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Abstract

On the basis of measurements on 204 fish specimens the following relatlonshlp was established
between the standard body length and body weight of pike: -

g W= —48114+29301gL,,

where W =body weight in g, L.=body length in mm.
The following relation was found between standard body length and total body length:’

L, = 5.651+1.110 L,

The determination of the age of pike as well as its body length in the single years was per-
formed on the basis of the growth-rings of scales. Growth can be well described by Bertalanffy’s
equation:

l‘= 1008'6[1 _e—01695(l+076)]x,

where I,=siandard body length of pike at the age of “t”, e=the base of natural logarithm. -

i

Introduction

Pike has been a very important fish species especially in the tributaries and
stagnant waters of the Tisza, and with the establishing of reservoirs it has become
increasingly frequent also in the main branch of the river. Therefore it may be impor-
tant from economical aspect to obtain knowledge about its growth which has not
been studied to date Hungarian waters.

This paper reports on growth studies performed on behalf of the Fisheries
Research Institute, Szarvas in the section of the Tisza in the water storage area of
Kiskdre, and presents at the same time the first information in connectlon with the
growth of pike in Hungary.

Materials and Methods

In the examinations, data of 204 fish specimens collected from 1. 3. 1977 to 3. 10. 1980 in
the stretch of Tisza at Tiszafiired were used. Standard body lengths of animals (L) — distance
from nose tip to the base of the caudal fin — varied between 290 mm and 870 mm, and their
body weights (W) between 300 g and 7700 g. .
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The relation between body length and body weight was calculated on the basis of the for-
mula recommended by TescH (1968):
W =alt
resp. its logarithmic form:

lgW =Iga+blglL,

where W =body weight of fish, L =body length, and a and b are constants. The function was
fitted to the data by means of the least square method according to Svas (1973).

Values of the condition factor (CF) were calculated according to HiLE (1936) on the basis
of the following relationship:

w

L3

CF =

where W =Dbody weight in g, L =body length in mm.

Age determinations were performed on the basis of the annuli of scales. Of the scales taken
from each fish, 6 were put into slide frames and projected on a blind plexiglas plate by means
of a slide projector and on the ten times magnified picture the whole oral radiuses of scales (s)
as well as the distance of each winter annulus from the focus of the scale (s,) were measured with
a scale of mm graduation. .

The regression analysis performed with the data of whole scale radiuses and body lengths
revealed the following relationship (Fig. 1):

L. = 64.70+78.558s

300f .
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100} »7
c

7 2 3 L 5 6 7 & s

Fig. 1. Relation between standard length (L.) and the whole radiuses. of scales (s) (both in mm)
The correction member (c) is given by the point of intersection of the line on the ordinata.

The line does not pass through the origo, i.e. there is no linear proportionality between
‘body length and scale radius, on the other hand, the correction term: ¢ =65 mm necessary for
the back-computation of body length can be obtained from this equation.

Body length of fish at the development of each annulus was back-computed by the method
recommended also by TescH (1968), according to Fraser (1916) and Lie (1920) on the basis of
‘the following relationship

1, =c+ 3= (L-0),
s

where 1, =body length at the development of the annulus “n”, c= the above mentioned correc-
tion member and s,, =the distance of annulus “n” from the focus, s =the total scale radius, L=
body length at the time of sampling.
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For the description of the growth of the pike population, WaLFOrRD’s method (1946) and
BERTALANFFY’s (1957) mathematical growth model recommended also by DICKIE (§068) were
used. .

Walford claims that the following relationship exists between body length (1) and the body
length of the preceding year (1,_,):

I, =a+bl,_;

According to Bertalanﬁ“y, body length (I,) can be expressed at any t point of time (year)
with the following equation:

I, = Leo[l —e~K(t-tQ)],

where Le =the maximal (asymptotic) body length; K =growth rate at which body length appréxi-
mates Le, t,=the hypothetical time point at which body length is equal to zero; e =the base of
natural logarlthm

The distribution according to age group of the 204 fish used in the examinations was the
following: (14): 3 fish, (2+): 89 fish, (3 +): 82 fish, (4 +): 21 fish, (5+): 6 fish, (7+): 1 fish, (§ +):
1 fish, (9+): 1 fish. Though the markings were the usual ones, according to which e.g. (1 +)=
two-summer-old, (2 +)=three-summer-old, etc., there were also such specimens which were
caught at the end of first year of their life (catchings in March), when namely the development of
the winter growth-ring had just ended. Such specimens were ranged into the next summer age
group, e.g. the two-year-old ones figure in the age group of (2+), namely in the group of the
three-summer-old fish.

