
ANNAL. BIOL. TIHANY 36 151-162 HUNGÁRIA 1969

T H E  S P R I N G  A N D  S U M M E R  N U T R I T I O N  O F  T H E  3 0 0 — 5 0 0  G 

P I K E - P E R C H  (L U C IO P E R C A  L L C I O P E R C A  L .)  IN  

L A K E  B A L A T O N  IN  1 9 6 8 .
I I .  T H E  C A L C U L A T IO N  O F  T H E  C O N S U M P T IO N , D A I L Y  A N D  

M O N T H L Y  R A T IO N S

PÉTER BIRÓ
Biological Research Institute of the Hungarian Academy of 

Sciences, Tihany, Hungary

Received: 10th February, 1969

The study of natural food resource and digestive enzymes of fish began 
at the end of the last century, then realizing the importance of digestion rate 
in fish production (R ic k e r , 1946) the attention was concentrated upon to 
estimate the quantity of food turnover. Nowadays it became of primary in
terest to determine on the basis of stomach contents analysis and results 
achieved in connection with digestion experiments the daily ration and daily 
consumption of food under natural conditions.

For estimating the daily and monthly ration and the daily (24 hours) 
food consumption of fish several methods are known (Stjrber , 1930; B a jk o v , 
1935; D a r n e l l  and M e ie r o t t o , 1962; S eabtjrg and Mo y l e , 1964; F o r t u - 
n a t o v a , 1950 cit. P o po v a , 1967).

Mo ln á r  and T ölg elaborated (1961) an X-ray method to estimated 
under laboratory cone it Ions the length of time necessary for stomach evacua
tion on predatory fish belonging to different groups of water temperature. 
H u n t  (1960) measured volumetrically with the method of water displacement 
the rate of digestion in some species of fish, W in d e l l  (1966, 1967) determined 
the dry content of the digestible part of food in individual digestive phases in 
common sunfish.

Our home literature in this line is rather poor hardly got beyond the 
study of qualitative-quantitative composition of fish food under natural con
ditions, and that too is only in connection with the investigation of Lake 
Balaton.

Among the fishes of Lake Balaton, in respect of stomach contents in
vestigations, pike-perch is the most thoroughly studied species. For the quality 
and quantity of the seasonal food of 300—500 g pike-perch are fairly well 
known (W o y n á r o v ic h , 1959; B író  and E l e k , 1969), and the periods necessary 
for the eve c lation on stomach at different temperatures are precisely deliniated 
(Mo ln ár  and T ö lg , 1962; Mo ln á r  et al. 1967) thus, possibility was offered 
to estimate the daily and monthly consumption of pike-perch on the basis of 
food quantity found in the stomachs, further, it became possible to calculate 
the daily and monthly rations and to infer data concerning the intensity of 
their feeding.
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Methods

In our calculations we made good use of the data already published in a 
previous paper ( B i r ó  and E l e k , 1969). On the basis of measured and estimated 
total weight of food taken at the time of the last intake of food we divided the 
stomach contents into 6 groups and calculated the distribution of feeding 
pike-perch according to the number of individuals within each stomach con
tents weight-group. We have established by weight-groups the original total 
body weight of fish serving for food found in the stomachs of pike-perch 
( W o y n á r o v i c h , 1959; B í r ó  and E l e k , 1969), calculated the group means, the 
standard deviations and variation coefficients. We made good use of Arrhenius 
equation, also employed by M o l n á r  et al. (1967), in calculating the periods 
necessary for the evacuation of stomachs at different temperatures for the 
average monthly temperature of the water of Lake Balaton (on the basis of 
temperatures taken in front of our Institute). The periods necessary for the 
evacuation of the stomach were given in hours, of which we could calculate the 
number of monthly intake of food (feeding intensity). The daily and monthly 
consumption have been calculated, on the basis of B a j k o v  (1935) method, 
grouping according to stomach contents weights, in the case of each feeding 
pike-perch, by the following formula:

. . .  ,. average amount of food 24daily consumption =  • ------— ---- -— —
in the stomach rate of digestion

then the average was taken from the results obtained.
The daily and monthly rations were obtained from the data of consump

tion. We have estimated the extreme values of consumption and rations on the 
basis of minimum and maximum weights of the stomach contents.

