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Production Systems

Growing of common carp fingerlings in net cages at different stoking densities

Y. Staykov*, S. Stoyanova

Department of Biology and Aquaculture, Faculty of Agriculture, Trakia University, Stara Zagora, Bulgaria

Abstract. The stocking density is one of the most important parameters of fish growth and productivity in farming activities. The aim of the study was to evaluate 
the effects of different stocking densities on growth rate and body indices of common carp fingerlings /Cyprinus caprio L./, reared in net cages. The trial was set 

3up as a complete randomized design, with three different stocking densities (SD – 300, SD – 500 and SD – 700 fish/m ), each of them with three replications. 1 2 3 

The initial body weight of fish was 0.9 g. The size of net cages was 1.50 х 1.50 х 1.50 m, with effective depth of the mesh 1.0 m and water volume - 2.25 m³. The 
trial lasted 122 days. The highest final body weight was attained by fish with stocking density of 300 fish/m³ – 75.55 g. The increased stocking density resulted in 
lower final weight of fingerlings SD and SD (p<0.05, p<0.001). The higher stocking density influences substantially the exterior traits and body indices of carp 2 3 

fingerlings. There were statistically significant differences between mean relative body width between SD  and SD  groups (р≤0.001) as well as between 1 3

relative head length group between one summer old fish from SD and SD  (р≤0.001). The survival of fingerlings decreased as the stocking density increased, 1 3

but remained within the allowed reference ranges for all three experimental variants. The fish production was the highest for carp fingerlings stocked at SD , but 3

it was also associated with a large proportion of fingerlings whose size was under the fish farming standards.  

 

Keywords: common carp fingerlings, stocking density, net cages, intensity of growth, survival rate
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Introduction result in lower production rate and even death of the farmed species 
(Montero et al., 1999; Barcellos et al., 2004; Kristiansen et al, 2004; 
Schram et al., 2006; Boscolo et al., 2011). The analysis of literature Super intensive fish farming systems (net cages or recirculation 
demonstrated that the stocking density optimization is the major systems) are related to smaller pond areas in fish farms and higher 
issue in common carp fingerlings farming in net cage systems stocking densities. The optimization of the latter is among the 
(Stuart et al., 2006; Khatune et al., 2012).essential factors for obtaining high yields from rearing different fish 

The aim of the study was to evaluate the effects of different species in net cages (Zhang et al., 1999; Brannas and Linner, 2000). 
stocking densities on growth rate and body indices of common carp It is acknowledged that as stocking density increases, the fish 
fingerlings (Cyprinus caprio L.), reared in net cages.  production per unit volume becomes higher, but the average 

individual weight of cultured fish decreases (Beveridge, 2002; 
Atanasov and Staykov, 2003). At very high stocking densities, 
problems with oxygenation regimen, water contamination with Material and methods
waste products etc. could occur, with subsequent negative impact 
on the growth intensity of fish (Staykov, 2001; Stuart  et al., 2006; The experiment was conducted in the fish farm of Nomikom-N 
Nikolov, 2008).   Vodenicharov Co, in the Ovcharitsa dam – a technological cooling 

A number of authors found variations in the optimum stocking pond of the electrical power plant Maritsa-Iztok 2, with water area of 
density of fish in net cage systems depending on the species, age 1000 ha. The experiment lasted 122 days. The net cages used in the 
category, cage size, speed of water currents and hydrochemical trial were of size 1.50 x 1.50 x 1.50 m. The effective mesh depth was 
parameters (Beveridge, 2002; Chua and Tech, 2002; Masser, 2004; 1.0 m, and cage volume – 2.25 m³. For growing common carp three 
Abdelhamid, 2011). Staykov (1990) demonstrated that the highest stocking densities were used, each having three replications: SD  – 1

yields were obtained with common carp fingerlings stocked in net 300/m³; SD  – 500/m³ and SD  – 700/m³. Fingerlings with average 2 3
3cages at 600/m .  According to Das et al. (2009), the number of fish body weight of 0.9 g were inoculated in all net cages.

3for yearling carp farming should be 500/m . The higher stocking The hydrochemical parameters were optimal, both in net cages 
density of fish increased mortality rates (Wang et al.,2013). Demétrio and the adjacent aquatory. Their changes throughout the 
et  al. (2012) reported a negative relationship between stocking experiment varied within the allowed ranges for the farmed species 
density and growth rate of fish. Fish production increases in parallel (water temperature 19.0 – 28.1°С; water рН 7.1 – 8.0; oxygen level 
to stocking density, but at the expense of lower individual weight of 6.8 – 8.5 ppm). 
fish (Hassan et al., 2006; Nikolov, 2013). Some researchers believe Initially the fingerlings were fed starter feed for rainbow trout. 

