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Abstract

Changes of oxygen consumption in juvenile giant grouper, Epinephelus lanceolatus were investigated in
order to find out the physiological responses associated with freshwater and low salinities acclimation.

Salinity changes in this experiment were set as follows; 35 psu (Exp.

1) as control, decrease in the

manners of 35—20—10—0 psu (Exp. 1I), 35—10—0 psu (Exp. ) and 35—0 psu (Exp. IV). The average
oxygen consumption at 27°C in Exp. I (control) was 106.9+0.7 mg O,/kg/h. In Exp. II, according to the

changes of 35—20—10—0 psu in freshwater acclimation, fish showed the gradual decrease in oxygen
consumption as 108.1+2.1, 99.6+2.9, 74.6£0.9 and 62.7+1.0 mg O,/kg/h, respectively. The fish in Exp. III

also revealed the same tendency as 106.5+1.3, 77.0+1.2 and 64.71.2 mg O,/kg/h, respectively. In Exp. IV,
fish showed the decreased oxygen consumption from 109.0+0.9 mg O,/kg/h of 35 psu to 71.6+2.0 mg O,

/kg/h of 0 psu. 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.
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1973), AFE.3 3 % (Brett and Groves, 1979) & *
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AEHSII} CHYHt2|, Epinephelus lanceolatus®| {tAAH|of| D|X|= W&

AeA FEAEE A% (Kawamoto, 1977)3FAL,
o445 (Wi and Chang, 1976) ¥ A& Q75 Al
“J(Buentello et al., 2000)°] X7} =1 SiTh
Akl 7 AFFAl s AR o
TS nHoEN, o] i PP EHE o
o7 ofA o] Az otst W A AdE %
o= Aoz & 3Itk(Singley and Chavin,
1971). o7& Ao diddste] -] 9
3 AFddRE AU s FAEE L €
CHMorgan and Iwama, 1991). 979 A5x4
3} ##ste] €2}y ol(Fontainhas-Fernandes et al.,

2001)2} Ao]F} o] F(Lasserre et al., 1978)°l4 <
EHste] wWE oyt GFAES] 22 Wig

Na'/K'-ATPase 843 54 v% Wzt 4 4%

olbzd =Es AN 7|7] 93 ARsEE 7t
HATZE ol Rulsta AT} o Folxl it
otk R, ATAES Grusel geshs of
RO Athan WskE W Ay el o
st} -8k wb QlTh(Fanta-Feofiloff et al., 1986,
Iwama et al., 1997, Morgan and Iwama, 1998).
upg] 7} o) i A AlAIF O oF 159F0] Kal
war glow, *1*’74‘&% 72 otdiel A

Aol AbS x7F Wk s hrAgor o
HA QTHFAO, 1993). UtSul2], Epinephelus
lanceolatus= W& vlg]3} olFZE A 7|5l

QI-efsgdof x| Ak AMalshd, Hl 270 cm,
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FOo® bFste] 1 et i SgE JERl FRA I(WR IHE EolA dk Jewa el
oul, AMAG 53 SAetel Fogow deklth. el APEFe of3telA  clojdold(As)ste]
Ago]o] AbhangS FA8H] flete] AHE Adole] o) AnlE §EFAALE HIFSIoH,
g Fo AAE TN FYFEFY AeY 2EXE £35X(WB, FU & PR Bujdch &
4 IO, §&344E 7EAE A, £33 Exxd £853E R A3E5E o 3tdA
-2 (HSP-250WL-2, We Tech, Busan, Korea), Feo] xAEH, FJE|E o]gsto] ANAVE A
oxygen monitering system (oxygen optode sensor  A3FATh 2= FEFIoA 3 o]
3835, multiplexer 6 ports, real-time monitoring < FEE AIFLFE ©A] AFHI T2 HUA
software; AANDERAA, Norway), FEUEHHAl  =8alA DTk([Fig. 1)).
2H (turbine flowmeter flow-350, flow monitor SN 5SS YA FEFAd 44
flow-590, Iljin, Korea)©. = F/d=o] ity AL &AL 9 F& AAO0S & THE F2HAA &
e AF"a T(WR DA v f574  SAtAe FusE SAeeIh olgA 534
W)= EFste] A7t v TFHAROE & S34AFI 522 oxygen monitering X2 730
oj7itt. TFACA AFole] i &EALTE o g3 57 (HAoE AFH AE AET)
28lE AdErE FETFHOW)E skl A
0OS & TS
AS —> AS
| I 1
o Elelh B
BC
- N - SN .
......... Py
|| FE= Jeet o
- WB, FU & P

