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Effects of water temperature on productivity of black sea bream
Acanthopagrus schlegelii in recirculating aquaculture system

Eunji Choi

Department of Fisheries Biology, Graduate school,
Pukyong National University

Abstract

Global warming is predicting rapid changes in ecosystems due to rising
temperatures and water temperatures. This necessitates the continuous
investigation of fish physiological changes. In aquaculture, water temperature
1s one of the major determinants of productivity. In addition to fish growth,
survival and metabolism, feed intake is directly linked to feed efficiency and
feed availability, which affects fish breeding duration. Therefore, the
identification of the appropriate water temperature for a particular fish
species 1s an important part of profit and loss in the economic aspects of
the aquaculture industry.

In particular, the recirculating aquaculture system (RAS) is advantageous
in maintaining the water temperature because the water is circulated and
reused. However, maintaining constant water temperature is still an
important issue in the RAS and it is especially true in temperate regions
such as Korea. Therefore, it is necessary to identify economical water
temperature in terms of growth and the cost of maintaining a constant
water temperature for certain species.

Black sea bream, Acanthopagrus schlegelii is a high value species in
Korea and considered a promising candidate for the RAS because of its
wide range of tolerance to water quality. This experiment investigated

growth performance and survival of black sea bream in different water



temperatures, estimating cost—effective water temperature in the RAS.

Six different water temperatures (20, 23, 26, 29, 32 and 35C) were
examined in individual recirculating systems with the same configuration (a
total water volume of 413 L). Each system consisted of three tanks, a
moving bead filter, a water sump, a UV sterilizer, and a circulation pump.
Each tank received 40 fingerlings of black sea bream (average weight of
155 g). Before the experiment began, the fish were acclimated to each
experimental water temperature for a week. Fish were cultured for eight
weeks and fish were weighed every 4 weeks. The room temperature was
maintained at an average of 22°C, and each water temperature was
maintained using a cooler or a heater. The power and cost of maintaining
the water temperature were also measured for estimating energy
consumption.

The result indicated that the water temperature range of 26~29C
maximizes the most growth performance, showing the weight gains of 1,887
and 2,038 g, feed efficiencies of 1.41 and 1.48, and daily growth rates of 3.31
and 344 at 26 and 29C. In the meantime, the power consumption and
expense showed the lowest value at 26C. Considering both growth
performance and power consumption, the optimum water temperature for

culturing black sea bream in the RAS appears to 26C.
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Fig 1. The schematic drawing of the experimental recirculating
aquaculture system. (a): treatment 20, 23°C, (b): treatment 26,
29,132885/C.
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Table 1. Water quality (meantSD) changes in experimental recirculating aquaculture systems for black sea bream

(Acanthopagrus schlegelii) at six different water temperatures during 8 weeks

Parammeter Target temperature (C) . ;laue

20 23 2% 29 32 35
Water tﬁfcrlferawre 20.1+0.1" 23.240.1° 26.2+0.4° 20,0+0.3° 32.0+0.4" 34.9+0.4" 0.000
Salinity (ppt) 30.7+1.47 30.5+1.4° 30.6%1.5" 30,7 i 31.2+1.7 31.9+2.0° 0.000
pH 7.68+0.01° 7.61£0.01° 7.60+0.03° 7.64=0.02" 7.56+0.03¢ 7.82+0.01 0.000
Disso{fneg/ffygen 8.38+0.04° 7.76£0.09 7.37£0.21° 7.85:0.38" 7.25£0.26° 8.00£0.27" 0.000
TAN (mg/L) 0.35£0.15° 0.58+0.44 0.64=0.29" 0.50+0.22% 0.43+0.17" 0.21=0.09° 0.000
NO>-N (mg/L) 0.09+0.01° 0.17+0.03" 0.25+0.00 0.32+0.01% 0.35+0.04 0.15+0.00™ 0.000
NO3;-N (mg/L) 28.7+10.6" RY > R 33.8+16.5% 38.9+13.4 38.5+13.7* 23.0£5.9" 0.004
SS (mg/L) 0.04+0.01° 0.04=0.01% 0.04+0.01" 0.05+0.01*> 0.05+0.01%" 0.05+0.01 0.008

CO; (mg/L) 57.5t12.8 52.5t11.6 46.319.2 55.0t14.1 56.3£13.0 4751222 0.515
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(P>0.05).

e 8FAHHAFT 54) A AEEL Fig. 39 et 4EES
20C ¢k 23TolAE 100%9ew 26, 29, 32, 35CE Z+7F 98.3+29,
94.2+5.8, 77.5+9.0, 0% = {38t Al #Fe]7F AATHP<0.05). ol F A4 2
7= Table 4o YeEtHATE T TFS 4573 A<t sA3A 23, 26, 2
9CelA z+zt 2419482, 2,490+59, 2,579+187 gl & FolatA =gto
™, 32T 20ColxE zZHz 1,807+259, 171158 go & wrolxth
(P<0.05). T5#F% o9} £ Ago g 23 26 29Tl FostA =k
HP<0.05). F AR AAZFS 26C 9 29CoA ZZ 2624+413F
2,860+84 g0 2 Eked o]t 32T 9 2,568+152 g9t #93 zto]7t gl
ATHP<0.05). Azt ALRAH S 32CdA 7.10£1.09%/day > & 7} =
kI 23, 26, 29TCeAE A= Fo44 Zo|7t gllom, 20TANA 71
SR THP<0.05). AFEAFE 32TolA 21703122 7Hg E=gon v
A AgFAAE Fol s zxFelrt AATHP<0.05).

