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The ruffe is an important food-stuff of the pike-perch in Lake Balaton
(WoynNArovICcH, 1959). Still its biology and ecology are improperly known,
only scattered references concerning its growth are found in hungarian litera-
ture (RiBiANszry and WovyNAROVICH, 1962), although its food has been
investigated by several authors (ExTz and Luracsovics, 1957; ToLa, 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 (Bmr6 and
ELEk, 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 (Bir6, 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—59%, 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 by the FrRASER’s (1916) method, and the relation of the
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Fig. 1. Place of scale sampling on the left side of ruffe (“key-scales”). Lc= standard
length, Lt = total length

bOdy length and weight by Huxley'’s (1924, cit. Beveeton and Holt, 1957)
allometric formula.

For the mathematical description of the growth of ruffe-population in
Lake Balaton the growth-model of Bertatanfry (1957) and K rager (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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Fig. 2. Standard length-frequency of ruffes in different age groups

TABLE |

The measured averages of length and weight of examined ruffes

Age groups L,
o+ 46.7
X+ 64.0
2+ 66.5
3+ 90.0
4 + 110.6

Lt

56.3
66.0
78.6
107,0
126.6

1.8
2.8
6.7
13.8
24.1
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Lc= standard length in mm, Lt - total length in mm, W = weight in grams

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. Relation between the standard length and the total oral radius of the scales. The
straight line has been plotted on the basis of representative data. S=total oral radius
(mm), Lc= standard length (mm)

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 ). The body
lengths calculated from the scales (Table 1) are somewhat lower than the

TABLE 11

Standard lengths back calculated from, the scales, in mm

Size Age groups
Average Difference
group i+ 2+ 3+ 4+ 6+
h 46.0 44.2 47.3 46.8 46.0 45.9
i2 = 60.7 66.6 68.4 64.3 65.0 19.1
i3 - - 84.2 86.1 82.5 84.3 19.3
i4 - - - 96.6 95.1 95.8 11.5
i5 — - - - 104.4 104.4 8.6
h — — — — 109.9 109.9 5.5

above values. When plotting them by the Waiford (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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Fig. 4. Relation of standard length and weight calculated for both sexes. W = body
weight (grams), Lc= standard length (mm)

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 éL" — 1() values and age.
The straight line indicating the level of log *, and another one determined
by the logarithms of the body size differences give a point of intersection.
When projecting this point to the abscissa, to = —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 K = 0.287 (Fig. 6). Sub-
stituting the parameters thus obtained into the growth-model ofBertatantty,
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 Bertarantry 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. Increase in the standard length of ruffe using Walfobd’s method. It m body
length in ttime; If+1 = the same one year later. The asymptotic length

3.26
1-0 7apa 130em

Fig. 6. Logarithms of the differences between the asimptotic length (L,,) and the actual
standard lengths at t period of time as plotted against the successive years. The slope of
the straight line: K = 0.287; i0= —0.522 year
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Fig. 7. Annual average growth rate of standard length plotted using Beutalanffy’s
model, from the age group 1-f- upwards

Age (yrs)

Fig. 8. Growth of ruffe population in Lake Balaton as plotted on the basis of Kruger’s
model on double logarithmic axes. The original equation in the logarithmic form:

logd = log Dmax — — log N
gn g X+£9

where d is the standard length at an age of % (%is identical with t and d with I); Dmax

is the maximal size (identical formally with Lm); N is the growth constant (identical for-

mally with K); I is an additive value of time, matemathically it represents prenatal age

(formally it is identical with i0). See for comparisons the model of Bertalanffv. Lcis
the standard length in mm
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scales. In order to make comparisons the values derived by various methods
are summarized in 7'able 111 . The highest values were gained by the WALFORD’s
plot.

TABLE III
Growth data of ruffe population in Lake Balaton on the basis of different methods
Back calculated standard length in mm £
NS EroTme Actual age e '
(ears) (2Hv0) from scales ‘WALFORD's plot Bm’i;ﬁi?ny - g;g?f;sgf
0} ; 0.52 31.2 32.6 18.1 ’ 20.3
e 1.62 | 45.9 | 55.1 46.3 ! 44.3
- ‘ 2.62 [ 65.0 70.1 66.7 ‘ 67.8
3 | 3.62 84.3 85.1 82.6 83.9
4 [ 4.52 95.8 100.1 94.6 95.4
54 5.62 104.4 107.6 103.2 103.8
6-- 6.62 109.9 115.1 . 110.0 110.6
|

** In this case the actual ages expressed in years mean y + & (§ = 1.00; x = t).

In order to investigate the differences observed in the growth curves,
the KrUGER’s (1965) model was applied. Using the method of calculation of
GILLBRICHT in the determination of the parameters the following constant
values were obtained (Fig. 8):

log Dppax = 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 T'able I11. The values
of standard length closely fcllow 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 BERTALANFFY model. This method gives
the lowest value for the age group 1.