[Fig. 1] Schematic diagram of oxygen consumption measuring system. Solid and open arrows indicate
circulating and overflow water, respectively. 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 reservoir] and 1II.
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Agdolo] AbnzuleF ARk fde9 frEF
o SEART S olgete] WATT A
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%E_
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A= SPSS-EA 7] A (version 12.0)2 ©] &3}
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ANOVA-test=  77d3l3leh. Aetzte] than|us

Duncan's multiple range testol] &J3l A-d3}3ich
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of whe} ahAhan|E AR R FAdHE AES
woom, Fxyle] wE AkhAH] Aol AA
e Fgkont W7 bR Egkth A
Aoz Zh7re] F Ast & AbaAH|TE YA

qoz F45 FRAWE pashe AT 0

A Z26is7} CHHIZ|, Epinephelus lanceolatus2| 4t2Z-H|of| D|X|= F&F

Atk Exp. IV (35—0 psu)olld A o] Abas
Hl &= @8o] ashar AbaAn% HAashs 4
&5 Rolth
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[Fig. 2] Circadian change of oxygen consumption
(mg O,/kg/h) of giant grouper, Epinephelus
lanceolatus for the experiment 1-IV.
Dotted line: change/adaptation of salinity,
thick line: experiment of oxygen consumption.
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A3ole] AAHF AALHTE 106.9+0.7 mg
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<Table 1> Mean oxygen consumption in giant grouper, Epinephelus lanceolatus upon low salinity

acclimation

Salinity (psu) Exp. 1 Exp. II Exp. III Exp. IV
35 106.9+0.7 108.1£2.1° 106.5+1.3 109.0+£0.9°
20 - 99.6+2.9° - -
10 - 74.6+0.9° 77.0+£1.2° -
0 - 62.7+1.0%® 64.7+1.28 71.6+2.0°4
b - 0.0161 0.0141 0.0122
a - 64.606 65.349 71.021
R? - 0.7977 0.8887 0.8411

Different small letters indicate significant differences of oxygen consumption between different salinities
at each experiment (P<0.05). Different large letters indicate significant differences of oxygen
consumption between experiments at same salinities (P <0.05).

Abaanlgs BRIt Exp. IHH Exp. IVZEA 058, 0.61 2 0.664] 7HAstqieh =gk 4kAAsH]
AreengS F4% Ay, RE AdeM Ah #F a 7127Ib)e 4 00161, 00141 9
ANFE FaskeE A4S Bt Exp. HelA 001228 Yebod, B2 747} 0.7977, 0.8887
Aoz o] 35220100 psu® SobA™ W 08411F YERGTE E3) 97 At S50 ¢
A AeanEE ZZE 1080420, 99.6£2.9,  wEREE AbasH]E 7AES on AR A

74.6£0.9 3 62.7£1.0 mg O/kgh=Z Fo8HAl 7+ &) wWE AbxAv|® 7haE Exp. [MoA =&
43T Exp. oAM= 9489 35-10—0 psu®  FHTAE 2tk
SobA Al ARAARIRES ZHZE 106.5+1.3,
770412 9 647412 mg O/kghZ F8HA 7+ 3. 828 XA o= A
2313 Exp. IV(35—0 psu)d 3% AbasH|=
o] Zt7} 109.0+0.9, 71.6£2.0 mg O,/kgh= 23}
Al 3R THP<0.05).

Exp. O5¥ Exp. IV7FA] 3535 psu)ellA &

2= Al o] o] AFAAH|2E sl 7}7}

<Table 2> Oxygen consumption of giant grouper Epinephelus lanceolatus during freshwater acclimation at
light and dark periods

Salinity Light Dark
(psu) Exp. 1 Exp. II Exp. Il Exp. IV Exp. 1 Exp. II Exp. Il Exp. IV
35 109.1£0.5% 115.742.6™ 109.4+1.2° 111.01.6% 104.7+0.9° 100.4+1.0° 103.6+£1.9%® 107.0+0.4°

