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Survival and Physiological Responses of Red Sea Bream Pagrus major with Decreasing Sea Water
Temperature by Yun Kyung Shin, Young Dae Kim and Won Jin Kim* (South East Sea Fisheries Research Institute,

NIFS, Tongyoung 53085, Republic of Korea)

ABSTRACT

Decrease in seawater temperature during winter is one of the most important and serious

issues confronted by fish net-cage aquaculture farms. This can become the cause of the manifestation
of diseases and ensuing mass mortality. The present study was conducted to assess the survival rate,
the range of limited low-temperature, the response of oxidative stress in the blood of red sea bream
Pagrus major with decrease of water temperature. Low-lethal temperature for 7 days of P. major
(7 day-LTso) was 6.54°C (confidence limit: 6.31~6.71°C). Oxygen consumption rate was decreased with
lower temperature. It showed the minimum value at the range of low-lethal temperature. Osmolality
at 5°C and 6°C experimental group was higher significantly than control group. SOD (superoxide
dismutase) activity was increased significantly at 5°C experimental group compared to control group.
This study data will be used to determine the appropriate area for aquaculture of red sea bream. It also
manage fish net-cage farm to cope with the mass mortality occurring frequently during winter season.
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2EH A E ofF WAA AL A P& JA AZIth
(Bowden, 2008). -2 A AEo A= A7 9 A 3t
ol &S v E 7HF Azt 2EHA 82 F shio|H
(Cheng et al., 2017), o] A2 AEY =3 Uyt &
A= ot B2 YT EEY LEWAAHSE dAtel 1A
£ xRzt JFol o3 AAE, o] {9 2o g W
A o7y BEx 9 sty 9 55 HUhske F48
8t Q. 9lo|th(Kir er al., 2017).

Be FEES YEY 4 9k L2 WIS HolUE 4
o] HAL FU EE s g2 Aol g 4=

3 ze 4

T 4 otk LEWAESIE A0 BET & Ak Ao
o] 2& AA HHE <9u|s}lH (Rajaguru and Ramachandran,
2001; Debnath et al., 2006), X AFE-2-& WA LA 50%71 ©
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ol A& ¢ gle 222 A5t 9t} (Rajaguru and
Ramachandran, 2001), =29 7]21%t A= w24 AYP=
o179 24 A= A& e 2EH 29 ¥} b
# e (Ellis et al., 2017). =3 UREH 02 2 = 31A 9o A
HES HAALEE 1 AEY dAREE ST = =1
e M2 o] 83 5= Qi
FES $HUE Fa FojFoz Faete 7R
Fa oA FE FAEHIL glon, o 3 2.
15~26°CE &#A 9)th(MERI, 2000). 12Ut F-E0kA% o]
F2 BEEY Qe FElte A, HAE B AL 5% ¢
29 W7} B A8 2 3] Fo| AA o2 Qg i
Fu| A7} 9 HAET Qe Aotk 1B EE AE3
A

o FEY A4 WANS U A wgo] B AT
o %@,

B ATE FEY AL U L el B2 57
£, QuoldajdE % Bol ] ATpAEY A WS %
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SHHA 1 5 £XAA AP AHESATH 4] 717 Bt
F2L2 10£0.5°C, GEL 342psu, §EAALEEE 95105
mg/LE FASH o, Hol= AR (Bj4te] IFAHA
133)E 24 10A19} &% 442 Uieof 281 FF3+%th A
2o tfgt st BAE] Yste] AEe22 10+
0.5 (H=2F),8,7,6,5,4+05°CHoH, HEL 342405 psu
At Ao A= MAQ Z7]= HF AR 369+ 1.6cm,
B AFHF 901.6+102.7 g0l Atk AP Aoz
Folgom Yoo 7k 2owz Wzly] (Y DA-1000B)
£ AAsto A4S A s

oA A7t et es AXSHATH AR A 2447
HE Ad77E 79 Bt HolE 2
REEL FAZ AFGAA Y B RS
& AFEANAE AATA yEE
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AR e 2 2 Htstol
stk AR ABol7t HRHA optul 49 2%