Results
Feeding intensity

The original body length and weight of the ingested fish for food were 
estimated to a fair accuracy by the backbone, pharyngeal bones, operculum 
and the scales. Conclusions were drawn from the stomach evacuation periods 
in the function of average water temperature to the number of monthly intake 
of food (Table 1). In March, at a temperature of 5.9 °C in the water the time

Table 1

I
t  1 У г

M arch 5.9 247.2 3
A pril 15.7 65.0 n
M ay 20.3 45.7 i6
Ju n e 19.3 48.9 15
J u ly 22.7 39.2 19
A ugust 21.0 43.6 17

t  =  average  w a te r te m p e ra tu re  in  °C; у  =  tim e  o f  d igestion  in  h o u rs  (period 
o f  sto m ach  ev acu a tio n ); i =  n u m b er o f in tak es  o f  food p e r  m o n th .
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necessary for stomach evacuation, compared to warmer months, was 4 — 6 
times longer, which period, as the temperature rose, became shorter, attaining 
a 1 — 3 day period; the intake of food recurred in every 1 — 2 days. In March, 
the length of time necessary for digestion exceeded 10 days, rendering about 
3 intakes of food; in April, this number lessened to 3 days which means that 11 
intakes of food may take place. The most intensive period for intake of food 
occurred in July when the total amount of ingested food required only about a 
day and a half to pass from the stomach to the pylorus fulcrum and the in
testine, calculating the time length in 6-month average: this value was the 
shortest, in actual fact in meant about 19 intakes of food per month.

Consumption

The measured and estimated total weight of stomach contents of feed
ing pike-perch showed varying values between March and August, the highest 
values were reached in March and July, while the lowest occurred in June. 
The nutritional mean calculated for one pike-perch (27 x/n) may only be in
formative in the light of real consumption (Table 2). During the period of in
vestigation most pike-perch stomachs contained not more than 1 —5 g food, 
6—10 g or more was only found sporadically. The stomach contents within the 
appropriate weight group, the divergence from average and variational coeffi
cients were almost the same. The food weight per individual distribution is

Table 2

N n Lx Lx In

M arch 206 140 1265 9.35
A pril 112 88 682 7.75
M ay 135 121 889 7.35
Ju n e 65 46 410 8.91
J u ly 257 232 1746 7.52
A ugust 145 117 826 7.06

N  =  to ta l  n u m b e r o f  exam ined  p ike-perch ; n  =  n u m b e r o f  feed ing  p ike-perch ; 
iix  =  to ta l  w eigh t o f  sto m ach  c o n ten ts  o f  n -n u m b er o f  p ike-perch  in  g ram s 27x/n=  
average  o f  food falling  to  one feed ing  p ike-perch  in  gram s.

falling short of normal considering feeding pike-perch (Figs 1—6). In March, 
the calculated daily consumption was rather low in spite of the fact that the 
total food weight found in the stomach was comparatively high (1265 g). 
In the following months the amount of daily consumption increased until 
July. The consumption was most intensive in July: in average 4.6 g/ individual 
per day, while the August value fell back to the level of May. According to 
our calculations the food consumption for March was 2.7g/ individual per month, 
this value greatly increased in April, and gradually reached the value 87.5 
g/individual per month by July, then in August this value decreased. The total 
consumption calculated for one pike-perch in the spring and summer months
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Fig. 1. The distribution of feeding pike-perch according to the weight of stomach 
contents per number of individuals in different months.

Sequence of numbers within the weight groups of stomach contents: 
n =  number of feeding pike-perch;

£ x  =  total weight of stomach contents o f n-number of pike-perch in grams;
x =  arithmetical mean of food weight groups;

± s  =  standard deviation;
v% =  variational coefficient

Fig. 2

Weight оГ food (g)
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was 315 g (Table 3). The estimated minimum and maximum daily and monthly 
consumption data diverge to a great extent from the average when the extreme 
values of the weights of stomach contents are considered (Table 4).

Daily ration

According to our data on fourth grade pike-perch in Lake Balaton the 
daily ration (i.e. the weight of the daily consumed food per the percentual 
average body weight of 390 g pike-perch) in the spring and summer months 
of 1968 was 0.87%; monthly ration 13.45%. On six monthly totalizing we 
found that the amount of ingested fish reached only 80.73% of the average
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Figs 2 — 6. Explanation see under Fig. 1

body weight of pike-perch (Table 3). The relative indices of consumption in 
average extreme values gave 0.24—3.76% per day and 1.75—57.05% per 
month (Table 5).