20 - 106.4+5.2" - - - 92.9+0.9 - -

10 - 76.6£1.1%"  80.9+£1.6* - - 72.5¢1.1  73.0£0.5 -

0 - 63.6£1.0°  68.9+1.7% 77.743.2% - 61.840.6° 60.5:0.4°  65.5+0.5°
- 0.0178 0.0131 0.0104 - 0.0144 0.0151 0.0140

a - 65.618 69.542 76.989 - 63.61 61.408 65.515

R2 - 0.8029 0.8976 0.7679 - 0.8912 0.9676 0.9936

Different small letters indicate significant differences of oxygen consumption among experiments within same salinities

(P<0.05). Asterisk indicates significant differences of oxygen consumption between light and dark within same salinities
(P<0.05).
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thP<0.05). Exp. [IollA 7]t Bt Abai
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63.6£1.0 mg O,/kghelaL, H71Et Ht At
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Qb AtaAHF Bt o8l E3hTHP<0.05).
Exp. IFE Exp. IV7FA] dl4+(35 psu)ollA &
0 pswE THAAC R o] YropxwA A3
o9 AbizmEe WrlEetel Z2F 055, 0.63
9 0.700 FFAFHATE B Abhan|Eke] A4
T2 e 7187 b ZHE 0.0178, 0.0131 2
0.0104, R*3t-> 717} 0.8029, 0.8976 X 0.7679=
Ueb g7]setel 9 Ak hekes akAa
MR A At 58] 9 Astel o
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NIt
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3= 22 062, 058 2 0618 A4S HY|F
QEe] A Fhash vhEA vlsh HLE
Fadhs TS Byl £ AR A
T2 A 7127w A 00144,
0.0151 % 0.0140, R*%2> 27} 0.8912, 0.9676 2
099360 % LFER} 938 A 3ol whE Al an|k

o

%3 Exp. V7F 52 AoaAE 23l

Ventilation rate
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£
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[Fig. 3] Ventilation rate and oxygen consumption
per breath of giant grouper Epinephelus
lanceolatus during freshwater acclimation.
Different small letters indicate significant
differences of between salinity at each
experiment  (P<0.05). Different large
letters indicate significant differences of
between experiment at each salinity (F
<0.05).

Exp. I°lA Exp. IVZFX] 3 35 psuollAl A
golo] B FTEFFE Z7F 382426, 40.6£1.7,
40.0+1.5 9 42.8+1.33] 2 H3F 403] )

Exp. [MollA E&FF+ ZH2F 40.6+1.7, 26.843.0,
11.740.6 2 15.3+0.83] 2 35 psucllAl 10 psuZ}A]
A A} M eSS FeskAl st

(P<0.05). 22t} d¥o] 10 psucllAl 0 psuz St
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= H3ou, fost Aol gldThP>0.05).
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i
oy
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_O|£
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Aol 10 psuollA 0 psu z
tha Tk o, #od Aol glsdthe>
0.05. Exp. IV 9Al Z&FF7F 47
17.4+0.63] 2 723k th

Exp. 1ol W75t Ao 359 Ataa
HIZES 0.0480+£0.0002 mg  O,/kg/breath©] 3 tt.
Exp. [TollA W71%5¢t 359 Ataingde 7tz
0.0462+0.0015, 0.0896+0.0043 %! 0.1084+0.0017
mg O,/kgbreath® 2|37 A43FATHP<0.05).
T8y G0l 10 psuollA 0 psu= FAdFHA
AbZeZem]EFO] 00727400013 mg O,
/kgfbreath® 28k S7Fal 3l th(P<0.05).  Exp.
meld 7%t 359 Abhin|se
0.0490::0.0006, 0.01240+0.0031 mg O,/kg/breath®
o8l AAaskdek Exp. VoM W7)%ete] 385
o AR 212 0.0415+0.0006, 0.0809+0.0033
mg Oy/kg/breath® ]3] A3 THP <0.05).

p

Ry

22}

T AAskeE olF e L, dE,
s AW el RZteA Rkgsh, ol AER
2% Agete] Aejgdds "I e o
&4 Slti(Claireaux and Lagardére, 1999; Chang et
al., 2005; Chatelier et al, 2005; Jeong et al.,
2007). B3k kAo QloA Tl Holgle &
Abl] k2 fAEE] AL AT BATE
S1TH(Chatelier et al., 2005; Byun et al, 2008;
Yang et al., 2013).