o BAENS ) AR WAL

2 5o U FEY TFES Respirometeret BE
FE=27] (Orbis 3600, Switzerland)E ©]-&3t0] AF AL
Respirometertf] -&&AA0 A2 A Ztgon, ¢rrolz
48] dE-2 phenolhypochlorite ¥ (Solorzano, 1969)& ©]-&3}
of BASHTH 2 sPo =EAIX Ao 2EHANSS
28] 5t FE9 @9 W SOD (superoxide dismutase),
CAT (catalase) X AEAE=TE BEA3}94ch SODL CAT
= o]% ELISA kit (Cusabio Biotech, China)E A}&3}1
Versamax SoftMax pro 6 (Morecular Devices, USA)E ©]-8-3}¢]
T 450 nmoll ] BRES AU AR AFEE AHEY
Z7%7] Osmomat 3000 (Gonotec, Germany)< ©]-&3}o] E4
steiet.

Y2 AL 422 (50% lethal temperature)-S probit ol ©3)

24 (Finney, 1971) 5100, A @ Azo] A8 $14 7
AL SPSS 19.0& ©]83t one-way ANOVAR FA AT &
Duncan’s multiple range test2 AFE 353} T}

= 42 10£0.5°Co]
2 EAAN FES $& 4.5,6,7,810.5°C] =FA
5 AEES AR 23, £ 4°CoA FE2 =E 1Y
A 25% AR oM, ked 49 BFE FHARS T & 5°C

AME =& 4LA 75%7F HABIAAL, =& SEA 27 FAL
SHATH & 6°ColA = =5 64A 257 FHASIATH(Fig. 1).
FL 7°CollME =571t B2t 45% HARES o FE9 7
A Foke] WA AR (7 days-LT50)S 6.54°C (95% 4128
A: 6.31~6.76°C)2 EA |tk (Table 1).

401

Survival rate (%)
o
3

20

Exposure time (Day)

Fig. 1. Survival rate of red sea bream Pagrus major with decrease of
sea water temperature for 7 days.

Table 1. LTso (Lethal temperature) values and their 95% confidence limit of red sea bream Pagrus major exposed to different experimental tem-

perature for 7 days

E3
Temperature (°C) Water quality Survival rate (%) LTso anq 9.5%0
pH Salinity (psu) DO (mg/L) confidence limit (°C)
10 (Control) 8.09 334+0.5 9.8+0.5 100
8 8.04 334+05 9.6+0.5 100
7 8.02 334+05 9.5+0.5 95.5
6 791 334405 9.8+0.5 0 6.54(6.31~6.76)
5 8.12 334+05 99105 0
4 8.04 334+0.5 9.6+0.5 0

*LTso was calculated by the probit scale.
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Fig. 2. Changes of oxygen consumption rate of red sea bream Pa-
grus major on 4™ day exposed to different experimental group with
decrease of sea water temperature.
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Fig. 3. Changes of ammonia excretion rate of red sea bream Pagrus

major on 4" day exposed to different experimental group with de-
crease of sea water temperature.
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HEO Absulge hre v S0 HBSE 7
434 AT deh e Fig. 2). 3EY Ahiuge £2

8°CoAlA = 2T Y3t Afo]& Kol A3tTH(P>0.05)
SEA|RE 4=2-0] 7°C o|3t2 pAFete| what AbAan| &2
Tofl v]3l 28.7~47.9% 7tA3ke] 5,6, 7°CoAlA F28k 2o &
B H(P>0.05) (Fig. 2).

v dmyol AAMEES $2 7°C EqAZ AEF
oA tta A YeElgoy &40 U §3t Zol=
RAL™ (P>0.05), AbL4H| &) 9hgat g 2 i
uhe} o3 MskE UetA] (Egkth(Fig. 3).

