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Effects of Oxygen Consumption in the Giant Grouper Epinephelus lanceolatus by Water Temperature and
Photoperiod by Minhwan Jeong, Sang-Duck Kim', Han-Kyu Lim? Moon-Jin Kim*> and Bong-Seok Kim* (Future
Aquaculture Research Center, National Fisheries Research & Development Institute, Jeju-do 690-192, Korea; 'Lotte World
Aquarium, Seoul 138-721, Korea; *Development of Marine and Fisheries Resources, Mokpo National University, Muan 534-
729, Korea; *Sea Life Busan Aquarium, Busan 612-846, Korea)

ABSTRACT This study investigated the effects of water temperature and photoperiod on oxygen
consumption (OC) in the giant grouper Epinephelus lanceolatus. OC rate in the giant grouper at 17, 22,
27 and 32°C were 61.7+0.4, 72.2+0.6, 102.9+0.8 and 141.7 +1.0 mg O,/kg/h, respectively, indicating
a linear increase in OC with water temperature. Photoperiod was regulated in accordance with the
light (06:00~18:00 h, L) and dark (18:00~06:00 h, D) phases of the diel cycle (12L/12D), with a water
temperature of at 17, 22, 27 and 32°C. OC rates during the light and dark phases were 62.7 +0.4, 62.5
+0.3 mg O,/kg/h, respectively, at 17°C. No significant differences were observed between the light
and dark phases (P>0.05). OC raters during the light and dark phases were 74.8+0.7, 69.6 +0.6 mg
O,/kg/h at 22°C, 107 £1.2, 98.0 0.7 mg O./kg/h at 27°C and 147.6+1.1, 135.8+0.8 mg O./kg/h at 32°C,
respectively, indicating that OC is higher during daylight than nighttime. Giant grouper is thought to
be a diurnal fish species, because the level of oxygen consumption during light period was higher than
that during dark period.

Key words : Epinephelus lanceolatus, oxygen consumption, water temperature, photoperiod

r

N = o) ot A

4 15 al -
sl 0e sze PAEE AT Aze oF
A AR 0w AFHNE 0 HE D B4 Fo A UE D PN G m=g Aol glet B
Aot ZAsha qlov], oz A% sAEe] w9 7SS RS fstel oAb
A&A oz Z7lalT gl AR |t ulepa] M)A 2+ =7} R AF713 st B AAl Sl A A28 FA A
AN Aol oozt gl AHue sdekel e F U P A& Be FAs 77k A8 3l 9l
Q79 FAE o717 93 sleh o) Aol G B oh WA BN Aze FAdAEon APHe] P
o] I WA FAIAES] gHg gl 4wyl Zrbgel wel  HI AW At AW Fal dlFe=s w4 Epine-
gl 12} A olgdwl okrle]e ol7ke]l A7kwb Alekabgd phelus septemfasciatus, 7y =v}2] Platichthys stellatus, 7}
gre 93 F23F Aoz za|w)z) sta i} o)dl A 2}o] Thunnus orientalis, AP}2] Epinephelus bruneus 5 %
A 2 F7blAE FAAANE B35S 218 A7 7)) < ofFe] AR (AH E, 1997, & 5, 2007; A §, 2008; F

< 2013).

23 olFe FA7IES NEE] SEiME ddelE

*Corresponding author: Bong-Seok Kim Tel: 82-64-750-4390 o = ~ _
Fax: 82-64-743-5883, E-mail: bskim2002@korea kr o A, AH F $A4 52 Tetele Ao Foshv, YAt

— 259 — http://www.fishkorea.or.kr



260 Aol

o

. ZIAkA L olBl L ZIRE . 2EAM

[=E=k! =

1ol Azl e 3 Al wet A

AR, A AlREEE H AR 39

of gt o]t diabelFe] Al AH B $4E 27 4

AME FAAAEEe] dakgE gtetshs o] FodH, o
Pz

A 2R o fel Abbdmlae 2Ho A 2 - 1A
Moz FRF % TR 5 2008). o 7| Abddm e

(5, 2008), (9 5, 2004; A 5, 2009), FF7]
(2%} 71, 1999; Chang et al., 2005), oA =7] (Burleson et
al., 2001; A %5, 2007), Ab2 FFF (Forsberg, 1994) &
¢~ (Lund and Tufts, 2003) 5 olg] 7}x] 2.ale] o4 =
SAE Aoz A Yk

