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Abstract. Surveys aiming at analysing spatial and temporal changes of the fish stock of Lake Balaton 
have an almost 100 year history. Drastically low water levels which could be observed in the past years 
and which were most probably caused by global climate change provide a good reason to study 
population dynamic changes induced by water level fluctuations. The present study attempts to give a 
historical description of changes in the catch data of economically utilised fish species in relationship 
with water level fluctuations, based on catch data of the Balaton Fish Management Non-Profit Ltd. 
(predecessor: Lake Balaton Fishing Ltd.) and its  predecessors, covering a 110-year period.  
Keywords: Lake Balaton, fisheries and anglers catch data, water level fluctuations, non-indigenous 
species 
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Introduction  
Shallow lakes are more vulnerable to human activities and natural changes than deep 

ones. Shallowness can be measured through the dynamic ratio of a lake and lakes of 
similar shallowness can be compared in terms of sensitivity and vulnerability to various 
stresses. Several shallow lakes and communities in their basins experience disastrous 
changes due to lake and watershed mismanagement as well as climate change. Due to 
water management interventions, several natural lakes apply water conveyance from 
another watershed to improve water balance and manage level drop and/or large 
fluctuation. This problem exists in most shallow lakes from Europe and North-America 
(Jeppesen et al., 2005, Lyche-Solheim et al., 2013).  

Several scientific studies have found that Lake Balaton does not show extreme 
characteristics as compared to other lakes in Central Europe, but the drainage area of 
Lake Balaton is very sensitive to both climate changes and human impacts (Padisák, 
1998, Padisák et al., 2006, Dokuil et al., 2010). Its surroundings have been inhabited 
since the Stone Age; however, heavy human impact can be recognized during the past 
6000 years (Korponai et al., 2009). Eutrophication was a common problem of Lake 
Balaton in 1960-1990, though the level of seriousness varies from very serious to 
acceptable (Specziár and Vörös, 2001, Istvánovics et al., 2007). The backwaters and 
Lake Balaton have water level problems due to water overuse or climate change. 
Dropping water level and shrinking of surface area always result in deterioration of 
water quality and loss of aquatic habitats (Scheffer et al., 2006). Water quality and level 
improvement measure applied include stopping or restricting  agricultural activities, 
sewage treatment, dredging, biomanipulation, wetland restoration with filtration 
functions, direct runoff control, soil treatment to immobilize phosphorus and pesticides, 
etc. (Tátrai and Istvánovics, 1986, Mátyás et al., 2004, Sipkay et al., 2007, Korponai et 
al., 2009, Erős et al., 2012). Magnitude of measures (spending) is neither proportional to 
the seriousness of the problem nor to the population affected but it is more a function of 
the economic power of the countries (Várkuti et al., 2008). Most European shallow 
lakes and watersheds have a management plan developed but these plans do not entirely 
reflect the total economic value of the lakes and these tendencies are observed on Lake 
Balaton and the drainage area (Bíró et al., 2002, Sály et al., 2011). 

The majority of ecological studies review the issues of short-term (maximum one 
season-long) observation but long-term research is becomes more important these days 
(Specziár and Bíró, 1998) because the exact trends of the physical and chemical 
processes within the water body and population dynamics of the species which live in 
them as well as changes in field use on drainage area are based on these studies (Smith, 
2003, Erős et al., 2012).  Assessing the results of the long-term fisheries catch data we 
draw not only the conclusion about the population of fish species and processes in 
community ecology but can important elements of the ecological condition of water 
bodies, too. Using this knowledge, we can determine the ecological and biological 
framework of conservation and restoration (Hobbs and Norton, 1996, Daskalov, 2002, 
Van De Bund et al., 2002, Mátyás et al., 2004, Søndergaard et al., 2008).  

Based on long-term analysis we can receive a better picture of the changes in the 
quality of the environment and thereby the past and current trends and changes will be 
easier to interpret (Sipkay et al., 2009, Verasztó et al., 2010, Vadadi-Fülöp et al., 2012).  
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Literature of history of fisheries research on Lake Balaton 
There are detailed, historical data available on the size and composition of the fish 

fauna of Lake Balaton, including mosaic-like pattern, temporal and spatial changes 
(Vutskits, 1897, Lukács, 1932, Bíró, 1978, 1983, 1997, 2000, Paulovits et al., 1991, 
1994, Ponyi 2001, Szabó and Héri, 1998, Specziár et al., 1998, Tölg et al., 1998, Tátrai 
et al., 2000. Harka and Sallai, 2004, Weiperth et al., 2008, 2009, Specziár, 2010, Takács 
et al., 2011, Ferincz et al., 2011, 2012, Specziár et al., 2013.). Drastically low water 
levels which appeared several times during the past years and which are considered as a 
consequence of global climate change (Lake et al., 2001, Somlyódy and Honti, 2005, 
Istvánovics et al., 2007) might have significantly influenced the dynamics of 
economically utilised fish stocks, including exotic species. These changes support the 
necessity of research started quite recently which seek relationships between water level 
and population dynamic changes of fish stocks (Bíró, 1978, 2000b, Paulovits et al., 
2007, Korponai et al., 2010, Weiperth et al., 2008, 2009, Specziár, 2010). 

The present study, following this line, attempts to give a historical overview of the 
changes in the catch of some economically important fish species in relation to water 
level fluctuations based on long-term fisheries and anglers’ catch data, covering a 110-
year period. Also, some careful assessment is given on the relationship between catch 
data and magnitude of the water level fluctuations. In addition to catch data, data on 
stocking and outfishing on fisheries ponds and lakes are used to describe the temporal 
changes in the stock of eel and other, economically utilised non-native fish species. 
There have been attempts to stock non-native fish into Lake Balaton since the 19th 
century, however, large-scale stocking was started in the 1960’s, when species which 
were considered economically and biologically important (gibel carp, eel, Chinese 
carps: grass carp, silver carp, bighead carp) were released into Lake Balaton and the 
surrounding fish ponds in relatively high quantity (Pintér, 1980, 2002, Bíró 2000a,b, 
2001, Paulovits et al., 2007, Weiperth et al., 2009, Specziár, 2010, Ferincz, 2011). 

