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According to the fishery statistics of Lake Balaton the bream (Abramis
braTa 1.) represents the majority — about 70—80 per cent — of the annual
catch, by weight it is about 900—1100 tons (Bm6 and E1ek, 1970). In conse-
quence of its dense population on the level of nekton among the non-predatory
fish it has an important, ecological role.

Relating to its growth in Lake Balaton some data were published by
Wunder (1930), W oynarovich (1958), and Ribianszky and Woynarovich
(1962). Recently, Penzes (1966; 1968) made further comparative studies on
some Hungarian bream populations amongst them on those inhabiting Lake
Balaton. Data published by the above-mentioned authors must 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 mortality 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 at different parts of Lake Balaton. The aims of our investiga-
tions were as follows:

1. Determination of growth of scales and of standard length of bream
in comparison with earlier data and the analysis of growth at 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 that of the various European bream populations. Deter-
mination of some basic population parameters, i.e. length-distribution, age-
composition, mortality 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 randomly on the fishery
stations of Siofok, Tihany, Balatonszemes, Fonydd and Keszthely in July,
1972—73 (Figs 1—2). Their standard and total 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—38 well
developed specimens were placed between slides. Using a millimetre divided
ruler we measured the radii of winter rings and the total caudal radii of scales
at 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

Fig. 1. Position of fishery stations of Lake Balaton where the material was collected

Fig. 2. 3—4 summer-old breams from Lake Balaton (Si6fok)
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basis of measured length and weight data the length-weight relationship
was calculated according to Huxtey (1924) (cit. Beverton and Hoit, 1957)
with the use of a computer typ. IMP-360. The regression between the standard
lengths and the total 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 (Fraser, 1916).
The growth of breams at different areas of the lake was graphically represented
by the Ford-Walford’s method (Walford, 1946) We applled Bertalanffy’s
(1938; 1957) growth-model for correct comparison of the growth rates using
the back-calculated standard lengths. Mortality was determined by Ricker’s
(1958) method. Biomass and production were assessed according to Ricker
and Foerster (1948) and Ricker (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 Chapman
(1968) and Tesch (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 that 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
that 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 third 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 Siofok 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 Fonydd 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 majority 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
attributed 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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Fig. 3. Annual catches of bream in Lake Balaton in 1950—71. Vertical lines indicate
the total catch in kg; circles the catches in kg/ha. Lines A, B and C show the calculated
regression of catches in kg/ha values (y) in the function of consecutive years (x)

lengths of the different age-groups in our bream material significantly fluctuat-
ed and the deviation from the mean reached +4 —5cm. 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 primarily 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 symmetri-
cally developed. Deformations, damages and regenerated spots were found in
about 30—40 per cent. The relationship between the standard lengths and the
total 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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Fig. 5. Length-distribution of all breams investigated (N = 1403 specimens)

5. Growth in standard length

Estimating 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 at 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 11). From the measured weights and back-calculated standard lengths
it seems that in the south-western basin, i.e. in environs of Fonydd 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 that
the differences of measurements in 2-f- and 3+ age-groups were relatively
small, except the material from Fonyod in 1972. The back-calculated standard
lengths in different areas were graphically represented according t0 Ford —
W alford’s (1946) method. Plotting the lengths in t-times (It) in the function
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Age groups

Fig. 6. Measured average standard lengths in the time of scale collections (circles) and the
minimum-maximum lengths in the age-groups at different areas of Lake Balaton
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Fig. 7. Length-weight relationship of bream in Lake Balaton (L = standard length in
mm; W = weight in g)

TABLE |

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

Standard lengths

h 1 I, 1 I* 1 i. 1 1,

Siéfok 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 - - -
Fonyéd 8.3 13.5 18.3 21.2 24.5 27.0 29.7
Keszthely 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



