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The ruffe is an important food-stuff of the pike-perch in Lake Balaton 
(W o y n á r o v ic h , 1959). Still its biology and ecology are improperly known, 
only scattered references concerning its growth are found in hungarian litera
ture (R i b i á n s z k y  and W o y n á r o v ic h , 1962), although its food has been 
investigated by several authors ( E n t z  and L u k a c s o v ic s , 1957; T ö l g , 1960).

Regressive changes occurred in the ruffe population of Lake Balaton 
following the mass destruction of fish in 1965, which was indicated by a drop 
in per cent of the ruffe to other species in the food of pike-perch (Biró and 
E l e k , 1969). Since the nutrition and the population density belong to the 
determinants of growth, it seemed to be desirable to investigate the growth of 
ruffes collected at several places of Lake Balaton as well as to describe and to 
compare it with several mathematical models in connection with my previous 
work (Biró, 1970).

Material and methods

Samples were collected by using a beam trawl of 2mm mesh and an otter 
trawl of 5 mm mesh, respectively, during 1969 — 70 at different parts of Lake 
Balaton. The samples (639 individuals) have been fixed instantly on the site 
in 4—5% formaldehyde. The body length and weight of each specimen have 
been measured in mm and in grams to an accuracy of 0.05.

Scales were collected (10—20 pieces per fish) from the rows below the 
lateral line on the left side behind the posterior margin of the pectoral fin 
(Fig. 1). Intact, well developed scales had been selected and after cleaning 
they were compressed between glass slides. The preparations were projected 
by a profile projector at a 50 times magnification. Using a millimetre divided 
scale we measured from the focus cf the scale the winter ring distances and the 
total oral radius. The age was determined by counting the number of com
pletely developed annual rings.

The relation of standard length and oral radius as well as that of body 
dimensions at the time of scale-formation and the length of “key-scales” were 
expressed by the equation of a straight line. On the basis of these relationships 
and the radii of the annual rings we back calculated the standard lengths of 
different age groups b y  the E r a s e r ’s (1916) method, and the relation of the
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Fig. 1. P lace  o f  scale sam pling  on  th e  le f t side o f  ruffe  (“ key-scales” ). L c =  s ta n d a rd
leng th , L t =  to ta l  len g th

body l e n g t h  a n d  w e ig h t  by H u x l e y ’s (1924; c i t .  B e v e e t o n  a n d  H o l t , 1957) 
a l lo m e t r i c  f o r m u la .

For the mathematical description of the growth of ruffe-population in 
Lake Balaton the growth-model of B e r t a l a n f f y  (1957) and K r ü g e r  (1965) 
was applied and compared, using the back calculated standard lengths.

Results

The extreme values for the standard length in the examined specimens 
of ruffes were 22—115 mm, while for the total length were 26.5—126 mm. Body 
weights yielded values between 0.21 — 30.65 g (Table I, Fig. 2). Specimens of 
3—6 cm standard length, aged 0 +  and 1 +  years were preponderant in the 
material; the age composition indicates a high natural mortality.

The growth zones of the scales form a stripe of varying width, however, 
in the majority of cases the winter rings are clearly separated. Among the 
scales numerous samples occur being regenerated after juvenile lesions. 
There are two characteristic types: 1. smaller or greater spot of regeneration 
is observable around the focus, 2. a marginal lesion of the scale is seen complete
ly deformed, or perhaps several scales (as a rule 2) are adherent. The damaged 
scales often display no growth ring or in the case of their presence, they are 
rather indistinct.

