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The appearance, rapid increase and spread of Dreissena polymorpha are 
discussed in Sebestyén’s (1934) study. According to  this report the first 
specimen of Dreissena was collected by chance in the autum n of 1932 in the 
so-called Kis-öböl (bay) nearby the Biological Research Institu te  (Entz and 
Sebestyén, 1933). During the summer and autum n of 1933 it so extensively 
proliferated in this area th a t its num ber of individuals surpassed th a t  of the 
Unionida. Since 1933 it m ust have been very frequent in the north-eastern 
basin of the lake. In  the August of 1934 it also appeared in the south-western 
basin (Keszthely Bay) too. On the basis of these data, since 1934 Dreissena 
has been regarded a wide-spread species in the entire lake.

This wide distribution has two reasons: 1. The water is shallow (average 
depth 3 m); it is known th a t in other shallow lakes (Wiktob, 1963; Stan- 
czykowska, 1964; 1966) its optimal distribution is a t a depth of 2 — 5 m, thus, 
obviously Lake Balaton, as far as water depth is concerned, is very favourable 
for zebra-mussel to spread. 2. The living (Entz, 1932; Moon, 1934) and 
dead Unionida shells (Ponyi, 1971) in the open water sediment offer an excel
lent place to zebra-mussels to  a ttach  themselves to.

The first specialists to  ecologically investigate clams in Lake Balaton 
were Entz (1932), Entz and Sebestyén (1933), Sebestyén (1934) and 
Moon (1934). Their studies discussed particularly the age, growth, moving 
and the circumstances of spread of Anodonta and Unio species. The ecology of 
Dreissena is rarely mentioned and even then only extent of spread is recorded. 
B ut the studies on the mussel-shell drifts of Lake Balaton (Entz et al., 1942; 
Sebestyén, 1942; 1943) also offer valuable informations on this subject.

In  the recent years attention was focused again on Dreissena. There are 
two reasons for this: 1 2

1. I t  was proved th a t the rate  of siltation of the lake can be well estim ated 
with the help of this clam.

2. Investigations on the remains of animal origin, so th a t of Dreissena, 
in the latest sediment layer (upper 15 cm) can inform us about the biological 
changes occurring in recent years (Ponyi, 1971). The investigation of this 
period (past 80—100 years) is of high importance since it makes it possible,
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after comparing it with the present conditions, to  forecast probable biological 
changes in the future.

As far as we know nobody has analysed dead Dreissena shells with 
computer, thus we cannot make reference to  any other studies. We could, 
however, use Russian and Polish biologists’ results (M i k h e e v , 1966; S t a n - 
c z y k o w s k a , 1961; 1964; 1966; S o r o k in , 1966; W i k t o r , 1963; Z h a d i n , 1946; 
etc.) considerable from the point of view of ecology, in the lack of which the 
evaluation of da ta  on clam shells would have been more difficult.

The aim of our work was to analyse the size of zebra-mussel shells and to 
draw conclusions on the composition of the dead population. Namely, on the 
basis of the above-mentioned literary data, we supposed th a t there could be 
a close connection between the size of shell, the abundance and compositions 
of population and the conditions prevalent in the lake. This question is of 
current interest because since the 1940s, especially in the plankton association, 
a readily demonstrable change has occurred. A t present the south-western 
corner of the lake, Keszthely Bay dem onstrates a trophyty  characteristic of a 
fish-pond (Herodek and Tamás, 1974). We th ink th a t  the change occurring 
in the suspended food source so im portant to  the clams affected the composition 
and density of number of individuals of the population.

Material and methods

The samples were collected from three points of each of the five tran s
versal sections ( Fig. 1). The detailed description of the sampling sites is given 
in several earlier publications (e.g. P o n y i , 1968).

E

F ig . 1. C ollecting  s ites  in  L ake B a la to n
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The m ud samples were taken with Ekman-Birge dredge from May 1966 
till October 1968. Sectionally 230—250 samples were taken which equals to  a 
m ud surface of 21.18 m2. Passing the m ud through a seeve, we found 26 568 
Dreissena shells. First, according to  their superficial appearance, we divided 
them  into three age-groups:

'“shabby” =  old shells (abbrev. “k ” )
“ m at” =  middle-aged shells (abbrev. “ m ” )
“glossy” =  young shells (abbrev. “ f ” )

I t  is to  be noted th a t  the age-scheme we use here m ust not be taken for 
the age of the individuals. I t  is for certain th a t group “shabby” includes those 
shells which died in 1934 too, while the “glossy” shells m ust be the remains 
of recently died animals. We also believe th a t the sequence of shabby, m at and 
glossy shells constitute a chronological order and comprise in a grand to ta l 
a  period of 33 years.