161

L (cm)
Fig. 8. Linear regression ofthe caudal radii of scales (Sin mm) in the function of standard
length (L in cm)

of one-year-later values (It+1), the dots determine a straight line of which the
intercept by the diagonal line passing through the origin at 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 parameters of Bertalanffy’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 K parameters, 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 Siéfok and Fonydd the rates of growth
in standard length are very similar and the K -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 Siofok—Fony6d and of the Tihany—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 that the estimated numerical values hardly differ from one another
as it was shown above by the calculated averages for Lake Balaton (Table I11).
The same result was obtained when the previous comparison of the observed
values was made at five different areas, separately. It is evident that bream
in Lake Balaton grows intensively compared to those of several European
waters (Fig. 18).
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TABLE 11

Back-calculated standard lengths (cm) from scales
(average for Lake Balaton)

Age-grof Average Difference

Standard ge-groups verag W

lengths 1+ 2+ 3+ 4+ 8+ 6+ 7+ (cm) ©)

A 5.6 4.6 4.1 4.6 5.3 5.2 5.8 —

1, B 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 17.7 159 149 174 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 - - -

13 B 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 - - -

14 B 23.8 247 243 242 - - -
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 3.3 287.2

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, B 32.8 - — —
C 29.3 29.3 2.7 548.5

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

TABLE 111

Comparison of standard lengths (cm) of bream back-calculated
by different methods (average for Lake Balaton)

Standard lengths

Agegowp  AGBST From scales  WALRRD  BERTALANFFY'S
Fraser’s plot model
method

04- 0.46 2.8
1+ 1.46 8.1 5.7 8.2
2+ 2.46 13.0 12.8 12.7
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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Vadii of winter rings

Age groups

Fig. 9. Measured average distances of annuli in age-groups of bream collected at different
areas of the lake

11*
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length (cm)

Standard

Fig. 10. Back-calculated average standard lengths and minimum-maximum values at
different parts of Lake Balaton and the average for the entire lake calculated on the
basis of five different areas
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Iig. 71. Annual growth by year-class strengths. Back-calculated averages
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Figs 12—16. Representation of growth in length of bream at different areas of the lake
and the average for the entire Lake Balaton (Ford-Walford plots). It = standard length
in every t-period oftime (t = lyear), It+1 = standard length one year later, Loo = maxi-
mum attainable size in cm
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Age (years)

Fig. 17. Representation of the exponential growth in standard length (mm) by
Bebtalaotty’s (1938, 1957) mathematical model at different areas of the lake and the
average for Lake Balaton. It = standard length in every t-period oftime, wheret = 1lyear
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Fig. 18. Comparison of average growth in standard length in Lake Balaton with rate
of growth observed in various European waters:

1 = Lake Boden; 2 = Ploner See; 3 = Muggelsee; 4 = average of 36 N-German lakes;
5 = Hjalmaren; 6 = average of 14 Mazurian lakes; 7 = Lake Ladoga; 8 = Rybinsk
Reservoir; 9 = Tuusula (No. 1—9: cit. Backiel and Zawisza, 1968); 10 = Lake Balaton
(present investigations); 11 = Lake Balaton (Pénzes, 1966; growth represented by

directly measured standard lengths)
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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 at five areas of Lake Balaton although the number of individuals
was different, it could be observed that the most frequent age-groups in the
catches varied between 24 and 4. Their local distribution is also different
(Table 1V, Fig. 19). In the catch from Siéfok (47 specimens) the 24 and
3+ year-old fish dominated, while in that of Tihany (139 specimens) the
2 year-old ones. The number of individuals in the 34 age-group was less.

TABLE IV

Age composition of bream stock of Lake Balaton according the specimens
collected at different parts of Lake Balaton

Age-groups

Tt ’ 24 | 84 ’ o | 54 l 6+ ‘ 7+ | Total
Siéfok 1 14 ‘ 19 3 r 5 3 1 2 47
Tihany 6 79 47 5 1 1) — 139
Balatonszemes 1] 22 119 59 3 1 1 206
Fonyéd — 32 47 32 19 11 4 145
Keszthely — 30 112 33 6 4 — 183
Total: 8 4 0 7 720

