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Water Temperature and Salinity Affect Oxygen Consumption in the Black

Sea Bream Acanthopagrus schlegelii

Song Mihae, Geun Su Lee, Pil Jun Kang, Hye Mi Park and Sung-Yong Oh*
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49111, Republic of Korea

The influence of water temperature (15, 20, and 25°C) and salinity (0, 15, and 30 psu) on the oxygen consumption rate
(OCR) of black sea bream Acanthopagrus schlegelii (mean body weight = 203.1 g) was determined using a closed
flow-through respirometer. The OCR was significantly affected by water temperature (P<0.001), salinity (P<0.001),
and their interaction (P<0.05). With increasing water temperature (15-25°C), OCR exhibited a linearly increas-
ing relationship expressed as OCR= -124.6890+13.1903T (1>=0.92, P<0.0001), OCR=-85.8624+12.2555T (r>=0.79,
P<0.001), and OCR=-150.6132+20.3146T (1>=0.79, P<0.001) at 0, 15, and 30 psu, respectively. The OCR values
significantly decreased with decreasing salinity at all experimental water temperatures. The range of Q, values was
2.87-4.78, 1.32-2.15, and 2.48-2.89 between 15 and 20°C, 20 and 25°C, and 15 and 25°C, respectively. Metabolic
energy expenditure was higher in response to increased water temperature (increase of 148.2—189.0%) increase than
in response to increased salinity (increase of 70.5-98.7%). These results contribute to a quantitative understanding of
the effects of water temperature and salinity on the metabolic costs to black sea bream and provide basic data for the
bioenergetic analysis of adaptation to environmental changes under our experimental conditions.
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W3} A A, WA A wgk 9l 2 9y 5 ohekek FEjQ
AEYAE oK (Beeuf and Payan, 2001; Oh et al., 2006b,
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et al., 2006b), 4124 =2 9 G& HIE Hloldt Wsk= oy
2| giAE, A% E A 2 93-S u]Zth(Davis et al., 2002;
Partridge and Jenkins, 2002; Oh et al., 2006b; Glover et al.,
2012). o= dubd 0 2 3 AHE(280-360 mosM/kg)=-
3] 9130 % ol 219] 10-50% 2-1]3hu, F 10-12 psu
o] A PE-S A 3K Beeuf and Payan, 2001). o} 7= S5
o Hoh o Aol wFE A9 AUEY 24, 5 B T4
SFIL G2 vl s, SR Bk W Hiol A RSt
24, & d8S Fohal B uiAdsh] Slsf o | A& 44
tHBeeuf and Payan, 2001). 0]9} 22 G& WS} QI3 AFEQ)
o] 282 A A5t AAE oHA] Al FUTS
A Ak A-H]E-(oxygen consumption rate, OCR)Z A} o7
o] Ae| A kS 7HH A o 7 & 4= qlti(Altinok and Grizzle,
2003; Oh et al., 2014). OCR2- o1 7-2] AT 4] € of 7] &
H| 2} THARE Eejsha] A Hh3of el 583t AHRE de
T e ARt S et 1 W S 2 A (Clark et al.,
2013), 23 G wiskz U AW A whs sk 9l 4t
T 228 AAIE oflu#] 2H]E AR 8l Ee] ARE
L thARE R EZ(Ohetal., 2014, 2015), ThoFgt o] &) 22|
3} o Lof] &-8-5 v} Qlth(Aristizabad-abud, 1992; Oh et al.,
2006b, 2014, 2015; Shi et al., 2011). 7Hd+5(Acanthopagrus
schlegelin)> W2 737}, w2 273 2139 9 A Aol 7%
ol S=1, A, S 9 SO of A 7oA FAlEE S
23 5)|1% o} F-o|tH(Deane et al., 2002; Shao et al., 2008; Jin et
al, 2019). AAEL A it AT RRA £ AR A
© 2(Sasano et al., 2022; Zhang et al., 2022), Tol| A = 9FA]
& 4 9l 0] SIck(Min, 2003). whebA] -2 Baro] <]
RS 28 AT2 918 £ BEl= o] §:531 949K Chang
et al., 2007; Choi and An, 2008; Park et al., 2012), =21} ¢
325} vislof uh A2 whg 915 AJgH o] cheong et al,
2007; Song et al., 2024). webA] & Aol A= =2 oHY
Ho| 1 0] AL Sle AL Tt e 420t A
A3}l w2 OCR, Q,, %t X Al oAU A] AH]E-& ZAFSFSITE
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Aol Bkl £ 9 ARARE ) stolz
2" Y ol A AR 591 Hat A7 23.4+0.8 cm@t Hat
A 203.1£18.5 g?l 7NAIE AFE-3FItH(Table 1). A% d &
= A= 15C =2 24004 oJAFY] 1.0-1.5% Hl&&
Hll A= (T2 $kEF 52.0%; Dachanfeed Co., Ltd, Incheon,
Korea)E 3a5 A3}t

