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Abstract

During the present research, two studies are conducted (Study I and Study II), in two consecutive
years, by applying the same scheme of stocking density. Each study has duration of 16 days. The object
of the experiment is European catfish larvae reared in tubs with continuous water flow (0.7 L.min™).
Throughout the experimental period, all fish are fed with ,,Ocean nutrition” — Canada (0.8—1.0 mm) to
satiation, three times per day. At the beginning and at the end of each study, weight assessments are
performed using 50 randomly selected individuals from each stocking density variant. The average
weight of the larvae at the start of Study I is in the range of 50.7 + 11.9 mg to 86.2 + 20.1 mg and at the
start of Study II — from 182.5 & 58.0 mg to 199.3 = 70.9 mg. The number of larvae used in Study I is
2400 and in Study II — 3600. The scheme of stocking density consists of three variants: Variant A (5
ind.I""), Variant B (10 ind.I'") and Variant C (15 ind.I""). In Study I, each variant of stocking density is
applied with one repetition, whereas in Study II — with two repetitions for better statistical analysis.

The results from the study demonstrate that the weight gain (IWG, mg) and the survival rate (SR,
%) are strongly affected by the variant of stocking density, with a significant difference being estab-
lished (P < 0.05). Both parameters have the highest values for the lowest stocking density (Variant A
— 5 ind.I"). The established values for the growth rates (AWG, DGR, SGR), for Study I and Study I,
indicate that they are significantly affected by the different variants of the stocking density (P < 0.05).
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Pe3rome

[lo Bpeme Ha HacTOAIIOTO M3CieABaHe ca mpoBenaeHU aBe npoyuBanus (IIpoyusane I u Ilpo-
yuBane II) B aBe mocnenoBaTeHu TOJUHU Ype3 MpUJlaraHe Ha €IHa U ChIlla CXeMa Ha I'bCTOTa Ha



32 CEJICKOCTOITAHCKA AKAJIEMUS o XXIIBOTHOBB/IHU HAYKU, LVIII, 1/2021

nocajakata. Besiko nmpoyuBaHe € ¢ nmponbkuTeaHocT 16 quu. OOeKT Ha eKCIIEpUMEHTa ca JIMYWH-
KM Ha €BPOICHCKU COM, OTIJICXkIaHU BbB BaHU ¢ mocTtostHHa nmpotodHocT (0,7 L. min™). TIpe3 nenus
eKCIIEpUMEHTAJICH MePHOJT BCUYKHU pudH ca xpaneHu ¢ ,,0cean nutrition” — Kanana (0,8—1,0 mm), 1o
HacuIIaHe, 0 TPU IBTU Ha JieH. B HauanoTo U B Kpasi Ha BCSIKO MPOYUYBAaHE € N3BBPIIBAHO U3MEpPBa-
HE Ha TerI0To Ha 50 MPOU3BOJIHO U30paHU MHIUBUIA OT BCEKH BapuUaHT Ha I'bCTOTA HA MOCAIKATA.
CpenHoTo Teryo Ha IUYUHKUATE B HAYAJI0TO Ha Tpoy4BaHe | e B auanasona ot 50,7 + 11,9 mg g0 86,2
+ 20,1 mg u B Hayanoto Ha mpoyuBane [I — ot 182,5 £ 58,0 mg 1o 199,3 + 70,9 mg. bposT Ha pudure,
n3non3eany B npoyusane I e 2400, a B npoyusasne II — 3600. Cxemara Ha I'bCTOTa Ha MOCAKaTa Ce
cbcTou OT Tpu BapuaHTa: Bapuant A (5 wna. 1), Bapuant b (10 una. 1) u Bapuant C (15 ung. ).
B npoyuBane [ Bceku BapuaHT Ha I'bCTOTA Ha TMOCAJKaTa Ce Mpujara ¢ eHO MOBTOPEHUE, JOKATO B
npoyuBase Il — ¢ 1Be moBTOpeHMS 3a MO-100BP CTATUCTUYECKU aHAIIU3.