Material and methods 
Study area  

Lake Balaton is the largest shallow lake in Central Europe, and it is also a 
characteristic element of the hydrology of Hungary. Its watershed covers 5774 km2, the 
area of its water surface is exactly 594 km2. Length of the lake is 77 km, the largest 
width is 12 km, the smallest width is 1.5 km (Fig. 1.). In comparison to the size of the 
water basin, the water depth is rather shallow, with an average of 3-4 ms, the deepest 
being 11 m in the so-called Tihany-well.  

Its bed was artificially modified in the 1800’s, afterwards the Kis-Balaton was 
dried out. In the 19th century a sluice was built at Siófok, on the South of the lake, which 
connected Lake Balaton to the River Danube. Through the sluice, the water level of the 
lake was controlled and lowered, which resulted in the partial drying up of the Kis-
Balaton. The Kis-Balaton Wetland functioned as a natural filter zone, retaining nutrients 
carried by River Zala. Disappearance of the natural filter zone resulted in the increase of 
nutrient load in Lake Balaton which in turn was one of the main factors causing the 
serious eutrophication of the lake by the 1960’s. The Kis-Balaton Water Protection 
System was built to protect the water quality of the lake via retaining nutrients 
(Pomogyi, 1993, Korponai et al., 2009).  
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The natural outflow of the lake is provided by the Sió-Canal. Water transport of the 
Canal, as well as its water-tapping and the water level are controlled by the sluices at 
Siófok, the barrage at Balatonkiliti, as well as the works in the mouth of Sió-Canal. The 
maxiumum capacity of the sluices are 80 m3/s (in practice 50 m3/s) (Zákonyi 2004).  

 
 

 
Figure 1. Overlooking map of the Balaton catchment 

 
 
The water balance of the lake is characterised by an average of in the last 110 years: 

621 mm precipitation, 908 mm inflow, 800 mm evaporation, 610 mm water-tapping on 
the Sió-Canal. Water usage (drinking water, industrial, agricultural) is the smallest in 
absolute value among all the elements. It describes the difference between the quantities 
of water that were removed from the lake for any type of use and those that were 
pumped back after use. The average change of water-level within a year was 30 cm but 
in 1921 the annual water-level fluctuation was 104 cm (Fig. 2.).  

Until the mid 1980s (for more than 60 years) inflow accounted for 60%, precipitation for 
40% of the input in the water budget. In the years after this period the ratio began to change 
– primarily due to the significant decrease in the inflow to the lake. The proportion of the 
inflow gradually receded and the proportion of precipitation increased. In the first half of 
the 2000’s the proportion of inflow dropped under 50% and precipitation accounted for 
more than 50% of all the input – this was the reversal of the previous period. After this, as 
more years with more precipitating followed, the proportions of inflow and precipitation 
moved back towards the values which traditionally characterized an average water budget. 
This phenomenon directs our attention to the following: prolonged and unidirectional 
meteorological – and the resulting hydrological – extremes can temporarily cause drastic 
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changes in the historically accepted proportions between the elements of the input side of 
the water budget (EuLakes, 2012a,b). 

 
Used data bases and statistical analyses  

Our surveys were based on the long-term catch data of the Balaton Fish Management 
Non-Profit Ltd. (predecessor: Lake Balaton Fishing Ltd.) and of the National Federation 
of Hungarian Anglers (MOHOSZ). In order to gain more detailed information, data 
provided by the War Historical Archives of Department of Defence and National 
Agricultural Library and Documentation Centre were also processed. 100-year water 
level data were obtained from the database of the General Director of Water 
Management (www.hydroinfo.hu). 
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Figure 2.  Changes in water level between 1901 and 2011 

 
 
Databases were analysed using PAST software (Hammer et al., 2001). Of statistical 

methods, in order to establish relationship between water levels and catch data of fish 
species reproducing in Lake Balaton cross-correlation was applied, population growth 
of non-indigenous species was analysed by polynomial regression, finally water levels 
and general catch data were compared using Pearson’s correlation (Olden and Neff, 
2001, Reizigel et al., 2007, Bíró, 2011, Probst et al., 2011). In case of species where 
correlation was found between catch data and water level changes, correlation 
coefficients and correspondence values are indicated in the axes of the figures. In order 
to avoid possible data loss, correlation coefficients have not been normalised.  

 
Investigated fish species  

Our surveys covered those 11 species which are presently economically important: 
eel (Anguilla anguilla Linnaeus, 1758), asp (Aspius aspius Linnaeus, 1758), catfish 
(Silurus gleanis Linnaeus, 1758), pike (Esox lucius Linnaeus, 1758), pikeperch (Sander 
lucioperca Linnaeus, 1758), Volga pikeperch (Sander volgensis Glemin, 1788), carp 
(Cyprinus carpio Linnaeus, 1758), sabre carp (Pelecus cultratus Linnaeus, 1758), 
including the non-indigenous grass carp (Ctenopharyngodon idella Valenciennes, 
1844), bighead carp species (Hypopthalmichthys molitrix Valenciennes, 1844, H. 
nobilis Richardson, 1845) and their hybrids, as well as Gibel carp (Carassius gibelio 
Bloch, 1782). Relatively low number of species involved might be explained by the fact 
that although there are altogether 32 species occurring in the lake (Takács et al., 2011), 
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of which 20-24 can be regarded as common, only 15-17 species can be found in the 
catch (Pintér, 1980, 2002, Weiperth et al., 2008, 2009, Specziár, 2010). Analysing catch 
data of introduced alien species (Chinese carps: grass carp, bighead, silver carp and 
their hybrids), which are utilised economically but do not reproduce in the lake, 
temporal changes in their stock size can be discussed. The recruitment in these species 
does not happen in a natural way but only via stocking, in contradiction to gibel carp, 
which has appeared in the statistics with fluctuating catch data since it was first 
recorded in 1959 in the southern fish ponds and in Kis-Balaton. Catch data of Lake 
Balaton include species utilised only for a shorter period. Data of these species were not 
analysed statistically (Table 1.). 