4 A 2=5)(Oh et al., 2020) ©]-&5te] ST /=0l
T8 TFHS AR FS A w = Aol 7t 4

o] AH(Oh et al., 2020)0.2 ZH3}A 1, 3E|(LF 2
Z}71(DA-2000B; Daeil Co., Busan, Korea)E ©|-&
stol A 5 AP St 2 HE et G2
2 YSI pro 2030 (YSI-ProPlus; Yellow Springs Instruments
Inc., Yellow Springs, OH, USA)< o]-&-35}0] uj Y =4 35}4tt.
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SYal 24 24417 B 243, o) 44 A0 R Thg v
A2 $-2(Z, 15-20-25°C) 22 ATHF 1°C 45417 24
SHACk 2H -2 W @ 2708 7H3ES] OCRS 42 17 4
A 6AT B ST 2, 2 52 W G JFS S
3] WHEE 5}7] 91s) OCR 274 4 134170 59k RAIAI7] th
ob o 6417} 52 OCRE 102 71 0.2 253 F b8 v

o 0= A5
WAE| #-23} QR OCRE ofghe] 418 o] g3}l 75}
% t}i(Jobling, 1982).

OCR (mg O, kg' h'") = (Ci-Co) x Q/W
Ci=olf 354 7Y+ 8EAE 5= (mg/l)
Co=0l5 T4 &9 A T (mg/L)
Q=017 254& AUWke AT F(L/h)
W=534 8 o415 (ke)
HEE 1 OCR-E poolingd}o] data unit© 2 ARR-5}9].0m,
2o T2 thAkao] H3kE dopi 7] 918 v A(Wuen-

Table 1. The experimental design used in this study for measur-
ing the oxygen consumption of black sea bream Acanthopagrus

schlegelii
Water temperature Salinity Total length  Body
Treatment o ;
(°C) (psu)  (cm)  weight (g)
1 15—-20—-25°C 30 23.1+0.9 203.41+20.6
2 15—-20—-25°C 15 23.3+1.0 203.2+20.6

3 15— 20 — 25°C 0 23.6£0.8 203.6x19.2
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Table 2. Effects of water temperature (T) and salinity (S) on oxygen consumption rate (OCR) of black sea bream Acanthopagrus schlegelii

Oxygen consumption rate (mg O, kg™ h")

Salinity (psu) 0 15 30
Temperature (°C)
15 68.6+8.4a°" 96.244.13® 134.7+19.6%@)
20 148.312.4°0 162.8+10.6°® 294 .5+19.80@)
25 198.2+18.2°@ 238.8+26.2°® 337.9420.3¢@
Regression OCR=:1 24.6890+13.1903T OCR=;85.8624+12.2555T OCR=-_1 50.6132+20.3146T
(r?=0.92, P<0.0001) (r’=0.79, P<0.001) (r*=0.79, P<0.001)
Two-way ANOVA
T df=2, F=73.783, P<0.001
S df=2, F=48.276, P<0.001
xS df=4, F=3.133, P<0.05