Considering the examined samples a linear connection has been calcu
lated for the relation of the standard length and the total oral radius. The 
several representives were plotted to give a straight line which shows an inter-
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Length (mm)
Fig. 2. S ta n d a rd  len g th -freq u en cy  o f  ru ffes in  d iffe ren t age groups

T A B L E  I

The measured averages of length and weight of examined ruffes

Age groups L„ L t w

o+ 4 6 .7 5 6 .3 1 .8x+ 6 4 .0 6 6 .0 2 .8
2 + 6 6 .5 7 8 .6 6 .7
3 + 9 0 .0 1 0 7 ,0 1 3 .8
4 + 1 1 0 .6 1 2 6 .6 2 4 .1

L c =  s ta n d a rd  len g th  in  m m , L t -  to ta l  len g th  in  m m , W  =  w eig h t in  g ram s

section on the abscissa at 12.5 mm (Fig. 3). This seemingly low value gives 
the standard length measurable at the time of “key-scales” formation. For 
both sexes the allometric curve expressing the relation of standard length 
and weight abruptly rises from a length of 7—8 cm agreeing well with the 
measured values (Fig. 4).
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Fig. 3. R e la tio n  betw een  th e  s ta n d a rd  len g th  an d  th e  to ta l  o ra l rad iu s o f  th e  scales. T he 
s tra ig h t line h a s  been  p lo tte d  on  th e  basis o f  rep re sen ta tiv e  d a ta . S = to ta l  o ra l rad iu s

(m m ), L c =  s ta n d a rd  len g th  (m m)

According to the directly measured average data, the total length was 
56 mm in the first (0 +), 65 mm in the second (1 -f-), 79 mm in the third (2 +), 
107 mm in the fourth (3 +) and 125 mm in the fifth (4 +) year (rounded values 
of the standard length and body weight are summarized in Table I ). The body 
lengths calculated from the scales (Table I I ) are somewhat lower than the

T A B L E  I I

Standard lengths back calculated from, the scales, in  mm

Size
group

Age groups
Average Difference

i+ 2+ 3 + 4+ 6+

h 46.0 44.2 47.3 46.8 46.0 45.9
i 2 • -- 60.7 66.6 68.4 64.3 65.0 19.1
i 3 — — 84.2 86.1 82.5 84.3 19.3
i 4 — — — 96.6 95.1 95.8 11.5
i 5 — — — — 104.4 104.4 8.6
h — — — — 109.9 109.9 5.5

above values. When plotting them by the Walford (1964) transformation 
a value =  13.0 cm is obtained for the asymptotic body length. According 
to the growth curve transformed into a straight line, the standard length of
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Length (mm)

Fig. 4. R e la tio n  o f  s ta n d a rd  len g th  a n d  w eigh t ca lcu la ted  fo r b o th  sexes. W  =  bo d y  
w eigh t (gram s), L c =  s ta n d a rd  len g th  (m m)

age group 0 +  is 3.2 cm. Other values except that of age group 1 +  approxi
mate the above straight line (Fig. 5).

There is a linear connection between the log (L^  — 1() values and age. 
The straight line indicating the level of log Д*, and another one determined 
by the logarithms of the body size differences give a point of intersection. 
When projecting this point to the abscissa, t 0 =  —0.522 year is obtained, 
indicating that hypotetic period of time at which the size of the ruffe would 
have been zero. The slope of the straight line is К  =  0.287 (Fig. 6). Sub
stituting the parameters thus obtained into the growth-model of B e r t a l a n f f y , 
a slightly arched curve is obtained for the growth of ruffe population in Lake 
Balaton when plotting the desired values (Fig. 7). The growth curve obtained 
from the equation of B e r t a l a n f f y  apart from the low value of age group 
0-j—, shows no significant differences from the values calculated from the
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Fig. 5. In c rease  in  th e  s ta n d a rd  len g th  o f  ru ffe  using  W a l fo b d ’s m eth o d . lt ■ 
len g th  in  t tim e ; lf+1 =  th e  sam e one y e a r  la te r . T he asy m p to tic  len g th

3.26

body

1 - 0  .74!)-! 13.0 em

Fig. 6. L o g arith m s o f  th e  d ifferences betw een  th e  a s im p to tic  len g th  (L„) a n d  th e  a c tu a l 
s ta n d a rd  len g th s a t  t period  o f  tim e  as p lo tte d  ag a in s t th e  successive years . T he slope of 

th e  s tra ig h t line : К  =  0.287; i 0 =  —0.522 y e a r
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Fig. 7. A nnual average  g ro w th  ra te  o f  s ta n d a rd  len g th  p lo tte d  using  B eu ta l  a n f f y ’s 
m odel, from  th e  age  g roup  1-f- upw ards

