cm ( Fig. 16). From our data  the other param eters of B erta la n ffy ’s 
growth-model were also determined, as well as the origin of the exponential 
curves (t0 =  prenatal age) and the rates of growth (K =  slope). Representing 
the exponential growth curves by using the К  param eters, a correct comparison 
can be made referring to the rates of growth observed in different parts of the 
lake ( Fig. 17). Thus, in the environs of Siófok and Fonyód the rates of growth 
in standard length are very similar and the К -values are the same (K =  0.12). 
In  the surroundings of Tihany, the growth is more rapid (K =  0.18), while in 
Keszthely Bay, it is the most intensive (K =  0.23) amongst the studied areas. 
Maximum length is in inverse proportion to  the numerical value of the prenatal 
age (t0). The average growth-model calculated for Lake Balaton can be placed 
in line with the Siófok—Fonyód and of the T ihany—Keszthely models. 
Consequently, it represents topographically the middle transversal section of 
the lake. Evaluating the growth in length by different methods, it can be 
established th a t the estim ated numerical values hardly differ from one another 
as it was shown above by the calculated averages for Lake Balaton (Table I I I ) . 
The same result was obtained when the previous comparison of the observed 
values was made a t five different areas, separately. I t  is evident th a t bream 
in Lake Balaton grows intensively compared to  those of several European 
waters ( Fig. 18).

l l
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TABLE II
Back-calculated standard lengths ( cm )  from  scales 

( average for Lake B ala ton)

Standard
lengths

Age-groups Average Difference W
(g)

1+ 2+ 3 + 4+ 8 + 6 + 7+ (cm)

A 5.6 4.6 4.1 4.6 5.3 5.2 5.8 _
1 , в 11.7 12.1 12.7 11.9 10.5 11.7 13.9 — — —

c 9.5 8.5 7.8 8.1 7.6 8.2 8.7 8.1 — 7.8

A 10.1 8.4 9.7 10.3 8.1 10.8 — — —

12 B 16.4 17.7 15.9 14.9 17.4 19.0 — — —

c 13.7 12.4 12.9 12.2 12.6 13.8 13.0 4 .9 37.2

A 12.6 13.9 14.1 11.8 14.9 — — —

1 3 в 22.0 21 .0 20.8 22.7 22.7 — — —
c 16.4 17.0 17.0 17.1 18.0 16.7 3.7 85.3

A 16.6 17.9 16.7 18.3 — — —

I 4 в 23.8 24.7 24.3 24.2 — — —

C 20.6 21 .0 20.6 21.0 20 .8 4.1 176.5

A 21.5 19.4 21.7 — — —

16 B 27.1 29.3 27.7 — — —

C 24 .4 23.9 24.1 24.1 3.3 2 87 .2

A 23.1 24.1 — — —

16 B 31.0 29 .4 — — —

C 26 .5 26 .8 26 .6 2 .5 398.3

A 26.0 — — —

1 , В 32.8 — — —

C 29.3 29.3 2.7 548 .5

A =  minimum-, В =  maximum -, C =  average standard  length.

T A B L E  I I I

C om parison of standard lengths ( cm )  of bream back-calculated 
by different methods ( average for Lake  B a la ton)

Age-group Actual age 
(year)

Standard lengths

From scales 
Fraser’s 
method

WALFORD-
plot

BERTALANFFY’s
model

0 4 - 0.46 2 .8
1 + 1.46 8.1 5.7 8 .2
2 + 2.46 13.0 12.8 1 2 .7
3+ 3.46 16.7 17.2 17.0
4 + 4.46 20.8 20.4 20.7
5+ 5.46 24.1 24.0 24.0
6 + 6.46 26.6 26.9 26.7
7 + 7.46 29.3 29.1 29.2
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Age groups
F ig . 9. M easured average  d is tances o f an n u li in  age-groups o f b ream  co llected  a t  d iffe ren t

a reas  o f th e  lake

11*
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F ig . 10. B ack -ca lcu la ted  average  s ta n d a rd  len g th s  an d  m in im um -m ax im um  values a t  
d iffe ren t p a r ts  o f  L ake B a la to n  an d  th e  average  for th e  en tire  lake  ca lcu la ted  on  th e

basis o f  five  d iffe ren t a reas
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F ig . 7 7. A nnua] g ro w th  b y  year-class s tren g th s . B ack -ca lcu la ted  averages
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F ig s  12—16. R ep re sen ta tio n  o f  g ro w th  in  len g th  o f b ream  a t  d iffe ren t a reas o f th e  lake  
an d  th e  average  fo r th e  en tire  L ake  B a la to n  (F o r d -W a l f o r d  plo ts). lt =  s ta n d a rd  len g th  
in  ev ery  t-p e rio d  o f  tim e  ( t  =  1 year), lt+1 =  s ta n d a rd  len g th  one y e a r la te r , Loo =  m ax i
m um  a tta in a b le  size in  cm
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Age (years)