157

Table 3

Dc M c D, Mr

M arch 0.9 2.7 0.23 0.69
A pril 2.9 31.5 0.74 8.07
M ay 3.9 61.7 1.00 15.82
Ju n e 4.4 65.6 1.12 16.82
J u ly 4.6 87.5 1.17 - 22.41
A ugust 3.9 66.0 1.00 16.92

T o ta l 20.6 315.0 5.26 80.73
Average 3.4 52.5 0.87 13.45

Dc =  daily consumption in grams; Me =  m onthly consumption in grams; 
Dr =  daily ration; Mr =  monthly ration

Table 4

Dc Me

m in. max. min. m ax.

M arch 0.09 5.44 0.29 16.33
A pril 0.55 14.77 6.09 162.45
M ay 0.53 14.18 8.40 226.84
Ju n e 0.73 13.47 11.02 202.04
J u ly 0.31 24.50 5.82 465.27
A ugust 0.55 15.41 9.36 262.04

T o ta l 2.76 87.77 40.98 1334.97
A verage 0.46 14.63 6.83 222.50

Dc =  daily consumption in grams; Mc =  m onthly consumption in grams (mini
mum and maximum values)

Table 5

Dr Mr

min. max. min. m ax.

M arch 0.03 1.40 0.07 4.20
A pril 0.14 3.80 1.56 41.65
M ay 0.13 3.64 2.15 58.16
Ju n e 0.19 3.45 2.83 51.80
J u ly 0.79 6.30 1.50 119.30
A ugust 0.14 3.95 2.40 67.20

T o ta l 1.42 22.54 10.51 342.31
A verage 0.24 3.76 1.75 57.05

Dr == daily ration; Mr =  m onthly ration (minimum and maximum values in 
the average body weight percentage o f 390 g pike-perch)
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Discussion

Observations in connection with the intake of food as well as the in
vestigations concerning this draw attention to the decisive importance of 
temperature influencing the length of time necessary for the digestion of food. 
M o l n á r  et al. (1967) stressed that generally pike-perch only consume further 
amount of food if the stomach contents are already liquefied and passed down 
into the pylorus fulcrum and intestine. There are observations to the effect 
that the digestive period is a function of the quality of food ( W i n d e l l , 1966, 
1967; P o p o v a , 1967) and that a smaller amount of food is digested in shorter 
period of time than a bigger amount ( B a r r i n g t o n , 1957; H u n t , 1960). D a r 
n e l l  and M e i e r o t t o  (1962) in investigating black bullheads (Ictalurus melas) 
came to the conclusion that the digestion of the standard food is an indicator 
to the digestion of other food-items.

According to our observations the majority of pike-perch in Lake Bala
ton (^  76%) only consumed 1 — 2 fish consisting mainly of bleak (Alburnus 
alburnus) (^  46%) ( B i r ó  and E l e k , 1969). Thus taking bleak as the standard 
food, its relative stomach evacuation periods serve as essential footing to esti
mate the average ration and consumption (M o l n á r  and T ö l g , 1962; M o l n á r  
et al. 1967).

Under experimental conditions the rate of digestion is the function of 
different stress-effects depending on the sensibility of the fish ( W i n d e l l ,
1966). Under natural conditions besides temperature the rate of consumption 
and the time necessary for digestion are the function of the physiological con
ditions (condition, age, body length, etc.). It has been established that the 
turnover of food in young fish in comparatively higher than in the older speci
mens, and that their rate of digestion is faster. The differences existing between 
the qualiative and quantitative composition of stomach contents bear revel- 
ance to the body length, growth, density of population and the inter- and 
intraspecific competition of the fish ( R i c k e r , 1946; S e a b u r g  and M o y l e ,
1964).

According to  investigations under experim ental conditions carried ou t 
on pike-perch i t  was found th a t  the  ra te  o f digestion was 8 —9 tim es higher in 
sum m er th an  in  w in ter (Molnár e t al. 1967), therefore it  m ight be expected 
th a t  th e  ra te  o f consum ption increase by  a  sim ilar scale.

The feeding intensity and consumption determined on the basis of sto
mach evacuation periods are to a great extent influenced by the environmental 
factors existing in Lake Balaton. The differences between the calculated and 
measured values may be explained in the physiology of pike-perch, in the ac
cessibility of natural food resources, in its distribution as well as in the selec
tion.