Age (yrs)

Fig. 8. G row th  o f  ru ffe  p o p u la tio n  in  L ak e  B a la to n  as  p lo tte d  on  th e  basis o f  K r u g e r ’s 
m odel on  double  log a rith m ic  axes. T he o rig inal e q u a tio n  in  th e  lo garithm ic  form :

log d =  log Dmax — — l og N  
л X +  £

w here d is th e  s ta n d a rd  len g th  a t  a n  age o f  % (% is id en tic a l w ith  t a n d  d w ith  l); Dmax 
is th e  m ax im al size (iden tica l fo rm ally  w ith  L m); N  is th e  g ro w th  c o n s ta n t (id en tica l fo r
m a lly  w ith  К );  I  is a n  ad d itiv e  va lue  o f  tim e , m a te m a th ic a lly  i t  re p re sen ts  p re n a ta l  age 
(fo rm ally  i t  is id en tica l w ith  i 0). See fo r com parisons th e  m odel o f  B e r t a l a n f f v . L c is

th e  s ta n d a rd  len g th  in  m m
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scales. In order to make comparisons the values derived by various methods 
are summarized in Table I I I .  The highest values were gained by the Wa l f o r d ’s 
plot.

T A B L E  I I I

Growth data of ruffe population in  Lake Balaton on the basis of different methods

Age groups
A ctual age 

(years) ( t  +  t 0)

Back calculated standard length in mm

from  scales Walford’s p lot
Bertalanffy’s

equation
Krügers’s
equation**

o + 0.52 31.2 32.6 18.1 20.3
i + 1.52 46.9 66.1 46.3 44.3
2 + 2.62 65.0 70.1 66.7 67.8
3 + 3.62 84.3 85.1 82.6 83.9
4 + 4.62 96.8 100.1 94.6 95.4
6 + 6.62 104.4 107.6 103.2 103.8
6 + 6.52 109.9 116.1 110.0 110.6

** I n  th is  case th e  a c tu a l ages expressed  in  y ea rs  m ean  % +  J  (I =  1.00; /_ =  t) .

In order to investigate the differences observed in the growth curves, 
the K r u g e r ’s (1965) model was applied. Using the method of calculation of 
G i l l b r ic h t  in the determination of the parameters the following constant 
values were obtained ( Fig. 8):

log Dmax =  2.2008; |  =  1.0006; log N  =  1.1085.
Back calculated standard lengths for the different age groups by substituting 
the parameters in the original equation, are summarized in Table I I I .  The values 
of standard length closely fellow somewhat parabolically the straight line on 
the double-logarithmic plotting of growth. They are between the values back 
calculated from the scales and those of B e r t a l a n f f y  model. This method gives 
the lowest value for the age group 1 -f-.

Thus the data reveal a slow growth rate in ruffe in Lake Balaton. Its 
body length is between 3—4 cm by the end of the first year of growth and the 
increase in standard length is of almost the same rate in the first 4 years (age 
groups 0-f- and 3+), although later it diminishes to some extent. The diver
gence is not significant in the age groups indicating a rather uniform growth 
of fish of the same age. Among the methods used for matemathical description 
of the growth the model of K r ü g e r  (1965) yielded values from the age group 
1 +  upwards being nearer those back calculated from scales, however, neither 
values given by the model of B e r t a l a n f f y  (1957) differ significantly from 
the latter.

The evaluations carried out by employing different methods equally 
indicate that the growth of ruffe is slow in Lake Balaton, apart from sporadic 
extreme values.

Discussion
The formation of annual rings is almost uniform on the well developed 

scales of the ruffe though the random appearance of accessory and disturbing 
rings is also observed. The occurrence of indistinct or adherent rings is rarer
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than on the scales of pike-perch (Biró, 1970). In spite of the small size of the 
scales the annual rings can be studied well in all age groups. The change of the 
total oral radius is directly proportional with the increase in standard length.

