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Effects of Water Temperature and Photoperiod on the Oxygen Consumption
Rate of Juvenile Dark-banded Rockfish, Sebastes inermis

Sung-Yong Oh* and Choong Hwan Noh

Marine Resources Research Department, Korea Ocean Research & Development Institute
Ansan P.O. Box 29, Seoul 425-600, Korea

An experiment was conducted to investigate the effects of four water temperatures (10, 15, 20, and 25°C) in
combination with three photoperiods (24L:0D, 12L:12D, and 0L:24D) on the oxygen consumption rate of juve-
nile dark-banded rockfish, Sebastes inermis (mean body weight 20.5+0.7 g). The oxygen consumption rates of
S. inermis were measured in triplicate for 24 hours using a continuous flow-through respirometer. Different
combinations of water temperatures and photoperiods resulted in significant differences in the mean oxygen
consumption rate of S. inermis (P<0.001). The oxygen consumption increased with increasing water temperatures
for all photoperiod treatments (P<0.01). Mean oxygen consumption rates at 10, 15, 20 and 25°C ranged 178.3~283.5,
386.7~530.7, 529.2~754.3 and 590.0~7835.5 mg O, kg™' h™', respectively. Qyo values ranged 3.17~5.51 between
10 and 15°C, 1.87~2.10 between 15 and 20°C and 1.08~1.24 between 20 and 25°C, respectively. Fish held in
continuous darkness (0L:24D) used consistently less oxygen than fish exposed to continuous light (P<0.05). The
mean oxygen consumption of fish in a 12L:12D photoperiod was higher than that of fish in 24L:0D and 0L:24D
photoperiods under all temperature treatments except 10°C. The oxygen consumption of fish exposed to the
12L:12D photoperiod was significantly higher during the light phase than during the dark phase under all tem-
perature treatments except 10°C (P<0.05). This study provides empirical data for estimating oxygen consumption of
S. inermis under given condition. This result has application for culture management and bioenergetic model

for growth of this species.
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Fig. 1. Schematic diagrams of the respirometer system used in the present study.
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Z22z= 241:0D%} OL:24DZ 2714 0 2 15121 7] 2™ (Jonassen

et al., 2000), YA & Fx= 2h2 FUTh
Foat #57) 2do] ojFoxl F AYAE 10 ol 7
A% zA 27} £EAAT £33} 717 F AlRE Tl o
AZ2] 0.4~0.5% Hl&Z FFSAT AF A1E 32U dA
A7) F MS-2228 vpEHANA FAE £ £ w3t 2
o

¢

fo wd N A

B
=2 Azg 2Adehe olgstd W& Adst
32-W 252 o183 frEaldih. A3l AFE 20.5+0.7 ¢
&FPelnes, FAd 247} eriely 3ukE FEste] A9

o 3A17F B9 HAAR] F 2 T 24AI7 B Ak aFlEE
B,

=ML 58 4 XE X

f22040 24 A4 £7% A3 Multi Data Logger

System (Oxyguard, Denmarky2 AM-3H3ItH S549 Rl
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714, Ci=olRF EEH FY4Y §3M4 $5(mgl)
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3714, Q=01 FEAL AW AR K3 (Lh)
o714, W=olA|F (kg)
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20 A AZH A dd 29SS ekt
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714, RS R 42 T T2 do] Ha At 2HE
m= ztgel EAXEE SPSS 11.5 (SPSS Inc., USA) A
zggdoF BAEA(ANOVAYE A5 Tukey’s multiple
range test= a7t §-2143 (P<0.001, 0.01, 0.05y 77 SIATt. 7F
5 BE7)(120:12D 272 B9}k 9b7] Tyl Tt A
7V} W AbA AH]E-S one-way ANOVAE, L3l 4234

32700 S 23 FFE two-way ANOVAE B3l 243t
AT},
z
o3 BErle) W2 gk xojo] AT Ht Ata &)
& FAF A7 Table 19] Yehldth 5 FF7100A ¢
o WE A g A AvEe 2407 A ) =4
(24L:0D)2} 7% 10°C, 15°C, 20°C 2] 3L 25°CollM Z+2}

283.5, 504.9, 731.5 L8] Z 778.9 mg O, kg h'%5L, 12412}
w719k 1247 &k7] 27 (121:12D)] A 22} 226.0, 530.7,
7543 1)L 785.5 mg O, kg' h'gem, 2422+ 71 =7
(0L:24D)e} A% zkz} 178.3, 386.7, 529.2 12|13 590.0 mg
0, kg' h'th. W] FUd FF7] 27AA F20] Fo}
A2 A7V P A AN gL Fos Tk AdE
B THP<0.01).

