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Effects of Water Temperature on the Growth Performance of Juvenile
Black Sea Bream Acanthopagrus schlegelii in a Recirculating Aquaculture
System

Eunji Choi, Youhee Kim' and Jeonghwan Park*

Department of Fisheries Biology, Pukyong National University, Busan 48513, Republic of Korea
"Department of Smart Aquaculture, Gangwon State University, Gangneung 25425, Republic of Korea

This study aimed to identify the optimal rearing temperature for juvenile black sea bream Acanthopagrus schlegelii
in a recirculating aquaculture system (RAS). Juvenile fish were reared at 6 water temperatures (20-35°C) for eight
weeks, and growth performance, feed conversion ratio (FCR), survival rate, daily feed intake, and thermal growth co-
efficient (TGC) were evaluated. Power consumption and associated temperature regulation costs were also analyzed.
Maximum growth rate and final body weight were recorded at 29°C; however, comparable somatic growth with en-
hanced survivability was achieved at 26 °C. TGC, a temperature-dependent index of relative growth, was highest at
23°C, indicating optimal physiological growth efficiency. In contrast, absolute growth and reduced culture duration
was most favorable at 29°C. These findings highlight the complex interaction between water temperature and growth
dynamics. Furthermore, energy expenditure per unit biomass gain was lowest at 26°C, indicating optimal energetic
cost-efficiency. Collectively, the 26-29°C range was identified as optimal for sustaining growth performance and
operational cost-efficiency. In conclusion, 26°C is recommended as the economically optimal rearing temperature for
juvenile A. schlegelii in RAS, balancing growth stability with minimized energy input.

Keywords: Recirculating aquaculture system (RAS), Black sea bream, Water temperature, Growth performance,
Energy efficiency
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2 4A A 4= TAN 0.64 mg/L 0|5}, o} AR A4 (NO2™-N)
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Fig. 1. Survival rate (mean+SD) of black sea bream Acanthopagrus
schlegelii reared in recirculating aquaculture system with different
water temperatures after 8 weeks (P=0.000).

Table 1. Water quality (mean+SD) changes in experimental recirculating aquaculture systems for black sea bream Acanthopagrus schlegelii

at six different water temperatures during 8 weeks

Target temperature (°C)

Parameter

P value

20 23 29 32 35
Water temperature (°C) 20.120.1° 23.2+0.1¢ 26.2+0.4¢ 29.0+0.3° 32.0+£0.4° 34.9+0.4° 0.000
Salinity (ppt) 30.741.4° 30.54£1.4° 30.641.5° 30.7+1.7° 31.2£1.7% 31.9+2.0° 0.000
pH 7.68£0.01°  7.61x0.01°  7.60+0.03°  7.64£0.02  7.56+0.03°  7.82+0.01° 0.000
Dissolved oxygen (mg/L) ~ 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°  0.210.09° 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®  0.15x0.00" 0.000
NO,-N (mg/L) 28.7¢10.6®  31.5x14.7%>  33.8416.5® 38.9+13.4®  38.5+13.7¢  23.0+5.9" 0.004
SS (mglL) 0.04+0.01°¢  0.04£0.01*c  0.04#0.01*c  0.05+0.01** 0.05+£0.01®®  0.05+0.012 0.008
CO, (mg/L) 57.5£12.8 52.5£11.6 46.319.2 55.0£14.1 56.3+13.0 47.5+22.2 0.515
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HE E g 2282 26°CH29°Co A 2F2H2,516+13 g
22675+131g,1,887+18g 22,038+ 138 g0 & 7} =2
A TS e o 20°C @ 32°Coll A= At A o2 e
$FL Bk £3] 23-29°C 7712 A2l4= BA R0z ¢
«lohﬂ -3t A ATE Ui SITh 35°C A2l t= A E 4
= ool A HAR7F hAgste] 2 9 4% T dlojE g
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2F ROt F7lehe AdE Eom(P<0.05), 32°Col|A
3.81+0.32%/day= 71 A YebHTh ohek 32°C A4+
A Tut flAlgo] o A& JHA| =7F F3tsh AL, o] of| ket
1utelgd A2 A 3eFo] S7iehs BA a3t s = e 7t
57301 Utk 35°C A= A 45 oWl A A7} HAksk
YU FIE AR 4 glolom, 112 S ol A1 O] A3 A<
3 E A= SHA| 7} ] L AR & s A Hk. 23-29°C
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37 QYA B SAo] maElc,
FCRL226°C (1.41+£0.07) 2 29°C (1.48 +0.12) A 2|70l A

7HaE 95517 Urebkon], 32°C Hel ol A 21740312
80l5HA oBlE|o] 142 o] ALR o] 8 8o A A o]

FFFS U| 2= A 02 YElGTH Table 2).

