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Abstract

The purpose of this experiment was to determine the stocking density and evaluate its influence
on the growth performance of carp (Cyprinus carpio) reared in floating cages located on an
irrigation canal. The experimental period lasted 90 days. A humber of 600 carp specimens were
distributed in four floating cages so as to form different stocking densities, namely: Experimental
variant 1 (V1) with 130 specimens and an average weight of 215 g/ex; Experimental variant 2 (V2)
with 150 specimens and an average weight of 151 g/ex; Experimental variant 3 (V3) with 170
specimens and an average weight of 142 g/ex; Experimental variant 4 (V4) with 190 specimens and
an average weight of 89 g/ex. The fish were fed three times a day with extruded feed containing 30%
crude protein and 9% fat. At the end of the experiment, the fish growth performance was evaluated
by calculating the productive bioindicators. Better results were obtained for the experimental
variant V3. In conclusion, the species Cyprinus carpio presents a growing interest for rearing in
floating caged located on an irrigation canal, that support a high level of intensity in aquaculture.
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INTRODUCTION

In aquaculture, efforts are increasingly
being made to make fishery resources
available to the population, especially the most
vulnerable, at a lower cost while ensuring the
efficient use of water resources [8].

Floating cage farming is considered an
alternative to obtaining fish from fisheries
and to utilising water resources for fish
production. It is presented as the most
appropriate production method to minimize
the use of land and water resources and to
provide large quantities of food products to
the population in record time. This
production method gives fish a variable
zootechnical expression depending on the
ecological quality of the water body, its
importance, its depth and its renewal
potential [9], [12], [17], [19], [2].

Floating cage aquaculture is an excellent
way of fish culture by utilizing natural
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resources like rivers, lakes, flood plain areas,
estuaries, seas, and reservoirs otherwise
unworthy for traditional aquaculture [7]. This
profitable fish culture technique is most
important to the landless people as they can
use communal water bodies for fish culture
in cages [4].

The activity of aquaculture in cages
requires first of all the knowledge of the
aquatic environment specific to the irrigation
canal where the floating fish cages will be
located, of some environmental aspects and
at the same time the biology of the cultivated
species. The main advantages of this
technology are: relatively fast recovery of
water in cages (depending on their size)
without costs; lower initial investments than
on land technology; lower frequency of fish
health problems; increased fish production
(due to the high level of dissolved oxygen in
the water stream of irrigation channels that
stimulates the metabolism and the
assimilation process of fish that materializes
in a good growth spurt); increased production
of vegetable crop biomass (by feeding it with

-34 -

78 Article licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License (http://creati org/licenses/b sa/4.0/)




Scientific Papers-Animal Science Series: Lucrari Stiintifice - Seria Zootehnie, vol. 76

water loaded with organic substances and
nitrogen compounds from fishing activity)
and last but not least avoiding environmental
pollution by recirculating and using
wastewater in the aquaponics system [22].

In cage aquaculture, stocking density has a
direct inverse relationship with growth
performance, specific growth rate, survival
rate, food conversion ratio, body composition,
and production of fish [25], [20].

Determination of optimum stocking
density is prerequisite for the maximization
of carp production in floating cage. The aim
of this present study was to explore the
suitable stocking density of carp, Cyprinus
carpio as a potential culture species in
floating cage culture in an irrigation canal
CM Lunca, Galati.

MATERIAL AND METHODS

The experiment on determining the
stocking density of carp reared in floating
ponds was performed by mounting four units
of this type on the CM Lunca irrigation
canal, described by Nistor et al., 2020. The
floating ponds used have a capacity of 2 m?
and their description is presented by Nistor et
al., 2020 with the difference that the diameter
of the mesh used is 20 mm, estimated
depending on the age and size of the carp
(figure 1).

Fig. 1 Floating cages located on
the irrigation canal

The biological material used in this
experiment is represented by the carp species
(Cyprinus carpio, Linnaeus 1758) from the
Brates Experimental Laboratory for Agro-
Fisheries Research, Research - Development
Institute for Ecology Galati - Romania. A
number of 600 carp specimens were
distributed in four floating cages so as to
form different stocking densities, namely:

L Experimental variant 1 (V1) with
130 specimens and an average
weight of 215 g/ex;

II. Experimental variant 2 (V2) with
150 specimens and an average
weight of 151 g/ex;

1. Experimental variant 3 (V3) with
170 specimens and an average
weight of 142 g/ex;

1v. Experimental variant 4 (V4) with
190 specimens and an average
weight of 89 g/ex.