Pesynratute ot mscnenBaHeTo mokasBaT, ye WHAMBHAYyadHUAT npupact (IWG, mg) u ouens-
emoctTa (SR, %) ca cHJIHO MOBJIMSHUA OT BapHaHTa Ha I'bCTOTA Ha IOCAJKaTa C JOKa3aHa CTENeH
Ha goctoBepHOcT (P < 0,05). 1 nBara mapaMeTbpa uMaT Hali-BUCOKHM CTOMHOCTH MpHU Hail-HUCKaTa
rbeTOTa Ha mocajaka (Bapuant A — 5 una. I''). YcraHoBeHHTE CTOWHOCTH 332 TEMITIOBETE HA PacTExX
(AWG, DGR, SGR) 3a npoyuBane | u npoyuBasne Il moka3par, ue Te 3aBUCIT 3HAYUTEITHO OT pa3JIny-

HUTE BapUaHTHU Ha I'bcTOTA Ha mocaakara (P < 0,05).

Knwuoseu dymu: EBponeiicku coM, IMUUHKH, I'bCTOTA HA TIOCAJIKA

Introduction

In fish farming industry, European catfish is
a preferred species for rearing due to its rapid
growthrate, high adaptability towards wide range
of ecological conditions, large body weight and
high content of protein (Almazan Rueda, 2004;
Zaikov, 2006). Intensive rearing of European
catfish larvae to fry stage is carried out mainly
in recirculation systems and systems with con-
tinuous water flow (Placinta et al., 2011).

Stocking density is one of the most impor-
tant factors in the intensive rearing of Euro-
pean catfish larvae (Ronay and Tottkay, 1990;
Wolnicki and Starzonek, 1996; Ulikowski et al.,
1998; Ulikowski and Borkowska, 1999; Usov,
2011; Krol et al., 2014). Numerous authors have
established that growth performance parame-
ters can be optimized by changing the stocking
density (Procarione et al., 1999; Ortuno et al.,
2001; Barton et al., 2002; Offem and Ikpi, 2013;
Opiyo et al., 2014; Placinta et al., 2014; Nwipie
et al., 2015).

In experiments with European catfish con-
ducted by Dokuchaeva et al. (2003), Dokuchaeva
(2005) and Dokuchaeva (2011) it is established

that the increasing stocking density decreases
the average weight and survival rate of the lar-
vae. These results are confirmed by Koturanov
et al. (2010) and Krasteva (2020).

As a rule in fish farming, the European cat-
fish larvae are initially reared at higher stocking
densities and after 15-20 days the densities are
decreased according to the specific conditions.
This technology is applied by Dokuchaeva et
al. (2003), Dokuchaeva (2005) and Dokuchaeva
(2011) in pond culture of European catfish lar-
vae and by Jamroz et al. (2008) in rearing of
larvae in controlled conditions. Therefore, the
densities in the present research are selected fol-
lowing the technology previously used by other
researchers.

Different stocking densities are being ap-
plied by different researchers, such as: 3-15
ind.I" (Szlaminska, 1986; Kaminski and Wol-
nicki, 1996; Wolnicki and Myszkowski, 1998;
Kozlowski and Poczyczynski, 1999; Jamroz et
al., 2008), 4050 ind.I"' (Ageec and Dokuchae-
va, 2012), 100 ind.I"! (Wioeniewolski, 1989; Ko-
zlowski et al., 1995), or even up to 120—150 ind.I"!
when the larvae are being reared with live food

supply.
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Another factor, affecting the rearing process,
is the water quality (Hayat et al., 2018). Various
stocking density experiments are conducted in
different conditions related to water tempera-
ture, dissolved oxygen, nitrogens, feeding pro-
cess, type of the feed, duration of the rearing,
etc. As a result, the obtained data from each ex-
periment is specific.

The aim of the present research is to establish
the effect of the initial stocking density on the
production parameters of European catfish lar-
vae under controlled conditions.