*Values (mean+SE) with different superscripts in the same column are significantly different (P<0.01). **Values (mean+SE) with different
superscripts in parenthesis in the same row are significantly different (P<0.01).
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o17]4, R 9 R = 4= T13} T2 wj2] 3 OCRo|c},
7t 2718 4 OCRo| w2 oy 2] 48]5 dobi 7] $ia]
Brett and Groves (1979)0] H.1LgF AkA Aktof whE ofj i 2] A
2 Al5>(1 mg 0,=13.598 J=3.25 cal)E ©]-&3}o] ofjuf#] 4uH]
£ okt
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2} 224 OCRY} of|uf A] 2xH]&-9] FA A 2= SPSS 29.0
(SPSS Inc., Chicago, IL, USA)E o|-&3}o] EAHEA(ANO-
VA)S %3] Tukey's multiple range test® Hw7F 4-9]42
95% Al =<0l A A7 sk 2F 23t ol tet AXE
Bt OCRTY oA 7] 2:H]5-9] 53t J3F2 two-way ANOVA
£ &3l ARk

2 o

T Aol whE 474w Bt OCR Table 297 L}
Wlch G 0 psu2] 79 15-25°Co] Yol 68.6-198.2
mg O, kg h'2] OCR-Z H.$111, 15 psucf A= 96.2-238.8 mg
O, kg' h' #9180, 30 psu®| 749 134.7-337.9 mg O, kg
h1o] WS Kol F oA w2 B+t OCRE =2
o] F5 el whet F-ofsHA F71stH(P<0.001). ofof wh&
F2(T)ell w2 744+52] B OCR2 0, 15, 71231 30 psu
oAl Z}Z} OCR=-124.6890+13.1903T (1>=0.92, P<0.0001),
OCR=-85.8624+12.2555T(r*=0.79, P<0.001), Z1.2] 12 OCR=-
150.6132+20.3146T (1>=0.79, P<0.001)2] 3|74 H it

A 20| A GHof w2 FHyt OCRS &3} npzb7 A 2 &
o] F7FE -5 S7FHTh(P<0.05). o]/4Fe] At
A 72(P<0.001), F£(P<0.001) 3 =23t H o] A2t
(P<0.05) =5 7Hd+52] OCRO 28t Y3k u|H THTable
2). 23t Ao TE 3w Q,, w2 Table 32+ 2t Q,,
2 ARl Aglo] 15-20°C #1tell A 7P Egkon, &
15 psu 2719] Q,, #t°] 0 psu & 30 psu®| FHEch ¥} Zo] 2
A] gkgket.

210 GEol w750 tiARRE-of ARSE of U #] 4xH]
£ Fig. 1o Yer itk 859 diaboll v A] H]&-2 2
I} A& Aol whek §-9 sk F71sEATHP<0.05). 42 0 psu
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Table 3. Q,, value of black sea bream Acanthopagrus schlegelii for
different water temperature and salinity ranges

Temperature interval (°C)

Salinity (psu)

15-20 20-25 15-25
0 4.67 1.79 2.89
15 2.87 215 248

30 478 1.32 2.51
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Fig. 1. Metabolic energy loss rate (kJ kg d') of black sea bream
Acanthopagrus schlegelii exposed to three different water temper-
atures (15, 20, and 25°C) and three different salinities (0, 15, and
30 psu). Values (mean+SE, n=3) with different letter in same water
temperature are significantly different (P<0.001).