F ig . 17. R ep re sen ta tio n  o f  th e  ex p o n en tia l g row th  in  s ta n d a rd  len g th  (m m) b y  
B e b ta la o tt y ’s (1938, 1957) m a th em a tica l m odel a t  d iffe ren t a reas o f  th e  lake a n d  th e  
av e ra g e  fo r L ak e  B a la to n . lt =  s ta n d a rd  len g th  in  every  t-p e rio d  o f  tim e , w here t  =  1 y e a r
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F ig . 18. C om parison o f  average  g row th  in  s ta n d a rd  len g th  in  L ak e  B a la to n  w ith  r a te  
o f g ro w th  observed  in  v arious E u ro p ean  w aters :

1 =  L ak e  B oden; 2 =  P lö n er See; 3 =  M üggelsee; 4 =  average  o f  36 N -G erm an  lakes; 
5 =  H ja lm aren ; 6 =  average  o f  14 M azurian  lakes; 7 =  L ake  L adoga; 8 =  R y b in sk  
R eservo ir; 9 =  T u u su la  (No. 1 — 9: c it. B ackiel an d  Zaw isza, 1968); 10 =  L ake B ala ton  
(p resen t investiga tions); 11 =  L ake  B a la to n  (P é n z e s , 1966; g ro w th  rep resen ted  b y  

d irec tly  m easured  s ta n d a rd  leng ths)
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6. Age-composition

In  1972, 720 breams were aged on the basis of the number of completed 
annuli then the age-composition of the stock was studied. From samples 
collected a t five areas of Lake Balaton although the num ber of individuals 
was different, it could be observed th a t the most frequent age-groups in the 
catches varied between 2-f- and 4-)-. Their local distribution is also different 
(Table IV , Fig. 19). In  the catch from Siófok (47 specimens) the 2 -f  and 
3 -f  year-old fish dominated, while in th a t of Tihany (139 specimens) the 
2 - f  year-old ones. The number of individuals in the 3 -f age-group was less.

T A B L E  IV

Age com position of bream stock of Lake  B ala ton  according the specim ens 
collected at different p arts  of Lake B alaton

Age-groups

i + 2 + 3+ 4 + 5 + 6 + 7 + Total

Siófok 1 14 19 3 5 3 2 47
Tihany 6 79 47 5 1 1 — 139
Balatonszemes 1 22 119 59 3 1 1 206
Fonyód — 32 47 32 19 11 4 145
Keszthely — 30 112 33 6 4 — 183
Total: 8 179 344 132 34 20 7 720

The m ajority of 206 breams collected near Balatonszemes was 3 -f  year-old, 
followed by the 4 -f  year-old ones. Nearly the same sequence was obtained 
for the age-composition of 183 fish deriving from Keszthely Bay. A t Fonyód 
the number of individuals in age-groups of 3 -f  to  7 -f gradually decreased. 
The occurrence of 2 -f  year-old breams in the catches in considerable quantities 
was very characteristic for the age-composition of all fish (N =  720) collected 
a t the five different areas of the lake. From  the 3 -f, the dom inant group, up 
to  7 -f age-group the num ber of specimens gradually and significantly decreased 
(F ig. 20). Older than  7 -f  year-old fish was not collected. The 1 -f and 2 -f  
age-groups am ounted to  26 per cent of the sample. 3 -f year-old fish occurred 
in about 48 per cent, and the 4 -f  year-old ones in 18 per cent. The ratio of 
5 -f  age-group was five per cent, while th a t of the 6 -f  was three per cent, 
and of 7 -f was one per cent.