 
Table 1. Exploited fish species of Lake Balaton 

Fish species  

Origin of 
Balaton 

catchment 
area 

Reproductive 
strategy 

Year range of 
data for fishery's 

period  

Year and mass in 
ton of maximum 

catch 

Anguilla anguilla  native 
does not 

reproduce 
(catadromous) 

1961-today  1996:  509 t 

Ctenopharyngodon 
idella  

non-native 
(Far East) 

escaped from 
fish farm 1975-today 1994: 10.7 t 

Aspius aspius  native lithophil 1901-today 1929: 29.9 t 

Alburnus alburnus  native phyto-lithophil 1952-1960, 1967, 
1975 1952: 49.9 t 

Pelecus cultratus  native pelagophil 1901-2011 1965: 354.4 
Tinca tinca  native phytophil 1950-1989 1967: 1.06 t 

Carassius gibelio  non-native 
(Far East) phytophil 1959-today 1996: 29.9 t 

Cyprinus carpio  native phytophil 1901-today 1929: 83 t 
Hypopthalmichthys 
molitrix, H. nobilis, 

H. molitrix x H. 
nobilis hybrid 

non-native 
(Far East) 

escaped from 
fish farm 1972-today 2004: 437.9 t 

Silurus glanis  native 
phytophil 

(substratum 
choosers) 

1901-today 1953: 27.8 t 

Esox lucius  native phytophil 1901-today 1949: 40.8 t 

Onchorhynhus 
mykiss  

non-native 
(North 

America) 

introduced for 
aquaculture 
utilization 

1963-1991 
(drainage area) 1986: 0.7 t  

Perca fluviatlis  native phyto-lithophil 1924-55 1947: 0.3 t 

Lota lota  native lito-pelagophil 1950-1959, 1996-
1998 (Zala River) 

1950: 0.075, 1996: 
0.063 

Sander lucioperca  native phytophil (nest 
sawners) 1901-today 1943: 236 t 

Sander volgensis  native phytophil (nest 
sawners) 1950-today 1953: 11 t 
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Results 

Native fish species  
The origin of the eel still raises some questions, but it has become accepted that a 

native fauna element in Lake Balaton, although there are no reliable data on its early 
population size (Specziár, 2010). There were plans completed to stock eel for economic 
purposes by the 1950s’, however the results of the so called ‘eel project’ which was 
started in 1961 are somewhat contradictory. The quantity of stocked juvenile eels 
already decreased in the middle 1970s’ (Table 2.) (Gönczy and Tölg, 1997), but it 
showed an increase in trend till the fish kill in 1991, having its maximum quantity (509 
t) in 1996, after the second big fish kill of 1995, then a continuous decrease started (Fig. 
3.). The two most important methods for fishing were the electric trail-net, and eel traps 
placed at the Sió-sluice. Electric fishing was terminated in 1996, afterwards disparities 
between anglers’ and fisheries catches disappeared. When correlating aggregated catch 
data and water-tapping quantity via the Sió-sluice, significant positive correlation was 
found (R2=0.791; P= 0.018). Analysing relationship between anglers’ catch data and 
annual average water levels, R2=0.718 (P=0.0036) value was obtained. 

 
Table 2. Introduction and catch of eel in five years cumulation value between 1961-2011 

Years locating stock (million individuals) total catch (t) 

1961-1965 10 3.6 

1966- 1970 15.7 78.7 

1971-1975 15.8 121.4 

1976-1980 15.0 184.8 

1981-1985 14.6 581.9 

1986-1990 8.0 642.9 

1991-1995 4.0 1519 

1996-2000 - 925 

2001-2005 - 59.7 
2006-2011 - 106.5 

 
 
In the most intensive fishing period of asp the highest average catch was 24 t/year, 

which was achieved twice (1928, 1954). Afterwards, the catch was showed a decreasing 
trend till the 1990s’. From the 2000s’, total catch has been showing again a decreasing 
tendency, with 0.3-5.6 t/year, nowadays being under 0.4 t (Fig. 4.). Negative correlation 
was found between catch data of asp and water level changes for years 4 and 8 (Fig 
5.A.). 

In case of catfish also a negative correlation was found for the periods between years 
2-5, and 12-16 (Fig. 5.B.). Temporal pattern of the catch showed relatively low 
amplitudes. Total catch has never exceeded 28 t, but nowadays it hardly reaches 3 t. In 
addition, significant fish kills contributed to mortality (Fig. 4.).   

Negative correlation is given between catch data of pike and water level changes for 
years 1-6 and 13-21 (Fig. 5.C.). Catch of pike in Lake Balaton is characterised by 
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extreme years. From 1901-50, the average catch was 18 t/year, than after the 1960’s a 
slow decrease could be observed. However, in certain years very high catches were 
recorded (Fig. 4.).  
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Figure 3. Eel fisherman and anglers catches in Lake Balaton between 1964-2011 (yearly totals 

(t)) 
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Figure 4. Catch of asp, catfish, pike in Lake Balaton between 1901-2011 (yearly totals (t)) 
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Figure 5. Cross-correlation between average annual water level and annual catches by 

commercial fisherman and anglers of catfish, asp and pike in Lake Balaton between 1901-2011 
The lines mark the confidence limit. Lag number correspond to years. 
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Pikeperch showed a maximum catch between 1930-1965 (average 150 t). In the past 
10 years, the average has moved between 15.3-1.6 tons annually (Fig. 6.). Negative 
correlation was given for years 2-4, and 10-14 (Fig. 8.A.). 