Following S t a n c z y k o w s k a  (1964) we also measured the length, breadth 
and height of each of the Dreissena shells. These three measurements were 
m ultiplied to  yield a morphometric variable. The volume (mm3) obtained in 
th is way, on the one hand, characterizes the sta te  of dead Dreissena, and on 
the other hand, the data  can be easily used for computer analysis.

The m athem atical da ta  of samples from 3 — 3 points of the transversal 
sections were congregated in one statistical sample. The five samples obtained 
in this way according to  their age, were divided into 3 — 3 groups giving 15 
statistically comparable samples used in our further investigations. Most of 
our computations were made with statistical analysis. When calculating the 
values of abundance we did not fail to regard th a t shells a t our disposal are 
equal to half as much animal. The density of individuals m ust be interpreted 
with regard to  this fact.

From the statistical program of computer ICL System 4 (Hungarian 
Association for Telecommunication) we used the hystogram program and the 
analysis of variance by two factors. On the one hand, the hystogram program 
offered information on the structure of the 15 samples of the population, on 
the other hand, it offered basis to  further investigations. In  each of the samples 
the program classified the transform ed coefficients according to  order of size, 
from 0 to  -(- oo. I t  decomposed the width of variation into nine equal intervals 
and gave the observed frequency of the intervals. I t  m ust be noted th a t the 
intervals of different samples are not of the same size since their width of 
variation also differ. However, in order to make further comparative analyses 
on the basis of variables obtained and ordered according to  their size we took 
intervals of the same size. The observed frequency reflecting the structure of 
population is given in per cent. The hystogram  program also represent the 
distributions graphically on the basis of which we gained informations on their 
type to  further computer analysis.

After investigating the distribution of samples and the structure of the 
populations we made the analysis of variance by two factors. To the computa
tions we applied the logarithm of the morphometric variables since that showed 
an approximately normal distribution.

The model of analysis of variance is as follows:

Хц — u —(— â  —I bj —) (ab)jj -f- E (j
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where “ i” represents the places of samples taken horizontally, i.e. transversal 
sections M, K , G, A and E (Fig. 1), while “j ” represents the data  of shells 
aged “k ” , “m ” and “f ” . The preceding is m arked factor “A” , while the la tte r 
factor “ B ” . Consequently, the num ber of places of factor “A ” is i =  n A =  
=  5, the number of ages of factor “B ” is j =  nB =  3. The program printed 
the usual table of variance and the averages as follows:

X  . . . =  average of all the observations 
Xj . . =  averages of factor “A ”
Aj . =  averages of factor “B ”
Aj j .  =  averages of the 15 samples separately.

The probability of the significant differences (SD) calculated was P  =  0.1 
per cent.

Results

The structure of the population investigated
The hystogram  program printed from 0 to -)- oo the observed frequency 

in the intervals of the 15 samples. W ith regard to  the difference in the num ber 
of elements of the samples (Table I )  we made the comparison easier by convert
ing the values to  per cent. The program also printed the shape of distribution 
graphically. I t  was established th a t the  distributions were not normal bu t 
showed a kind of discrete shapes.

On the basis of Table I  the conclusion can be drawn th a t, independently 
of the collecting site, the structures of populations are more or less identical 
within the age-groups. I f  we average the data  of the three age-groups on the 
five transversal sections ( Fig. 2) it can be clearly seen th a t the structures of 
the old ( =  “k ” ) and young ( =  “f ” ) populations are almost identical, while 
the third, aged “m ” , significantly differs from both.

As has been mentioned the size of intervals is not identical bu t their 
num ber in the different samples which raise difficulties in further comparisons. 
We will consider only the order of 100—700 mm3 in each of the samples and 
examine them  with identical width of interval. These selected percentual fre
quencies are given in Table I I .  The variability is well approxim ated by all 
frequencies in the interval examined implying th a t the sample of lower per
centual value in the interval has a wider variability. Table I I I  shows the  
different variability both horizontally and in the three age-groups.

The difference in the structure of the population is readily comprehensible 
by conferring Fig. 4. In  the figure we averaged the intervally observed fre
quencies of age-groups “k ” , “m ” and “f ” given in Table I I  and reflected i t  
with a cummulative curve. The curve of age-group “f” irregularly differs 
from the older age-groups. This phenomenon m ay be explained by the signifi
cant change of environm ental conditions.