7. Mortality

The to ta l num ber of specimens in the different age-groups was taken as 
representative ratio for the catches. Instantaneous to ta l m ortality coefficient 
was calculated by the diminishing num ber of specimens by using their loga
rithm s of natural base ( Fig. 21). This calculation refers to the most abundant 
age-groups from 3 -f  to  7 -f . On an average, the instantaneous to ta l m ortality  
coefficient for the entire Lake Balaton proved to  be Z =  0.9677. Survival 
ra te  was assessed to be 38 per cent of which the annual m ortality was 62 per 
cent. In  the age-groups these values were different, consequently, the sur
vival rate  varied between 26 and 59 per cent, the annual m ortality between
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Age g r o u p s

F i g .  20 .  Age-composition of the bream stock in Lake Balaton (N =  total number of fish
investigated)

41 and 74 per cent. These rates concern to  the age-groups most intensively 
exploited by fishing. Because of the small num ber of young fish (0-f- and 
2 +  age-groups) in the catches, the m ortality rate  for the whole population 
cannot be assessed definitely which in these year-classes may probably be 
higher than  the estim ated rate. The decrease in the num ber of fish is a decisive 
result of fishing m ortality (and of sport fishing), while the rate  of m ortality 
due to  natural causes may be relatively small. This, first of all, can be explained 
by the mass destruction of fish in the spawning period parallel to other external 
effects, i.e. pollutions, poisons etc.

8. Biomass and production
In itial (B0) and average biomass (B) of 3-)- to  7 +  age-groups were 

assessed according to the exponential growth by using the num ber of fish 
in different age-groups (N0), their weight (W0), the m ortality  (Z) and the
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F i g .  21 .  Instantaneous total mortality coefficient (Z) and rate of survival (s =  e~ * 
in per cent) for the age-groups 3 +  to 7 +  of bream; A =  1 —s =  annual mortality in per 
cent. On the ordinate Nt =  logarithms of natural base of individual numbers in different 
age-groups. On the abscissa the age-groups are represented in an interval of t =  1 year

F i g .  2 2 .  Average biomass (B) and its annual production (P) of bream from 3 +  to 7 +  
age-groups most intensively exploited by fishing
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Average biomass and  its  annua l production in  age-groups 3-\ 7-j-
of bream stock in  Lake B alaton

TABLE V

Age-
group

N0
(pc)

W0
(g)

W„N, = в, 
(kg) z G Z-G

В BG =  P
P/B  • 100=A .P . 

(%)(kg)

3 + 344 85.3 29.34 0.9677 0.8299 0.1378 27.81 23.08 82.99
4 + 132 176.5 23.30 0.9677 0.9243 0.0434 21.04 19.45 92.44
5 + 34 287.2 9.76 0.9677 0.2890 0.6787 7.09 2.05 28.91
6 + 20 298.3 7.97 0.9677 0.2270 0.7407 5.63 1.28 22.73
7 + 7 548.5 3.84 0.9677 0.3198 0.6479 2.83 0.90 31.80

Total: 537 74.11 64.40 46.76

-  W N (1   e~(z ~ G) — —в  =  oV~..— L----------  if  Z >  G BG/B • 100 =  A.P. =  72.61%
Z — G

instantaneous coefficients of growth (G) (Table V, Fig. 22). The average 
biomass was 64.4 kg, while its annual increase was about 46.8 kg. R atio  o f 
increased biomass (BG) per average biomass (B) gives the annual net production 
(P) which proved to  be 72.6 per cent for the age-groups considered. Annual 
net production was the highest in 4-)- (92.4 per cent) and in 3-f- (83 per cent) 
year-old fish, bu t in older groups (5-f- to  7 + )  this rate  varied between 23 and 
32 per cent.

From the initial biomass (B0 = 7 4 .1  kg) 62 per cent is eliminated while 
38 per cent survived. The biomass of dead fish is balanced by the growth in 
weight and by the natural recruitm ent. Increase of average biomass (BG) or 
the production is P  =  46.7 kg. This mass is annually reproduced and can 
recover the sum of yield and m ortality, which appears as a loss of the system, 
consequently, the average biomass is increased by three-fourth. The estim ated
72.6 per cent production of bream being the greatest population in Lake Bala
ton  is relatively high and with respect of presently irrespective production 
of younger age-groups (0+  to  2-)-) m ay be about 100 per cent, even more.