The relatively slow rate of growth indicated by the data may be connected 
with the peculiar ecological factors of Lake Balaton as well as with feeding 
relations. According to previous investigations (Tölg, 1960) the food of ruffe 
in Lake Balaton is composed by benthic organisms, from a quantitative 
point of view the first place is occupied by Chironomids. The zooplankton 
is also significant in their feeding (Cyclopids, Alona sp. and intermittently 
Corophium curvispinum mainly for those hunting among the vegetation), 
however, it plays a more important role in the food of the fries. A decrease 
of benthic fauna has been observed (Ponyi et al. 1968) owing to pesticides 
pollution of the water. A similar cause may decrease the population of ruffe, 
too. The effect of pesticide accumulation probably directly manifests itself; 
unfortunately comparable data are not at our disposal from earlier investi-

Fig. 9. G row th  cu rves p lo tte d  from  g ro w th  d a ta  observed  in  E u ro p ean  w a te rs  (1 —16 fo r 
to ta l  leng th , 17 — 20 fo r s ta n d a rd  len g th ): 1 — O stsee (N e u h a u s , 1934), 2 — S akrow er 
See, 3 — D arsser B odden , 4 — B r. L u c in  (B a u c h , 1955), 5 — O derh aff (N e u h a u s , 1934), 
6 — M üggelsee, 7 — average  o f23  lakes (B a u c h , 1955), 8 — w ate rs  o f  R o u m an ia  (Cä b ä u su , 
1962), 9 —10 — S te ttin e r  H aff, 11 — 12 — F risch en  H affs  (N e u h a u s , 1934), 13 — F in k en - 
w ärd en , 14 — P e tro leu m h afen , 16 — H o lzh afen  (Mo h b , 1922, c it. b y  N e u h a u s , 1934), 
16 — L eb b in e r S ch aar (Ne u h a u s , 1934), 17 — S lapy  W a te r, 18 — P a s tv in y , 19 — S lapy  

(Oliv a  an d  V ostba do vsk y , 1960), 20 —  L ake  B a la to n  (p resen t investiga tions)
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gations. The age distribution of ruffes indicate a high natural mortality in 
which, beside the above reasons, the predatory fishes (pike-perch, eel) play 
also an important role.

Since ruffe represents one of the major components of the food of pike- 
perch (weight group of 300—500 g; Biró and Elek, 1969; Bíró unpubl.) 
it is desirable to know not only the rate of its growth but also its population 
dynamics and food in order tc clear up the quantitative relations of the food- 
chain of pike-perch (these problems will be discussed elsewhere).

The data of scale investigations unanimously prove that ruffe in Lake 
Balaton grows slowly. The primary reason is most probably the qualitative 
and quantitative composition of the food and by no means the interspecific 
effects being realized in the otherwise not too dense population.

Among the mathematical models K r ü g e r ’s (1965) proved to be reliable 
for the description of the growth of ruffe. Even according to K r ü g e r  his 
model is more suitable for describing the growth of small-sized fishes than 
the previous other formulas in both the embryonal and postlarval period 
of life. The plotted growth curve includes three points of inflexion (in our 
case only one, at an age of 2.7 years). The formally identical parameters of 
the models of B e r t a l a n f f y  and K r ü g e r  significantly differ from each other 
as far as their values are concerned, however, the curves are very similar.

Other data on the growth of ruffe reveal that the largest body size 
is rather different in examined waters. I t is mainly between 10—15 cm, 
very seldom, e.g. in River Danube, it reaches 25—30 cm and 200 g. Extreme 
body lengths have been reported from Lake Ciarsamba-Turcia (40 cm) and 
from Siberian waters (50 cm, 400—600 g) (C a r  a u s  U, 1952). The latter data 
are inordinate, however, the growth of ruffe is generally more rapid in the 
waters of Europe than in Lake Balaton (Fig. 9). The highest rate of growth 
has been observed in the waters of Germany (M o h r , 1922; N etxhatts, 1934; 
B a ttch , 1955) while in Slapy Water and Pastviny of Czechoslovakia (O l iv a  
and V o s t r a d o v s k £ , 1960) almost identical rates have been observed as in 
Lake Balaton.