The experimental period took place over
90 days (18.05.2021 - 18.08.2021), during
which the aim was to determine the optimal
stocking density for this intensive growth
system.

The frequency of food administration
was at 8 hours with 3 meals/day, the food
was administered manually. In experimental
period was administered a ratio of 3.5% of
biomass (BW)/day. The fish were fed three
times a day with extruded feed (the diameter
of the granule is 4 mm) containing 30%
crude protein and 9% fat. The biochemical
composition of the feed used is presented in
the table 1:

Table 1 The biochemical composition of AQUA
VITAL SWIM

Composition Quantity
Crude protein % 30.0
Crude lipid % 9.0
Crude cellulose % 3.5
Phosphorus % 1.10
Vitamin A (Ul) 10000
Vitamin D3 (Ul) 1750
Vitamin E (mg) 175
Vitamin C (mg) 165
Digestible energy (MJ/kg) 16.3

The assessment of water quality in the
culture system was performed by daily
monitoring of temperature, oxygen and pH
using portable oxygen meter HACH HQD
Field Case 58258-00, respectively by periodic
determination of nitrates, nitrites, ammonium,
chlorine and dissolved organic matter by the
colorimetric method with the help of the DR
2800 spectrophotometer, the values thus
determined were compared with those
optimally admissible for the crop species.
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RESULTS AND DISCUSSIONS

Intensive aquaculture technologies, ensure
the complete utilization of space in a
production system, improve the fish production
and profitability by stocking high number of
fish per cubic area. Fish growth and stocking
density are negatively correlated owing to the
competition for food and space resulting in
stress, causing the growth reduction and
compromising immunity [18]. Cost effective
production should ensure maximum production
with minimum physiological stress and disease
incidence [13].

Water quality parameters (temperature and
oxygen) were monitored daily at 8:00 a.m.,
2:00 p.m., 8:00 p.m. The water temperature
varied between 15.1-29.7°C, being lower in
June and reaching a maximum of 29.7°C in
July. The average values recorded both inside
each floating cages and outside (irrigation
canal) are shown in Figure 2.
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Fig. 2 Dynamics of temperature in
irrigation canal (floating cages)

Dissolved oxygen registered significant
variations, that range being between 4.37 -
18.20 mg/l. Since the water in the irrigation
canal has a permanent dynamic due to
meteorological phenomena (wind speed,
precipitation), irrigation regime (days when
no irrigation was carried out - weekend or
periods when rainfall is abundant), algal
flowering or massive development of aquatic
vegetation. All these aspects lead to
characteristic  oscillations of dissolved
oxygen in the water of the irrigation canal.
These fluctuations are shown as average
values of dissolved oxygen in Figure 3,
where a significant decrease was observed at

the end of the experimental period when the
water temperature increased, and the
eutrophication phenomenon occurred,
affecting the crop biomass and requiring
additional oxygenation with aerators.
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Fig. 3 Dynamics of dissolved oxygen
in irrigation canal

The water level in the irrigation canal was
measured daily with the help of the Secchi
disk, and the recorded values are illustrated
in figure 4, where a variation between 2.35-
3.15 m can be observed, depending on the
environmental factors and the irrigation
regime.
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Fig. 4 Variation of level water in irrigation canal

The physico-chemical parameters of the
water from the CM irrigation canal were
monitored weekly, and the recorded values
are shown in table 2, where it is observed that
these parameters were within the specific gap
of the crop species.

High storage densities can affect the
digestion and absorption of feed [1], reduce
the growth performance of fish, their
survival, size variation, health, and mortality
[21], [16]. Under the conditions in which the
same feed ration was applied (3.5%), the
growth  performance differed in all
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experimental variants. This phenomenon may
be due to the larger space and lower
competition for food in the lower density
variant compared to the higher stocking
densities. The biomass growth for the
experimental period varied between 64.87
kg/m® (variant V1) - 77.54 kg/m*® (variant
V4) and the best growth was obtained in
variant V3 of 80.90 kg/m?, where the
stocking density was 170 specimens/floating
cages (table 3). During the experimental
period, the growth rate registered a positive
evolution in the four experimental variants
being illustrated in figure 5.
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Fig. 5 Evolution of the carp growth rate in
floating cages

According to a study by Firas et al. (2020)
[11], at higher stocking densities, fish spent
more time feeding and swimming and less rest
time, which can negatively affect their growth.
On the other hand, lower population densities
can reduce the total production obtained [3],
causing economic losses.