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 and 3+4-), 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 descripticn
of the growth the model of Krtiaer (1965) yielded values from the age group
1+ upwards being nearer those back calculated from scales, however, neither
values given by the model of BERTALANFFY (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 (Biro, 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 datamay be connected
with the peculiar ecological factors of Lake Balaton as well as with feeding
relations. According to previous investigations (Telg, 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) owin(rq 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. Growth curves plotted from growth data observed in European waters (1—16 for
total length, 17—20 for standard length): 1 — Ostsee (Neuhaus, 1934), 2 — Sakrower
See, 3 — Darsser Bodden, 4 — Br. Lucin (Bauch, 1955), 5 — Oderhaff (Neuhaus, 1934),
6 — Muggelsee, 7 — average 0f23 lakes (Bauch, 1955), 8 — watersofRoumania (Cabausu,
1962), 9—10 — Stettiner Haff, 11—12 — Frischen Haffs (Neuhaus, 1934), 13 — Finken-
wadrden, 14 — Petroleumhafen, 16 — Holzhafen (Mohb, 1922, cit. by Neuhaus, 1934),
16 — Lebbiner Schaar (Neuhaus, 1934), 17 — Slapy W ater, 18 — Pastviny, 19 — Slapy
(Oriva and Vostbadovsky, 1960), 20 — Lake Balaton (present investigations)
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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; Biré and Elek, 1969; Biré 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 ruger’s (1965) proved to be reliable
for the description of the growth of ruffe. Even according t0 K ruger 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 Bertatanfry and K rager 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. It 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) (Carausu, 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 (Mohr, 1922; N etxhatts, 1934;
Battch, 1955) while in Slapy Water and Pastviny of Czechoslovakia (0tiva
and vostradovsk£, 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. It 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 mathematical models applied for the description of the
growth rate ofthe standard length, K kager’s (1965) proved to be more reliable
than Bertatanfry’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. It is near to the
values observed in the waters of Czechoslovakia.
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A VAGODURBINCS (ACERINA CERNUA L))
NOVEKEDESENEK VIZSGALATA A BALATONBAN

Biro Péter

0sszefoglalas

Scalimetrikus mérések alapjan vizsgéaltuk a Balatonb6l szdrmazé vagédurbincsok
novekedés-litemét. A kapott adatokb6l megallapithaté, hogy

1. A pikkelyeken az évgyl(irlik az esetek tobbségében, szabalyosan alakulnak ki,
a jarulékos évgylir(ik képz6dése ritkabb, ezzel szemben gyakoriak a sérilt, regeneralédott
pikkelyek.

2. A standard testhossz és a pikkelyek teljes orélis radiusza kozdtt az dsszefliggés
eléggé linearis.

3. A testhossz-teststly allometrikus viszonyat mindkét ivarra kifejez6 parabola
egyenletbdl kifejezhet6 specifikus silyadatok a kézvetlentl mért teststuly-értékekt6l alig
térnek el. Az allometriai exponens értéke 3,0855.

4. A durbincs névekedése a Balatonban lasst tem(, s a negyedik életévig (3+
korcsoport) kdzel azonos novekedési konstanssal jellemezhetd. A lassi novekedés val6-
szinlleg a rendelkezésre all6 taplalékmennyiséggel fligg 6ssze.

5. A standardhossz ndvekedési itemének leirdsara alkalmazott matematikai model-
lek kozil Kruger (1965) mddszere meghizhatébbnak bizonyult Bertalanffy (1957)
eljarasaval szemben, bar a két Gton szamitott értékek kézott nincs nagy eltérés.

6. Kulfoldi megfigyelésekhez képest, a balatoni durbincsok testhossz-, illetve test-
suly-gyarapodasanak menete lassibb és a csehszlovakiai vizekben megéallapitott értékek-
hez all kozel.
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