Results

The relationship between body length and body weight of pike can be described
by the following allometric equation:

IgW = —4.8114+29301g L.,
where W is given in g, and L in mm (Fig. 2).
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Fig. 2. Allometric relation between body length and body weight. L, =standard body length
in mm, W=body weight in g.
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Table 1. B(I)dy lengths of pike obtained by back-computation on the basis of scales

) (Standard length in mm, body weight in g)
a+) @+ G+)y @+ 6+ a+) @8+) ©+) L. w
a 2917 197 164 17 224
1, b 329 313 333 311 283
c 314  251.2 2459 2379 259.5 281 224 247 249.5 163
a 267 235 238 336
1, b 445 476 451 435
c 359.6 356.4 340.7 397.3 418 330 370 367.4 507
a 301 316 423
1, b 582 543 561
c 434.6 425.8 508.7 556 429 493 474.5 1073
a 372 503
1a 642 653
c 488.2 593.3 634 514 597 565.3 1791
a 583
1; b 704 .
c 648.7 713 549 662 643.2 2615
1, 782 598 707 695.7. 3291
1, 831 641 753 741.7 3970
1g 676 798 737.0 3897
1y 833 833 5578

a: minimum, b: maximum, ¢: average within an age group, L. : averages of the age groups,
W: body weight.

Considering the fact that in many cases the whole length is given instead of the
standard length, it is advisable to know the relation between the two: '

L, = 5.651+1.110L,

Table 1 presents the values of the body lengths of the studied age groups in the
different years, as calculated on the basis of the growth-rings of scales.

In the computation of the combined averages of age groups the data of the age
group (1+) were not considered, since owing to the mesh size of the fish-baskets
used for collecting, only specimens of fast growth were caught, and these did not
represent the actual conditions of measurement of the particular age group.

In the column “Body weight” of Table 1, values of body weights corresponding
to average body length and calculated on the basis of the allometric equation described
in the foregoing are given.

Using the average values of the body lengths of the single age groups, WALFORD’s
growth line was constructed together with the x=I1,_;, data pertaining to y=I,

(Fig. 3).
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Fig. 3. Alternative illustration (WaLFrorD-plot) of the differences between the body lengths of

consecutive years (A), and the values of body lengths in successive years (B). (l,: body length

at the age of “t”,1,_, : body length one year earlier, in mm). Asymptotic body length: 1008.6 mm

is given by the abscissa value of the point of intersection of the line fitted to the points and .
the diagonal drawn at an angle of 45 degrees from the origo.

The line fitted to the points by means of the linear regression analisis can be
described by the following equation:

1,=163.73340,8376 1,_,
from which the asymptotic Body length is

a
Leo = 18 = 1008,6 mm.

If the values for In (Loo—l,).are represented in the function of time, we obtain
a line (Fig. 4) which can be described with the following equation: :

In (Leo —1,) = 6.7898 —0.1695.

From this we can determine the other parameters of BERTALANFFY’s equation:

In Loo —
t, = “_b 8 = —0.746~ —0.75 year,
g = mLezin@e-h 4 65
t—t,
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Thus the equation describing the growth of the pike population of the river
section is

]t — 10086 [1 _e—0.1695(t+0.75)]

Fig. 5 shows the average body lengths obtained by back-computation on the
basis of this equation for the single years.

In{LIt)= 6,7898-0,1695 ¢

5.0 b=O7L6=-075
15,
]

L0 7 2 3 L 5 6 7 8 9
Ay ‘

Fig. 4. Itlustration of the natural logarithm of the lack of unsaturation (the difference of asymptotic
body length and body lengths in the single years in mm) in the function of time. The constant
of BERTALANFFY’s equation is given by the rise of the line.

[.=1008.6

Iy = 1008,6(1- 01695 (t+079))

0';'234tés'789

Fig. 5. Growth of pike according to the growth model proposed by BERTALANFFY (L. =standard
length in mm, t=time in years).
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Discussion

It became evident as soon as the data of the caught fish were recorded, that there
were considerable differences in weight between specimens of identical length. In ad-
dition to the amount of food found in the stomach, another factor was also instru-

. mental in that, namely, owing to the fact that collecting was performed continuously,
specimens worn by spawning and autumn ones in best physical condition were equally
represented in the examination material. This mode of sample taking can be more
useful if we want to obtain a picture on the average condition of the population.