The results of the analysis of variance showed differences in the structure 
of the samples examined. F u rther on these will be investigated starting  from 
the thought th a t the average well characterizes the normal distribution. Since 
our distributions were not normal, we transform ed them  with logarithmica] 
transform ation. The analysis of variance was carried out by  means of the  
logarithms of morphometric variables (mm3).
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T A B L E  I

The observed frequency in  the intervals of the 15 sam ples prin ted  by the hystogram program  
from  0 to +  °o. The percentual values are reduced. C apita l letters, e.g. “M ”, represent the 
transversal sections, while sm all letters, e.g. “f ” represent the age-group. V alues are given

in  m m 3

Mf s a m p le Kf sa m p le

Interval Limits % Interval Limits %

0 0— 48.64 7.1 0 0— 60.47 12.8
1 48.64— 447.69 80.4 X 60.47— 407.97 74.4
2 447.69— 846.74 7.5 2 407.97—1355.47 8.4
3 846.74—1245.78 1.8 3 1355.47—2002.97 2.0
4 1245.78-1644.83 0.8 4 2002.97—2650.47 0.8
5 1644.83—2043.88 0.6 5 2650.47—3297.97 1.2
6 2043.88—2442.93 0.2 6 3297.97—3945.47 0.2
7 2442.93—2841.98 0.8 7 3945.47—4592.97 0.0
8 2841.98— + o o 0.8 8 4592.97---- h°° 0.2

Gf sa m p le Af sa m p le

Interval Limits % Interval Limits %

0 0— 39.10 13.3 0 0— 45.38 11.4
l 39.10— 267.79 63.6 l 45.38— 382.47 67.6
2 267.79— 496.49 9.9 2 382.47— 719.57 13.4
3 496.49— 725.18 4.9 3 719.57—1056.67 5.3
4 725.18— 957.87 3.1 4 1056.67—1393.76 1.1
5 957.87—1182.56 2.1 5 1393.76—1730.87 0.7
6 1182.56—1411.25 1.1 6 1730.87—2067.97 0.1
7 1411.25—1639.94 0.7 7 2067.97—2405.06 0.2
8 16 3 9 .9 4 ^+ o o 1.3 8 2405.06---- f-oo 0.2

Ef sa m p le

Interval Limits %

0 0— 51.42 12.7
i 51.42— 332.97 55.3
2 332.97— 614.52 19.1
3 614.52— 896.06 7.4
4 896.06—1177.61 1.1
5 1177.61—1459.16 3.1
6 1459.16—1740.71 0.1
7 1740.71—2022.25 0.1
8 2022.25---- 1- oo 1.1
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Mm s a m p le Km sa m p le

Interval Limits % Interval Limits %

0 0— 186.08 6.4 0 0— 124.04 8.9
1 186.08— 596.32 32.5 1 124.04— 556.90 47.6
2 596.32—1006.56 27.4 2 556.90— 989.75 25.2
3 1006.56—1416.81 12.6 3 989.75—1422,61 7.7
4 1416.81—1827.05 8.9 4 1422.61—1855.47 5.8
5 1827.05—2237.29 5.8 5 1855.47—2288.32 2.7
6 2237.29—2647.53 2.9 6 2288.32—2721.18 1.2
7 2647.53—3057.77 1.8 7 2721.18—3154.04 0.7
8 3057.77----1— oo 1.7 8 3154.04---- |-oo 0.2

Gm sa m p le Am sa m p le

Interval Limits % Interval Limits %

0 0— 119.41 4.5 0 0— 117.45 6.5
1 119.41— 684.49 63.4 1 117.45— 604.12 47.2
2 684.49—1249.56 22.5 2 604.12—1090.78 30.9
3 1249.56—1814.63 6.8 3 1090.78—1577.45 9.9
4 1814.63-2379.70 0.7 4 1577.45—2064.12 2.5
5 2379.70—2944.77 0.9 5 2064.12—2550.78 1.5
6 2944.77—3509.84 0.4 6 2550.78—3037.45 0.5
7 3509.84—4074.91 0.1 7 3037.45—3524.12 0.7
8 4074.91---- 0.7 8 3524.12— 4-ос 0.3

Em sa m p le

Interval Limits %

0 0— 204.55 9.7
1 204.55— 622.41 39.7
2 622.41 — 1040.27 26.6
3 1040.27—1458.12 13.7
4 1458.12—1875.98 5.2
5 1875.98—2293.84 1.3
6 2293.84—2711.69 1.3
7 2711.69—3129.55 1.3
8 3129.55---- 1.2

Mt s a m p le Kfc sa m p le

Interval Limits % Interval Limits %

0 0— 66.81 8.8 0 0— 78.50 10.8
l 66.81— 813.00 80.6 l 78.50— 544.21 64.8
2 813.00—1559.19 6.9 2 544.21—1009.93 14.3
3 1559.19—2305.38 2.5 3 1009.93—1475.64 4.9
4 2305.38—3051.57 0.8 4 1475.64—1941.36 2,7
5 3051.57—3797.76 0.2 5 1941.36—2407.07 1.2
6 3797.76—4543.95 0.1 6 2407.07—2872,79 0.3
7 4543.95—5290.14 0.1 7 2872.79—3338.50 0.5
8 5290.14---- 1— oo 0.0 8 3338.50— + o o 0.5
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Стк sa m p le At s a m p le