Volga pikeperch holds a special position, as already the first references mention its 
occurrence in Lake Balaton (Herman, 1887, Pintér, 2002), but catch data has included 
this species only from 1950. Catch data showed negative correlation from the second 
year (Fig. 8.B). Catch of the species has drastically decreased from the 1990s’, 
nowadays only anglers’ catch data include it, in an almost negligible ratio (0.4%) (Fig. 
7.). 
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Figure 6. Catch of pikeperch in Lake Balaton between 1901-2011 (yearly totals (t)) 
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Figure 7. Catch of Volga pikeperch in Lake Balaton between 1950-2011 (yearly totals (t)) 
 
 
Carp has been intensely utilised from the beginning of large-scale fishery in Lake Balaton, 

due to its economic value. Also, this species is under heavy pressure by anglers as well. Its 
catch data showed high extremities between 1917-1975, than started to show a decreasing 
tendency, despite intense stocking (Fig. 9). Negative correlation is given between catch 
data of carp and water levels for years 6-18 (Fig. 11.A.).  

When analysing catch data of sabre carp, it might be seen that from the late 1970s’ 
the quantity of the catch has significantly decreased (Fig. 10). Negative correlation is 
given for the first 5 years and for years 10-15 (Fig. 11.B.) 
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Figure 8. Cross-correlation between average annual water level and annual catches by 

commercial fisherman and anglers of pikeperch and Volga pikeperch in Lake Balaton between 
1901-2011. The lines mark the confidence limit. Lag number correspond to years. 
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Figure 9. Catch of carp in Lake Balaton between 1950-2011 (yearly totals (t)) 
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Figure 10. Catch of sabre carp in Lake Balaton between 1950-2011 (yearly totals (t)) 
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Figure 11. Cross-correlation between the average annual water level and annual catches of 

carp and sabre carp by commercial fisherman and anglers in Lake Balaton between 1901-2011. 
The lines mark the confidence limit. Lag number correspond to years. 

 
 

Non-native fish species  
Grass carp holds a specific status, as it has never been intentionally introduced to 

Lake Balaton. Still, catch of fisheries and anglers amounts to an annual 5 tons. Based on 
polynomial regression, catch data show an increasing trend (R2

fisheries= 0.671, pfisheries< 
0.05; R2

anglers= 0.551, panglers< 0.05) (Fig. 12., 13.). Correlation between catch of grass 
carp and average water levels gave a 0,674 value, (p= 0.0012), meaning that there is a 
positive correlation: when the water level is higher, the catch of grass carp is also higher 
(Fig. 14.). 
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Figure 12. Fisheries catch of Grass carp in Lake Balaton between 1975-2011 
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Figure 13. Anglers catch of Grass carp in Lake Balaton between 1975-2011 
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Figure 14. Grass carp catch in Lake Balaton between 1976-2011 
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Bighead carp species were stocked to Lake Balaton between 1972 and 1983 (except 
in 1974-75). Altogether 1 764 580 two-year old specimens were released (with a 
biomass of 350 098 kg). After 1984 stocking was stopped (Specziár, 2010). The fishing 
of silver carp has become intensive in the lake by the 1990s’ and still shows an 
increasing tendency (R2

fisheries= 0.833, pfisheries< 0.05 (Fig. 15.) due to the application of 
new fishing techniques and selective fishing. Both species, as well as their hybrids have 
become one of the most important species of fisheries. The maximum catch was 
recorded in 2004 (437 tons). Since 2005, the average catch has been 293 tons (Fig. 16.). 
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Figure 15. Polynomial regression of the catch of silver carp, bighead carp and their hybrids in 

Lake Balaton between 1972-2011 
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Figure 16. Catch of silver carp, bighead carp and their hybrids in Balaton between 1972-2011 

 
In the catch data of the gibel carp, two outstanding figures appear: 7.7 tons in 1959 

and 9.6 tons in 1960. There was a rapid increase in the second half of the 1980s’ (1992: 
23 t), than a fall to 4.4 tons in 1993. There was an app. 30 t catch maximum in 1996, 
followed by a decrease. Between 1997 - 2011 the average annual catch was 4.6 tons 
(Fig. 17.). 

 



Weiperth et al.: Effect of water level fluctuations on fishery and anglers’ catch data of economically utilised fish species of Lake 
Balaton between 1901 and 2011 

- 235 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 12(1): 221-249. 
http://www.ecology.uni-corvinus.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online)

 2014, ALÖKI Kft., Budapest, Hungary 

0

5

10

15

20

25

30

35

1959 1963 1967 1971 1975 1979 1983 1987 1991 1995 1999 2003 2007 2011

ca
tc

h 
(t)

 
Figure 17. Catch of gibel carp in Lake Balaton catchment between 1959-2011 

Discussion 
Changes in fisheries catch in Lake Balaton between 1901-2011  

The summarised fisheries catch data showed, that in the last 20 years the eel and the 
other non-native fish species (mainly the three Chinese carp species) gave 93% of total 
fish catches in Lake Balaton (Fig. 18.). The ‘A’ fish category includes the fish species 
of high economical value: asp, carp, catfish, Chinese carp species, eel, pike, pikeperch 
and Volga pikeperch. The ‘B’ fish category includes the common fish species e.g.: 
bream, bullhead species, gibel carp, perch, roach, white bream, and sabre carp since 
1977. The analysis of the categories due to the diversity and quantity of fish species is 
not resoluble. The total yearly catches of two fish categories of the fisheries company 
showed comparable tendency (Fig. 19.) (Weiperth et al., 2008, 2009).   
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Figure 18. The economical important fish catches in Lake Balaton between 1901-2011 
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Figure 19. The catches of the two categories of fisheries in Lake Balaton between 1901-2011 

 
 
The decreasing tendencies of both categories were observed since the middle of the 

1980s’, when the intensive selective fishing of eel and the other non-native fish species 
began. The catch of all native fish species have gradually reduced since 1977 (Weiperth 
et al., 2008, 2009, Specziár, 2010).  

