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The effect of stocking density on some hydrochemical parameters and growth traits in
European perch (Perca fluviatilis L.), cultivated in a recirculation system

G. Zhelyazkov*
Department of Biology and Aquaculture, Faculty of Agriculture, Trakia University, 6000 Stara Zagora, Bulgaria

Abstract. The aim of study is to determine the effect of two stocking densities on some hydrochemical parameters and growth traits in cultivation of perch
/Perca fluviatilis L./ in a recirculation system. The fish stocking material consisted of 555 perch (Perca fluviatilis L.) with live weigh of 21.05-28.85 g, that were
divided in two groups, each of them with three replications, at a stocking density of SD,— 137 fish/m’ and SD,— 94 fish/m’. The fishes are cultivated in concrete
tanks with a volume of 0.8 m’ which are part of the recirculation system. They were fed ad libitum three times a day with extruded pellets for trout “Aqua UNI, a
product of “Aqua garant”, with size of the pellets 2 mm. The trial lasted 60 days. The hydrochemical parameters in the recirculation system during the trial were
determined through methods adapted for fish breeding. To study the influence of the stocking density on the weight gain and the feed conversion in perch
(Perca fluviatilis L.), cultivated in a recirculation system, the average live weight (g) was determined as the fish were individually weighed at the beginning and
the end of the trial. During the experimental period the mortality of the perch was also studied as the dead fish were daily controlled. At the end of the trial period
the weight gain (g), survival rate (%) and feed conversion ratio (K) of the fish were determined. In the conditions of the experiment we found that the higher
stocking density does not evoke changes in most of the hydrochemical parameters of the recirculation system. The only exception is the decreased content of
oxygen dissolved in water in SD, - 7.51£0.12 mg.I" compared to SD,— 8.31+0.13 mg.I", as the differences are significant (P<0.05), although its values are
within the optimal range of the species cultivated. At the end of the trial a tendency toward higher live weight in the fish from SD,— 41.82+15.01 g was observed
being 4.89% higher than the SD, fish. The analysis of the data concerning the survival rate shows a trend toward higher value in SD,— 92.12+4.58%, while in
SD, it is considerably lower — 72.00+20.78%;, however no significant difference was found (P>0.05). The weight gain of the perch from the three replicates of
SD, shows that it is 16.18+4.18 g, this being 14.71% lower than that of the specimens of SD,, but the difference was not significant (P>0.05) . The feed
conversion ratio of the specimens of SD, is 1.06+0.04 and itis 17.92% lower than that in the SD, fish and the difference is significant P<0.05.

Keywords: European perch, Perca fluviatilis L., stocking density, recirculation system

Introduction

The demand for European perch (Perca fluviatilis L.) as a
delicacy fish with white meat and few bones on the European market
has been increasing. Globally its production is relatively limited,
however an indication for increase exists at the expense of the
recirculation systems (Zaykov and Staykov, 2013). This requires
good knowledge of the biology and behavior of this species in order
to provide optimal living conditions in the artificial environment. In the
recirculation systems they are very different from those in the natural
habitat of the perch and this may negatively affect the nutrition,
health, growth and survival rate of the cultivated fish (De Silva and
Anderson, 1994; Jobling, 1994; Brannas et al., 2001). Many of the
technological phases, as well as the nutritional requirements of the
fish have not been well mastered. A critical stage is the feeding of
fries and also their transition from natural to artificial feed.

The optimal stocking density and its effect on the
hydrochemical conditions and healthy nutrition of the fish is not
sufficiently studied. The optimization of the stocking density in the
recirculation systems is still a problem in modern aquaculture and
will lead to high yields (Nikolov, 2013).

The aim of the study was to determine the effect of two different
stocking densities on some hydrochemical parameters and growth
traits in European perch (Perca fluviatilis L.), cultivated in a
recirculation system.

* e-mail: georgi_ij@abv.bg
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Material and methods

The experiments were carried out in the Aquaculture training-
experimental center at the department of Biology and Aquaculture,
Faculty of Agriculture, Trakia University, Stara Zagora. The
experimental material consisted of 555 fish of European perch
(Perca fluviatilis L.) with live weigh of 21.05 - 28.85 g that were
divided in two groups, each of them with three replications, at a
stocking density of SD, — 137 fish/m®and SD,— 94 fish/m’. The fish
were cultivated in concrete tanks with a volume of 0.8 m® which are
part of the recirculation system. They were fed ad libitum, three times
a day, with extruded trout pellets “Aqua UNI“, a product of “Aqua
garant”, with 2 mm size of the particles. The content of nutrients in
the extruded feed is presented in Table 1. The experimental trial
lasted 60 days.