The value of the b constant of the equation, i.e. that of the so-called allomettic
exponent expressing the relation between length and weight was less than 3 (2.930),
showing that the growth rate of body weight of pike fell behind the growth rate of
body length, and suggests that with the increasing of body length the condition of
fish worsened somewhat, as it is seen in Table 2. Just the reverse of that could be
observed in the case of the pike-perch population of this stretch of the Tisza, despite
the fact that sample taking was here too continuous (HARKA 1977). Since there are
no data at our disposal in connection with other places, it cannot be decided whether
this low value of the exponent (b<3) is characteristic of the species, or the local
population only.

Only in a small proportion of the scales examined where the annulias discernible as
in Fig. 6. Thus the possibility of error cannot be excluded in the establishing of the
age of older specimens, resp. in the determination of the radiuses of the growth-
rings Because of this, the results obtained are rather of exploratory nature, and
ignoring the finer changes of growth rate, only the growth process iiself will be
discussed.

Int he Tisza, the growth of pike is rather unequal, as it is apparent. from the
data contained in Table 1. In addition to natural unequal growth, another factor
also contributes to the variation of body lengh of specimens of identical age, namely
that with the more drastic changes of the water level the fish leave their natural
environment and thus the population of the river bed and that of the storage area
providing more advantageous conditions for fish are exchanged in some measure.
However, for the high bank of the river bed, there is no possibility for a continuous
exchange at the present level of impounding and therefore the growth data still per-
tain fistly to the impounded section of the river and the affluents in constant connec-
tion with it.

For the description resp. modelling of growth the methods recommended by
WALFORD and BERTALANFFY were used. Table 3 contains data on body lengths for

Table 2. Changes in body length, weight and condition of pike

Standard length Total length Body weight Condition

Age year mm mm g 10° CF
1 259 293 182 1.0475
2 376 - 423 542 1.0196
3 475 533 1076 1.0039
4 558 625 1724 0.9923
5 628 © 703 2438 0.9844
6 687 768 © 3172 0.9783
7 734 820 3850 0.9736
8 780 . . 871 4601 0.9695
9

815 910 5232 0.9665
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Table 3. Comparison of standard lengths calculated by Walford's method,
Bertalanffy’s equation and on the basis of scales

Body length (mm) calculated on the basis of
Age year 1 ' WALFORD’S BERTALANFFY’S
scales method equation
1 249.5 300.9 258.8
2 367.4 415.7 375.7
3 474.5 512.0 474.5
4 563.3 592.6 557.7
5 643.2 . 660.0 628.0
6 695.7 716.6 687.3
7 741.7 764.0 737.4
8 737.0 803.6 779.7
9 833.0 836.8 815.4
Table 4. Growth of pike in some other areas in Europe (in cm)
After Hege- Risti¢ Doma- Berg .
A 1964 mann 1963 Present csev 1948 Balon  Gyurké Present
ge Bo- Tuusala Yugosla-  study S.U. SU 1967 1972 study
den- lake via . Ilmen Dni'esier Slovakia Romania
see Finland lake
0+ 12 9 — - — — . — — —
1 — — — 29.3 24.5 — 23 23 259
1+ 28 18 36 — — 23.0 — — —
2 — — — 423 36.6 — 34 28 37.6
2+ 42 27 46 — — 31.0 — — —
3 — — — 53.3 48.8 — 42 34 47.5
3+ 56 32 60 — — 41.6 . — — _
4 — — —_ 62.5 61.0 — 47 41 55.8
4+ 68 38 70 — — — — —_ —
5 — L — — 70.3 — — 59 45 62.8
S5+ 77 50 78 — — — — — —
6 — — — 76.8 — — 68 49 68.7
64 89 56 - 83 — — — — — —
7 — — — 82.0 —_ — ~ 76 55 73.4
7+ 98 65 — — — — — — —
8 — — — 81.7 - — — 61 78.0
8+ 107 69 89 — — — — — .-
9 — — — . 91.0 — - 85 — 81.5
94 114 73 — — — — — — —
Total length Standard length

The values relating to Yugoslavia are averages computed from the data peftaining to the
back-water of Biserno ostrovo at Csurog, which was studied by RisTr .
Domacsev’s data were taken over from BErG (1948).

the single years of life as estimated on the basis of the two relationships. Comparison
of these with the measurements computed on the basis of scales shows, that the va-
lues computed according to BERTALANFFY render a much better approach possible.
We can accept BERTALANFFY’s equation for the description of the growth rate of the
pike population not only because it is more modern, but also because it permits a
more exact approach.
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Since there are no other data available concérning the growth of pike in Hungary,
we can perform comparison only with other areas of Europe (Table 4).