Ay 83FAHFHFT F4) A M T R A, 4 AFE, HvE,
LA el e A= Table 50 YetWidoh & /E T3 Azt
AFELS 29T 7H =AT 26CH 32T e 23 Aol7F el
THP<0.05). HlwFEe] ALolE= 20T9 32ColA 2zt 2.15+0.059

& EAASE 26T 32TA A7 27.2£773 34624407 93
A Eekow v gk EAAleE AdT He {38k 2olrt ¢l
A THP>0.05)

A% 4¥ Ang A 6ol WAl 7 weol MF TGC R =

sklvh. 20, 23, 26, 29, 32, 35C AZ@TelA Z7Z 1.20+0.06, 1.47+0.03,



1.35+0.04, 1.26+0.07, 1.08+0.01, 0.25+0.05% 23TCNA 7} = %A 5F 20,
26, 29C 93 zpol7} AL 32T 35C o8 FoatA Yolx
CHP<0.05). (X, water temperature)o] W& 2 o& AAA (Y,
TGC)9| Zd##A AL b7 Zoh(Fig. 4).

Y = -0.1025X% + 0.5458X + 0.746 (X: 20~35T)

2l 65 A AEsd e 22 S =T ¢ AdukA 7). ol
AVt st 2 27 5% HF TS ASH 53

g

S AAE B ZF Adgd g 316, 224. 216, 208, 219, 867Y

A 7HE &2 717l 2asE Ae #AdE 5 An(Fig 5).

AFE717E = 1000 (A FE FAY - Z27) FAY) / (TGC x 7€) A7)
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Table 2. Growth performance (meantSD) of black sea bream (Acanthopagrus schlegelii) in recirculating aquaculture

systems with different water temperatures after 4 weeks

Target temperature(C)

Parameter szljue
20 23 2% 29 32 35

Tnitial biomass (g) 623423 6933 630+17 63725 5995 623+23 0.171
Final biomass (g) 1,278+68° 1,628+28" 1,600£17" 1,724+93" 1,467+120P 776456¢ 0.000
Weight gain (g) 656:-45¢ 99025 970413 1,088+90° 868+123" 15356 0.000
Feed consumption (g) 775453 L111415° 1231429 1,343+33" 1350425 675433 0.000
Daﬂy(%e/fjiyi?take 2.16+0.15¢ 272+0.16"  2.84+0.15" 3.24+0.4° 41641120 464+193 0055
Feed conversion 1.18+0.00" 112£004>  127:001"  1.24+0.07" 157£021°  500:251 0003
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Table 3. Individual growth (meantSD) performance of black sea bream (Acanthopagrus schlegelii) in recirculating

aquaculture system with different water temperatures after 4 weeks

Target temperature (C) P
Parameter value
20 23 % 29 32 35
Initial individual 159+1.8 153421 15.7+2.3 154417 158+1.9 15.0+2.0 0.639
weight (g)
Initial individual ab be c abc a abc
e s 10.2+0.4 99405 9.8+0.6 10.1+0.4 10.2+0.5 10.1+0.5 0.014
Final individual 34.2+0.2° 42.1+0.4° 40.2+2.4% 47.3+8.8" 47.5+6.3" 92,441 1¢ 0.000
weight (g)
Final mdl(zlrfl‘;al length 1224020 132+0.2° 12.9+0.2° 135+0.6" 13.3+0.6° 11.0+0.3° 0.000
Specific growth rate 1.8240.13" 2.42+0.05° 2.24+0,09° 2.64+0 48 2,610 40 0.95+0.12¢ 0.000
(%/day)

Condition factor 1.87+0.08" 1.84+0.06" 1.86+0.06" 1.88+0.08" 2.00+0.02° 1.69+0.01° 0.000
CV-body weight (%) 142431 19.8+3.4 16.2+8.1 99.045.4 234498 20.8+4.7 0.640
CV-body length (%) 479+121 6.87+3.19 5.11+2.30 6.02+1.06 7.38+2.32 7.18+0.81 0515
CV’COH‘%%)“ factor 11.30+2.12 14.06+3.31 8.64+2.66 8.62+2.31 1051£2.06 1166376 0255
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Table 4. Growth performance (meantSD) of black sea bream (Acanthopagrus schlegelii) in recirculating aquaculture

system with different water temperatures after 8 weeks

Target temperature (C)