ol wE o7 A A el wet
R U= A Qlvk VA el A A st
 oFE "9 S22 dFAYel dEe] A

T
S olRuT WS WAL FRAINE A )

7 Fus
A dEhdie  AFRYEHo] 7hs 8K Martin,

1990; Kang et al., 2000). Boeuf and Payan (2001)
& Be ATAES ATdNE FF wEdol
oF o] whgolt Aol $3% QUi 9%

= A e AFE A9 gl sgith
Konstantinov and Martynova (1993)% B0l <
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NHe HRES Wolase AU B &9

M, % aauEe] FAE xSt
skeleh o]gk ol fES o9 AbAiH] W3t
o 9F& F= TaT

gk 991 5 skl H
oy, Lateolabrax maculatus= AAs|FANA] Ak
Znl el vlsl 15 psul] @-elA 13.5~16.0%]
s vepllon, g4l 253~364%2] 7
25 HYTKKim et al, 1998). HE3t Jeong et al.
(2009)2- &l 9 Eel A ARGE Ave] e ]
ol Fi S AFE Aasn S 15T Zhzt
74.4+17.0, 46.7£12.0 mg O,/kgh, 20CoIX= 2zt
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AL 6517} CHYHE|, Epinephelus lanceolatus| £t
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V. 2 <
thulel, Epinephelus lanceolatus® B3}
e wE akAAn] Ais AT 9

Wl 271 %72l 35 psu (Exp. 1) &l ©
A GEWM3 A Exp. I11(35-20—10—0
psu)@} Exp. I (35—10—0 psu) 1811 FZ3
dEW sl %7191 Exp. IV (350 psu)= sF3ith
AE A WHER AasnES S35
I, T2 27CoA Aol Hit AbhAn|ES
Exp. I°l4 106.9+0.7 mg O,/kgmh3itt. Exp. 119
A= GRo] 35-20—10—0 psuZ SHolA WA 7}
7} 108.1£2.1, 99.6+2.9, 74.6:0.9 X 62.7+1.0 mg
O,/kgh, Exp. MMelA= ZH7F 106.5+1.3, 77.0+1.2
4 64.7£1.2 mg O/kgh® A3 Th Exp. IV
A Aba2M]FELS 35 psufl 109.0£0.9 mg O,
/kgmZHFE 0 psull 71.6+2.0 mg Oy/kghZ A
sl Ade Btk digbs Be AY =21
oA 7] Ktk Wrle] W AbAhAn|FS Ko,
TR oFA Aow FAHU Wt ]9
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HolA| ¢ro} AAFE T8l Qlo] AEd A
A Fgkom, AR F wAkst A
oAk webA igubels W ste] w¢-

3 BAA olFoln, BrAel 7 4

i)

)

o]

(o

ol

olo
]
-

References

Barton B. A. & Schreck C. B.(1987). Metabolic cost
of acute physical stress in juvenile steelhead, Trans
Am Fish Soc 116, 257~263.

Boeuf G. & Payan P.(2001). How should salinity
influence fish growth, Comp Biochem Physiol C
130, 411~423.

Brett J. R. & Glass N. R.(1973). Oxygen consumption

and critical swimming speeds of sockeye salmon
(Oncorhynchus  nerka) in relation to size and
temperature, J Fish Res Bd Can 30, 379~387.

Brett J. R. & Groves TDD.(1979). Physiological
energetics, Academic Press. New York. 279~352.

Buentello J. A.: Neill WH & Gatlin D. B.(2000).
Effects of water temperature and dissolved oxygen
on daily feed consumption, feed utilization and
growth of channel catfish (Ictalurus punctatus),
Aquaculture 182, 339~352.

Byun, S. G. -Jeong M. H. - Lee J. H. - Lee B. L. -
Ku H. D.-Park S. U.-Kim Y. C. & Chang Y.
J.(2008), Diel Rhythm of Oxygen Consumption of
the Starry Flounder Platichthys stellatus by Water
Temperature, J. Kor. Fish. Soc. 41(2), 113~118.

Chang Y. J. - Jeong M. H. - Min B. H. - Neill W. H.
& Fontaine L. P.(2005). Effects of photoperiod,
temperature, and fish size on oxygen consumption
in the black porgy (Acanthopagrus schlegeli), J
Fish Sci Tech 8, 142~150.

Chatelier A. - Mckenzie D. J. & Claircaux G.(2005).
Effects of changes in water salinity upon exercise
and cardiac performance in the European sea bass
(Dicentrarchus labrax), Mar Biol 147, 855~862.