29 oA Fxrle] W AZE B AL LPlE
10°C2] 24L:0D AL A8 BE 2004 12L:12D Z710°]
7b4 =gkony OL:24D ZANA 7P RATh(P<0.05). WA
A% o 2ANA AT HE Atk AHES 95 7Y
m wohs w79 ) wEE o fojshAl BReH, 9%
A7 wf FoJEHA e gL HATHP<0.05, 25°C 24L:0D
o} 12L:12D 7+ A=),

ob7)9} WA Bt x|ofe] AI7bg H At 2HES vl
3 A== Fig. 20 YERIRITE. Sl wh2} 12L:12D £319]
w7 oo} 7)Y me] AIZhE Ha Abk AHEE ARlE
BATh 10°ColA 120:12D9) B7IA] AJ74E Bt Ak AulE
& 2287 mg O, kg' h'&4 &714](223.2 mg O, kg' h)ETt
w=grol} foak= gisdnh 2@y 15, 20, 25°CellA 12L:12D

Table 1, Effects of water temperature and photoperiod on oxygen consumption rates of S. inermis

Photoperiod 241.:.0D 12L:12D 0L:24D
Water temperature (°C) mg O, kg h!
10 28352 86 @™ 226.0+2.60°% 178.3+2.81%
15 ' 504.9+2.67°@ 530.7+4.76°® 386.7+2.19°
20 731.5+3.36% 754.3+8.51°® 529.242.96%°
25 778.9£2.17% 785.5£5.64%® 590.0+3.41°®

*Values (meantSE) with different superscripts within the same column are significantly different (n=3, P<0.01).
**Values (meantSE) with different superscripts in parenthesis within the same row are significantly different (n=3, P<0.05).
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Fig. 2. Weight-specific oxygen consumption rates of S. inermis at dif-
ferent water temperatures and photoperiods. Values represent mean
+SE (n=3). Different letters at same water temperature indicate sta-
tistical differences (P<0.05).

o] N7V gk Abd AH]E-2 WA 7} 547.1, 792.2, 811.6 mg
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23} FF7)o) WE Qy &+ Table 3o YepARAT}. 2+ &
F7] Z27eA 10~15°C Quo w2 3.17~55124 7P =3t
3, 15~20°CelA 1.87~2.100]%..1, 20~25°CollA 1.08~1.24
24 7P 2ok FF70e mE Qi #2 10~15°C B¢
12L: 12Dl A 714 =& whd | 15-20°C8} 20~25°ColAM = Zhzh
24L:0D9} 0L:24DoIA 7HE & e B3tk A 42 He
(10~25°C)2] Qo B 12L:12D7} 2.292 24L:0D (1.96)2F OL:24D
2200 B8] ¥e e BRIk

Table 3. Q,; value of S. inermis for different water temperature ranges
and photoperiods

Temperature intervals (°C)

Photoperiod

10~15 15~20 20~25 10~25
24L:0D 3.17 2.10 1.13 1.96
12L:12D 5.51 2.02 1.08 2.29
0L:24D 4.70 1.87 1.24 2.22
ni
S A 5] Wl whE AE] EFHAR N H A8
ME0] A& F Eol& 4] (homeostatic) 24 w7 E 0
gEiglon, o vg Axe 2] gE A, Aed o
22 35 A= we} o224 Yebdth(Spanopoulos-Hernandez