Table 2 The physicochemical parameters of water in floating cages (irrigation canal)

Determined values Maximum
The physicochemical Units of allowed
parameters measurement | minimum average | maximum values
pH units pH 7.40 8.08 8.65 6.5-8.5
Organic matter mg KMnO,/I 46.13 73.07 97.8 60
Chemical oxygen
consumption CCO-Mn mg O/l 11.67 14.30 18.5 15
Calcium Ca®* mg/l 52.1 66.79 88.17 160
Magnesium Mg mg/| 7.29 29.16 48.6 50
Ca*"/Mg** Report 1.07 5.02 12.09 5
Total hardness °D 14.02 16.07 18.51 20
Nitrites NOy mg N/I 0.005 0.017 0.025 0.2
Nitrates NO3 mg N/l 0.661 0.85 0.973 5
Chlorides ClI- mg/| 12.76 12.76 12.76 40
Table 3 Biotechnological indicators of farmed carp in floating cages
Experimental variants Floating cages
Indicators \Al V2 V3 V4
Initial number of fish 130 150 170 190
Final number of fish 120 140 160 180
Survival rate [%] 92 93 94 95
Initial biomass [g] 28010 22584 24218 16959
Initial biomass [kg/m®] 28.01 22.58 24.22 16.96
Final biomass [g] 92880 88200 105120 94500
Final biomass [kg/m°] 92.88 88.20 105.12 94.50
Biomass gain [g] 64870 65616 80902 77541
Biomass gain [kg/m?] 64.87 65.62 80.90 77.54
Average initial weight [g/ex] 215 151 142 89
Average final weight [g/ex] 774 630 657 525
Individual weight gain [g] 559 479 515 436
Specific growth rate [%/day] 1.33 1.51 1.91 1.63
Fulton condition factor [K] 1.74 1.78 1.88 1.80
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CONCLUSION

Survival rate and growth rate are the main
problems for aquaculture in floating cages, as
they determine the performance and profit of
the production system.

The different stocking densities applied to
the carp reared in floating cages located on
the CM Lunca irrigation canal were evident
in the final growth rate and the individual
weight of the crop biomass.

The best stocking density obtained from
the biomass growth analysis was obtained in
the experimental variant (V3), where it was
initially populated with 24.22 kg/m* and
resulted in 105.12 kg/m® carp.

However, the results obtained were
satisfactory, but the present study
recommends further research on the
determination of the optimal stocking density
for rearing the biological material in floating
cages, to maximize the final production.

ACKNOWLEDGEMENTS

This scientific paper was financially
supported by research contract ADER 14.1.2,
and funded by Ministry of Agriculture and
Rural Development.

REFERENCES

[1] Abdel-Tawwab, M., Hagras, A., Elbaghdady,
H.AM. & Monier, M.N. (2014). Dissolved
oxygen level and stocking density effects on
growth, feed utilization, physiology, and innate
immunity of Nile Tilapia. Oreochromis niloticus.
Journal of Applied Aquaculture, 26(4), 340-355.
[2] Aizonou R. et. al. (2021). Zootechnical
Knowledge of floating cage aquaculture in
freshwaters  ecosystems and load capacity
determination: Review, The Egyptian Journal of
Aquatic Research, Volume 47, Issue 1, March
2021, Pages 81-86.

[3] Apu, J.K., Rahman, M.S., & Rashid, H. (2012).
Effects of fish population densities on growth and
production of fishes. Progressive Agriculture,
23(1&2), 63-73.

[4] Balkhande J.V. (2019) Cage culture of
Oreochromis mossambicus (Tilapia) in back water
of river Godavari, Nanded, Maharashtra India.
MOJ Eco Environ Sci.; 4:100-105.

[5] Brown, T.W., Chappell, J.A., Boyd, C.E.
(2011). A commercial-scale, in-pond raceway
system for Ictalurid catfish production. Aquac.
Eng. 44 (3), 72-79.

[6] Chappell, J. (2017). In-Pond Raceway System
Manual for Construction and Management;
Principle =~ Driven  Aquaculture  Production
Technology. United States Soybean Export
Council, USA.

[7] Conte, L., Sonoda, D.Y., Shirota, R. (2008)
Productivity and economics of Nile Tilapia
Oreochromis niloticus cage culture in South-East
Brazil. Journal of Applied Aquaculture; 20: 18-37.
[8] FAO (2018). State of world fisheries and
aquaculture. Achieving sustainable development
goals, R.L.C.B.-N.-S. IGO. Rome. Licence: CC
BY-NC-SA 3.0 IGO.