311 9.8%, 30 psu= 15 psu@} 0 psuc]] 113 ZF2F 80.9%2} 98.6%
Skt =2 25°C2] 79 15 psui= 10 psuof| 4|35} 20.5%,
30 psut= 15 psu2} 0 psuoll B3l 22+ 41.5%%} 70.5% 5715}
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F33 Aol et Ak kS Rtk Ae &
TH(Spanopoulos-Hernandez et al., 2005; Oh et al., 2006b).
& deE ol Fe AW a4 EA= Sk AlERe] 15
W3t 5 ot Aeehe mAYES] BEkE Qlsf thake
717} YrebdtiWuenschel et al., 2005). Q42 0 2 o] 29}
= HEEE9] OCRE A4 2 H 9] HollA & 450l
w2} 2144 0 2 Z2718H(Kim et al., 1995; Oh et al., 2006a,
2007, 2020), & A9 Ak AHsheck. 422 o] Bo]
A3, 58, AT 2o AEeHA BAo] ke mlxE Fa
QA2 A, o] A WL QAo 4 S o] of el A &
7HAZ)= Fagle 2 v A Qltk(Claireaux and Lagardére,
1999; Wuenschel et al., 2005; Jeong et al., 2007; Oh et al.,
2006a, 2020). Jeong et al. (2007)2 Ht 36.7 go] =S
Ao g 2 15°C—20°C—25°CE A5A17] A3} 15°Co| v
3f 20°C2} 25°C2] OCRL- 9F 1.2-2.34)| Z7|5l= 21E Ko,

My ofN ox 4 32 & 1o

7y
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U] - 958

= AF 9 1.2-2.98 S7He} frAkskRiet 3FE A ol F2 Hso]
(Lateolabrax maculatus; Oh et al., 2006b)2} ‘& 2| (Paralichthys
olivaceus; Oh et al., 2012) JA] +2 15°Cof| A 25°CE A58t
749 OCR2 77} 1.3-2.080 ¢} 1.3-1.98] $715 21t vl QL
th. o] groll thafRt ol Foll M A4} =2 W HiollA 2 s
o] OCRE] A& A5 39412 E 13} tHOh et al., 2006a,
2007,2010).

A A di 7l weh A/d=2] OCRo| S7Fsti L.
), 5 o2 o] AuteE U5 tH(Jeong et al., 2007).
Jeong et al. (2007)S @430 psu) ZART} 84> A4 4=
2of uke} OCRo| 13-1.99 F7kstel £ AR 1.1-2.08 %
7kt FrAFSERIAL, 15°ColA it s Al 7HE =& OCR 5
7b HlEE Hole FUtt A7t yehgth o] Hofl sheeps-
head minnow Cyprinodon variegatus (Nordlie et al., 1991),
spot Leiostomus xanthurus (Mosser and Hettler, 1989), turbot
Scophthalmus maximus (Gaumet et al., 1995), Z18]31 com-
mom snook Centropomus undecimalis (Gracia-Lopez et al.,
2006)2] A+ Atel LAt 3FA|WE croaker Micropo-
gonias furnieri (Aristizabal-Abud, 1992), European sea bass
Dicentrachus labrax (Claireaux and Lagardére, 1999) 12|31
hybrid grouper (% Epinephelus fuscoguttatus X § E. lanceo-
latus; Xing et al., 2019)9] 3¢ G&o] ZgadE OCRO| 5
7817 U, zebrafish Danio rerio (Uliano et al., 2010) 2! &5
(Oh et al., 2006b)2] 79 @3 od3Fo] gliz A0 B uj gt
sl ¥ A= ofFoll et depiivh= A & 4 Sk
Aol slirollA = B o2 e YAl 7] sl Al
£2| 02 AHRUS - dlof 51, o] ol A B2 oy A7t
28]t Beeuf and Payan, 2001). HHH Gpof A= 20 B2
A HES AL S gt S8 AlA s WAl
2 A - SRR 39 BElRY
7%, Bllpollr] AFE gH o g ol Fsh EAbe] AHEto)
skstar, 71 A (o] =25 s &Foh] A8l AFEEE AlLE
o] A 3lE thMancera et al., 2002). 2 A3 o] A Uehd A
0] 4]9] OCR 7t AH9HS Bol 274 0.2 o] w27 5
A=lof A o] A Ao a7l AR A, o]t tf
A& A 3H(metabolic rate depression) = A& E-5 9 U A] &
H]2 £917] gjFo]ch(Sokolova et al., 2012). U¥FA © & o] 7
L QR sl P HA1E 913 chakgel Z715H =
o, 1o AAE ER SR 2404 7P e OCR
2 Ho|7| HthGaumet et al., 1995; Kidder et al., 2006; Ern et
al., 2014; Xing et al., 2019; Zhang et al., 2022). ]2} -2 A}
2 JX|(Oh et al., 2020), 23| =2}(Sebastes schlegelir, Oh et
al., 2014), European sea bass Dicentrachus labrax (Claireaux
and Lagardére, 1999) ¥ =2 0|(Hexagrammos otakii, Oh
etal,, 2015) 5|4 HaiH v} it