Aol ol fs A AAH o of 159%e] BwE T §
omf, QA S g ohinhsh ArAel ALszs) W
g3t Fd3 hxAgoz dulA doh(FAO, 1993). H <t
vl2] Epinephelus lanceolatus= 93 S o]3} o] F=2 do
A 7139l Ql=-ef¥F A <dAtell AMAshH, Zf 270 cm,
400 kg7}A] XAtk B 31E o] Qlt} (Froese and Pauly,
2014). S5rellA Agulels 20099 129 AlFE 3P
Al <gtellA 1mte] 7t HAEATE 715 flole AF-gt
AlA] o]t} (Myoung et al., 2013). W hvte]= §A- o] 31, of
Hoz A7) wiel FaeMrols vlR AA o=
=7t A 2R fAl el g oz Zhg-g WA glovt, kA7)
el Wt A= obA] HF3 AR el

B AFedMe = AR oA ddseR A
7FeAdel e dshEle] 2 F FxAd wE Alaa
v 54L& glebsled, o] ofFo] oFA A] A3 AT}

Aol e ARE A B,

e

S ERE

0

Aol A4 hlels FFAA 310205 cm, B
A% 58142281 g0 2 H-gho] = At ofFole]goll A AL
39 7S FYPATAY P Y Szol
SEI F, S 27£05°ColA 122E Abgste] Aol AL
gshodet Agele] femstol] whe Abadw] AL o}
7] 9)5ke] B2 (Exp. DY M3 Exp. I~1V)E 2
Zste] Agsiadeh AP Ag5e] GBS BF 340+05
psu, Fx27-& ®7] (06:00~18:00)2} $+7] (18:00~06:00)
747 12A17F, 35S feEe +9 1,000 mL=2 f-#] 3
gleh

Agele) ximlFe S el AT Fo B
Ax 2FAT 4 2R AR 1L $240
NE5AAE HASFEH, w34 24 (HSP-250WL-2, We
Tech, Busan, Korea), oxygen monitering system (oxygen opt-

ode sensor 3835, multiplexer 6 ports, real-time monitoring

software; AANDERAA, Norway), -2 B3 A| A~ (tur-
bine flowmeter flow-350, flow monitor flow-590, Iljin, Korea)
oz FA= Aok AP L4 AR I T(WR DellA
o A (AW F3tete] Adert e A ROZ
Eoiith 3FANA Agelel o8 SEAkaTt AnlE A
P44 FEPAOW)E 533t AS=a M(WRIDE
ol Hotk A o] 2ol AFEPE o|3ofA o
ol o] (AS)3te] Agefell o3 4m|E &EALE B
stodon, 2xxd +34=x (WB, FU & P)Z Hujeizlth
x4 £33z Buljolil AP S5 oA
o] 2A¥H, IEof| o3 AL AP} Lxx24 &3
SzolA 43 420 2AF APE4E o H4H=
2 Bjoix] =3slA Ho}(Fig. D).

FEALE 2 FYPAT 2R T §EAE
52 WA (OS & TS)E RAAA §EAA $2W3)
2483 ol9r] 2HE SEALGT S oxy-
gen monitering T2 T2 6]| o]3] 5& 7FA o7 FHFE]] A}
5 A

AFupH e 2 27°C, G5 34 psul] Sz A AFE-E<l
Agols AR A 2427 B AN F, AEH A
% Hashsel gD UG AYET £BHE Y
H=ghed 242 Abagu] SRS sFAR 4143 &
24717F o) Af AbadnH] EAAA AL 2 =T ATE
FAek Exp. (A 27)2 42 27°Ce] A gpel Aels
24717k Ft AT B, T2417F FRE(3Y) 27°CE AL
MRS SAAT Exp. I 42 27°C2| Alg 4]
Aol s 2447 Bt AR B, A 1°CH 32°C
A g AEAZ F T2A3F B9k 32°CE) Ak
& 25 Bxp. 1S 52 27°C2] AF45] o]
£ 24X7H B AR T, AR 1°CA 22°C7A) %
£ AL F 247 FE 22°CE) Abian]FE 3H
shgch Exp. IV 422 27°C2] Al gmel] AFol5 244
7 5k AN B AR 1°CH 1TCA et
AR F 1247 §R 17°CE] Abianle S
Aol oIA9] FANE Totelr] fate] )
Q717 T v 3555 A, o] 9
5] & AL 1550 753t 12 ko] =34
2 vepllom, AT 53] SAste] Hghoz veplo