Pike-perch is a seratim feeding animal, in its rhythm of life longer on 
shorter starving periods may be observed stemming perhaps from physiological 
reasons, e.g. in April before spawning ( W o y n á r o v i c h , 1959). Intensive intake 
of food occurs in the summer months perhaps because the vast shoals of fry 
of the nutritive fish appear and because of the higher water temperature 
( B i r ó  and E l e k , 1969). R a d a k o v  (1961, 1965) says that it is more difficult 
for the predatory fish to gain its prey from shoals than taking from sporadically 
occurring individuals, however, in certain instances the opposite is true, e.g. 
in winter when the motility of fish is somewhat impeded. The accessibility of
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food, besides temperature, fundamentally influences the number of pike- 
perch with a full stomach and the ones with an empty stomach. Certain spe
cies (individuals) appear in greater numbers at sites where the nutritional 
conditions are more favourable (R ic k e r , 1946).

The ingested prey’s original weight indicates that the greatest amount 
of food reaches the stomach in early spring and at the end of summer (Table 
2). The “factor of voracity” in the pike-perch of Lake Balaton (W o y n á r o - 
v ic h , 1959) is low mainly because of environmental and food accessibility 
circumstances. In six monthly average only a more 0.2—0.5% of the examined 
fish reached food intake of 10% of body weight, or of a near value (B iró  and 
E l e k , 1969: food coefficient). The distribution of pike-perch according to 
the mass of stomach contents shows that only a small number of the fourth 
grade pike-perch reaches satiety (Figs 1—6). Two-year old specimens of 
Abramis and Blicca would mean sufficient amount of nourishment, of which 
one specimen would suffice to reach the degree of satiety, on the other hand, 
the significantly smaller bleak (Alburnus alburnus) and ruffe (Acerina cernua) 
on which pike-perch feed means of course under-nourishment.

It is a well known fact that pike-perch is a cautious pedatory animal 
fastidious in respect of shape and size and usually consumes the same type of 
fish throughout its life (W o y n á r o v ic h , 1959; S e a b u r g  and M o y l e , 1964).

The amount of the consumed food of the 300—500 g pike-perch rarely 
exceeds two per cent of the body weight (Table 3). The divergences from aver
age (individual variations) may be attributed to the nutritional possibilities 
for the food stock of the Lake seems to be sharply deliniated to certain areas as 
based on the investigations carried out on stomach contents ("Biró  and E l e k , 
1969). According to the investigations of D a w e s  (1930) it may be assumed 
that a smaller quantity of food be better utilized, i.e. the utilization of food in 
the case of pike-perch of Lake Balaton must be of a good efficiency. From 
this it follows that at different water temperatures full stomachs do not realize 
the same values in respect of fish production. The relative index of daily con
sumption indicates a low level of food turnover in the case of pike-perch. 
According to W in  d e l l  (1966, 1967) the “actual daily rations” falling between 
the extreme values of maximum and minimum of the daily rations are in 
close connection with growth and production (Tables 3—5). The daily and 
monthly rations are decisive factors on the rate of uneven growth influenced 
by under-nourishment (Tölg, 1961).

In comparing our data to foreign results it is revealed that pike-perch 
of Lake Balaton from quantitative point of view are poorly fed. The yearly 
consumption of pike-perch inhabiting Volga delta is 2.02—2.39 kg taking 
one kilogram body weight (P o po v a , 1967). K a r p e v ic h , A. F. (cit. in: R ic k e r , 
1946) in investigating pike-perch of Sea of Azov (Stizostedion lucioperca) 
found that the monthly consumption in the winter-summer period varied be
tween 0 and 1.5 times of body weight. In summer the daily ration reached 5% 
of body weight (average 0.58, taking into consideration the total quantity it 
was near 7.0 per year). The annual consumption of the whole population was 
309.000 tons, i.e. 7.8 tons per km2, according to his estimation.

S e a b u r g  and Mo y l e  (1964) in investigating the summer nutrition of 
fish inhabiting two lakes of warm water situated in west Minnesota, observed 
that the centrar chid panfishes, among them walleye (Stizostedion vitreum), 
had a daily ration of 1 — 2% of the body weight.
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To give a sufficiently correct answer on the question that how inter- and 
intraspecific competition influence the rations in the function of fish-popula
tion density is only possible after an examination of food consumed by different 
species of fish (primarily of the introduced eel) and the estimation of fish stock.