T 2 Hstol| whE e W= W ovA] o

QIO Lo

e
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£ YEYl= X324 (Spanopoulos-Herndndez et al., 2005;
Jiang et al., 2008; Pértner and Farrell, 2008), & &5 A1}
15-20°C 7ol A 2.86-4.78 % 714 =] YER 21 30 psu,
20-25°C 7714 74 B Q,, G(Z, 132 BT Jeong
etal. (2007) GA] T o]FS A& 15-20°C 71t A 7}
& =2 Q) W, 1.80-2.92)2 = & 20-25°C -1t A 7}
ke Q, 2HE, 14712 Kol B g S AS vet
Weteh wWh, F4d o152l 501(Oh et al., 2006b)°] 75
42 20-25°C 1ol A 7HE 422 Q,, w2k 30 psu ¥ 15-20°C
FA 7P e 2 QS Hol & B olFolet
St ek 2 9l it Hotol whE e A vz
e o4 ek 2 A9 49 w9 B9 2 s Hol
AF7FS7FeE7] AlAbete A dol A B3 7|7l =2 tiA
& S717F o=, ofof] mhE Hol 3 B FEA: 2 5
At A7 B A o2 A7
OCRZ AW thAES-O.2 QIFE o[ 4] Ml &5 H st &
Q9 A EEA|(Ohetal., 2020), & A3 A7} 52231 A
2 7= tiAl ol d A Axv]gof] kS mlHoH, A4
(£, 0 psuof| A 30 psu A5A] 70.5-98.7% F7PHET}= 2
F5(Z, 15°Coll A 25°C AR5 A] 148.2-189.0% 7ol whet ¢
B2 ol 2] &M FH= Ao Yehgon], o[ o] ¢ At
2} -FAFFS THJeong et al., 2007). Zhang et al. (2022)-2 35.2
g9 WEE o= 5, 10, 15 H 25 psu A AR Al
15 psu®} 25 psu AlS- 7ol AEof Zfo|7F glew 15 psu
Z20A & AR RES HolATE 0 psuet 10 psu A 9=
S AR A FE Y ARRESE AYE H2Y A9E Hagt
Aoz & uf, G5 Fde At oldA] 2] SHolA 2F
o] g 21 we Fashh= A & = Ak 2 AT A
- H(F, 0 psu) B A AZ(15 psu) 0] ALHE(30 psu) =
ARG oA A x8la SHA FE|skAAIRE, o] - o] Ak A
%l(Zhang et al., 2022)2] A7} 2 & w] 252 oA T 2 A
Hrh= 7|4 2204 ARSSh= Zlo] A B8 SHollA] o]Kd
o 3l& = qlol % Hrt v 4714l A= Fol 2 Ao A
5 270 o] 8 o] of opg e i M3t whE of 1 ]
Z22H]E-2 oF7F] 8] Na'/K* -ATPase 842 53t o] 2 =4 Al
2 Hl(Tang and Lee, 2007) ¥ catecholamine®} corticosteroid
(Lee and Kim, 2005)8} Z2-& AEH A T 2R 80| 93} Tf
AR HIEo] ke HA7] flmoll w5 e = oo thet
3 dA7F Fasit
AEAORE $2, fw W 2 Y] oA e
©] OCRO|| oI5t daFe wlHh AYE 2A Al vl-&
o] Zrash= Al ® & o P 9 7|4 2o A o | A e
oA ol Atk A & 4= AN A7 1A o2 A Y E
2ol A o] A7 Ag A, AEE H Ho] A& Soll thgt
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