Parameter Vafljue
20 23 26 29 32

Initial biomass (g) 62323 693+3 630+17 63725 5995 0.171
Final biomass (g) 1,711458° 2,419+82° 2516413 2,675+131° 2,077+277 0.000
Weight gain (g) 1,08939° 1,780+82° 1,887+18" 2,038+138° 1,478+279° 0.000
Feed consumption (g) 1,501+70° 2,345£17 2,624+41° 2,860+84° 2,568+152% 0.000
Feed intake (%/day) 3.34+0.14° 4.26+0.15" 4.66+0.09 5.09+0.38" 7.10+1.09% 0.001
Feed conversion 1.38+0.02° 1.32+0.06 1.41+0.07° 1.48+0.12° 2.17+0.31° 0.007
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Table 5. Individual growth performance (meantSD) of black sea bream (Acanthopagrus schlegelii) in recirculating aquaculture

system with different water temperatures after 8 weeks

Target temperature (C) p

Parameter value
20 23 26 29 32

Initial individual weight (g) 159+1.8 15.3+2.1 15.7+2.3 154%1.7 15.8£19 0.639
Initial individual length (cm) 10.2+0.4% 9.9+0.5™ 9.840.6° 10.1+0.4% 10.2+0.5% 0.014
Final individual weight (g) 43.8+1.0° 59.3+1.8° 62.8+1.8% 65.5+3.3" 62.3+1.7% 0.000
Final individual length (cm) 12.70.1° 145012 14.7+0.1° 14.8+0.3 14.120.2 0.000
Specific growth rate (%/day) 2.41+0.14° 3.23£0.04" 3.31£0.09° 3.44+0.16 3.27+0.05% 0.000
Condition factor 2.15+0.05° 1.94+0.03" 1.94+0.05" 1.99+0.04° 2.13+0.01° 0.000
CV-body weight (%) 17.9%3.1° 21.6+45 27.2£7.7% 25.0£4.0° 34.6+4.4° 0.021
CV-body length (%) 8.08+1.28% 6.25+0.89" 8.54+1.73 8.18+0.88% 10.39+1.45° 0.039
CV-condition factor (%) 13.98+3.86 13.47+2.25 17.10+3.44 13.17+3.19 13.42+1.80 0.505
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Fig 4. Thermal unit growth coefficient (TGC) (mean*SD) of black
sea bream (Acanthopagrus schlegelii) in recirculating
aquaculture system with different water temperatures after 8
weeks (P=0.000).
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Fig 5. Number of days to gain 1 kg/fish of black sea bream
(Acanthopagrus schlegelii) in recirculating aquaculture system

with different water temperatures.
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Table 6. Power and cost used for water temperature

schlegelii) in recirculating aquaculture system

maintenance (meantSD) of black sea

bream (Acanthopagrus

Target temperature (C)

Parameter szljue

20 23 26 29 32 35(4weeks)
Daily D?g\;{]/%ggs)umpﬁon 442+084%  1.88+1.00°  171%1.44° 735203  1068+310° 16224207  0.000
Daﬂ&gg%gg)cost 136+26¢ 58+31° 52:+44° 225+62° 327+05" 497+63" 0.000
Tgut?inzo‘ge\;glﬁss‘ﬁ%?n 248+47¢ 106+56° 96+81° 412+114° 598+174" 454+58° 0.000
Total power cost during 7,569 3,233 2,935¢ 12,610° 18,318 13,915° 0.000

Sweeks (won)
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Table 7. Power and cost used for water temperature maintenance (mean+SD) to gain 1 kg biomass of black sea bream

(Acanthopagrus schlegelii) in recirculating aquaculture system

Target temperature (C)

Parameter
20 23 26 29 32 35(4weeks)
Weight gain (kg) 1,088 1,780 1,887 2,038 1,478 0.153
Power consumption
during Sweeks 248 106 96 412 598 454
Power cost
during 8 weeks 7,589 3,233 2,935 12,610 18,318 13,915
Power consumption to gain lkg (kwh/kg

biomass) 228 60 51 202 405 2,967
Power cost to gain lkg 6,975 1816 1,555 6,187 12,393 90,947

(won/kg biomass)
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Person-Le et al, 2004; Kim et al., 2008; Yang et al., 2014)3} A3l
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Table 8. Stocking densities of black sea bream (Acanthopagrus schlegeli) exposed to different water temperatures

after 4 and 8 weeks

Target temperature (C)
Stocking density (kg/m®)

20 23 26 29 32 35
Initial 8.9 9.9 9 9.1 8.6 8.9
4 weeks 18.3 23.3 22.9 24.6 21.0 11.1
8 weeks 244 34.6 35.9 38.2 29.7 -
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