‘ 179 344’ 132 3

The majority of 206 breams collected near Balatonszemes was 3+ year-old,
followed by the 44 year-old ones. Nearly the same sequence was obtained
for the age-composition of 183 fish deriving from Keszthely Bay. At Fony6d
the number of individuals in age-groups of 34 to 7+ gradually decreased.
The occurrence of 2 year-old breams in the catches in considerable quantities
was very characteristic for the age-composition of all fish (N = 720) collected
at the five different areas of the lake. From the 3-, the dominant group, up
to 74 age-group the number of specimens gradually and significantly decreased
(Fig. 20). Older than 7+ year-old fish was not collected. The 1+ and 2+
age-groups amounted to 26 per cent of the sample. 3+ year-old fish occurred
in about 48 per cent, and the 44 year-old ones in 18 per cent. The ratio of
5+ age-group was five per cent, while that of the 6 was three per cent,
and of 7-+ was one per cent.

7. Mortality

The total number of specimens in the different age-groups was taken as
representative ratio for the catches. Instantaneous total mortality coefficient
was calculated by the diminishing number of specimens by using their loga-
rithms of natural base (F#ig. 21). This calculation refers to the most abundant
age-groups from 34 to 7. On an average, the instantaneous total mortality
coefficient for the entire Lake Balaton proved to be Z = 0.9677. Survival
rate was assessed to be 38 per cent of which the annual mortality 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 mortality between
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Age groups

Fig. 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 number of young fish (0+ and
2- age-groups) in the catches, the mortality rate for the whole population
cannot be assessed definitely which in these year-classes may probably be
higher than the estimated rate. The decrease in the number of fish is a decisive
result of fishing mortality (and of sport fishing), while the rate of mortality
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

Initial (B,) and average biomass (B) of 34 to 74 age-groups were
assessed according to the exponential growth by using the number of fish
in different age-groups (N,), their weight (W), the mortality (Z) and the
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Fig. 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 Ny = 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

Fig. 22. Average biomass (B) and its annual production (P) of bream from 34 to 74
age-groups most intensively exploited by fishing
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TABLE V

Average biomass and its annual production in age-groups 3+ —7-4

of bream stock in Lake Balaton

i / ) B | BG=P | -
Age- N, Ws. | WelNswe By 5 P/B + 100=A.P.
o ®) | ® (k2) Z ‘ G 2—G o) : (%)
3+ ’ 344 85.3 29.34 0.9677 0.8299 ‘ 0.1378 27.81 23.08 82.99
T 132 | 176.5 | 23.30 | 0.9677 | 0.9243 | 0.0434 | 21.04 | 19.45 92.44
51 34 | 287.2 9.76 | 0.9677 | 0.2890 | 0.6787 | 7.09 | 2.05 28.91
64 20 | 298.3 7.97 | 0.9677 | 0.2270 | 0.7407 | 5.63 | 1.28 22.73
74 7| 548.5 3.84 | 0.9677 | 0.3198 | 0.6479 | 2.83 | 0.90 31.80
Total 537 74.11 J 64.40 | 46.76

W, N,(1 — e=(2-0)

e ifZ > G BG/B - 100 = A.P. = 72,619,

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. Ratio of

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 44 (92.4 per cent) and in 34- (83 per cent)
year-old fish, but in older groups (5 to 7-+) this rate varied between 23 and
32 per cent.

From the initial biomass (B, = 74.1 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 recruitment. 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 mortality, which appears as a loss of the system,
consequently, the average biomass is increased by three-fourth. The estimated
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+4) may be about 100 per cent, even more.