[9] Faye, E. et al. (2018). Effects of storage
density on growth of tilapia fry (Oreochromis
niloticus L.) in fixed cage in the Guiers Lake,
Senegal. Afrique Science 14 (3), 378-390.

[10] Farhaduzzaman, A.M., Md. Abu Hanif, Md.
Suzan Khan, Mahadi Hasan Osman, Md. Neamul
Hasan Shovon, Md. Khalilur Rahman, Shahida
Binte Ahmed, (2020) Perfect Stocking Density
Ensures Best Production and Economic Returns in
Floating Cage Aquaculture System, Journal of
Aquaculture Research & Development Vol. 11,
Issue 9, No: 607.

[11] Firas, A.M., Nizar, J.H., Nareen, S.A.A., &
Salam, R.H. (2020). Effect of Different Stocking
Densities on Behavior of Common Carp (Cyprinus
carpio) in Duhok Province, Kurdistan Region,
Iraq. International Journal of Scientific Research
in Biological Sciences, 7(4), 1-6.

[12] Garcia de Souza, J.R. et al. (2015). Effects of
stocking density and natural food availability on
the extensive cage culture of pejerrey (Odontesthes
bonariensis) in a shallow Pampean lake in
Argentina. Aquaculture Research 46 (6), 1332—
1344.

[13] Liu, G., Ye, Z., Liu, D., Zhu, S. (2018).
Inorganic nitrogen control, growth, and immune
physiological response of Litopenaeus vannamel
(Boone, 1931) in a biofloc system and in clear
water with or without commercial probiotic.
Aquac. Int. 26 (4), 981-999.

[14] Masser, M.P. (2004). 17 Cages and in-pond
raceways. Dev. Aquac. Fish. Sci. 34, 530-544.

[15] Millan-Cubillo, A.F., Martos-Sitcha, J.A.,
Ruiz-Jarabo, I. (2016) Low stocking density
negatively affects growth, metabolism and stress
pathways in juvenile specimens of meagre
(Argyrosomus regius, Asso 1801). Aquaculture;
451: 87-92.

[16] Pouey, J.L., Piedras, S.R.N., Rocha, C.B.,
Tavares, R.A., Santos, J.D.M., & Britto, A.C.P.
(2011). Productive performance of silver catfish,
Rhamdiaquelen, juveniles stocked at different
densities. ARS Veterinaria, 27, 239-245.

[17] Rahman, M.M. et al. (2006). Cage culture of
sutchi catfish, Pangasius sutchi (Fowler 1937):

-38 -

78 Article licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License (http://creati org/licenses/b 4.0/




Scientific Papers-Animal Science Series: Lucrari Stiintifice - Seria Zootehnie, vol. 76

Effects of stocking density on growth, survival,
yield and farm profitability. Aquaculture Research
(1), 33-39.

[18] Rebl, A., Zebunke, M., Borchel, A., Bochert,
R., Verleih, M., Goldammer, T. (2017).
Microarray-predicted marker genes and molecular
pathways indicating crowding stress in rainbow
trout (Oncorhynchus mykiss). Aquac. 473, 355-
365.

[19] Rowland, S.J. et al. (2006). Effects of
stocking density on the performance of the
Australian freshwater silver perch (Bidyanus
bidyanus) in cages. Aquaculture 253 (1-4), 301—
308.

[20] Ronald, N., Gladys, B., Gasper, E. (2014) The
effects of stocking density on the growth and
survival of Nile tilapia (Oreochromis niloticus) fry
at son fish farm. Uganda. J. Aquac. Res. Dev.; 5:
222.

[21] Ruane, N.M., Carballo, E.C., & Komen, J.
(2002) Increased stocking density influences the
acute physiological stress response of common
carp Cyprinus carpio (L.). Aquaculture Research,
33(10), 777-784.

[22] Veta Nistor, D. Mirea, Liliana Blondina
Athanasopoulos, Magdalena Tenciu, Dorina
Branza (2020). Common carp adaptability
(cyprinus carpio) to rearing in floating fish cages
installed in irrigation canal, Scientific Papers -
Animal Husbandry Series, vol. 74, p. 139-145.

-39 -

78 Article licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License (http://creati org/licenses/b 4.0/