et al,, 2005). WA o] A Aol vehd B xjofe] A4
M-S o3t FT] Zhzhe] QBT ohyE - 1A &
Fukgof o3k Abs wAIE & 4 Utk
o] AyoA -2 B Xojo] tjARgol AHA FF
o)X A 2EAAR 2HEP o, oL el mE A4
Hl& F7h= g A7 2353 4X)5h(Fonds et al., 1992;
Imsland et al., 1995; Lyytikiinen and Jobling, 1998; Mitsunaga
et al, 1999). Kim and Chin (1995)2 o] A&l A}-&-3 22
I 78 &) o791 23 B2 (Sebastes schlegeliys o2
G2 24°Co| A 24717 B A T 5 0.84 ml O, g' hi(T &
2F 1,201 mg O, kg' hhe] At ABEEIF 2931 gy B
TER.oH, Kim et al. (1995)& Ha 3.45 g9 2HESS O
Ao 52 152008 24°Co)A 24117 HA & zHzt 52,93
488.2 ml O, kg h' (9] #F 75.73 698.1 mg O; kg' h)
o] AbA 4H]ES BIEATE o] AgeA B xoje] Aba
A& -2 1508} 25°CellA] 22t 386.7~530.7 mg O, kg' hi'e}
590.0~785.5 mg O, kg’ h' 9] ta AHE&E B Z2IE
o] Azoh= Ao)E BT} oA ofF, AV, 5, BF7I,
717 23 Ak Anjge 4 Wy 9 AlAE Fo 2}
ool &Jgt Ao w AztETt.

Qi W2 2= Wslel] A&sl7] A8 74 e tAatEE
yekd th(Spanopoulos-Hernandez et al.,, 2005). ©] A& ZAs}
10~15°ColA 718 B2 Qo B(B.17~-551)S B w2 270
A oAt sl Eo] & Ao vERdth. 2Ev 10~25°C
oAlA Qi ZE 1.96~2.298 (Table 3), T2 o]FollA] dukao
2 4¥A 9 2~3 MY (Fry, 1971; Bridges, 1988)9} 7<) &

o

B o

Table 2. Results of two-way ANOVA on the effects of temperature and photoperiod on oxygen consumption rates of S. inermis

Source of variation d.f. SS MS F P

Water temperature 3 10064651 3354884 8457.58 <0.001
Photoperiod 2 2036106 1018083 2566.49 <0.001
Water temperaturexPhotoperiod 6 553156 92193 232.42 <0.001
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2|89}, Gray snapper (Lutjanus griseus) 94} 18~23°Col|lA]
4.48, 23~28°C9} 28~33°CollA Z+z} 2.05%F 2.179] Qi #2
Hof W2 2 1A o] 52 Qi #& BIAIRL, 18~23°C
Alole] AvEEQl Qy Z2 2.72 (Wuenschel et al., 2005)Z
B AR Aot fAREAT. o) e ARola o) dsst
7] Al 23 7P B Uik St o=, ol
w2 A 83N 2] B ARSHE 7} Qlojok & Zlo
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and Gopal, 1983; Jo and Kim, 1999; Biswas and Takeuchi,
2002). 24L:0D == 0L:24DE A3 A= Aba A8
HE Zo| 2] e whd | 12:12D A H7)olA 4tk AElE
7¥ekal Q7lolA ZHadte dFelsS BATHFig. 2). ©
AEAQ W] e A2 ofAY A dHE

A 120:12D9} 732 357] Wy o /9] AeA vt
o] g2 vl Yehd Ao g AzEti(Jo and Kim, 1999).
Biswas and Takeuchi (2002)2 €&}t ol Oreochromis
niloticusys A2 6L:6D, 12L:12D, 24L:24D2] 33F7] ¥
slof] wjz} 4kA AH)go] AFE|ES Holw, 12L:12DA 7t
Z e dFIES Jebd gz B84 T Ross and
McKinney (1988) &A] F57] #slol] @& ofF A 2|5l
Pake iR SFAAT, BE(Takifugu obscurus)?) Ara 4
P79 B4 givke B s UAtHKim et al., 1997).
AgoA 71 2 10°CE AT BE 52 21004
12L:12D2] H719} 7] wje] Akd AnjE-E {22 po]
S 2o (P<0.05, Fig. 2), ©]¢} 22 A= Jonassen et al.
(2000)8} Ao} A=At Jonassen et al. (20002 Atlantic
halibut (Hippoglossus hippoglossusys 322 A F57]
27 slollA] Ak AHlEE A A3 6°C] A B9 oF
7] 273904 94 2pelE BolA et 12°ColM = &
o]HQl zlolE RIS &, £ 45 gEe] 377 |
k= B2 Xojo] A kgl o] 2 L vA= AR ¥
ERom, o] Az} 15~25°CollA 8] AbA AM]E&-2 24L:0DETH
12L:12D0|A] o] =& Ao 2 vebsit}. Bjorsson (1997 %
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FIA LA aHlE VR R 5 AT B vt gl
o], ool gk A7} ko2 HQ
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22 slollA olfo] AelF whE-g AFE & o e AAY
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