3that the increase in stocking density up to 400/m  could have a During the first 30 days pelleted feed with 45% crude protein was 
negative effect on growth intensity and alter the metabolism of fish used at a daily amount of 10% from the total biomass. Fish received 
as a result of higher stress levels (Braun et al., 2010). This could feed five times per day. To the end of the trial period carp feed with 

* e-mail: tulao26@uni-sz.bg
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31% crude protein level was offered at a daily amount of 10% of the technologically allowed ranges for the species.
total biomass, which was gradually decreased up to 5% at the end of The cultivation of carp fingerlings at stoking densities SD1 – 300 

3 3 3the experiment. fish/m ; SD2 – 500 fish/m ; and SD3 – 700 fish/m  showed that fish 
For determining the growth intensity of carps, control catches of stocked at SD  attained the highest body weight (Table 1). In this 1

fish were performed at 15-day intervals. At the end of the trial, experimental  variant carp fingerlings grew most intensively  and 
individual measurements of the following metric traits and weight of attained final live weight of 75.55 g. The comparison of the final body 

3fingerlings were obtained: live body weight (g); body length  (l, cm); weight at SD – 300 fish/m  to the other two experimental variants 1 

head length (С, cm); body width (D, cm); greatest body height (Н, revealed that it was higher by 20.07% and 50.03%, respectively. The 
cm); girth of body (О, cm).  higher growth rate of SD  carps was probably due to the lower 1

The body development of one summer old fish was evaluated energy losses caused by lower feeding activity of fish resulting from 
on the basis of numerical metric data by calculation and analysis of the optimised stocking density. The respective losses in SD and SD2 3 
the following indices: relative body height, l/H; relative body width, variants were higher and were due to the enhanced competition for 
D.100/l; relative head length, С.100/l; length-girth ratio, l/O. feed of the higher number of fish per unit volume. 

For evaluation of the condition of one summer old carps, the There was a trend for higher standard body length in SD  fish – 1coefficient of condition (%) was calculated as per Fulton-Polyakov:
12.2 cm, compared to that of SD group – 11.08 cm  and SD group – 2 3 

Fish production (kg/m³) and survival rate (%) of carps were 
determined at the end of the experiment. Data were statistically 
processed with Statistica 6 software (StatSoft Inc., 2002).

Results and discussion

The hydrochemical parameters in net cages during the 
experiment with common carp fingerlings grown at different stocking 
densities are presented on Figures 1, 2 and 3. All were within the 

K = 
g.100

3i

Figure 1. Water temperature in net cages
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Figure 2. Water pH
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Figure 3. Dissolved oxygen in water
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Table 1. Metric and weight measurements of common carp
fingerlings

Equal letters within a row indicate statistically significant
differences between means: а-а,e-e,d-d,g-g,h-h, n-n – 

р≤0.05; f-f – р 0.01; b-b,c-c, l-l,m-m,r-r,k-k – р 0.001.≤ ≤

Exterior traits 

Live body

weight, g

Standard

length, сm

Head length, cm

Body width, cm

Greatest body

height, cm

Girth of

body, cm

Mean

SEM

CV

Mean

SEM

CV

Mean

SEM

CV

Mean

SEM

CV

Mean

SEM

CV

Mean

SEM

CV

a,b75.55

  5.10

45.90
df12.2

  0.33

18.55
g  3.89

  0.11

19.44
k  2.72

  0.08

19.45
l,m  4.45

  0.12

18.76
n,r11.38

  0.30

18.16

а,c60.39

  5.9

64.21
d,e11.08

  0.39

24.33
g  3.46

  0.14

27.46
h  2.32

  0.08

23.81
l  4.05

  0.15

25.35
n10.59

  0.36

23.37

b,c37.75

  3.24

60.22
e,f10.32

  0.28

19.00
g  3.43

  0.15

31.07
k,h  2.17

  0.05

16.74
m  3.91

  0.16

28.12
r  9.81

  0.25

17.59

Stocking density

SD3

n=150 n=150 n=150 

SD2SD1
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10.32 cm (by 3.28% and 12.2%). The width of the body and the girth analysis showed that fish survived better at lower stocking densities 
and that the increase in the latter resulted in higher mortality in one of the body differed between SD  and SD , both at р≤ 0.001. This 1 3

summer old carps. tendency was preserved also for other body dimensions of SD fish. 1 