  
Native fish species  

According to the special literature stock size changes of certain species correlates 
with water level fluctuations, while the catch of others does not. Changes in correlation 
coefficients show a specific dynamics for most species in Lake Balaton. Based on 
fisheries and anglers’ catch data, the rise in eel catches till the fish kill in 1991 resulted 
from intensification of fishery. The enhanced selective eel fishing was followed by a 
second fish kill, eel catch reached its maximum in 1996 (509t), than a continuous 
decrease was experienced, due natural mortality and selective fishing (Fig. 3., Fig. 18.). 
After electric fishing was stopped, the eel traps near the Sió sluice have been the most 
important catch methods in Lake Balaton. These fixed traps utilise the catadromous 
nature of the adult eel, when the water-tapping is moving. Efficiency of catch of the 
traps significantly depends on the quantity of water-tapping. Analyses have revealed 
that in case of positive water balance, eel catch of traps increase in parallel with the 
quantity of regulated outflow. Efficiency of traps is significantly affected by the fact 
that in case of negative water balance, sluices are kept closed even for years. When 
analysing anglers’ catch, water level changes should also be taken into consideration, as 
eel has the highest abundance in the littoral, finding appropriate food and shelter in the 
reed and along the rip-raps (Gönczy and Tölg, 1997). The decrease of anglers’ catch 
data were observed in many years, when the water level was drawn back from the 
littoral zone. It is very difficult to give a quantitative estimate on the actual stock size of 
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eel in the lake. Since stocking was stopped, the stock has been continuously decreasing 
and ageing. Actually, there have been no studies initiated to follow these changes.  

It should be noted, that other background variables (e.g.: number of active fisheries 
days pro year, number of anglers pro year, long-term data sets of environmental 
variables) might play also important role in the system and affected the result of cross 
correlations. These datasets were omitted from our study, due their unreliability. As a 
result only the first year period can properly be discussed in the view of cross-
correlation analysis of each fish species. Exact assessment of our results, detected 
several decades later, needs much more reliable data not only about stocks of fish 
species, but also other background variables.  

Lower water level had a positive influence on the share of predator species 
reproducing in lake.  Asp and pikeperch quantity indicated that hard bottom plays a key 
factor in the reproduction strategy of both species (Balon, 1975, 1990, Bíró, 1985, 
Weiperth et al., 2008, 2009). Here, when the water level is low, the water body warms 
up sooner, hatching time gets shorter and – supposing that other environmental 
parameters are also favourable – most possibly survival rate of the eggs is higher. The 
reproduction and feeding of catfish are greatly connected to the littoral, therefore its 
catch data significantly correlated with higher water levels. Negative correlation given 
for pike might be explained by the fact that it requires shallow areas for spawning, 
which warm up faster, and the ratio of these habitats is higher when the water level is 
lower. In anglers’ catch, after the 1980s’, good year/bad year phenomenon appeared, 
that is, maximum catch occurs 3-4 years after a successful spawning (1984; 1987-1988). 
In the 2000s’, the catch of pike shows a high fluctuation, however, app. 90% is provided 
by anglers. Negative correlation given for pikeperch has already been analysed in detail 
asp was discussed. It is the temporal pattern of this correlation can be explained by 
other biotic and abiotic factors, such as stockings or reproduction success of prey fish. 
However, further studies are needed to clarify the role of these factors. Volga pikeperch 
showed the highest sensitivity to low water levels, as the maximum catch was given 
following lowest water levels. This tendency could be experienced till 1987, afterwards 
a drastic decrease of the catch has started. It raises several questions, as though several 
studies have been initiated on the biology of this species, the population has been 
decreasing since 1980 (Fig. 7.) and the stock seems to be unable to grow strong despite 
low water levels.  

When analysing carp catch data, it should be taken into consideration that the recent 
carp stock can only be maintained by artificial stocking, as the quantity of offspring 
from natural spawning is negligible (Specziár, 2010). The maintenance of the common 
carp population depends on the dispersion of the stocks in the water body and its 
distribution of age-groups. At the evaluation of sabre carp catches the special 
reproduction strategy of species has to be taken into consideration, and also that the 
selective fishery of sabre carp was stopped in 1975-76, moreover, in 1982 there was a 
local sabre carp kill (Staszny and Paulovits, 2007). At present, selective fishery methods 
are not used to catch sabre carp in Lake Balaton, but every year in some areas it is 
presented on the fisheries catch (Fig. 10.). The population of the sabre carp in Balaton 
can be considered stable after the foregoing results of the scientific studies (Staszny and 
Paulovits, 2007, Specziár, 2010). After the correlation value of sabre carp it could be 
stated that the spawning of sabre carp in lower water-level is more successful and the 
maximum of fisheries catch of species can be achieved in three or four years.  
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Non-native fish species 
The appearance of grass carp in Lake Balaton, as well as the development of its stock 

raises numerous questions, as this species has never been legally stocked, moreover, its 
reproduction has not been proven so far (Pintér, 1980, 1989, 2002; Bíró, 2000 a,b, 2001; 
Weiperth et al., 2008, 2009; Specziár, 2010, Ferincz et al., 2012, Ferincz, 2013, Kováts 
et al., 2013). The first specimens were most probably introduced with carp stocks, 
nowadays this species might reach the lake from fishponds operated on the southern 
tributaries. Apart from bighead, silver carp and their hybrid species, grass carp is the 
only species which shows an increasing tendency of the catch (Fig. 15., 16.). 
Unfortunately, there has been no comprehensive study available on the function of this 
species in Lake Balaton, nevertheless, there is an increasing need for such a study, 
because in case the stock size is overgrown the carrying capacity of the lake, it might 
threaten reeds, which have a constantly worsening condition (Specziár, 2010). In 
parallel, the terms of fishpond operation in the catchment should be checked and 
revised, in order to stop recruitment from them.  