Alglejo] Abainm|FF AR 959 &80 £
S 0|43t T9AFT AbAAnHF (OCW)FH 357
AbAA4sH| 2k (OCB) 2.2 A4kl e}

i we

M

e B o

o

A FT AbAan]F(OCW, mg Oy/kg/h)
={(Ci—Co) X F x 60}/W

3&) Ak448)2F (OCB, mg O,/breath/kg)
={(Ci—Co) X F X 60}/(W X B x 60)



T2 H E=A0| WE HEi|e] Masd] £ 261

OS & TS

i@ -
RC I O @ 1 2

!

BC
—  WRI |} m
H
NN -9
w -
' =

i.l.@
RCII dE-OWII @1 WR I
N
|

RCI oW1 _@'-I @
=

- WB, FU & P

DO meter jesssssssssssssssssnssnsnnnnan

Fig. 1. Schematic diagram of oxygen consumption measuring system. Solid and open arrows indicate circulating and overflow water, respecti-
vely. AS: air supply, BC: bleeding chamber, FM: flow meter, FU: filtering unit, IW: inlet water, OS: oxygen sensor, OW: outlet water, P: pump,
PC: personal computer, RC: respiratory chamber, TS: temperature sensor, WB: water bath, WR I and II: water reservior I and II.
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Fig. 2. Circadian change of oxygen consumption (mg O,/kg/h) of giant grouper for the experiment I~IV. Dotted line: change/adaptation of water

temperature, thick line: experiment of oxygen consumption.
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Table 1. Mean oxygen consumption (mg O,/kg/h) of giant grouper for water temperature
Water temperature ("C) Day-1 Day-2 Day-3 Mean
32 (Exp. II) 145.0%+1.7°P 140.8 4 1.5®P 139.3+1.8*P 141.7+1.0°
27 (Exp. 1) 102.7 £1.5*¢ 102.9+£1.3¢ 103.1£1.2€ 102.940.8¢
22 (Exp. III) 72.0+1.0*8 72.5+0.9*8 72.1+1.08 72.2+0.6°
17 (Exp. IV) 62.5+0.6* 62.5+0.3%4 62.7+0.5** 61.7+0.44
b 0.057 0.055 0.055 0.056
a 22.07 23.34 23.34 22.77
R? 0.969 0.973 0.973 0.973
Qo 1.8 1.7 1.7 1.8

Data are the mean = S.E. (n=24) of oxygen consumption (OC) in mg O,/kg/h. Different small letters indicate significant differences of oxygen consumption between
days at each water temperature (P<0.05). Different large letters indicate significant differences of oxygen consumption between water temperature at each days (P
<0.05). Parameters “b” and “a” are for the exponential model, OC=a X EXP (bT); R? is for the liberalized transform of the exponential model, In (OC)=In (a)+bT.

Table 2. Mean oxygen consumption (mg O,/kg/h) of giant grouper for water temperature during light and dark period

Water

Light period Dark period
temperature
°C) Day-1 Day-2 Day-3 Mean Day-1 Day-2 Day-3 Mean
32 (Exp II) 151241.9"  146.2+1.7" 145.54+2.1" 147.6+2.1 138.8+1.1° 135.54+1.3"  133.0+1.2° 135.8+0.8
27 (Exp I) 108.0+1.4"  107.8%=1.4" 107.5+1.2% 107.7+1.2° 97.5£1.5* 97.9+0.8* 98.7+1.1* 98.0£0.7
22 (Exp III) 74.44+1.2" 74.9+1.3" 75.0+1.2" 74.8+0.7° 69.6+£1.2% 70.0+1.0° 69.2+1.1° 69.6+0.6
17 (Exp IV) 62.8+£1.0° 62.5+0.5" 62.7+0.7* 62.7£0.4 62.2+0.6" 62.4+0.5* 62.8+0.7* 62.5+0.3
b 0.060 0.058 0.057 0.058 0.054 0.053 0.052 0.053
a 21.41 22.26 22.53 22.06 22.79 23.68 24.20 23.54
R? 0.978 0.984 0.983 0.982 0.957 0.963 0.957 0.959
Qo 1.8 1.8 1.8 1.8 1.7 1.7 1.7 1.7

Data are the mean=+ S.E. (n=12) of oxygen consumption (OC) in mg O,/kg/h. Different small letters indicate significant differences of oxygen consumption between
days at each water temperature (P<0.05). Asterisk indicates significant differences of oxygen consumption between light and dark period at within each days and
water temperature (P< 0.05). Parameters “b” and “a” are for the exponential model, OC=a X EXP (bT); R? is for the liberalized transform of the exponential model,

In (OC)=In (a)+bT.