Interval Limits % Interval Limits %

0 0— 64.67 11.2 0 0— 92.03 11.6
l 64.67— 497.65 67.7 1 92.03— 541.Q7 57.7
2 497.65— 930.63 15.2 2 541.07— 990.12 16.7
3 930.63—1363.60 3.1 3 990.12—1439.17 7.4
4 1363.60—1796.58 1.2 4 1439.17—1888.22 3.4
5 1796.58—2229.56 0.7 5 1888.22—2337.26 1.9
6 2229.56—2662.53 0.4 6 2337.26—2786.31 0.4
7 2662.53— 3095.5Г 0.3 7 2786.31—3235.36 0.5
8 3095.51 — |— oo 0.2 8 3235.36— X °° 0.4

Et s a m p le

Interval Limits %

0 0— 106.64 9.6
1 ’ 106.64— 705.69 62.5
2 705.69—1304.74 18.4
3 1304.74—1903.78 5.6
4 1903.78—2502.83 2.5
5 2502.83—3101.88 0.5
6 3101.88—3700.93 0.4
7 3700.93—4299.97 0.2
8 4299.97---- |-oo 0.3

On the basis of Table I  the conclusion can be drawn that, independently 
of the collecting site, the structures of populations are more or less identical 
within the age-groups. I f  we average the data  of the three age-groups on the 
five transversal sections ( Fig. 2) it can be clearly seen th a t the structures of 
the old (=  “k ” ) and young (=  “f ” ) populations are almost identical, while 
the third, aged “ m ” , significantly differs from both.

As has been m antioned the size of intervals is not identical bu t their 
number in the different samples which raise difficulties in further comparisons. 
We will consider only the order of 100—700 mm3 in each of the samples and 
examine them  with identical with of interval. These selected percentual 
frequencies are given in Table I I .  The variability is well approxim ated by all 
frequencies in the interval examined implying th a t  the sample of lower per
centual value in the interval has a wider variability. Fig. 3 shows the 
different variability both horizontally and in the three age-groups.

The difference in the structure of the population is readily comprehen-, 
sible by conferring Fig. 4. In  the figure we averaged the intervally observed 
frequencies of age-groups “k ” , “ m ” and “f ” given in Table I I  and reflected 
it with a cummulative curve. The curve of age-group “f"  irregularly differs 
from the older age-groups. This phenomenon may be explained by the signif
icant change of environm ental conditions.

The results of the analysis of variance showed differences in the structure 
of the samples examined. Further on these will be investigated starting from 
the thought th a t the average well characterizes the normal distribution. Since
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F ig . 2. S tru c tu re  o f p o p u la tio n  o f  th e  th re e  age-groups on  th e  basis o f  m ean  va lues o f 
observed  freq u en cy  o f  th e  15 sam ples

our distributions were not normal, we transform ed them  with logarithmical 
transform ation. The analysis of variance was carried out by means of the 
logarithms of morphometric variables (mm3).

The results of the computer analysis were as follows:

Variances SQ DF MQ F DF

Factor A 7.3578 4 1.8395 11.2667 (4. 870)
F acto r В 66.1825 2 33.0913 202.6842 (2. 870)
AB interaction 5.0578 8 0.6322 3.8723 (8. 870)
E rror 142.0407 870 0.1633
Total 220.6389 884
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( explanation see in  the tex t)

Interval
mm3 100—200 200—300 300—400 400—500 ОО<©оо«о 600—700

Total
Sample %

Mf 33 19 8 5 2 1 68
K f 26 19 7 4 3 5 64
G, 21 13 4 2.5 2.5 3 47
Af 28 14 7 5 4 3 61
Ef 17 9 6 7 7 3 49

Mm 13 7 7 9 7 10 50
K m 8 12 9 9 10 8 56
Gm 11 14 12 12 9 7 65

12 12 11 7 8 9 59
E m 8 11 5 10 12 11 57

Mk 23 22 10 7 6 3 71
K k 20 16 12 7 6 5 66
Gk 23 14 14 8 7 4 70
Ak 16 16 9 12 9 5 67
E k 13 15 8 12 8 6 62

M, K , G, A, E  =  transversal sections, 
“f ” , “m ” , “k ”  =  age-groups.
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transversal sections

F ig . 3. V ariab ility  o f  th e  th re e  pop u la tio n s o f  d ifferen t age along th e  lo n g itud ina l ax is
o f th e  lake

15
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F ig . 4. C um ulative  cu rves re flec tin g  th e  s tru c tu re  o f th e  p o p u la tio n  o f th e  th re e  age-groups 
o n  th e  basis o f  averages o f  tra n sv e rsa l sections

The average of all observations was X  . . . =  2.4224 i.e. 265 mm3. In  the case 
of factor A X j . . .  is the average of age-groups “f ” , “m ” and “k ” a t transversal 
sections M ,  K ,  G ,  A  and E .