Hydrochemical Analysis

The hydrochemical parameters in the recirculation system of
the perch (Perca fluviatilis L.) were determined using methods
adapted for fish farming (Bessonov and Privezentsev, 1987,
Todorov, 1992) as follows:

» Watertemperature, °C;
« Quantity of the dissolved oxygen, mg.I" —MultiLine P4;
e pH-MultiLine P4;



« Electrical conductivity, uS.cm™ — MultiLine P4 and BDS EN
27888;

+ Quantity of nitrates, mg.I'~BDS 17.1.4.12:1979;

« Quantity of nitrites, mg.I"~BDS IS0 26777:1997.

Table 1. Nutrient content of the feed

Ne Item Content
1 Crude protein, % 45.00
2 Lipids, % 16.00
3 Fiber, % 2.20
4 Moisture, % 7.62
5  Lysine, % 1.68
6  Methioninetcysteine, % 2.84
7 Ca,% 1.42
8 P% 2.50
9  Chlorides, % 1.84
10 ME, MJ/kg 18.50
11 ME, kcallkg 4424

* 1 kg feed contains: vitamin A - 10000 IE; vitamin D3 -
1500 IE; vitamin E - 200 mg; vitamin K — 3 mg; thiamin -
10 mg; riboflavin = 15 mg; pyridoxine - 8 mg; vitamin B12
- 0.02 mg; nicotinic acid- 40 mg; folic acid- 3 mg; biotin -
0.3 mg.

** 1 kg feed contains: Fe — 145 mg; Mn - 67 mg; Cu -

16 mg; Zn - 68 mg; I - 1.5 mg; Co - 0.5 mg; Se - 0.6 mg.

Intensity of fish growth
In order to study the effect of the stocking density on the weight

gain and feed conversion ratio (K) in perch (Perca fluviatilis L.),
cultivated in a recirculation system, the average live weight (g) was
determined, as the fish were individually weighed at the beginning
and the end of the trial. During the experimental period the mortality
of the perchwas measured, as the dead fish were daily calculated. At
the end of the experiment the weight gain (g), survival rate (%) and
feed conversion ratio were determined. Statistical evaluation of the
datawas done by STATISTICA 6.0 software (StatSoft Inc., 2002).

Results

Hydrochemical analysis

The hydrochemical parameters during the experiment with
European perch (Perca fluviatilis L.) are presented in Table 2. The
temperature of the water during the trial was the same in all the tanks
and varied between 22.0°C — 24.7°C, which is optimal for the
cultivated species. The quantity of the dissolved oxygen in the water
was optimal for the fish as well. Considerably lower levels of oxygen
were observed in the tanks with SD,~7.51%0.12 mg.I"in comparison
to the value of this parameter at SD, — 8.31+0.13 mg.I", as the
difference was not significant (P>0.05) (Table 2). The pH value in the
tanks of the recirculation system averaged 7.58+0.01, which is
optimal for the cultivated perch. The content of nitrates during the
trial was 0.57+0.03 mg.I" and that of the nitrites — 0.026+0.004 mg.I
. No significant differences (P>0.05) in the nitrates and nitrites were
found during the experiment in the tanks with both SD,and SD,. The
electrical conductivity of the water during the experiment with perch
is shown in Table 2. It was 633.50+1.50 uS.cm” in both variants, as
no significant differences between the replicates were found
(P>0.05).

Table 2. Water parameters in the recirculation system during the experiment with perch

SD, SD, Optimum values

Parameter n Significance (Zaykov and

Mean+SD Mean+SD Staykov, 2013)
Temperature, °C 60 23.35+1.35 23.35+1.35 ns 20.0-23.0
Dissolved oxygen, mg.I" 60 7.51+0.12 8.31+£0.13 * >6
pH 60 7.58 £ 0.01 7.58 £0.01 ns 6.5-8.5
Nitrates, mg.I" 60 0.57 £0.03 0.57 £0.03 ns <20
Nitrites, mg.I" 60 0.026 £ 0.004 0.026 £ 0.004 ns <0.05
Electrical conductivity, pS.cm” 60 633.50 + 1.50 633.50 + 1.50 ns -
**% p<0.001; ** P<0.01; * P<0.05; ns - non significant.
Table 3. Fish production parameters