Discussion

Bream population of Lake Balaton is consisted of Abramis brama l . in 
98 — 99 per cent ( P é n z e s , 1966; 1968) and according to  the fishery statistics, 
the m ajority of annual catches consisted of bream in 70—80 per cent (B i b o  
and E l e k , 1970). Treated statistics show th a t the quantity  of bream caught 
in Lake Balaton generally decreased from 1952 to  1964, and then increased 
after the mass destruction of fish occurred in 1965 (Fig. 3, lines В and C). 
According to  earlier da ta  the bream population in Lake Balaton had been 
large and did not s tun t in growth as compared to  other bream populations 
inhabiting different H ungarian waters ( R i b i á n s z k y  and W o y n á r o v ic h , 1962; 
P é n z e s , 1966; 1968). The above-mentioned decrease in catch of bream was 
a natural result of increased stocking of pike-perch (Stizostedion lucioperca 
(l .)) , carp (Cyprinus carpio l .), sheat-fish (Silurus glanis l .), asp (Aspius
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aspius L.), pike (Esox lucius L.), and  th a t  o f th e  d isappearance of n a tu ra l 
spawning grounds (Tölg , 1961). M aintenance of th e  stock on th e  p resen t level 
is possible w ith  th e  construction  of abou t 10 000 artific ia l jun iper spawning- 
nests every  year.

For the selectivity of nets used in Lake Balaton it is characteristic th a t 
the abundance of lengtn-groups of bream ranging from 12 to  20 cm are sud
denly increasing. Age-groups of 1 +  and 2 -f- represent 26 per cent of the catch, 
however, the m ajority is 3 4- and 4-(- year-old and 20—30 cm long. Length- 
distribution is regionally different, i.e. from the north-eastern basin to  the 
direction of Keszthely Bay, the larger fish dominate ( Figs 4 and 6).

Compared to the growth in length, the length-weight relationship 
reflects an intensive weignt increase (Fig. 7). Growth of the caudal radii of 
scales was found to be linear ( Fig. 8) and its intercept with the abscissa was
0.8 cm, which gives the length measurable in time of scale formation. I t  is 
somewhat smaller than  th a t found by O l iv a  (1950) for the inundation area 
of River Elbe as 1.2 cm. P o u p e  (1971) observed it 1.2 cm for Danube, 2.0 cm 
for Lipno Reservoir, and 2.0 cm for Rybinsk Reservoir, besides these, 2.1 cm 
for Slapy W ater Reservoir ( P o u p e , 1973). Complete scale formation in Lake 
Balaton was observed about 4 cm. In  the age-groups a t different areas of the 
lake the measured average distances from the focus of scales to  the annuli 
were more or less different ( Fig. 9). Measurements back-calculated from scales 
showed the average growth to be relatively straightened, and among the 
different areas a deviation may be observed to the advantage of Keszthely 
Bay. This fact is evidently connected with the food-supply and the different 
degrees of eutrophication of Lake Balaton. Wunder (1930) described food- 
competition and nannism of bream in Lake Balaton due to  its dense popula
tion. According to P é n z e s  (1966, 1968) the bream stock in Lake Balaton does 
not s tun t in their growth as compared to other populations of Hungarian 
waters. From fishery statistics for 1950 — 71 and from our results it may be 
established th a t the bream population did not respond to the mass fish destruc
tion (1965) and their growth became more rapid comparing with the previous 
years. Its  reason can partly  be the effect of increased exploitation by fishing 
which heavily influenced the population dynamics and th a t of fast eutrophica
tion. Consequently, the food-supply for fish in Keszthely Bay (mostly the 
larvae of Chironomus ex gr. plumosus) became more im portant comparing 
with other parts of the lake (Biró , 1974c).

Evaluating the growth in length by generations ( Fig. 11) several 
changes of fish dimensions in different age-groups were observed. These could 
have parasitological aspects mainly in younger age-groups besides the different 
tem perature and feeding conditions, registered in past years ( P é n z e s , 1968). 
M o l n á r  et al. (1968) published im portant data  on this. They established th a t 
4.19 per cent of 3 — 5 summer-old breams are invaded by Ligula plerocercoids. 
B r y l i n s k i  (1970) dem onstrated th a t the weight of Ligula plerocercoids can 
reach 26 per cent of the fish weight in the abdominal cavity of 3—5 year-old 
breams. M ortality due to  strong Ligula invasion may even surpass 50 per cent, 
whereas in non-invaded areas m ortality was about 17 per cent. He observed 
the greatest m ortality a ttribu ted  to  Ligulosis during spring time. In  Lake 
Balaton, observations were carried out on the probable relationship between 
the Ligula invasion and the growth of fish, bu t these could not be estim ated 
definitely since the number of investigated fish was small.
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Param eters of growth described by the B e r t a l a n f f y ’s model are dif
ferent according to  the ra te  of growth, and there is a difference between 
materials collected along the southern and northern shorelines. Consequently, 
great variances may be in the food-supply of northern and southern shorelines, 
and in their eutrophication and/or pollution. Furtherm ore the inhomogeneity 
of the stock can m ainly be explained by feeding relations. Food-supply and 
the relative density of the stock can be assessed from the rate  of growth with 
respect to  da ta  on catch statistics.