M(fmk) =  2.4675 =  293 mm3 
K(f’m’k =  2.3888 =  245 mm3 
G(f m’k) =  2.2698 =  186 mm3 
A(f m’k) =  2.4423 =  277 mm3 
E(f;m;k; =  2.5437 =  350 mm3

The significant difference of X  is S D 0 1 o/o  =  0.14. In  the case of factor B, X j  

is the average of transversal sections M ,  K ,  G ,  A  and E  calculated to  age-groups 
“ f ” , “m ” and “k ” :

f(M,K,0,A,E) =  2.1514 =  142 mm3
m (M,K,0,A,E) =  2.7069 =  626 mm3 
k(M,K,G,A,E) =  2.2189 =  208 mm3

The significant difference of Xj is S D 0 1 o/ o  =  0.11. X,j is the average of the 15 
samples a t the sections and in the age-groupes separately.

M, =  2.2166 =  165 mm3 
K, =  2.1085 =  128 mm3 
G( =  1.9088 =  81 mm3 
Af =  2.2552 =  180 mm3 
Ef =  2.2682 =  185 mm3
Mm =  2.7733 =  593 mm3 
Km =  2.6715 =  469 mm3
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зmm

F ig .  5. Change in the mean size of D r e is s e n a  shells of different age at various places
of the lake

Gm =  2.8235 = 666 mm3
Ащ =  2.7930 = 621 mm3
Em =  2.9230 = 838 mm3
Mk =  2.4126 — 259 mm3
Kk =  2.3865 = 244 mm3
Gk =  2.0770 = 120 mm3
Ak =  2.2786 = 190 mm3
Ek =  2.4400 = 276 mm3

The significant difference of is RD01% =  0.26.
The change of averages in the longitudinal axis of the lake and the age- 

groups is given in Fig. 5. In  age-groups “f ” and “k ” the horizontal change of 
averages is similar, while in age-group “ m ” there is a considerable difference 
a t transversal section K . The shell-volume of age-groups “k ” and “f ” differ 
from “ m ” . The averages of age-groups “k ” and “f ” are similar in spite of 
their age.

Furtherm ore, we have to  answer the question whether the differences 
are or are not significant in factors A and B. In  the longitudinal axis of Lake 
Balaton, i.e. factor A, summarizing the three age-groups, it  was found th a t 
the average size of Dreissena significantly differs between Mf m k — Gfmk,
Gf,m,k Gf_mk ®f,m,k *^*d K j  m k E.'.m.k"

15*



2 2 8

F ig . 6. C hange o f d en sity  o f ind iv iduals a t  th e  tran sv e rsa l sec tions o f th e  lake  inves tiga ted

transversal sections

F ig . 7. C hange o f ab u n d an ce  o f th e  th re e  age-groups g iven in  p ercen t. B asis: tran sv e rsa l
sec tion  “ M”



229

Examining the change of averages of the three age-groups (factor B), 
we found th a t they significantly differ from one another in every combination.

Making the calculations with the proper SD value, it can be established 
tha t, as for the averages, age-group “m ” conspicuously differs from the other 
two a t each of the transversal sections. Except in section K , there is no signifi
cant difference between the averages of “k ” a n d “f” . As to  the collecting sites, 
significant differences were found between Mf — G{, Gf — A{, Gf — E f, 
Mk — Gk and Gk — E k. I t  refers to  the fact th a t in the longitudinal axis 
(factor A) of the iake, the averages of shell-volume are less different than  those 
of the three age-groups (factor B). The special separation of age-group “m ” is 
also apparent here, bu t the data  on “k ” and “f ” show a close similarity.

The change of abundance a t the different regions of Lake Balaton is 
shown in Fig. 6. The highest density of the age groups was observed in K eszt
hely Bay (M). The change of abundance of age-groups “m ” and “ f ” is nearly 
identical, while th a t of “k ” conspicuously differs. I f  we denote the absolute 
value in per cent (Fig. 7) taking the data  of transversal section M for basis, 
we can see th a t the density of shells gradually increases from “old age” (“k ” ) 
to “juvenile age” (“f ” ), while a t other places (G, A, E) it is nearly standard.

Discussion

The results undoubtedly prove th a t D.polymorpha shells divided into three 
age-groups show different morphometrical features. The following question to 
answer is what the change of shell volume may be a ttribu ted  to. According to 
literary data, particularly on Unio and Anodonta species, the quantity  of the 
suspended food has a conspicuous effect on the size of shells (E n t z  and 
S e b e s t y é n , 1933; I s b a e l , 1913; M e n t z e n , 1926; L a m p e b t , 1925). In  the 
backwaters of River Danube, extremely rich in suspended food, Anodonta 
cygnea specimens even over 20 cm are common (V a b a n k a , 1973; verbal com
munication), while in Lake Balaton specimens of 10 cm occur only sporadically. 
In  the studies of the above authors similar examples can be found.