Fish production in the different groups at the end of the The result of other researchers reporting significant influence of the 
3 3experiment was as follows: SD  – 13.80 кg/m , SD  – 29.80 кg/m , 1 2number of cultured fish per unit volume on the growth norm which 

3SD  – 36.71 кg/m . With increasing stocking density the results decreased in parallel to increasing stocking density were 3

indicated increase in fish production, but at the expense of lower comparable to ours (Brannas and Linner 2000,  Wallat et al., 2004).
individual weight of fish, as also confirmed by the studies of other Table 2 presents the body indices of one summer old carps 
authors (Hassan et al., 2006; Nikolov, 2013).  This fact allowed reared at different stocking densities. The calculated indices were 

3recommending the use of stocking density of 300 fish/m  in net within the reference ranges, as follows: relative body height – from 2 
cages. At this stocking density, good performance results are to 3, relative body width – over 16, relative head length – from 24 to 
obtained, the production costs are optimum, including lower costs 37. Only the length-girth ratio was higher than the reference value of 
for feed. The latter is a prerequisite for maintaining the ecological 1.0 and higher. There were statistically significant differences 
equilibrium in waters where net cages for cultivation of this between mean relative body width between SD and SD  groups (р≤1 3

aquaculture species are located.0.001) as well as between relative head length group between one 

summer old fish from SD  and SD (р≤0.001).1 3 

Table 3 presents the data about fattening coefficients of fish 
reared at the different stocking densities. As stocking density Conclusions
increased, the fattening coefficients went down. In fish stocked at 
SD , the coefficient was higher than in SD  and SD  groups. The 1 2 3 The highest final body weight was attained by fish from the SD  1

average fattening coefficient of fish from the SD  group was 1 group – 75.55 g. It was higher compared to SD   and SD   groups by 2 3

statistically significantly higher than that of the SD group (р≤0.001). 20.07% and 50.03%, respectively.3 

The higher stocking density influences substantially the exterior Table 4 depicts the survival rate of carps reared at different 
measurements of carps, but not body indices, which remained within stocking density. Survival was the highest in the SD group – 97.0%, 1 

the optimal reference ranges of the species. There was a trend for followed by SD  – 96.8 % and the lowest in SD  – 95.6%. The 2 3

Table 2. Body indices

Equal letters within a row indicate statistically significant differences between means: а-а – р≤0.001

Features

Indices of relative body height

Indices of relative body width

Indices of relative head length

Indices of length-girth ratio

Mean

SEM

CV

Mean

SEM

CV

Mean

SEM

CV

Mean

SEM

CV

2.69±0.03

0.12

22.1а±0.14

0.87

31.70а±0.31

2.75

1.08±0.07

0.07

2.74±0.02

0.15

20.94±0.15

0.79

31.23±0.29

2.98

1.05±0.06

0.04

2.66±0.03

0.14

20.89а±0.19

0.95

33.01а±0.34

3.01

1.05±0.06

0.05

SD3

n=150 n=150 n=150 

SD2SD1

±

±

±

±

Table 3. Fattening coefficients of one summer old carps,
reared at different stocking densities

Equal letters within a row indicate statistically significant

differences between means: а-а – р≤0.001

Stocking density

SD1

SD2

SD3

150

150

150

а4.09

4.44
а3.37

0.05

0.07

0.06

0.15

0.21

0.23

SEM CvMeann

Fattening coefficient

Table 4. Survival of one summer old carps reared at 
different stocking densities, /%/

SD1

SD2

SD3

1800

3000

4200

1746

2904

4015

97.0%

96.8%

95.6%

Stocking
density

Number at the
beginning of the
experiment

Number at the
end of the
experiment

Survival
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higher standard body length of fish from SD (12.2 cm), compared to of net cage farming on the diet of associated wild fish in a Neotropical 1 

reservoir. Aquaculture, 330-333, 172-178.that of SD   group (11.08 cm)  and SD group (10.32 cm), by 3.28% 2 3 

Hassan S, Hassan A and Mahmoud H, 2006. Effect of stocking rate and 12.2%, respectively. This tendency was preserved also for other 
and organic fertilization on the growth performance of tilapia aurea body dimensions of SD fish.1 

(Oreochromis aureus). Journal of  Agricultural  Sciences, 31, 617-The survival of fingerlings decreased as the stocking density 
625.    increased, but remained within the allowed reference ranges for all 
Khatune J,  Rahman M, Bashar A, Hasan N, Ahamed F and  three groups. Survival rate was the highest in the SD group – 97.0%, 1 