SD, SD, o
Parameter Significance

n Mean+SD n Mean+SD

Initial body weight, g 330 23.69+6.90 225 23.26 £5.12 ns
Final body weight, g 304 39.87 £ 12.54 162 41.82 £ 15.01 ns
Survival rate, % 304 9212 +4.58 162 72.00 £ 20.78 ns
Average individual weight gain, g 304 16.18 £ 4.18 162 18.56 + 7.42 ns
FCR 304 1.06 + 0.04 162 1.25+0.10 *

*** p<0.001; ** P<0.01; * P<0.05; ns - non significant.
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Growth of the European perch

The average initial live weight of the perch from the three
replicates of SD, and SD, was 3.69+6.90 g and 23.2615.12 g,
respectively, as the difference was insignificant (P>0.05) (Table 3).
An the end of the trial a tendency towards higher average live weight
was observed in the fish of SD, — 41.82+15.01 g compared to the
perch of SD, — 39.87+12.54 g; however, the difference was not
significant. (P>0.05). The survival rate of the perch during the trial
period shows that the average value of this parameter in the
individuals of the three replicates of SD, is 92.12+4.58%, while that
of fish in SD, is considerably lower — 72.00+20.78%, but no
significant difference was detected (P>0.05). At the end of the
experiment the average individual weight gain in the perch of the
three replicates of SD, is 16.18+4.18 g and it is 14.71% lower than
that of the specimens of SD,, as the difference was not significant
(P>0.05). During the trial the perch were fed three times a day ad
libitum. A control of the feed which was fed to the fish was daily
performed in both experimental groups. The average feed
conversion ratio in the perch of SD, is 1.06+0.04 and it is 17.92%
lower than that of the fish of SD,, and the difference was significant
(P<0.05).

Discussion

The analysis of the data, concerning the hydrochemical
parameters (temperature, oxygen dissolved in water, pH and
electrical conductivity) during the experiment shows that they are
within the optimal range for the cultivated species. During the trial the
water temperature in the recirculation system is 22.0 - 24.7°C
[Table 2/. The optimal temperature for cultivation of the perch is 20 —
23°C (Zaykov and Staykov, 2013). According to Rozhdestvenskaia
(1985), fish production increases at higher stocking densities, but
oxygen consumption rises as well. Other authors (Atanasov et al.,
1999) confirm that the high stocking densities strongly affect the
metabolism in fish, altering the level of breathing and the intensity of
glycolysis. In our study the same relation was found between the
values of these parameters. Although the levels of dissolved oxygen
were within the optimal range for perch, considerably lower is its
content in the tanks of fish from SD, — 7.51+0.12 mg.I" when
compared to values of this parameter in SD,-8.31£0.13 mg.I", and
the difference was significant (P<0.05).

Optimal for the cultivated species were the maximum
concentrations of nitrates and nitrites in water. For perch the values
of these parameters must be up to 2 mg.l" and 0.05 mg.I",
respectively, as these values are higher than the ones we
maintained during the trial (Regulation Ne4/20.10.2000; Zaykov and
Staykov, 2013). The maintenance of these optimal levels in the
water for the experimental groups is due to the fact that the perch is
cultivated at optimized technical and technological conditions. The
tanks were cleaned three times a day and fresh water at amount of
10% of the total volume of the recirculation system was added daily.
An important part for the maintenance of the optimal hydrochemical
parameters of the recirculation system had the filter system and in
particular the biofilter.

At the beginning of the trial, the perch from all replicates had
similar live weight. At the end of the trial period a tendency towards
higher live weight was observed in the fish of SD, where the stocking
density was lower. The average live weight of the perch from the
three replicates of this experimental variant is 41.82+15.01 g and
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thisis 4.89% higher than that of fish from SD, (Table 3). These results
confirm the findings of other authors studying the different stocking
densities and fish species (Atanasov et al., 1999; Nikolov, 2013).
The results of the above authors show that the higher stocking
density increases yields but decreases of the average live weight
were also confirmed.

The analysis of the data for the survival rate shows a trend
towards higher values of this parameter in the perch of SD,. It is
92.1244.58%, while for fish in SD, it is considerably lower —
72.00£20.78%, with no statistical difference (P>0.05). These results
contradict those by Staykov (2005) in rainbow trout and common
carp and the ones by Nikolov (2013) in trials with Russian sturgeon.
This might be explained by the better adaptation and nutrition of the
perch with the higher stocking density. In the predatory fish the
increase of the stocking density to a certain extent leads to a better
feed conversion ratio and hence the optimal conditions must be
found. At lower density the fish do not eat actively and this is
associated with great feed expenditures. The analysis of the data
concerning the weight gain of the perch in the three replicates of SD,
shows thatitis 16.18+4.18 g and thisis 14.71% lower than that of the
specimens from SD, but the difference is insignificant (P>0.05). A
similar trend show the experiments carried out by other scientists
with different fish species (Staykov, 2005; Nikolov, 2013). At the end
of the trial period the analysis of the data of the three replicates
shows that the average values of the feed conversion ratio of the
specimens from SD, is 1.06+0.04 and itis 17.92 % lower than that of
the fish from SD, and the difference is significant P<0.05 /Table. 3/.
This confirms the findings of other authors who report that the
increased stocking density decreases the feed conversion ratio
(Staykov, 2005; Nikolov, 2013).