In  addition to  the food concentration the density of the population m ay 
also exert effect on the size of shells. S t a n c z y k o w s k a  (1964; 1966) found th a t 
in Polish lakes, where the population density of Dreissena was low, the shells 
were longer than  where it was high. We are not aware of any other environ
m ental factor which enhance or hinder the growth of shells. Although S t a n 
c z y k o w s k a  (1966) tried to  correlate several factors (pH, Ca2+ content, etc.) 
with the quantity  and biomass of Dreissena, she did it without full success. 
“ I t  seems the lakes bear an effect on the population as a whole” , S t a n c z y 
k o w s k a  established (1964, p . 685). And this totalled effect may appear in the 
rate  of trophyty  of the lakes, a t  least in the case of Lake Balaton this seems to 
be evident. Consequently, the size of shells, to  a certain extent, seems to  depend 
on the quantity  of organic m atter available in the water and sediment surface 
being closely connected with the trophyty  and the alga-production.

After this survey we wish to discuss our results with regard to  the change 
of shell-volume reflecting the events having taken place in Lake Balaton. 
Or more exactly, we wonder whether it  is possible to  draw a conclusion from 
the change of shell-volumes on the course of eutrophication and its tem poral 
and spatial formation.
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The occurring density of Dreissena shells horizontally shows sim ilarity 
in the three age-groups (Fig. 6). This shape of distribution m ay be connected 
with the organic m atter content of the sediment-water interface. While in 
Keszthely Bay and its surroundings the organic m atter content of sediment is 
8 — 9 per cent, in the other parts of the lake it  is only half as much ( P o n y i  et 
al., 1972). This supposition is supported by the similar distribution of living 
clams in 1966—1968 (Table I I I ) .  I t  is also clear from the table th a t the occur
rence of Dreissena in the open water depends not only on the frequency of 
living Anodonta and Unio specimens but on the formed food.

T A B L E  I I I

The percentual frequency of various M ollusca genera in  the sam ples
( in  per cent)

Transversal
section M К G A E

Anodonta 37 25 20 14 14
Unio 100 75 37 28 14
Dreissena 100 87 37 57 43

As to the density of individuals, in the three age-groups, the oldest shells 
(“k ” ) essentially surpass the other two (F ig. 6). This phenomenon m ay be 
explained by the rapid multiplication of Dreissena ( E n t z  and S e b e s t y é n , 
1940). Later, owing to various reasons (its enemies and consumers appeared, 
increased carp stocking?), its quantity  diminished to  a standard level. In  this 
period the mean size of the shells was relatively small bearing reference to  the 
population (cf. S t a n c z y k o w s k a , 1964, 1966) and probably the small quantity  
of suspended food. This supposition seems to  be supported by the lack of a 
significant difference between the shell volumes of animals having lived a t 
places of great and low density (Fig. 5, curve “k ” ).

The abundance and alteration of age-groups (“ m ” and “ f ” ) behind “k ” 
are almost identical (Fig. 6). However, there is a conspicuous difference be
tween the shell volumes of “ m ” and the other two (“k ” and “f ” ) (Fig. 5). 
Comparing with th a t  of “k ” , the intense growth of shell volume of “ m ” , because 
of the above reasoning, m ay not be explained with a decrease in abundance, 
bu t probably with a significant increase in the suspended food. The frequency 
of individuals in the youngest age-group (“f ” ), except transversal section K, 
is almost perfectly identical with age-group “m ” (F ig. 6).

I f  we denote the change of values of abundance in per cent (F ig. 7), 
the quantitative increase of Dreissena shells in Szigliget Bay (transversal 
section K) becomes apparent. According to  our da ta  the quantity  of suspended 
food seems to  increase to  east of Keszthely Bay, i.e. an intense eutrophication 
has begun in Szigliget Bay, too.

The difference in the structure of population of the three age-groups is 
well represented by the cumulative curves (Fig. 4). W hen explaining the 
considerable change of this structure, first of all in the case of age-group “f” , 
we m ust not disregard the program of stocking more carps reinstated in the 
1950s. In  the course of it, in addition to  the great mass of fry, specimens of
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respective body weight were stocked (Bmó and E l e k , 1970). A part from 
breams, carp may also be supposed to  have consumed a significant quantity  
of Dreissena, the effect of which in the structure of population can already 
be proved.

Therefore, in the structure of population of the three age-groups a sharp 
break was found. Prim arily we try  to  explain th is phenomenon with the 
quantitative and qualitative change of the suspended food. The phytoplankton 
seems to be responsible for the quantitative changes (Table I V ) .