In the past decades, along with the more and more intensive fishing of bighead and 
silver carp and their hybrid, catches have shown an increasing trend (Fig. 16.). All these 
can be the result of new, selective fishing methods (Varga, 2011). In the statistical 
analyses, however, it might have a masking effect on the possible influence of water 
level changes. Several studies have been completed addressing the size and structure of 
the stock as well as the feeding habit of this species (Herodek et al., 1989; Tátrai et al., 
2007; Boros et al., 2012), however, data are contradictory. Its reproduction has not been 
proven, the recruitment of the stock most possibly occurs from the catchment (Tátrai et 
al., 2009; Boros et al., 2012).  

When analysing the fishery data of the gibel carp, it should be taken into 
consideration that 83% of the catch is given by the Kis-Balaton Water Protection 
System (KBWPS), 16% by the southern fishponds and only 1% comes from Lake 
Balaton. The increase of the population started in the 1980s’ (Bíró and Paulovits, 1994, 
Ferincz et al., 2011, 2012). This species hardly appeared in the catch data after it had 
been introduced to the lake, it reached its maximum catch after the flooding of the first 
and second stage of the KBWPS. The KBWPS and the density of juvenile coming from 
the inflows played a main role in the appearance and spread of the gibel carp in Lake 
Balaton. These factors determined also the population in Balaton until the 2000’ years. 
Since then, the species has been forced back in Lake Balaton. In the fisheries’ statistics 
only the data of fishponds and KBWPS are separately recorded, the catches in Balaton 
are recorded to the so called B fish category and also anglers do not have to separate 
them from the ‘other’ fish category (Fig. 19.). As a consequence, a detailed evaluation 
cannot be given about the catches of the species.  

Finally, we can conclude that apart from natural factors, utilisation by fishery and 
anglers might have a significant influence on the size and composition of fish stock in 
natural waters. There are several papers available discussing this problem (Cane, 1980; 
Paulovits et al., 1994, 2007; Brämick et al., 2008, Pascual et al., 2007, Humpl et al., 
2009; Móreh et al., 2009). When analysing the different fisheries and anglers catches it 
should not be ignored that the different fisheries-anglers methods applied in Lake 
Balaton in the different periods have continuously changed (size and time of utilization 
of the net, time interval of utilisation of knife-net, change of close seasons and size 
limits), which in some cases decreases the comparability of data. In addition, water level 
changes affect catches indirectly, influencing applicability of different fishing and 
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angling methods via exerting effect on the water depth, quantity and composition of 
phyto- zooplankton and aquatic macrophytes, macroinvertebrates communities (e.g.: 
Bíró, 2000a,b, Specziár and Vörös, 2001, Sipkay et al., 2007).  It should also be taken 
into consideration that changes in the size and composition of the fish stock are 
influenced by both anthropogenic and natural factors. The major shift in the trophic 
status of the lake which has started in the 1990’s (eutrophic/hypertrophic basins have 
become mesotrophic) initiated such ecological processes which resulted in the drastic 
reduction of the size of natural fish stock of the lake, as well as lowering of its 
sustainability.  
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Appendices 

Appendix 1. The fisheries catches of 9 economical important fish species and the cumulate data 
of silver carp, bighead carp and their hybrids in Lake Balaton between 1901-2011 

asp (Aspius 
aspius )

carp (Cyprinus 
carpio )

catfish (Silurus 
glanis )

bighead carp, silver carp and their hybrid 
(Hypopthalmichthys molitrix, H. nobilis)

eel (Anguila 
anguila )

1901 5.92 4.5 2.34 - -
1902 11.33 10.0 6.30 - -
1903 11.06 8.5 4.93 - -
1904 7.53 7.2 4.15 - -
1905 7.96 7.0 4.73 - -
1906 7.76 6.7 5.08 - -
1907 9.26 6.9 5.31 - -
1908 15.00 13.6 6.12 - -
1909 13.38 17.5 5.45 - -
1910 7.73 8.0 4.72 - -
1911 9.36 8.5 6.17 - -
1912 11.39 11.4 7.46 - -
1913 12.73 6.6 5.68 - -
1914 3.35 3.0 2.12 - -
1915 8.67 8.2 5.64 - -
1916 4.87 9.5 3.44 - -
1917 5.53 15.6 6.42 - -
1918 13.24 21.2 4.81 - -
1919 11.24 20.4 6.72 - -
1920 9.22 29.3 10.21 - -
1921 13.78 33.9 15.43 - -
1922 10.76 20.7 11.14 - -
1923 9.31 15.9 15.04 - -
1924 13.51 28.8 14.98 - -
1925 19.58 28.0 11.84 - -
1926 20.64 51.3 13.37 - -
1927 19.00 43.1 13.30 - -
1928 21.10 50.0 15.20 - -
1929 29.92 82.4 17.87 - -
1930 25.89 45.4 13.20 - -
1931 19.24 37.8 9.52 - -
1932 21.65 73.4 16.84 - -
1933 19.07 34.6 18.66 - -
1934 22.02 44.7 18.48 - -
1935 19.87 53.7 17.49 - -
1936 25.99 53.4 22.25 - -
1937 12.73 66.7 18.81 - -
1938 16.41 58.3 15.50 - -
1939 13.92 36.0 16.88 - -
1940 5.60 10.7 9.95 - -
1941 14.52 45.7 18.34 - -
1942 11.59 53.2 14.71 - -
1943 14.48 29.0 13.56 - -
1944 13.39 16.5 5.80 - -
1945 4.11 12.4 6.54 - -
1946 13.68 11.1 8.12 - -
1947 14.91 13.2 9.68 - -
1948 23.56 29.7 14.42 - -
1949 27.35 33.3 14.39 - -
1950 16.62 25.1 20.30 - -