Claireaux G. & Lagardere J. P.(1999). Influence of
temperature, oxygen and salinity on the metabolism
of the European sea bass, J Sea Res 42, 157~168.

Dalla Valle A. Z.-Rivas-Diaz R. & Claireaux
G.(2003). Opercular differential pressure as a
predictor of metabolic oxygen demand in the starry
flounder, J Fish Biol 63, 1578~1588.

Erez J. - Krom M. D. & Neuwirth T.(1990). Daily
oxygen variations in marine fish ponds, Elat,
Israel, Aquaculture 84, 289~305.

Fanta-Feofiloff E - Eiras DRB - Boscardim AT &
Lacerda-Krambeck M (1986). Effect of salinity on
the behavior and oxygen consumption of Mugil
curema (Pisces, Mugilidae), Physiol and Behav 36,
1029~1034.

FAO(1993). FAO species catalogue Vol. 16. Groupers
of the world. FAO Rome, 1~10.

Fontainhas-Fernandes ~ A. - Russell-Pinto ~ F. - Gomes
E. - Reis-Henriques M. A. & Coimbra J.(2001).
The effect of dietary sodium chloride on some
osmoregulatory ~ parameters of the teleost,

Oreochromis  niloticus,  after  transfer  from

- 534 -



AE ST} CHH2|, Epinephelus lanceolatus2| AtAAH|of| O|X|= P&

freshwater to seawater, Fish Physiol Biochem 23,
307~316.

Forsberg O. 1.(1994). Modelling oxygen consumption
rates  of  post-smolt
commercial-scale land-based farms, Aquacult Int 2,
180~196.

Froese, R. & D. Pauly(2014). FishBase. World Wide
Web electronic publication, (version 09/2014).

Itazawa Y. & Hanyu 1.(1991). Fish Physiology.
Koseisha-Koseikaku, Tokyo, Japan. 621.

Iwama G. K. - Takemura A. & Takano K.(1997).
Oxygen consumption rates of tilapia in fresh water,
sea water and hypersaline sea water, J Fish Biol
51, 886~894.

Jeong M. H.-Byun S. G.-Lim H. K. -Min B.
H.-Kim Y. S. & Chang Y. J.(2009). Effects of
water temperature on oxygen consumption in starry
flounder Platichthys stellatus reared in seawater
and freshwater, Korean J Environ Biol 27,
285~291.

Jeong M. H.-Kim Y. S.-Min B. H. & Chang Y.
J.(2007). Effect of fish number in respiratory
chamber on routine oxygen consumption of black
porgy, Acanthopagrus schlegeli reared in seawater
or freshwater, J Aquacult 20, 121~126.

Jorgensen E. H. - Jobling M. & Christiansen J.(1991).
Metabolic requirements of arctic charr, Salvelinus
alpinus (L), under hatchery conditions, Aquacult
Fish Manag 22, 377~378.

Kang J. C. - Chin P. - Lee J. S. - Shin Y. K. & Cho
K. S.(2000). Effects of salinty on survival, growth
and oxygen consumption rates of the juvenile
gobiid, Favonigobius gymnachen, J Korean Fish
Soc 33, 408~412.

Kawamoto N.(1977). Fish Physiology. Koseisha
-Koseikaku, Tokyo, Japan. 605.

Kim W. S.-Huh H. T.-Lee J. H & Koh C.
H.(1998). Effects of sudden changes on salinity on
endogenous rhythm of the spotted sea bass
Lateolabrax sp, Mar Biol 131, 219~225.

Konstantinov A. S & Martynova V. V.(1993). Effect
of salinity fluctuations on energetics of juvenile
fish, J Ichthyol 33, 161~166.

Lasserre P. - Boeuf G. & Harache Y.(1978). Osmotic
adaptation of Oncorhynchus kisutch Walbaum. I
Seasonal variations of gill Na+-K+ ATPase activity

atlantic  salmon  in

in coho salmon, O+-age and yearling, reared in
freshwater, Aquaculture 14, 365~382.

Lucas M. C. & Priede I. G.(1992). Utilization of
metabolic scope in relation to feeding and activity
by individual and grouped zebrafish, Brachydanio
rerio (Hamilton-Buchanan), J Fish Biol 41,
175~190.