Hossain Y, 2012. Effects of Stocking Density on Survival, Growth followed by SD  – 96.8 % and the lowest in SD  – 95.6%. The 2 3
and Production of Thai Climbing Perch (Anabas testudineus) under conclusion is that fish survived better at lower stocking densities and 
Fed Ponds. Sains Malaysiana 41, 1205-1210.that the increase in the  latter resulted in higher mortality in one 
Kristiansen S, Ferno A, Holm C, Privitera L, Bakke S and summer old carps.
Fosseidengen E, 2004. Swimming behaviour as an indicator of low The production of carps reared at SD  and SD  was higher than 2 3
growth rate and impaired welfare in Atlantic halibut (Hippoglossus 

that of fish stocked at SD  by 54% and 63%, respectively. However, 1 hippoglossus L.) reared at three stocking densities. Aquaculture, 
this was associated with lower body weights of SD  and SD  2 3 230, 137-151.
specimens as they did not attain the optimum weights as required by Masser  P, 2004. Cages and in-pond raceways. In: Tucker S. and 
aquaculture technology. Hargreaves  A. (Eds.), Biology and Culture of Channel Catfish. 

Elsevier, Sydney, 530-544.
Montero  D, Izquierdo S, Tort L, Robaia L and  Vergara M, 1999. 
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Instruction for authors

Preparation of papers
Papers shall be submitted at the editorial 
office typed on standard typing pages (A4, 
30 lines per page, 62 characters per line). 
The editors recommend up to 15 pages for 
full research paper ( including abstract 
references, tables, figures and other 
appendices)
The manuscript should be structured as 
follows: Title, Names of authors and 
affiliation address, Abstract, List of 
keywords, Introduction, Material and  
methods,Results, Discussion, Conclusion, 
Acknowledgements (if any), References, 
Tables, Figures.
The title needs to be as concise and 
informative about the nature of research. It 
should be written with small letter /bold, 14/ 
without any abbreviations.  
Names and affiliation of authors
The names of the authors should be 
presented from the initials of first names 
followed by the family names. The 
complete address and name of the 
institution should be stated next. The 
affiliation of authors are designated by 
different signs. For the author who is going 
to be corresponding by the editorial board 
and readers, an E-mail address and 
telephone number should be presented as 
footnote on the first page. Corresponding 
author is indicated with *.
Abstract should be not more than 350 
words. It should be clearly stated what new 
findings have been made in the course of 
research. Abbreviations and references to 
authors are inadmissible in the summary. It 
should be understandable without having 
read the paper and should be in one 
paragraph. 
Keywords: Up to maximum of 5 keywords  
should be selected not repeating the title 
but giving the essence of study. 
The introduction must answer the 
following questions: What is known and 
what is new on the studied issue? What 
necessitated the research problem, 
described in the paper? What is your 
hypothesis and goal ?
Material and methods: The objects of 
research, organization of experiments, 
chemical analyses, statistical and other 
methods and conditions applied for the 
experiments should be described in detail. 
A criterion of sufficient information is to be 
possible for others to repeat the experi-
ment in order to verify results.
Results are presented in understandable 

 

tables and figures, accompanied by the 
statistical parameters needed for the 
evaluation. Data from tables and figures 
should not be repeated in the text.
Tables should be as simple and as few as 
possible. Each table should have its own 
explanatory title and to be typed on a 
separate page. They should be outside the 
main body of the text and an indication 
should be given where it should be 
inserted.
Figures should be sharp with good 
contrast and rendition. Graphic materials 
should be preferred. Photographs to be 
appropriate for printing. Illustrations are 
supplied in colour as an exception after 
special agreement with the editorial board 
and possible payment of extra costs. The 
figures are to be each in a single file and 
their location should be given within the 
text.  
Discussion: The objective of this section 
is to indicate the scientific significance of 
the study. By comparing the results and 
conclusions of other scientists the 
contribution of the study for expanding or 
modifying existing knowledge is pointed 
out clearly and convincingly to the reader.
Conclusion: The most important conse-   
quences for the science and practice 
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 translated into English. 
The original language of articles and books 
translated into English is indicated in 
parenthesis after the bibliographic 
reference (Bulgarian = Bg, Russian = Ru, 
Serbian = Sr, if in the Cyrillic, Mongolian = 

Мо, Greek = Gr, Georgian = Geor., 
Japanese = Jа, Chinese = Ch, Arabic = Аr, 
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 Heal th,  
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-

thmance 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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