708 Z2F, A4, SGR, CF, CVol| it Z 1= Table 3] A|A|
Shath 2% /M 32 29°C Mg FLoll A 65.5+3.3 g0 = 7}
A E%en],26°C(62.8+1.82) % 32°C(62.3+1.7g) A2+
O} S AKSE 4235 B gITh SGR 9] 29°Col|lA] 7P =9k o),
SAAM 2= 26°C 9 32°C Aok o7k Aol = UEREA]

LATHP>0.05). ol =2 T71ol w2k Aol 44 #417F
A S7FekR o, 32°Coll A= A=) A Fg s HARR s 2

T ASol= FFS A 2 A= Mt
CF£20°C (2.15+0.05)€} 32°C (2.13 +0.01) & 2] Lol A 5
O] =2 7S VFEFATHp<0.05). CFi= A 3ol va] 4| Zo0]
E2 A8 Uehlle ARE, o] 5345 S5 AFS 9
a] g}, 20°Coll A= A7 &7t wot Aol v oH Alsol 4
RS 7HsAd0] Qlo, 32°Cof| A= tiAL Bt ol uhet A%

Table 2. Growth performance (mean+SD) of black sea bream Acanthopagrus schlegelii in recirculating aquaculture systems with different

water temperatures after 8 weeks

Target temperature (°C)

Parameter P value
20 23 26 29 32
Initial biomass (g) 6231232 69332 630172 637252 599152 0.171
Final biomass (g) 1,711458¢ 2,4194822 2,516+132 2,675+1312 2,077+277° 0.000
Weight gain (g) 1,089+39¢ 1,780+822 1,887+182 2,038+1382 1,478+279° 0.000
Feed consumption (g) 1,501+70° 2,345%17° 2,624+412 2,860+84° 2,568+1522 0.000
Feed intake (%/day) 2.24+0.08° 2.81£0.08° 3.04+0.20% 3.360.202 3.81£0.322 0.000
Feed conversion ratio 1.38+0.02° 1.32+0.06° 1.41£0.07° 1.48+0.12° 2.17+0.312 0.007

Table 3. Individual growth (mean+SD) performance of black sea bream Acanthopagrus schlegelii in recirculating aquaculture system with

different water temperatures after 8 weeks

Target temperature (°C)

Parameter P value
20 23 26 29 32
Initial individual weight (g) 15.9+1.82 15.3+2.12 15.7+2.32 15.4+1.72 15.8+1.92 0.639
Initial individual length (cm) 10.2+0.42° 9.9+0.5b¢ 9.8+0.6° 10.120.4abc 10.240.52 0.014
Final individual weight (g) 43.8%1.0° 59.341.8° 62.841.8% 65.5£3.32 62.34£1.7% 0.000
Final individual length (cm) 12.710.1¢ 14.5+0.12° 14.7+0.12 14.840.32 14.1£0.2° 0.000
Specific growth rate (%/day) 2.41+0.14° 3.2310.04° 3.31£0.09®  3.44%0.16° 3.2740.05% 0.000
Condition factor 2.15£0.05% 1.94+0.03° 1.94+0.05° 1.99£0.04° 2.13£0.012 0.000
CV-body weight (%) 17.943.1° 21.614.5° 27.2+7.7% 25.0+4.0° 34.644 .42 0.021
CV-body length (%) 8.08+1.28®  6.25+0.89° 8.54+1.73®  8.1840.88®® 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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W7t A UehetE 7HsAd ol Sl

e 0] CVE26°C (27.2+7.7%)9} 32°C (34.6 +4.4%)
oA FEIEHAl EA UER, s =20l 7 ZF Ak At
7b AA] A EReS HolEth o= JHA 2 Al FE, 2B
& W 5 AT A W 2po] 7h 2wl ufet B & R
H& 7Hs /S mgteh. CFoll B CVi= A2l 2t f-2l3 )
o5 UERHA| ootk
=2 9 HEATGC) ¥ 4% o=

A AR 2SR oR A (6)2 o835t 7 2 A
o] TGCE ARE3t AT, 20, 23, 26, 29, 32, 35°Col|A] 242+
0.90+0.05, 1.09+0.02, 1.01+0.03, 0.95+0.05, 0.81 +0.01,
0.25+0.049] - LEbATHFig. 2).