The overwhelming m ajority of younger 2-f- to  4-f- age-groups is character
istic of the age-composition. According to  P é n z e s  (1966) the m ajority of 
breams caught from Lake Balaton are 3 — 5 summer-old. His m aterial contained 
2-)- age-group in 12 per cent, 3 +  in 30 per cent, 4-f- in 29 per cent, 5-f- in 24 
per cent, 6-f- in four per cent and 7 -j- in one per cent. Our experiences show 
changed ratios, i.e. the ratio of fish in 2 +  age-group doubled (25 per cent), while 
in 3 +  year-old ones increased from 30 to  48 per cent, however, in 4-)- age-group 
diminished from 29 to  18 per cent, in 5 +  decreased from 24 to five per cent. 
From  these changes it is evident th a t the exploitation by fishing of younger, 
most productive 2-f- to  4-f- age-groups became more intensive (overfished). 
This m ethod of stock regulation results th a t the ratio of older age-groups 
decreases and the most fertile p a rt of the population diminishes. In  this case, 
because of the very high larval m ortality (W o y n á r o v ic h , 1958) the population 
cannot compensate for a long tim e the harvested p a rt of the stock by recruit
ment. I t  is supported by the circumstances observed along certain shore sections 
of the lake in 1973. An enormous quantity  of eggs laid down was to tally  destruct- 
ed before hatching because the eggs were covered by deposit and mud. Mor
ta lity  of bream population of Lake Balaton was assessed from 3-f- to  7-f- 
age-groups which was fairly high (62 per cent) and it is balanced by the natural 
recruitm ent. Total m ortality of bream in the northern Caspian Sea for two 
periods were found by L t jk a s o v  (1961) to  be Z =  0.55 and 0.80. According 
to  his calculations the param eters of B e r t a l a n f f y ’s model were as L «, =  
=  42 cm, the rate  of growth (slope) К  =  0.233 and t 0 =  0.62 year. B a l o n  
1963) calculated the to ta l annual m ortality for 256 specimens over 4 +  age- 

group and he found it to  be 65 per cent. T it j r in  (1962) recorded the m ortality 
of 2 — 11 year-old breams of Lake Ilmen to  be 40 per cent. 62 per cent annual 
m ortality  in Lake Balaton can be adapted well to  this line. R ate of survival 
and relative num ber of recruits in moderately fished populations may some
times be higher. Variations in growth of bream and resulting changes in average 
age have equally influenced recruitm ent (B a c k i e l  and Z a w is z a , 1968).

Our calculations on the average biomass and its annual production rate  
of the bream stock of Lake Balaton are accounted as first publication. These 
data  relating to  undoubtedly most dense fish species of the lake recover a 
missing link in the estimation of nekton production. In  this line the participa
tion and energy-transformation of pike-perch (Stizostedion lucioperca (l .)) 
being the most significant predator of the lake already known in details 
(B i r ó , 1974a, b). From this point of view, the determ ination of some basic 
param eters of the bream population needs further investigations.
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Summary

Investigations were carried out on length-distribution, age-composition 
and growth of breams collected a t five different areas of Lake Balaton (720 
specimens in 1972 and 1403 specimens in 1973). I t  has been established that:

1. Regression of the to ta l caudal radii of scales on the standard length 
is linear.

2. On the basis of back-calculated standard lengths from the annuli of 
scales the growth of bream is fearly rapid. Average values indicate a straighten
ed growth, although in several age-groups considerable variations are observ
able. Exponential growth in standard  length could be represented well by 
Bertalanffy’s model. Breams of Lake Balaton did not stun t in growth com
pared with other bream populations inhabiting different Hungarian waters. 
I t  is' considered even in European relations to  be a fast growing population. 
According to earlier da ta  referring to  the bream stock of Lake Balaton the 
fast growth is an evident result of the eutrophication and of the quantitative 
increase of zoobenthos in the open waters, chiefly in Keszthely Bay.