Comparison is, however, very difficult, since the age of fishis given by some authors
in summers, by others in whole years, and body length is given also either in whole
length (L) or in standard length (L.). For the sake of a better survey, the ages expres-
sed in summers and years are shown in increasing order in a table, and both the
whole and the standard lengths of the Tisza population are also presented there.

The growth of pike in the stretch of the Tisza at Tiszafiired bears greatest re-
semblance to Slovakian and Yugoslavian data, and is faster than than those of the
pike populations of the Dniester and Rumania.

Because the data reported here primarily pertain to a river — even though it is
an impounded section of thé river — there is reson for believing that the growth rate
of pike is favourable in the whcle storage area.

2
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A csuka (Esox Lucius L.) ndvekedése a Tisza folyo Tiszafiiredi szakaszan

HARKA A.
Kossuth Lajos Kézépiskola, Tiszafiired, Magyarorszdg
Kivonat
A vizysgélt 204 halpéldany alapjan a csuka standard testhossza és testtémege kozotti Gssze-
fuggés a kovetkezd:

IgW = —-48114+29301gL,,

113



ahol W a testtémeg g-ban, L. a testhossz mm-ben.
A standard testhossz a teljes testhosszal az alabbi viszonyban all:

L, = 5,651+1,110L,.
A csuka koranak és az egyes életévekben elért testhosszanak a meghatdrozasa pikkely-
évgylirik alapjan tortént. A novekedés jol leirhato a Bertalanffy-egyenlettel:

1, = ]008,6 [1 —e-o0-2695 (t +o-75)]’
amelyben |, a csuka standard hossza t éves korban, e a természetes logaritmus alapszdma.

Rast $tuke (Esox lucius L.) na deonici reke Tise Tiszafiired
HARKA A.
Srednja $kola ,,Kossuth Lajos’, Tiszafiired, Hungaria
Abstrakt
Odnos izmedju standardne duZine i teZine tela ¥tuke na osnovu 204 analiziranih primeraka
iznosi:
IgW = —43811+29301gL,,
gde je W teZina u g, L. duZina tela u mm.
Standardna duZina sa op§tom duZinom tela stoji u slede¢cem odnosu:
L, = 5,651+1,110L..

- Utvrdjivanje starosti i u pojedinim godinama dostignutog rasta stuke vrieno je na osnovu
godova-prstenova na krljustima. Prirast je izraZen jedna¢inom po Bertalanffy-u:

1‘ _ 1008,6 1 —e—9-1695 (m+o.75)]’

gde je 1, standardna duZina Stuke u t uzrastu, dok je € osnovni broj prirodnog logaritma.

TIPUPOCT IYKH (ESOX LUCIUS L.)
HA TUCA®IOPEJICKOM YYACTKE PEKU THUCBI

.

A. Xapka

Cpennssa mxosja ¥M. Jlaitoma KomyTa, Tucadropen, BHP
Pezome

Ha OCHOBaHWM MPOBEIAEHHLIX MccienoBaHuil Ha 204 sxk3eMIApax prib, B3aHMOCBA3b MEXKAY
CTaHAAPTHOH IJMHOM LUYKH M Maccoit e€ Tena ciaeayomas:

1gW=—4,811+2930 Ig L.,

e W macca 1esa B rpaMmax, L, — [ImHa Tena B MUIUTMMETpPax.
CranHmapTHas [UTMHA Tena ¢ MakCHMaJlbHOH AJMHON Tema HAXONHTCA B HHXKECICAYIOLIEM

OTHOIICHHH !
L,=5,651+1,110 L,

Bek IIYKH €XErOIHblil MPUPOCT AMMHEI TeNa ONpPeNesseTcs Ha OCHOBAHMH TONHYHRIX KOJEH
wemyn. TIpHPOCT XOpOIIO MOXeT OBITh BHIpaskeH ypaBHeHHeM bepronouddu:

1,=1008,6 [1 — . —0,1695 (t+0,75)]
rpge l,' cTaHOapTHas AJIMHA 1IYKH t—B I‘Oﬂ_H‘lHOM BO3pacTe, € €CTECTBCHHOEC OCHOBHOC YHCJIO JIOTa-

padma.
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