AE9 4 Y AFRAsEE £ 5°CS 6°C AE A
P A e 2EAIZ] Ao BF| & F 40| Fagt &
FBHA wotR AR, di 29t 7, 8°C AFT Atolof {2t
ztol= sl slth(Fig. 4).
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Fig. 4. Changes of osmolality of red sea bream Pagrus major on 4"
day exposed to different experimental group with decrease of sea wa-
ter temperature.
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Fig. 5. Effect of low temperature on the enzymatic activities of superoxide dismutase (SOD) and catalase (CAT) in blood of red sea bream Pagrus
major exposed to different experimental group with decrease of sea water temperature.
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Catalase (CAT)= =2 ZF Ad4L
29 ZF A4 7H 593 BREE UERlA] fokeH,
L=E7|7te] 49 A3t Tz A4
£ Ho|x] gttt (Fig. 5).
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UntA o2 £2W3= AEY A Ao £ FF
= PF AT " WolA 257 A S THS
slebA| g, e d MYE Hold 2 s e Pl BE
o] WX A AL Woldts 58S AN 7P AL
3 FQ ol % 3futo|th(Luo er al., 2014). A o] Fo) A
Aol digt A HAAAE A 7= 7}
F 29 & 3hto|th(Luo er al., 2014). T3 e
T4 =52 AR 9 oj2zxdor JFS
2 R th(Overstreet, 1974; Hurst, 2007;
Donalson et al., 2008).
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BAA £A4S 48l e AR FE A& /e A
F2 WA HeYol tig Brhe =9 Falet 24 7tRE &
1 e FEY SAEA S st W S
4 ol FE AAeL 8~28°C, A9 o
29 5~9.1°CE (MERI, 2000) A} QA HY
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g0 23 AWAAS YR (Hochachka and Somero,
1971; Hazel and Prosser, 1974), ]2} §-AFst A1}= 0] & (Sollid
et al., 2005; Debnath et al., 2006), 3 & (Widdows, 1973; Haure
et al., 1998; Saucedo et al., 2004) ¥ +Z}5 (Tian et al., 2004)
SolA = gl

2 AFolA 10°C o]ste] Apof =EAX s At
2B & #2 sHo) wh aste] Adaan| o] 20 A4
A S JeElE oA 9 X 31 (Debnath et al., 2006; Dalvi et
al., 200957 A A3 B ok Be AlaAH S BE
of WHRAAIEE 6.54°C ofalollA] ThxFo la) 47.9% 7
£ Uetol JFEA Mytilus edulis®] AARZEANN ZEE
o] Z+A38lt A7} (Read, 1982)9t= GAFSTe] XA A S EA}
Aol (Widdows, 1973; Read, 1982)2 Q3| HAIZ o]ojX|&= A
o2 Bl

FEAEY A FAFTEY ARG %S VAH
(Jiang et al., 2016), A4 eZof 93t AEFH A= ROS A
< FTHAA A AEYAE FEAIT A4S BEE2
2EH 2o gt A Zo]7]2t2 2 SOD9}F CAT7F ROSO| o
g M Z A} 7|12t o7 Fa % QTS ot AR YA
L1 (Hermes-Lima, 1998), F&A oA Fiteed fes
AP AEHAE AT 4= Sl T8 Q220 cth(Parihar er
al.,1997). & Aol F=9] Y U sSOD= 4 22
E 4Y B 5 5,6,7°C AN 4 7 S 2

T 8°C A oAM= =EAT o] ARt F 23]
34T SOD+= EAJAEA & WESA AF4A%<2l superoxide
H0,2 HEA]7]&= 8403, CATE H05 HHeAo] &
H09 0,2 WHSAIAA 22 Y B42E e D AA
3t 9T ghth (Madeira et al., 2013). ©]8 3 SOD<] 4
o] 5°C Ag oA F7Ht AL A4 =& 93 =4 W
o] ROS7} BAEHUIL o] 5F AASH] A% Wei7| &z 2
&3 Ao R AR

oAF7F Ao =2HH AR % o]2xHo] dojun
(Overstreet, 1974; Donaldson et al., 2008), 2520 o3t 34
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