Year

Fish species / catch in tons
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asp (Aspius 
aspius )

carp (Cyprinus 
carpio )

catfish (Silurus 
glanis )

bighead carp, silver carp and their hybrid 
(Hypopthalmichthys molitrix, H. nobilis)

eel (Anguila 
anguila )

1951 14.73 23.6 14.87 - -
1952 28.48 25.7 13.38 - -
1953 23.58 34.1 27.90 - -
1954 21.39 19.2 21.60 - -
1955 18.92 14.2 13.88 - -
1956 14.77 21.3 8.59 - -
1957 17.00 25.6 12.84 - -
1958 13.74 28.9 10.47 - -
1959 11.43 12.8 10.82 - -
1960 10.11 9.7 7.86 - -
1961 13.31 23.6 9.09 - -
1962 13.50 19.6 7.02 - -
1963 10.19 17.0 12.92 - -
1964 15.73 29.9 12.91 - 0.2
1965 6.20 34.9 11.75 - 1.1
1966 6.68 42.8 12.08 - 2.3
1967 8.29 46.0 19.91 - 3.5
1968 12.32 58.0 12.38 - 4.4
1969 12.23 61.2 9.06 - 25.6
1970 10.99 51.5 6.89 - 42.8
1971 13.34 66.6 7.01 - 8.1
1972 10.56 59.3 5.88 0.1 61.4
1973 10.39 63.0 5.36 3.7 21.0
1974 10.30 58.2 4.11 9.0 29.4
1975 12.53 63.7 3.70 11.6 36.6
1976 10.97 52.6 1.91 5.2 38.1
1977 9.69 42.1 5.20 5.1 35.8
1978 10.05 46.0 2.03 5.8 32.2
1979 8.06 20.7 1.89 6.0 64.4
1980 8.57 29.0 4.15 8.1 44.3
1981 9.53 13.3 2.57 8.0 40.5
1982 6.53 21.7 2.31 13.5 70.0
1983 6.16 43.2 3.81 16.0 135.9
1984 8.15 15.4 2.61 11.9 97.4
1985 7.51 11.0 2.27 31.9 238.1
1986 6.96 10.1 2.30 11.2 97.7
1987 7.11 21.7 4.19 16.4 331.3
1988 7.68 19.5 3.06 36.6 61.1
1989 5.74 8.8 3.75 67.2 78.4
1990 5.25 8.8 2.18 82.0 74.3
1991 2.43 23.1 4.43 91.0 76.8
1992 2.91 13.0 2.01 33.5 399.2
1993 1.12 4.0 1.44 40.3 225.1
1994 5.31 11.5 2.55 43.8 459.9
1995 4.65 15.8 3.25 70.4 357.9
1996 6.70 11.4 2.17 83.1 509.4
1997 4.33 8.3 4.42 146.0 84.6
1998 4.34 5.2 3.53 257.7 147.0
1999 3.24 11.0 4.18 259.3 138.4

Year

Fish species / catch in tons
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asp (Aspius 
aspius )

carp (Cyprinus 
carpio )

catfish (Silurus 
glanis )

bighead carp, silver carp and their hybrid 
(Hypopthalmichthys molitrix, H. nobilis)

eel (Anguila 
anguila )

2000 3.13 5.7 1.28 137.9 45.8
2001 5.74 8.9 5.73 274.7 14.0
2002 2.75 6.5 2.96 281.1 19.0
2003 2.45 9.4 4.39 182.6 16.0
2004 0.84 4.6 2.31 446.9 8.6
2005 0.41 7.0 2.86 240.5 56.7
2006 0.37 4.2 3.01 275.0 47.6
2007 0.31 3.0 2.56 347.8 19.7
2008 0.33 6.1 2.64 284.0 22.7
2009 0.30 5.2 2.65 356.0 6.6
2010 0.31 6.4 3.09 338.1 5.6
2011 0.30 7.1 2.73 254.4 4.4

Year

Fish species / catch in tons
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gibel carp 
(Carassius 

gibelio )

pike (Esox 
lucius )

pikeperch 
(Sander 

lucioperca )

sabre carp 
(Pelecus 
cultratus )

Volga pikeperch 
(Sander volgensis )

grass carp 
(Ctenopharyngodon 

idella )
1901 - 20.51 92.30 130.951 - -
1902 - 31.24 90.56 90.225 - -
1903 - 16.20 58.19 313.657 - -
1904 - 13.71 84.23 178.309 - -
1905 - 11.93 74.02 150.85 - -
1906 - 21.31 100.18 68.051 - -
1907 - 28.81 78.24 176.001 - -
1908 - 14.93 91.74 130.837 - -
1909 - 6.82 93.40 112.003 - -
1910 - 13.88 72.24 97.01 - -
1911 - 22.52 81.78 159.524 - -
1912 - 12.91 71.23 212.035 - -
1913 - 9.20 62.89 59.101 - -
1914 - 8.38 38.20 73.405 - -
1915 - 10.26 53.71 60.849 - -
1916 - 26.18 43.52 26.348 - -
1917 - 20.11 37.37 18.187 - -
1918 - 11.71 39.97 45.379 - -
1919 - 27.81 32.32 80.102 - -
1920 - 12.91 71.54 129.215 - -
1921 - 6.29 94.35 70.313 - -
1922 - 3.95 94.62 120.419 - -
1923 - 8.04 117.53 112.792 - -
1924 - 34.21 120.86 253.798 - -
1925 - 22.08 77.21 178.338 - -
1926 - 20.06 98.58 124.282 - -
1927 - 27.60 106.40 99.5 - -
1928 - 13.60 96.20 61.2 - -
1929 - 24.67 101.16 140.867 - -
1930 - 18.67 148.53 112.808 - -
1931 - 10.00 169.01 42.998 - -
1932 - 11.73 157.69 70.433 - -
1933 - 9.21 214.70 141.535 - -
1934 - 6.54 236.77 152.034 - -
1935 - 22.84 165.67 161.613 - -
1936 - 19.96 159.32 152.775 - -
1937 - 29.33 160.65 112.816 - -
1938 - 33.85 171.10 134.187 - -
1939 - 10.59 185.30 83.712 - -
1940 - 7.93 88.73 109.734 - -
1941 - 30.47 171.17 200.186 - -
1942 - 28.74 134.31 62.312 - -
1943 - 29.02 121.11 145.075 - -
1944 - 10.86 58.45 16.81 - -
1945 - 5.79 45.25 83.008 - -
1946 - 7.28 71.12 218.399 - -
1947 - 14.43 90.77 131.138 - -
1948 - 37.23 141.58 185.305 - -
1949 - 40.89 108.61 102.727 - -
1950 - 15.83 95.31 143.101 2.91 -