T A B L E  IV

The quantitative change of blue-greens a n d  all other algae in  identical m onths 
( M a y —October) of d ifferen t years (i/litrexlO O O )

1944 1965
1933 1947 1951 1966
со 1949 (2) 1967

(2) (3 -5 )

Blue-greens 0 .6 8 .6 31.0 20.2
All other 1.5 32.3 97.7 141.2

1 =  E jsttz e t a l., 1937; 2 =  T a m á s ,  1954; 3 =  T a m á s ,  1967; 4 =  T a m á s ,  1969; 5 =  T a m á s

1972.

I t  is common knowledge th a t molluscs also feed on bacteria, detritus 
and  unicellular animals (M o n a k o v , 1972). However, according to  data  on the 
lake, they are of insignificant value compared to  the algae. The quantity  of 
zooplankton is relatively small (Table V), the production of bacteria is half 
as much as th a t of algae ( H e r o d e k  and T a m á s , 1974; O l á h , 1973), and the 
quantity  of detritus is also small in the open-water areas ( P o n y i  et al., 1972; 
F r a n k ó  and P o n y i , 1973).

T A B L E  V

The fluctuation  in  zooplankton of the open water in  front of the Biological 
Research In s titu te  in  several years (a n n u a l average, i/litre , Se b e s t y é n , 1953)

1936 1937 1938 1947 1949 1951

Protozoa 49 106 284 696 599 642
R otatoria 16 22 29 85 36 107
Crustacea 58 58 75 74 88 139
Dreissena Щ 

veligera larvae 11 4 13 7 5 8

Summarizing the results of investigations on the plankton of the lake 
(Tables I V , V), i t  m ay be established th a t in the middle of the 1940s an im por
ta n t  change took place in the structure of plankton, which was due to  the 
increase of diatoms, Dinoflagellates, green algae and the change in the struc
tu re  of zooplankton. According to  S e b e s t y é n  (1953) this change took place 
abruptly . The changes having taken  place in the quantity  and quality of
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suspended food seem to be reflected in the growth of volume of Dreissena 
shells. Accordingly the time-limit between age-groups “k ” and “m ” may he 
draw n here. This supposition is connected with the observation (S e b e s t y é n , 
1953) th a t the “gradation” of Dreissena population had finished by the end 
of the 1930s. The decrease of Dreissena veligera larvae found in the plankton 
refers to  this (Table V) . Thus age-group “k ” , as far as the frequency of indi
viduals is concerned, sharply differs from the other two (Fig. 6).

The other conspicuous change in the plankton may have taken place in 
the first p a rt of the 1950s when the quantity  of algae suddenly increased again 
(Table I V ) .  Since th a t time, the num ber of blue-greens has been significant. 
The quantitative and qualitative change of suspended food might cause the 
sudden decrease of volume of Dreissena shells. This concentration seems to  
have surpassed the optimal for clams, on the other hand, the blue-greens did 
not prove to  be “good” food. The lim it of age-group “ m ” and “f ” may be 
drawn a t about the middle of the 1950s. So the rate  of eutrophication of Lake 
Balaton seems to have followed the change of shell-size.

Summary

The authors divided into three age-groups (old, middle-aged, young) the  
26 600 Dreissena polymorpha shells found in the upper sediment layer of five 
transversal sections of Lake Balaton. The age of shells comprises a period of 
33 — 34 years from their settling in the sediment to  the investigations. They 
investigated the volume of shells from different parts of the lake with an ICL 
System 4 computer, on the basis of 15 statistically comparable samples they 
established the following:

1. On the basis of hystogram program the morphometries of shells from 
the different collecting sites and belonging to  different age-groups are more or 
less identical. The size of old and young shells was nearly the same, bu t the 
middle-aged ones significantly differed from both.

2. The results of the analysis of variance showed th a t the  variability of 
samples is different both in the longitudinal axis of the lake and in the three 
age-groups. Averaging the observed frequencies of the three age-groups and 
plotting their cumulative curve it is apparent th a t the structure of young shell 
population conspicuously differs from the other two. The mean volume of 
shells is different in both the longitudinal axis of the lake and the age-groups. 
From  this point of view the old and young age-groups are fairly similar, al
though, they  are separated by a long time. The size of middle-aged shells 
entirely differs from the other two groups.

3. In  each of the three age-groups the density of Dreissena shells was 
most frequent in the south-western corner of the lake (mmsversal section M). 
The abundance of middle-aged and young groups was nearly identical in the 
longitudinal axis of the lake, while th a t of the old group significantly differed. 
Denoting the values of abundance in per cent, i t  is apparent th a t  in one of 
the water areas of the lake (section K) the density of individuals gradually 
increased from the “old” age to  the “young” one.