3. Considering the data  of earlier years, the ratios of breams of different 
age caught in Lake Balaton are shifted to  the advantage of the youngers, i.e. 
2-(- age-group is doubled and it already consists of 1/4 of the annual catch 
(25 per cent). 3 +  age-group dominates, and from 3-f- to  7-f- year-old ones 
the instantaneous to tal m ortality coefficient proved to  be Z =  0.9677. Average 
annual m ortality was 62 per cent and the survival rate  was 38 per cent. The 
sudden increase of 2-\- age-group in the catches from the north-eastern basin 
was on account of the overfishing the population here.

4. Average biomass (B) according to  the exponential growth was as
sessed and its annual production for the most intensively exploited 3 +  to 
7 +  age-groups was derived as 72.6 per cent.
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A D É V É R K E S Z E G  ( A B R A M I S  B R A M A  L .) N Ö V E K E D É S É N E K  
É S  P O P U L Á C IÓ S T R U K T Ű R Á JÁ N A K  V IZSG Á LA TA  A  B A L A TO N  

K Ü L Ö N B Ö Z Ő  V IZ T E R Ü L E T E IN , A M O R TA L IT Á S É S  P R O D U K C IÓ  B E C S L É S E

B író  Péter és O arádi Péter

Összefoglalás
V izsgá ltuk  a  B a la to n  5 kü lönböző v íz te rü le té rő l szárm azó  dévérkeszegek  m ére t- 

és ko rm egoszlásá t (1972-ben 720 d b -o t, 1973-ban 1403 db -o t), sca lim etrikus m érések  
a la p já n  n ö v ekedésüke t. M egállap ítha tó  vo lt, hogy :

1. A  p ik k e ly ek  te lje s  k au d á lis  rád iu sza  és a  tö rzshossz reg ressz ió ja  g y ak o rla tilag  
lineáris.

2. A  p ik k e ly -évgyű rűkbő l v isszaszám íto tt tö rzshosszak  a lap ján  a  dévérkeszeg 
növekedése k ie lég ítően  gy o rsn ak  ta r th a tó .  A z á tla g é rté k e k  k ie g y e n líte tt n ö v ekedést 
je leznek , b á r  k o rc so p o rto n k én t je len tősebb  m é re th a tá ro k  figye lhe tők  m eg. A  tö rzshossz  
exponenciá lis  növekedésének  ü tem e  BERTALANFFY-féle m odellel p o n to san  le írh a tó .
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A  növekedés n em  m arad  el egyéb  h aza i v izekben  m egfigye lt növekedéstő l, de a  b a la to n i 
eu ró p a i v iszo n y la tb an  is gy o rsan  növő egyedek  po p u lác ió ján ak  szám ít. A  k o ráb b i b a la 
to n i  d év érá llo m án y ra  v o na tkozó  ad a to k h o z  k ép est gyo rsabb  növekedés n y ilvánva ló  
következm énye  az eu tro fiz á ló d ásn ak  és a  n y íltv íz i zooben thos m ennyiség i növekedésének 
(elsősorban a  K eszthely i-öbölben).

3. A  k o ráb b i évek  ad a ta ih o z  k ép est a  k ifo g o tt keszegek ko rcso p o rto n k én ti a rá n y a
a  fia ta la b b a k  ja v á ra  to ló d o tt el, a  2 -j- k o rcsopo rt m ennyiségileg  m eg d u p lázó d o tt és m á r 
az  év en k én ti fogások 1/4-ét a lk o tja  (26% ). D om inál a  3 - f  k o rcsopo rt, e ttő l kezdve 
7-)- k o ru ak ig  a  te lje s  m o rta litá s  p illa n a tn y i e g y ü tth a tó ja  Z =  0 ,9677-nek ad ó d o tt. In n é t 
az  éves m o rta litá s  a rá n y a  á tlag o san  62% , a  tú lé lés i r á t a  ped ig  38% . A z É K -i m edencében  
a  2-f- k o rcsopo rt ug rásszerű  növekedése a  fogásokban , az  it te n i á llom ányrész fölül- 
h a lá sz o ttsá g á ra  u ta l . _

4. A z exponenciális növekedésnek  m egfelelően becsülve az á tlag o s b iom asszát (B),
a n n a k  éves p ro d u k c ió ja  (P) 72 ,6% -nak  a d ó d o tt a  h a lá sza tilag  legnagyobb  m érték b en  
k ih a szn á lt 3-j----- 7-)- ko rcsopo rtok ra .

12*
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