TGC=23'CollA 7P 2 32 LEhf om, o] = Tl -2
T AR A e A AL Al 57 agol 7P SRlEE
Sjulgiet. Wk, 25 Al $H F S 29°C AT
A 7P =7 vrebabet, ol A el ko] RE=A] TGC
A BlEeh] oS HofErh TGCE 4220] obd 45 A
ARA O] BE7E AR 7] wzoll, whE Aol = Etstal W
A7t 2 4 ok wheb TGCE Lo uh2 Age)2] A%
A& Bk A ARRZ sjAE ojof b, ) At
© TS ofof gk 32°C 9 35°C A2l toll A= TGCTF 19
SHA| 2o (P<0.05), 53] 35°C= A& 45 Wi A 7HA] HAL
Z Qlaf ARk A= 7)1t dlolE & 7|Hte 2 3 gt e =,
A3} sl =217} B e it

(X, "0} TGC (Y) 7He] A= 23 o) AP o=
AE 9o, AGAFRY)E 0.54560.2, v 2 o #gt

S8 Vel 519148 o123} 2iFig 2).

Y=-0.0071X>+0.3543X-3.349 (R=0.5456)

1.60

y =-0.0071x2 + 0.3543x -3.349
1.40 R2 = 0.5456

1.20 a
ab

100| ab ab

0.80

TGC

0.60

0.40 c

0.20

0.00

20 23 26 29 32 35
Water Temperature (°C)

Fig. 2. Thermal unit growth coeficient (TGC) (mean+SD) of black
sea bream Acanthopagrus schlegelii in recirculating aquaculture
system with different water temperatures after 8 weeks (P=0.000).

[e)
O A 7I7EE AL 4= s A T2 =T S Qlok
= 1000 X (W B-W B TGC X T -+ A(7)

o] Alof mEH, AR U= TGCF 4=29] Fof] w5},
27] 9 B8 A Fo] FolRE o & 20| 2 o4} ARS:
713 AR 4= QAT Fig. 3 ZF 20l A 75 2017} A|
% 1 kgoll =Ea7|7k4] Basdt AR 7170& 29°C 715 A
gro & vhebdl Rolck, Akt At 29°C= Azt 1.002.2 7}
A Zo A 717+ B9l om, 23°C (1.10), 26°C (1.05), 32°C
(1.06)= AFst 42220191}, ¥hd, 20°CL 1.53 0.2 A a0
2 7 AR 717b0] 9 E 9100, 35°C= 3158 71 vl &2
ol 2 270 A SE|QITh Tk, 35°Co 79 A7 4 o]
W A A Ak Qs = E AlekE dlolE g 7o s 2
ol n g, Fg 220412 A4 ool djaAte] =
o7t B asict,

ol&]3t Aih= TGC7t ot 0] o Az A4
£ 2318 Z2od 5 USS Julstn, TGCe}F =22 2o
Abs mgAdol nl A= B ke Holeth

42 Qx| HiE

7 A 2 FAE e 5 AY v | kg YA
(biomass)y FA7]= Hll 4295 M2 Table 40f] A| A5}
ek AE g2 W27 9 s|Hof| A4H 2udY 547
£ 53l vl 71Esolen, S5 AE A 7S 5 T
S7HES v O & 4RSSt 35°C A2l gk A 45
o[ A A HAFR Qe Al 7]7ke] glo]El & 7|Rte 2
gl pxjolH, A} ajA] A] 2|7} F @ 5}t

Z A 2H]E2-23°C(2.35+0.02kWh)2}26°C (2.62 +0.04

1.00)

Relative culture period (to reach 1 kg, 29°C:

3.15

3.00
250 |
2.00

1.53
1.50 |-

1.10 1.05 1.06

100l 1.00
0.00

20 23 26 29 32 35
Water Temperature (°C)

Fig. 3. Relative culture duration (29°C=1.00) required to achieve 1
kg biomass gain per fish under different water temperatures.
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Table 4. Power and cost used for water temperature maintenance (mean+SD) of black sea bream Acanthopagrus schlegelii in recirculating

aquaculture system

Target temperature (°C)

Parameter P value
20 23 26 29 32 35 (4weeks)

Total power consumption during 8 weeks (kwh) 248+47¢ 106+56° 96+81° 412+114° 598+174° 4544582 0.000