Summary

The growth rate of ruffe has been investigated by means of scalimetric 
measurements in Lake Balaton. I t can be established that:

1. Annual rings of the scales are regularly formed in the majority of 
cases, accessory rings are rare, whereas injured, regenerated scales are fre
quent.

2. A rather linear connection exists between the standard length and 
the total oral radius of the scales.

3. The specific values of body weight calculated on the basis of the parab
ola describing the allometric relation of body length and weight for both 
sexes hardly differ from those obtained by direct measurements. The value 
of the allometric exponent is 3.0855.

4. The growth of ruffe is slow in Lake Balaton, it is of about the same 
rate in the first 4 years (up to age group 3+). The slow growth is probably 
bears a direct relation to the amount of food.
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5. Among the m athem atical models applied for the description of the 
growth rate of the standard length, K k ü g e r ’s (1965) proved to  be more reliable 
th an  B e r t a l a n f f y ’s (1957), however, there are no great differences between 
the values calculated by the two methods.

6. The growth rate of standard length and weight of ruffe in Lake 
Balaton is slower as compared to  those of waters abroad. I t  is near to  the 
values observed in the waters of Czechoslovakia.
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A V Á G Ó D U R B IN C S (A C E R IN A  C E R N U A  L.)
N Ö V E K E D É S É N E K  V IZSG Á LA TA  A  B A L A T O N B A N

Biró Péter

összefoglalás
S calim etrikus m érések  a la p já n  v izsg á ltu k  a  B a la to n b ó l szárm azó  vágódu rb incsok  

n ö v ekedés-ü tem ét. A  k a p o tt  ad a to k b ó l m eg á llap íth a tó , hogy
1. A  p ikke lyeken  az  év g y ű rű k  az ese tek  többségében , szabá lyosan  a la k u ln a k  ki, 

a  já ru lék o s év g y ű rű k  képződése r i tk á b b , ezzel szem ben g y ak o riak  a sé rü lt, reg en erá ló d o tt 
p ikkelyek .

2. A  s ta n d a rd  te s th o ssz  és a  p ik ke lyek  te lje s  o rális rád iu sza  k ö z ö tt az  összefüggés 
eléggé lineáris.

3. A  te s th o ssz -te s tsú ly  a llo m etrik u s v iszo n y á t m in d k é t iv a rra  k ifejező p a rab o la  
egyen le tbő l k ife jezhető  specifikus sú ly ad a to k  a  közv e tlen ü l m é r t te s tsú ly -é rté k e k tő l alig  
té rn e k  el. Az a llo m etria i exponens é rték e  3,0855.

4. A  d u rb in cs növekedése a  B a la to n b a n  lassú  ü tem ű , s a  n egyed ik  éle tév ig  (3 +  
korcsopo rt) közel azonos növekedési k o n stan ssa l je llem ezhető . A  lassú  növekedés v a ló 
színű leg  a  rendelkezésre  álló  táp lá lékm enny iséggel függ össze.

5. A  s tan d ard h o ssz  növekedési ü tem én ek  le írá sá ra  a lk a lm a z o tt m a te m a tik a i m o d e l
lek  közü l K r ü g e r  (1965) m ódszere  m eg b ízh a tó b b n ak  b izo n y u lt B e r t a l a n ff y  (1957) 
e ljá rá sáv a l szem ben, b á r  a  k é t  ú to n  sz á m íto tt é rték ek  k ö z ö tt n incs n a g y  eltérés.

6. K ü lfö ld i m egfigyelésekhez kép est, a  b a la to n i du rb in cso k  testhossz-, ille tve  t e s t 
sú ly -g y arap o d ásán ak  m en ete  lassú b b  és a  csehszlovákiai v izekben  m e g á lla p íto tt é r té k e k 
hez á ll közel.
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