4. The authors compared their results obtained from the hystogram  
program and the analysis of variance by two factors with the biological 
changes observed in Lake Balaton up to now and with the ecological knowledge
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on this species. They established th a t the different structure of population of 
the three Dreissena age-groups may be connected to the horizontal distribution 
of the suspended available food in the lake and the increasing eutrophication.
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A  B A LA TO N  F E L S Ő  Ü L E D É K R É T E G É B Ő L  SZÁRM A ZÓ  D R E I S S E N A  -H É JA K  
M O R F O M E T R IÁ JÁ N A K  É S  P O P U L Á C IÓ -S Z E R K E Z E T É N E K  V IZSG Á LA TA  

IC L  SY STEM  4 S Z Á M ÍT Ó G É P P E L

P o n y i  J e n ő , T u s n á d i G yőző, V anger E v a  és R ic h n o v szk y  A n d o r

Összefoglalás
A  szerzők a  B a la to n  5 keresztszelvénye felső iszap rétegébő l k in y e r t 26,6 ezer db  

D reissen a  p o ly m o rp h a  h é ja t, azok  külső á lla p o ta  a lap ján  3 k o rcso p o rtra  (öreg-, közép- 
és fia ta lk o rú ) o sz to tták . A  h é ja k  k o ra  a  kagy lók  bekerü lésé tő l szám ítv a  a  v izsgála t 
idejéig  összességében 33—34 éves időszako t fog lalt m ag áb an . IC L  S ystem  4 szám ító 
géppel v izsg á lták  a  tó  e ltérő  helyeirő l szárm azó  és kü lönböző időszakokban  é lt kag y ló 
h é ja k  té rfo g a t-v iszo n y a it és a  15 s ta tisz tik a ilag  ö sszehason lítha tó  m in ta  a la p já n  a  k ö v e t
kezőket á lla p íto ttá k  m eg:

1. A  h isz to g ram  p ro g ram  a la p já n  a  kü lönböző  g y ű jté s i he lyekrő l szárm azó , de 
nem  azonos k o rcso p o rtb a  ta r to z ó  h é ja k  m orfo m etriá i többé-kevésbé  azonosak. Az öreg 
és f ia ta lk o rú  k agy lóhé jak  m ére tv iszonya i sz in te  te ljesen  m egegyeztek , a  középkorúak  
v iszon t m in d k e ttő tő l je len tősen  e lté rtek .

2. A  v a rian c ia  analíz is eredm ényei a z t m u ta ttá k , h o g y  a  m in tá k  v a riab ilitá sa  
m ind  a  tó  hossztengelyében , m ind  a  3 k o ro sz tá ly b a n  különböző. A  3 k o rcsopo rt o sz tá lyon 
k é n ti ta p a s z ta la ta i gy ak o riság á t á tlag o lv a  és a z t k u m m u la tív  gö rbén  áb rázo lv a  k itű n ik , 
ho g y  a  f ia ta l kagy lópopuláció  szerkezete  je len tősen  e lté r  a  m ásik  k e ttő tő l. Az á tlagos 
h é jté rfo g a t a  tó  hossztengelyében  és a  kü lönböző  ko rcso p o rto k  ese tében  e lté rő . A z öreg 
és f ia ta l ko rcsopo rt e te k in te tb e n  elég közel á ll egym áshoz, n o h a  időben  a  leg táv o lab b ra  
esnek. A  középkorú  kagy lók  m ére te i élesen e lté rn ek  a  m ásik  k e ttő tő l.

3. A  D re issen a  héjsű rűsége  m in d h á ro m  k o rc so p o rtb an  a  tó  d é ln y u g a ti csücskében 
(„M ” szelvény) v o lt a  legnagyobb . A  k özépko rú  és f ia ta l ko rcsopo rt a b u n d an c iá ja  a  tó  
hossztengelyében  sz in te  azonos v o lt, u g y an ak k o r az öreg  korcsoporté  je len tősen  e lté r t 
azo k tó l. Az ab u n d an c ia  a d a to k a t % -b an  k ifejezve k itű n ik , hogy  a  tó  egy ik  v íz te rü le tén  
( ,,K ” szelvény) az „ö reg  k ag y ló k o rtó l”  a  „ f ia ta l  kag y ló k o r”  felé fokozatosan  n ő t t  az 
egy  edszám sűrűség .

4. A  szerzők a  h isz to g ram  p ro g ram  és a  k é t fak to ro s v a rian c ia  analíz is a lap ján  
sz á m íto tt  e redm ényeke t ö sszev e te tték  a  B a la to n b an  eddig  észlelt biológiai v á ltozásokka l 
és e fa jja l kapcso la to s ekológiai ism eretekkel. A rra  a  m eg á llap ítá s ra  ju to tta k , hogy  a  3 
D reissen a  k o ro sz tá ly  e lté rő  popu láció  szerkezete  összefüggésbe h o zh a tó  a  szuszpendált 
fo rm á lt táp a n y a g o k  ta v i  ho rizon tá lis  m egoszlásával, v a lam in t a  növekvő  eu tro fizá lódás 
fo lyam atáva l.
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