Material and Methods

Study object and rearing conditions

The research is carried out at the Institute of
Fisheries and Aquaculture, Plovdiv in two con-
secutive years — 2017 (Study I) and 2018 (Study
IT). The experimental unit is a production sys-
tem, consisting of plastic tubs 60 x 40 x 40 cm
in size and volume of 40 1 with continuous water
flow. The water flow rate is 0.7 1.min"' and com-
plete water cycle took 43 min. Heaters and micro
compressors are installed in each tub to maintain
the appropriate temperature and oxygen regime
of the water. For the sterilization of the water,

UV lamp is used. Dead larvae are counted and
removed during the daily cleaning of the tubs.

The object of the research is European catfish
larvae obtained from semi-artificial propagation
and reared for the aim of the experiment. Both
studies have duration of 16 days. The biotech-
nological parameters at the beginning of the re-
search are presented in Table 1.

For Study I, 2400 larvae at the age of 20 days,
with initial body weight of 64.2 + 18.1 mg and
body length of 21.4 £+ 1.1 mm are used. The lar-
vae are distributed into three groups with two
replications each and reared in three variants of
experimental stocking densities: 5 ind.lI" (Vari-
ant A), 10 ind.I"' (Variant B) and 15 ind.I"" (Vari-
ant C). The applied experimental densities are
low, in order to provide enough space for the fish
and to prevent the occurrence of cannibalism.

For Study 11, 3600 larvae at the age of 24 days,
with initial body weight of 188.8 + 24.6 mg and
body length of 27.1 + 1.6 mm are used. The fish
are placed in tubs with the same stocking densi-
ties as in Study I, but each with three replications
for better statistical analysis.

Biometric measurements are made, at the be-
ginning and at the end of each study, on 50 ran-
domly selected fish from each stocking density.
In order to facilitate the fish manipulations, clove

Table 1. The scheme of stocking density and biotechnological parameters at the beginning of the research

Study |

parameter A B C

ISD (ind.I"") 5 10 15

INF (count) 400 800 1200

MIW (mg.ind"") 86.2 £ 20.1 55.7 +13.7 50.7 £ 11.9
IB (mg) 34 480 44 560 60 840
Study Il

parameter A B C

ISD (ind.I") 5 10 15

INF (count) 600 1200 1800

MIW (mg.ind"") 199.3+£70.9 182.5 + 58.0 185.5 £ 51.3
IB (mg) 119 580 219000 333900

ISD — initial stocking density
INF — initial number of fish
MIW — mean individual weight
1B — initial biomass
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oil anesthesia, with concentration of 0.02 ml.I"!,
is applied. Body weight is measured with ana-
lytical balance ,,Kern AEJ” (readability 0.001 g)
and body length with electronic caliper ,,Digital
Caliper” (readability 0.01 mm). Throughout the
experimental period, all fish are fed with ,,Ocean
nutrition” — Canada with pellet size 0.8—1.0 mm
and protein content 55%. The European catfish
larvae are fed to satiation three times per day.
The food intake for each of the studied variants
is established.

Production parameters

At the end of the studies, the following fish
production parameters of the larvae are calculat-
ed, using the following equations:

Individual weight gain (IWG, mg): IWG =
Wt, - Wi,

Total weight gain (TWG, mg): individual
weight gain‘'number of survived fish

Specific growth rate (SGR, %.day"): SGR =
[(InWt -InWt,)/P]"100

Average weekly growth rate
mg.week'): AWG = (Wt,-Wt,)"7"

Daily growth rate (DGR, mg.day'): DGR =
(Wt,-Wt ) P!

where:

Wt = initial body weight;

Wt, = final body weight;

P = duration of the experiment (days);

Food conversion ratio (FCR): FCR = FI/
TWG

where:

FI = total feed intake (g);

TWG = total weight gain (g);

Survival rate (SR, %): SR = (NF/NI)"100

where:

NF = final number of fish;

NI = initial number of fish;

(AWG,

Water quality

The physicochemical parameters of the wa-
ter (dissolved O,, mg.I"; temperature, T °C; pH),
are measured daily using a digital water checker
type WTW 315. Nitrogen compounds, includ-
ing nitrates (NOg, mg.I""), nitrites (NO;, mg.1")
and ammonium ions (NHZ mg.l") are monitored
once a week.