Fish species / catch in tons

Year
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gibel carp 
(Carassius 

gibelio )

pike (Esox 
lucius )

pikeperch 
(Sander 

lucioperca )

sabre carp 
(Pelecus 
cultratus )

Volga pikeperch 
(Sander volgensis )

grass carp 
(Ctenopharyngodon 

idella )
1951 - 10.48 102.60 116.563 3.62 -
1952 - 20.63 145.57 131.17 6.10 -
1953 - 20.32 157.23 160.149 11.01 -
1954 - 12.16 136.73 130.064 7.73 -
1955 - 6.62 121.65 132.928 4.49 -
1956 - 6.49 109.70 44.646 3.03 -
1957 - 6.50 143.08 66.922 5.00 -
1958 - 8.31 148.02 87.784 4.03 -
1959 7.7 5.05 172.16 153.871 6.50 -
1960 9.6 2.73 158.42 219.553 5.88 -
1961 1.8 3.49 176.62 169.836 5.47 -
1962 1.0 4.00 138.47 149.9 2.12 -
1963 0.2 6.13 171.73 151.838 4.83 -
1964 0.4 8.79 166.30 274.924 5.30 -
1965 0.1 5.65 60.02 354.582 3.70 -
1966 0.4 9.59 64.92 169.647 6.71 -
1967 0.7 9.82 81.68 117.464 7.90 -
1968 0.7 7.93 107.09 162.568 7.24 -
1969 0.5 3.44 119.90 78.512 6.33 -
1970 0.1 4.66 119.48 50.987 3.41 -
1971 0.1 6.60 101.30 132.082 3.00 -
1972 0.1 5.90 80.72 91.816 4.95 -
1973 0.1 3.62 79.08 71.475 5.71 -
1974 0.0 4.15 82.97 53.448 4.95 -
1975 0.1 2.29 44.92 33.035 3.01 36.045
1976 0.3 3.10 52.50 94.274 4.18 98.449
1977 0.4 1.88 33.93 0.622 5.08 5.702
1978 0.1 2.11 45.26 9.365 4.03 13.395
1979 0.7 2.19 54.53 8.467 3.43 11.9
1980 0.2 2.16 47.64 50.03 1.78 51.805
1981 0.1 1.88 30.49 1.563 1.49 3.049
1982 0.1 1.61 53.05 1 1.12 2.118
1983 0.0 1.40 49.46 23.846 1.40 25.249
1984 0.0 1.36 49.47 11.333 2.15 13.478
1985 0.3 1.80 39.06 15.377 2.54 17.914
1986 0.4 2.94 31.55 0.01 1.54 1.551
1987 0.7 2.25 36.85 7.57 1.60 9.167
1988 0.3 3.32 40.00 10.853 1.35 12.198
1989 3.8 0.43 18.34 5.795 0.72 6.513
1990 2.2 0.57 14.39 5.517 0.60 6.12
1991 2.2 0.28 9.41 3.127 0.29 3.415
1992 23.8 0.50 8.66 2.777 0.20 2.976
1993 4.4 0.35 10.23 1.629 0.28 1.906
1994 3.6 0.39 13.94 0.741 0.48 1.22
1995 23.2 0.31 9.26 1.687 0.04 1.722
1996 29.9 0.32 6.05 0.698 0.03 0.725
1997 18.7 0.49 13.92 0.592 0.17 0.759
1998 12.7 0.41 9.16 8.218 0.15 8.364
1999 7.5 0.47 8.60 4.987 0.06 5.051

Year

Fish species / catch in tons
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gibel carp 
(Carassius 

gibelio )

pike (Esox 
lucius )

pikeperch 
(Sander 

lucioperca )

sabre carp 
(Pelecus 
cultratus )

Volga pikeperch 
(Sander volgensis )

grass carp 
(Ctenopharyngodon 

idella )
2000 1.3 0.84 15.88 0.032 0.04 0.074
2001 1.0 0.42 11.79 0.26 0.01 0.269
2002 1.2 0.19 11.82 0.268 0.02 0.29
2003 1.7 0.32 15.33 1.495 0.00 1.499
2004 0.7 0.06 1.62 0.934 0.01 0.939
2005 5.1 0.08 6.50 4.001 0.01 4.007
2006 6.0 0.05 4.12 1.788 0.04 1.828
2007 4.4 0.04 2.67 1.134 0.02 1.154
2008 2.1 0.04 4.60 2.109 0.03 2.139
2009 3.0 0.05 3.33 0.385 0.01 0.395
2010 1.9 0.04 2.11 0.379 0.02 0.399
2011 2.3 0.04 2.89 1.009 0.01 1.019

Year

Fish species / catch in tons

 
 