Conclusions

The higher stocking density (137 fish/m’) in perch cultivated ina
recirculation system decreases significantly the level of the
dissolved oxygen in water, the individual live weight, weight gain, the
feed conversion ratio and increases the survival rate.

The development of technological parameters for cultivation of
European perch /Perca fluviatilis L./ in a recirculation system is in its
initial stages. The study of the effect of the stocking density on the
production and the hydrochemical parameters is in close relation
with the economic efficiency in fish production.

In the conditions of this study it was found that the increased
stocking density of perch does not affect most of the hydrochemical
parameters of the recirculation system. The exception is the
decreased content of dissolved oxygen in the higher stocking
density although its levels are within the optimal range for the
cultivation of this species. The stocking density is an important factor
strongly influencing the live weight of the fish. This study shows that
the higher number of fish per unit area leads to increased survival
rate and lower feed conversion ratio.
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resulting from the conducted research
should be summarized in a few sentences.
The conclusions shouldn't be numbered
and no new paragraphs be used.
Contributions are the core of conclusions.
References:

In the text, references should be cited as
follows: single author: Sandberg (2002);
two authors; Andersson and Georges
(2004); more than two authors: Andersson
et al.(2003). When several references are
cited simultaneously, they should be
ranked by chronological order e.g.:
(Sandberg, 2002; Andersson et al., 2003;
Andersson and Georges, 2004).
References are arranged alphabetically by
the name of the first author. If an author is
cited more than once, first his individual
publications are given ranked by year, then
come publications with one co-author, two
co-authors, etc. The names of authors,
article and journal titles in the Cyrillic or
alphabet different from Latin, should be
transliterated into Latin and article titles
should be ftranslated into English.
The original language of articles and books
translated into Englishisindicated in
parenthesis after the bibliographic
reference (Bulgarian = Bg, Russian = Ru,
Serbian = Sr, ifin the Cyrillic, Mongolian =

Mo, Greek = Gr, Georgian = Geor.,
Japanese = Ja, Chinese = Ch, Arabic = Ar,
etc.)

The following order in the reference list is
recommended:

Journal articles: Author(s) surname and
initials, year. Title. Full title of the journal,
volume, pages. Example:

Simm G, Lewis RM, Grundy B and
Dingwall WS, 2002. Responses to
selection for lean growth in sheep. Animal
Science, 74, 39-50

Books: Author(s) surname and initials,
year. Title. Edition, name of publisher,
place of publication. Example:
Oldenbroek JK, 1999. Genebanks and
the conservation of farm animal genetic
resources, Second edition. DLO Institute
for Animal Science and Health,
Netherlands.

Book chapter or conference proceedings:
Author(s) surname and initials, year. Title.
In: Title of the book or of the proceedings
followed by the editor(s), volume, pages.
Name of publisher, place of publication.
Example:

Mauff G, Pulverer G, Operkuch W,
Hummel K and Hidden C, 1995. C3-
variants and diverse phenotypes of
unconverted and converted C3. In:
Provides of the Biological Fluids (ed. H.
Peters), vol. 22, 143-165, Pergamon
Press. Oxford, UK.

Todorov N and Mitev J, 1995. Effect of
level of feeding during dry period, and body
condition score on reproductive perfor-
mance in dairy cows,IX" International
Conference on Production Diseases in
Farm Animals, September 11-14, Berlin,
Germany.

Thesis:

Hristova D, 2013. Investigation on genetic
diversity in local sheep breeds using DNA
markers. Thesis for PhD, Trakia University,
Stara Zagora, Bulgaria, (Bg).

The Editorial Board of the Journal is not
responsible for incorrect quotes of
reference sources and the relevant
violations of copyrights.

Animal welfare

Studies performed on experimental
animals should be carried out according to
internationally recognized guidelines for
animal welfare. That should be clearly
described in the respective section
“Material and methods”.
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