Power consumption to gain 1kg (kwh/kg biomass) 228 60 51 202 405 2,967 -

kWh)oll A 7} ko o] 20°C, 29°C, 32°C, 35°C <=2
B S7Vte BE Bk E3 871te off S5 G
T 717t 53 2 fA o] aH|E M v e R, 1 kg A
A= S 208 AY=kS AEe A3k 26°CollA 7MY R
2 1.394+0.03 kWhkgS E31, I F& 23°C, 29°C, 20°C,
32°C,35°C 402 71519tk 53], 35°C W 55 oy
=2 72 4vleko Qs kWhike 2ol 714 7 vehh,
o F

2 A= RAS Ujol|A] 4=20] 3H/d5(A. schlegelii) %12
AE, 37, ollvA] 2xn)of w2 = FE A o= EA619]
ok A A3, 25 AlQfe R A QIR AP 1t
2 o 2 9 gl g vl
S W e SRR AH|9Ich TAN, ob gAY Ak
(NO2™-N), A4 H4x(NOs™-N), SS, &= o]1he}ehax(CO2)
< A Hard LC,, = NOEC tiH] 1-5% o=
Z] = 2. (Ruyet et al., 1995; Kikkawa et al., 2003; Weirich
and Riche, 2006; Yoon and Park, 2011; Li and Shen, 2012;
Park etal.,2013; Seo et al., 2019), & 9| =4 @ A= A3 2
Tof| F FaFe vAA| 2 A o= wekE
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TGC 412 9JAlg AR5 o3 Aol 4 0|2} 2o 743
o] ZRIE|GIT} 29°C AHe|4= TGC7} 23°CH L} Rorgol®
I g U CRC R N ER=F v RS
Efom, o] 2o 9] Arj| A&7} whE-S vheeh
o} o]t Aif= TGC =22} AA| AR U4= Tholl= vl A F
Al WAZF E2ATS AlAFSHH, oAl dAoll A= TGC 7k ¥
whohu g 42 2149 Aleld w3 el siof 3 o]
sk 3, 35°C M2 79 TGO A3 4% o] 71 717} 9]
Al A7k 9] ARk wlolEl S V)uto R AEE S gto]
), A 717ke] A4 A% dlolE & vhshA] st R a4 of
Zol7t W asit,

A 58S 29°C 71 A AR YR vt A3, 23—
32°C H2]Tt= 1.05-1.10 2208 9AFsE vhd, 20°C (1.53)
9} 35°C (3.15)= FHA o &2 v a& 4]l 2 270 & e}
gk 53] 29°CE 2% AT, AH-d4r, U7EFIL FCR ZWo|
A Rk 0 2 71 945t AR 4TS Bec

sk, AAA SHolAE 26°ColA A sulero] 7hg wWor
o, 1 kg AT Ak 288 =2 FA] AUA| = 71 2l
o} o= 26°CTH A I ofl L)) RS B a7 A2 Q)
S8 279G AARITh Thak, B Aol AR W] (CW-
3000; Hailea)2} 3] €] (Eheim Jager & 1 kW)= 25 2|71 A
2 gt Ag 4] vlaef] PR v 4= ok ¥l = ¢
T 2 E Wt Qugt ]S o]8-8 E& AlAsH, 5lE=
A7) RS G2 A3 Asto] ol 24 mgo] ok Tt
2 Ao e BE Ao =g +£0.5°C o2 F]5H
T, 4SS B AR AL ASsto] vliwsts)
7] o] ) 7 24 Zfoliz Mgk welslo] Qleka
T D™ Eekal o Ak 2 AN 2049 4
o2 v]aLof 7|9kgt Aow, AHe] g o] thE Al Ao Urtkst
& Aol o7t dasit

ESE 12 A tol A= HARE SR QI8 AN EET}
SAL9IL, ol AR A Aol FFS vIHS 71540l 3
CGEEA 0 & by ARS-2 o] 7o) AdAtat Aol B G
o ud 4 glovk, & Aol Ae] 2% WL Celio (2019)
7121 58 kg/m*E Z3}sHA| ohot I @ ¢19] ¢k Agh
o|E A0 = FhehETH(Table 5).

olel ATkE FAsHE, UAE Aole] AP A% el
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Table 5. Stocking densities of black sea bream Acanthopagrus
schlegelii exposed to different water temperatures after 8 weeks

Stocking density Target temperature (°C)

(kg/im?) 20 23 26 29 32 35
Initial 89 99 9 91 86 89
8 weeks 244 346 359 382 297 -
= A= RAS HoflA A4 AASS Ao s 2
T o 72 AREATE 5 S AL R 7|t Het
Al AL

O] =t 20245hd e RS A el A Abefel
oJste] A= S
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