Discussion

Bream population of Lake Balaton is consisted of Abramis brama L. in
98—99 per cent (PENzES, 1966; 1968) and according to the fishery statistics,
the majority of annual catches consisted of bream in 70—80 per cent (BIr6
and ELEK, 1970). Treated statistics show that 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 B and C).
According to earlier data the bream population in Lake Balaton had been
large and did not stunt in growth as compared to other bream populations
inhabiting different Hungarian waters (R1BIANSzKY and WOYNAROVICH, 1962;
PiNzEs, 1966; 1968). The above-mentioned decrease in catch of bream was

“a natural result of increased stocking of pike-perch (Stizostedion lucioperca
(r.)), carp (Cyprinus carpio L.), sheat-fish (Silurus glanis 1.), asp (Aspius
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aspius L.), pike (Hsox lucius L.), and that of the disappearance of natural
spawning grounds (ToLa, 1961). Maintenance of the stock on the present level
is possible with the construction of about 10 000 artificial juniper spawning-
nests every year.

For the selectivity of nets used in Lake Balaton it is characteristic that
the abundance of lengtn-groups of bream ranging from 12 to 20 cm are sud-
denly increasing. Age-groups of 1+ and 2+ represent 26 per cent of the catch,
however, the majority is 3+ 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 £ and 6 ).

Compared to ths growth in length, the length-weight relationship
reflects an intensive wzignt increase (Fig. 7). Growth of the caudal radii of
scales was found to be linear (Fig. §) and its intercept with the abscissa was
0.8 cm, which gives the length measurable in time of scale formation. It is
somewhat smaller than that found by Oriva (1950) for the inundation area
of River Elbe as 1.2 cm. Poupre (1971) observed it 1.2 em for Danube, 2.0 cm
for Lipno Reservoir, and 2.0 em for Rybinsk Reservoir, besides these, 2.1 ecm
for Slapy Water Reservoir (Pourg, 1973). Complete scale formation in Lake
Balaton was observed about 4 cm. In the age-groups at 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. WuNpER (1930) described food-
competition and nannism of bream in Lake Balaton due to its dense popula-
tion. According to PENzES (1966, 1968) the bream stock in Lake Balaton does
not stunt 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 that 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 that of fast eutrophica-
tion. Consequently, the food-supply for fish in Keszthely Bay (mostly the
larvae of Chironomus ex gr. plumosus) became more important comparing
with other parts of the lake (Biro, 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
temperature and feeding conditions, registered in past years (PENZES, 1968).
MoLNAR et al. (1968) published important data on this. Thev established that
4.19 per cent of 3— 5 summer-old breams are invaded by ngula plerocercoids.
BryriNskr (1970) demonstrated that the weight of Ligula plerocercoids can
reach 26 per cent of the fish weight in the abdominal cavity of 3—5 year-old
breams. Mortality due to strong Ligula invasion may even surpass 50 per cent,
whereas in non-invaded areas mortality was about 17 per cent. He observed
the greatest mortality attributed 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, but these could not be estimated
definitely since the number of investigated fish was small.
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Parameters of growth described by the BERTALANFFY’s model are dif-
ferent according to the rate 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. Furthermore the inhomogeneity
of the stock can mainly 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 data on catch statistics.

The overwhelming majority of younger 2+ to 44 age-groups is character-
istic of the age-composition. According to PENzES (1966) the majority of
breams caught from Lake Balaton are 3—5 summer-old. His material contained
2+ age-group in 12 per cent, 3+ in 30 per cent, 4 in 29 per cent, 5+ in 24
per cent, 6 in four per cent and 7 4 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 44 age-group
diminished from 29 to 18 per cent, in 5+ decreased from 24 to five per cent.
From these changes it is evident that the exploitation by fishing of younger,
most productive 2+ to 4+ age-groups became more intensive (overfished).
This method of stock regulation results that the ratio of older age-groups
decreases and the most fertile part of the population diminishes. In this case,
because of the very high larval mortality (Wovy~NArovicH, 1958) the population
cannot compensate for a long time the harvested part of the stock by recruit-
ment. It is supported by the circumstances observed along certain shore sections
of the lake in 1973. An enormous quantity of eggs laid down was totally destruct-
ed before hatching because the eggs were covered by deposit and mud. Mor-
tality of bream population of Lake Balaton was assessed from 34 to 7+
age-groups which was fairly high (62 per cent) and it is balanced by the natural
recruitment. Total mortality of bream in the northern Caspian Sea for two
periods were found by Lukasov (1961) to be Z = 0.55 and 0.80. According
to his calculations the parameters of BERTALANFFY’s model were as L. =
— 42 cm, the rate of growth (slope) K = 0.233 and t, = 0.62 year. BALON