Statistical analysis

The results are presented as average values
+ standard deviation and are analyzed via Data
Analysis (Excel 2010). Fish production indica-
tors are analyzed using T-test (Pare two sample
for means) to evaluate the significant differences
among the groups, at significant level of P <0.05.
Water quality parameters are analyzed using de-
scriptive statistics. Non-linear regression analy-
sis is performed and correlation analysis (Pear-
son coefficient) is used to determine the correla-
tion between the different stocking densities and
fish productive parameters.

Results and Discussion

The main hydrochemical parameters of the wa-
ter (T °C, O, and pH) are presented in Figure 1.

BHpH E0:mgl™! BTC
= 3|29
C
2451
= 27
S B
E 2457
§ -
A
2437
0 5 10 15 20 25 30
pH: 02: mg-l—l, T°C
Study I
BpH BEQ;mgl™t BTC
244
z 24.46
A
24.49
0 3 10 15 20 25 20
Study 1T pH, Oz, mgI"*, T°C

Fig. 1. Water temperature (T °C), dissolved
oxygen (O,, mg.I") and pH dynamics during Study
I and Study II
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The temperature and the dissolved oxygen are
in the optimal range. During Study II, with the
increase of the stocking density, the O, levels be-
gin to decrease. Critical temperature and oxygen
values are not recorded during the experiment.

The average values of pH vary in the range
from 7.91 to 8.29, with no significant differences
in the recorded values for each stocking density.

During Study I and Study 11, the highest val-
ues of ammonium ions (NH7, mg.l") are reg-
istered in Variant C (15 ind.I'Y). No correlation
is established between the recorded values of
nitrate and nitrite ions and the stocking density
(Table 2).

During Study I, the highest average individ-
ual weight gain, is established in Variant A (5
ind.l") (Table 3). With the increasing of the stock-
ing density, the growth decreases (P < 0.01). In
contrast to Study I, during Study II, the high-
est growth is established in Variant B (10 ind.I"")
with a small difference between the values reg-
istered in Variant A and Variant C (15 ind.1") (P
> 0.05). The results obtained from Study I cor-
respond to the results established by Ulikowski
and Borkowska (1999), Placinta et al. (2012) and
Hayat et al. (2018), who report the highest values
of growth in the variants with the lowest stock-
ing density.

During Study I, the values of the daily growth
rate (DGR) and the average weekly growth rate
(AWG) decrease with the increasing of the stock-

ing density, with a significant difference being
established among the groups (P < 0.01). During
Study II, DGR and AWG maintained stable val-
ues that didn’t change among the variants with
the different stocking densities. In both exper-
imental years, the highest specific growth rate
(SGR) is reported in Variant B, but no significant
difference is established (P > 0.05). Food con-
version ratio (FCR) is influenced by the applied
stocking density, with the highest values being
registered for the highest density variant.

During the two experimental years, the sur-
vival rate of European catfish larvae is the high-
est in Variant A with the lowest stocking density
(P <£0.05). When comparing the obtained results
with those established by Placinta et al. (2012),
it can be seen that the established survival rate
by the authors from the variant with the lower
stocking density (V2 — 1.46 kg/m®) is higher, al-
though only by 2%, from the variant with the
higher density (V1 — 2.78 kg/m3) .

In Study I, the beginning of the experiment
was critical for the survival of the fish. The high-
est mortality is registered until the 4™ day, af-
ter which it sharply decreased (Figure 2). Dur-
ing Study II, the critical period for the fish was
also in the first half of the experimental period,
with the number of fish dropping from day 4 to
8 (Figure 2). The possible reason for this is the
negative effect of the sorting prior to the stock-
ing in the tubs.