Martin T. J.(1990). Osmoregulatory in three species
of Ambassidae (Osteichthyes: Perciformes) from
estuaries in Natal, S Afr J Zool 25, 229~234.

Min B. H.-Kim B. K. - Hur J. W.-Bang 1. C. -
Byun S. K.-Choi C. Y. & Chang Y. J.(2003).
Physiological reponses during freshwater
acclimation of seawater-cultured black porgy
(Acanthopagrus schlegeli), Korean J Ichthyol 15,
265~275.

Morgan J. D. & Iwama G. K.(1991). Effects of
salinity on growth, metabolism, and ion regulation
in  juvenile
(Oncorhynchus  mykiss) and fall chinook salmon
(Oncorhynchus tshawytscha), Can ] Fish Aquat Sci
48, 2083~2094.

Morgan J. D. & Iwama G. K.(1998). Salinity effects
on oxygen consumption, gill Nat+/K+-ATPase and
ion regulation in juvenile coho salmon, J Fish Biol
53, 1110~1119.

Myoung, J. G. - Kang, C. B.- Yoo, J. M. - Lee, E.
K. - Kim, S.-Jeong, C. H. & Kim, B. 1.(2013).
First record of the giant grouper Epinephelus
lanceolatus (Perciformes: Serranidae: Epinephelinae)
from Jeju Island, South Korea. Fish. Aquat. Sci.
16; 49~52.

Parker F. R.(1973). Reduced metabolic rates in fishes
as a result of induced schooling, Trans Am Fish
Soc 102, 125~130.

Randall D. J.(1982). The control of respiration and
circulation in fish during exercise and hypoxia, J
Exp Biol 100, 275~285.

Rao M. M.(1971). Influence of activity and salinity
on the weight dependent oxygen consumption of
the rainbow trout Salmo gairdneri, Mar Biol 8§,
205~212.

Ross R. M. - Backman T. W. H. & Limburg K
E.(1992).  Group-size-mediated  metabolic  rate
reduction in American shad, Trans Am Fish Soc
121, 385~390.

rainbow and  steelhead trout

- 535 -



(=]

Ruer P. M. - Cech J. J. & Doroshov S. 1.(1987).
Routine metabolism of the white sturgeon,
Acipenser  transmontanus:  effect of population
density and hypoxia, Aquaculture 62, 45~52.

Singley J. A. & Chavin W.(1971). Cortisol levels of

goldfish, auratus L., and
response to osmotic change, Am Zool 11, 653.

Smart G.(1981). Aspects of water quality producing
stress in intensive fish farming. In: Stress and Fish
(ed. by A.D. Pickering), Academic Press. London.
277~293.

Spencer W. P.(1939). Diurnal activity rhythms in
freshwater fishes, Ohio T Sci 39, 119~132.

Spoor W. A.(1946). A quantitative study of the
relationship between the activity and oxygen
consumption of the goldfish, and its application to
the measurement of respiratory metabolism in
fishes, Biol Bull 91, 312~325.

Steffensen J. F.-Lomholt P. L. & Johansen
K.(1981). The relative importance of skin oxygen
uptake in the naturally buried plaice, Pleuronectes
platessa, exposed to graded hypoxia, Respir

normal Carassius

Z12x . ol

- Asht - Hol

il

i

Physiol 44, 268~275.

Umezawa S. [ - Adachi S. & Taneda K.(1983).
Group effect on oxygen consumption of the ayu
(Plecoglossus altivelis) in relation to growth stage,
Japan J Ichthyol 30, 261~267.

Wi J. H. & Chang Y. J.(1976). A basic study on
transport of live fish (1), Bull Fish Res Dev
Agency Korea 15, 91~108.

Withey K. G. & Saunders R. L.(1973). Effect of
reciprocal photoperiod regime on standard rate of
oxygen consumption of postsmolt atlantic salmon
(Salmo salar), J Fish Res Bd Can 30, 1898~1900.

Yang, S. G.-Ji S. C.-Moon T. S.-Kim K. M&
Jeong MH (2013), Effects of Water Temperature,
Photoperiod and Population Density on Oxygen
Consumption in the Longtooth Groper Epinephelus
bruneus, J. Kor. Fish. Sci. 46(2), 195~200.

e Recieved : 02 February, 2015
e Revised : 23 March, 2015
o Accepted : 27 March, 2015

- 536 -