1963) calculated the total annual mortality for 256 specimens over 44 age-
group and he found it to be 65 per cent. TTurIN (1962) recorded the mortality
of 2—11 year-old breams of Lake Ilmen to be 40 per cent. 62 per cent annual
mortality in Lake Balaton can be adapted well to this line. Rate of survival
and relative number 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 recruitment (BAckieL and Zawisza, 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
(Brd, 1974a, b). From this point of view, the determination of some basic
parameters 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 at five different areas of Lake Balaton (720
specimens in 1972 and 1403 specimens in 1973). It has been established that:

1. Regression of the total caudal radii of scales on the standard length
is linear.

2..0n 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 stunt in growth com-
pared with other bream populations inhabiting different Hungarian waters.
It is considered even in European relations to be a fast growing population.
According to earlier data 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). 34 age-group dominates, and from 3+ to 74 year-old ones
the instantaneous total mortality coefficient proved to be Z = 0.9677. Average
annual mortality 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 DEVERKESZEG (ABRAMIS BRAMA L.) NOVEKEDESENEK
1S POPULACIOSTRUKTURAJANAK VIZSGALATA A BALATON
KULONBOZO VIZTERULETEIN, A MORTALITAS ES PRODUKCIO BECSLESE

Biro Péter és Garadi Péter

Osszefoglalis

Vizsgdltuk a Balaton 5 kiilonbozé vizteriiletérsl szdrmazé dévérkeszegek méret-
és kormegoszldsdt (1972-ben 720 db-ot, 1973-ban 1403 db-ot), scalimetrikus mérések
alapjén novekedésiiket. Megdllapithaté volt, hogy:
it 1. A pikkelyek teljes kauddlis rddiusza és a torzshossz regresszidja gyakorlatilag
inedris.

2. A pikkely-évgyfir(ikb6l visszaszdmitott térzshosszak alapjén a dévérkeszeg
novekedése kielégitéen gyorsnak tarthaté. Az dtlagértékek kiegyenlitett novekedést
jeleznek, bér korcsoportonként jelent6sebb mérethatérok figyelhet6k meg. A torzshossz
exponencidlis novekedésének iiteme BERTALANFFY-féle modellel pontosan leirhaté.
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A névekedés nem marad el egyéb hazai vizekben megfigyelt novekedést6l, de a balatoni
eurépai viszonylatban is gyorsan névé egyedek populdcidjénak széamit. A kordbbi bala-
toni dévérdllomdnyra vonatkozé adatokhoz képest gyorsabb novekedés nyilvénvald
kovetkezménye az eutrofizdléddsnak és a nyiltvizi zoobenthos mennyiségi novekedésének
(elsésorban a Keszthelyi-obolben).

3. A kordbbi évek adataihoz képest a kifogott keszegek koresoportonkénti arédnya,
a fiatalabbak javéra tolodott el, a 2+ korcsoport mennyiségileg megduplézédott és mér
az évenkénti fogdsok 1/4-ét alkotja (2569%,). Domindl a 3- koresoport, ettél kezdve
7+ koruakig a teljes mortalitds pillanatnyi egyiitthatéja Z = 0,9677-nek adédott. Innét
az éves mortalitds ardnya dtlagosan 629, a tulélési réta pedig 389%,. Az KK-i medencében
a 2-- koresoport ugrdsszer(i ndvekedése a fogdsokban, az itteni dllomédnyrész folil-
haldszottsdgéra utal. e

4. Az exponencidlis novekedésnek megfeleléen becsiilve az dtlagos biomasszat (B),
annak éves produkcidja (P) 72,69 -nak adédott a haldszatilag legnagyobb mértékben
kihaszndlt 3+ — 7+ korcsoportokra.

12%
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