Table 2. Mean, minimum and maximum values of nitrogen compounds

Study |

variant A B C

parameter mean min — max mean min — max mean min — max
NO,, mg.I" 0.33 0.25-0.39 0.33 0.23-0.39 0.31 0.25-0.37
NO,~, mg.I" 21.26 23.43-28.61 27.61 25.21-30.89 28.21 25.87-31.55
NH,", mg.I" 0.34 0.11-0.80 0.32 011-0.97 0.36 011-0.81
Study Il

variant A B C

parameter mean min — max mean min — max mean min — max
NO,”, mg.I 0.27 0.24 -0.31 0.28 0.24-0.31 0.34 0.28-0.38
NO,", mg.I" 15.18 13.0-17.03 14.75 12.81-16.50 15.44 13.86 — 17.03
NH,", mg.I" 0.15 0.13-0.18 0.16 013-0.18 0.16 0.14-0.18
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Table 3. Productive parameters of catfish growth

parameter Study | Level of significance
A B C

IWG (mg) 400.8 +12.2° 384.9 +12.0° 246.9 £ 12.1°

TWG (mg) 118 637 195 529° 164 929

SR (%) 740 £5.7° 63.5+£4.9° 55.7 £2.3%*

AWG (mg/week™") 57.2+1.8° 46.2 +1.7° 35.3+0.3

DGR (mg/day™) 251+0.8° 241 0.8 15.4 £0.1°

SGR (%/day) 10.9 + 0.6 13.0 £ 0.5 111+£0.7 NS

FCR (mg/mg) 11 +£0.14° 11£0.07° 1.3+£0.14° NS
Study |l o

parameter Level of significance
A B C

IWG (mg) 470.6 £ 140.72 474.0 + 181.1¢ 464.2 £160.3°

TWG (mg) 228 7122 423 282 605 317¢

SR (%) 81.0+ 712 744 +6.8 72.4 £3.9®

AWG (mg/week™") 67.2+20.1a 67.7 +25.9a 66.3 £22.9a NS

DGR (mg/day™) 294 £8.8° 29.6 £ 11.3° 29.0 £10.0° NS

SGR (%/day) 75+ 0.6° 79+13° 77+£1.3° NS

FCR (mg/mg) 0.9+0.3 11+0.3 1.1 £ 0.102 b

Values connected by different superscripts are significantly different (P < 0.05)

P<0.001; P <0.01; “P < 0.05; NS — non significant;
IWG — individual weight gain

TWG — total weight gain

SR — survival rate

AWG — average weekly growth rate

DGR — daily growth rate

SGR — specific growth rate

FCR — feed conversion ratio

Figure 3 and Figure 4 present the correlation
and regression analysis of the main production
indicators (individual weight gain, IWG and sur-
vival rate, SR) in relation to the stocking density.
In Study I, the Pearson coefficient (r = 0.90) de-
termined a very strong correlation between the
growth and the stocking density. The regression
equation is negative, descending to lower values
of stocking density which correspond to higher
values of growth.

In Study II, the correlation between the
growth and the stocking density is very weak to
absent (r = 0.02), and the regression equation is
negative (Figure 3).

Pearson coefficient determined strong depen-
dence (r = 0.92) and a moderate to significant de-
pendence (r = 0.57) of the survival and the stock-

ing density, for Study I and Study II respectively.
The regression equation in both studies is nega-
tive, with higher values of stocking density cor-
responding to higher survival rate.

Conclusion

Based on the results obtained from the two
experimental years, it can be concluded that the
higher stocking density, when rearing European
catfish larvae, negatively affects the growth. In
both studies, the highest survival (74.0 + 81.0%)
is reported in Variant A with the lowest stocking
density.

For the rearing of 2024 days old European
catfish larvae, stocking density of 5 1! or 10 1"
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Fig. 2. Mortality rate, represented by number of
dead larvae at the 4, 8™, 12" and 16" day of Study
I and Study II

can be recommended. For a 16-day rearing pe-
riod, at stocking density of 5 ind.l"!, the expected
growth is 400.8 + 470.6 mg, with survival rate
of 74.0 + 81.0%, while at stocking density of 10
ind.I"' the expected growth is 384.9 + 474.0 mg
and survival rate — 63.5 + 74.4%.
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