62.5+0.3 mg O,/kg/h, 3¢l 62.740.5 mg Oy/kg/hz At

AR 23 AfolE HelA] okgkeH(P>0.05).

T2 A T ARRAN|ERE o] 17°CY W,
61.74+0.4mg O,/kg/h, 22°C 9, 72.2+0.6 mg O,/kg/h, 27°C
o ), 102.9+0.8 mg O,/kg/h, 32°CY o, 141.7+1.0 mg O/
kghz o] &35 AR fosHA $718kal
oH(P<0.05). =8t 2 JAdHF AbLAn|F HAHES
24842 27} 7127 ZH(b)2 0.056, R’ZEHS 0.9732 =
2 AHAAE B o, Q> H 1.82 el

3. T2E =0 WE AL

T2 27°Coll M ARl Adels 7] Agdepoz
et 5 3 Jdoﬂ uhE AbAAH|E 543 A3 Table
264 B wle} 7},

Exp. I(ﬂhm 27°C)ell A 397+ ZAgE *E% o] #H7%

oF S AbAAB|ES 107.7+ 1.2 mg Oy/kg/h, ot7] 53t 3
i *LLH]EH’ 98.04+0.7 mg O,/kg/hz 9}7) iu} 7)o
baaml o] f-2]3H E3tTh(P<0.05). 22 27°CellA]
‘C2 A5A17) Exp ellA] 7]} ob7]5<t S+t Ak

ml o

o

o

S

W

B|gFe 7h7} 147.6+2.1, 135.84+0.8 mg Oy/kg/hz 7] B
o g7l Abidm|gFe] o3l E9hTH(P<0.05). 5
27°Co| A} 22°C2 A 3FAI1Z] Exp HIA w7]9} 947]5<k
HF Abrzn|Ee 247t 75.040.7, 69.6+0.6 mg Oy/kg/h=
g7le] Abigu]EFe] Fo3H Edth (P<0.05). 2%
27°Ce| A 17°C=Z #3}X)Z] Exp IVellA 347+
ojo] Hrle} ob7|E]t Wk AbnAu|EFFE 62704, 62.5
+0.3mg O,/kg/h=z Hel7|e] AbAiAn|Ee {23t 2}o]=
HolA| ¢kgkeh(P>0.05).

Aol w2 7)o ob7)9 Abkagm|g A4
Al Z7] 71€7] by 27 0.058, 0.053, R*3k2 7+
0.982,0.959% ¢}7|Hr} W7)o)] FeAtSe] wE Abhs
o] A Frlstg e ARTAE B3 )9 $71¢]
2] w2 AR ARERY] Q it 4 18, 17=
7185 H7)7F A dEbd

=218} A3

Z 4

o LhAa

[n g

fow mm
4. 524 584 4

P Agele Hr)gadel ¥
Z4H| 8 W 3= Fig. 3014 B n}e)

|2F
=]

fol
ok

=

oft
}O{t
i
i\
wa,
fot
ooy
oft
2



264 XO|3

o
N
z
i

ne

o

=1
N

Ho

A
N

o
z

50
d
45 |
2 g a0k y=14.725¢00347
ol R*=0.9938
SE
§ a 35+
£
=8 30f
<
25
20 1 L 1 'l
0.060
d
s 0.055 } [ ]
<
E = y=0.0249¢"0%
=€ 0050 )
| R?=0.9486
£
E2 oms|
§ ON a
o0 3
s E 0.040 °
%
1S 0.035 }
0.030 . - . .
12 17 22 27 32 37

Water temperature (°C)

Fig. 3. Ventilation rate and oxygen consumption per breath of giant
grouper for water temperature. Different small letters indicate signi-
ficant difference (P <0.05).
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