Summary

Author established on the basis of six monthly experimental periods 
that the 300—500 g pike-perch inhabiting Lake Balaton feed most intensively in 
July: stomach evacuation occurs every day and a half meaning that the animal 
is capable to consume food 19 occasions per month.

The total weight of stomach contents of feeding pike-perch was 410 g in 
June, the lowest value, while in March and July it was 1265 and 1745 g, re
spectively, having been the highest value. The nutritional average falling to one 
pike-perch is only informative in nature because great differences occurred 
when compared with the calculated daily consumption.

The daily and monthly consumption of one pike-perch is small, in an 
average it only yields 3.4 g and 52.5 g. The quantity of food consumed over a 
period of six months was 315 g, which is 80.73% of the body weight.

On the basis of the data obtained it became clear that the food turnover 
of the fourth grade pike-perch inhabiting Lake Balaton is rather low.
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A 3 0 0 -5 0 0  G SÚLYÚ (IV. OSZTÁLYÚ) BALATONI SÜLLŐ 
(LU C IO PE RC A LUCIOPERCA  L.) TAVASZI-NYÁRI 

TÁPLÁLKOZÁSA 1968-BAN
II. A NAPI ÉS HAVONKÉNTI TÁPLÁLÉKFOGYASZTÁS, 

TÁPLÁLÉK ARÁNY SZÁMÍTÁSA

Biró Péter

Ö s s z e f o g la lá s

Szerző hat hónapra terjedő vizsgálatok során megállapította, hogy a 300 — 500 g 
súlyú balatoni süllők júliusban táplálkoztak legintenzívebben: másfél naponkénti gyo
morkiürülések mellett havi 19 esetben fogyaszthattak újból táplálékot.

A táplálkozó süllők gyomortartalmának összsúlya júniusban volt a legkisebb 
(410 g), márciusban és júliusban a legtöbb (1265 g, illetve 1746 g). Az egy süllőre jutó 
táplálékátlag csak tájékozódásra alkalmas adat, mert a számított naponkénti fogyasz
tással összevetve nagy különbségek adódtak.

Egy süllő napi és havi táplálékfogyasztása kis mennyiségű, átlagosan 3,4 g, 
illetve 52.5 g volt. Hat hónap alatt elfogyasztott táplálék 315 g-nak adódott, ami a test
súly 80,73%-át jelenti.

Á kapott adatok alapján is nyilvánvaló a IV. osztályú balatoni süllők táplálék- 
forgalmazásának alacsony szintje.

A táplálkozó és éhező süllők aránya 1965-től a táplálkozók javára tolódott el, 
azonban a táplálék mennyiségileg kevesebb volt, mint tíz évvel ezelőtt. A táplálkozók 
számával az elfogyasztott táplálékmennyiségek nem állnak megfelelő arány bn, sőt a 
balatoni IV. osztályú süllők táplálkozási lehetőségei a süllőállomány számbeli csökkenése 
ellenére sem javultak számottevően.

11  T ihanyi É v k ö n y v
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ПИТАНИЕ БАЛАТОНСКОГО СУДАКА IV.-ОГО РАЗМЕРА (ВЕС 3 0 0 -  500 Г) 
ВЕСНОЙ И ЛЕТОМ 1968 ГОДА. И. РАСЧЕТЫ СООТНОШЕНИЯ КОРМА 

И ПОТРЕБЛЕНИИ ПИЩИ В ДЕНЬ И МЕСЯЦ

П. Биро

В ходе исследований, продолжавшихся шесть месяцев, было установлено, что 
питание балатонского судака весом 300—500 г самое интенсивное в июле: предполагая, 
что через полтора дня их желудок опустошается они могли принимать пищу в 19 раз 
по месяц.

Вес содержимого желудка питающихся судаков самым низким оказался в июне 
(410 г), а самым высоким, — в марте и июле (1265 г и 1746 г). Среднее количество корма, 
расчитанного на одного судака, носит только ориентировочный характер, т. к. существует 
большая разница между расчитанными и потребленными количествами пищи.

Дневное и месячное потребления судака были низкие: в среднем 3,4 г и 52,5 г. Пища, 
потребленная в течении 6 месяцев, равняется 315 г, что соответствует 80,73% веса тела 
рыб.

На основе полученных данных ясно, что оборот пищы балатонских судаков IV.-oro 
размера находится на низком уровне.
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