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WE kW= 40 3 £ (Epinephelus moaraQ)x# # # 3 # (E. lanceolatus?)#y 7 X M (B = & &
PR R E, HE20C, 16°C, 15C, 13°CHr 10°C 3 5 ANEE AL Q20T H Xt E4), M 20C
Trth, KRI1C/A W BERAER, M HEHEATMIEME LL, s £ A D& iF P 4 b3 s Ao X 4 B
WA HATAN B B A AE A A 3E & (E. fuscoguttatus?)Fr & 4 7 B f () B 2o & AR (1B AR Bk AL B A 38
#), #7 7 3t # (E. coioides)x ¥k A B £ (3 i = X M (1A PR B & A B ) FEATIRR e, & RIT xR
SHEREHAMEEFER, YEFERET S0%H, EXIBAEE., ERET, sAEHALER
BIEN 8C, BHAEAREANLERAEEN 11C, TAFRMEWLEAEEHN 95C, = A7
# i 7% # JLEF(CREA) & &0 & fE B B2 (T-CHO) 4 & MG Mt TR E 3 m B R {R 5 EAW &%, o
HFH WM ZER(TG) & B EI K3, 7 15°CHn 10°CH 5 xT B4l thix, B R F M= F(P<0.05), fiFH
Z ¥E(GLU) & 2 M ikt 78 5 B9 3w 2 IK 2, 78 16°CAn 13°C BE 5 3t BB 41 = 8] A 8 & M = J#(P<0.05).
WAL B B R (AKP)E A 16°CRBFTAE, EEE 5 xR4T § % ME £ 7P>0.05), t4a Ak
(CAT)E M ZH W3, B 13°CUSH, Hag AR5 RAH 8 F M ZEF(P<0.05), MiF+ AR
B (GOT)My /G A 13°CHAn 16 CH B T EA, AREABGPT)EHEN LG RIS,
FE16CH 15CHt, G4 =R EFEP<0.05)., FRFNH, 3HERAREY, T A BHE KR T
KR 1R 8 2 B4 & sk A Andn B aE A TR, SEBR A4 7= W07 L PR i3t 5 2 Fn 4 43 fifptt i A
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SCISNT G, BT T HRTE A 1S K IR E B BRI A
T, HARWAERA IR bR L, JEFIE T 3 FheaC
AL BRI, K 28 7E b T i ek A SR A
A FEHLEL AR GT B T 2%

#2541 BE 11 (Epinephelus lanceolatus) X ¢ 7
SO IRA B, SRR KRR 2, A
fi P R B K BRI, A B A BEZ FR . ey £ B 3
B AEZR G MR AR, AE v [ B e VI
FIHE e 8 S v A A A A (SR 32 45, 2010) 5l A B
R, 6 em ZEA A E 1 kg 247 T S fa
HFE7-8 A, K38 1 kg UREKE N, A 14
R AT LK B 3-6 kg (BEELMESE, 2002), B A B
FIBREEDE , LD P T 5 10 L R 5 2 A R 1) 2 3
PR, EHEFRMER . L abumee i,
HAT R SR AT 5 o ARBFSTH Y 3 Fh s A B
DLy 1 BEACRACA, R AR AR . BURsaE 13
s, 239145 o= 80 BEAfL(E. moara) (AR LI EE) . %
A BE A (E. fuscoguttatus)(14 7k % JE B ) #1145 41 Bt
11 (E. coioides)({AFRH BE)HY 3 FhibAZess, LUIFHkE
i ZAGREE S5 . AR, BAYUR . HiE
A TR VRN T Ak %58 8 A B 0 55 5 L

1 MRIERFE
1.1 ##

2014 4 1 A M ILZR S B K P= A5 BR 2N A BEHL
FUAS 5] REIER | RSRICHI 3 Fof B fa 4 45
90 &, BERIENE A BEfARK H(22.50+0.35) cm, 1ATE
41(198.60+0.68) g; 2~ A BEALALK H(25.40£0.42) cm,
R H H(226.70+0.75) g5 T oA BEA AR K by (5.40+
0.32) cm, 1R H(3.20+0.22) g, BEHL N4 AT o i
B, BEFE 9 4 500 L ABEES A AKAE , ZEREAS KA
Tl A 30 B4, 3T 20°C £ TR KA b4 35 5 d,
BrFEWIEKIR R 20°C, B4 BE A AR, AR
TR MERE 1 K, SEE KA E Kl K bR
#E(GB 11607-89), #hFF Ny 28.2+0.5, pH i 7.4+0.5,
B H R 45K 50%, HokiiEEZE A KT 0.5C,

1.2 IRt

PA20°C AT HRZH , MEREFFUR M SE B 5 1R, A
1°C/dRY R . 38 i il K IR, 3IAE16°C |
15°C ., 13°C. 10°CH} X}z oA B gl fa AT HORE . B

FERPRERE T 8 FIMS-222 bR B 5 W T f AR e i 7k 43,
— R M TG A T G A I D £ R R B IR AT
1.5 mIES .04, R4 CHH B 5—6 hm 550, U E ISR
P RFIIRE 5 B T80 CREATIR VKR 7 H o R4 5E
T3 AL sE 0 1Y S R, FESET R IR 50%H, 437l
ST AL RS A7 BE ALY SO IR

1.3 5t

SR 8 2 A R A it 2o S 0 Rl G T i 37 e
A FE(GLUYW & a5 R Hh Bk e S L i —d A ey
it 3 A6 I 1AL Hh =R (TG R & 45 SR TILZERR A
A T A6 I 1375 v LT (CREA) Y & 1o 1LY th 8 T 7
W (GPT) . & 55 B (GOT) . 1 & AL & i (CAT)
Rt BE R B (AKP), DL AR A8 bR a5 il HLAA s
Y12 B R A i 5

1.4 HESHITS54E

K FH Excel #1 SPSS 16.0 X 5#i #4714 30707,
i 2 PE 25 57 LU(P<0.05) M AnifE, S5 R LIS EEARifEDR
(Mean+SE)R . WHBZHE 5 IRERSEIME, 43515
SCHYZANT L, ST L R T 225381 (One-way ANOVA),

2 #R

2.1 RIEMME T ZRABERMFENLIER

MR A R (B 1), = e Bt gl g
CREA 117 £ Fifi AU I8 W 360 568 5 1 38 i 252 B S e I T
fyay, I HAE 16°CHI 13°CHEE 20°C X} R ZH 22 a]
PR 2 25 57 (P<0.05), IeA S AR R A RE . 1
T H M = BR(TG) & i 2 B sh=0As Ak, 43 5I7E 15°C AN
10°C -5 00 A2 5L B0 it PR AR A (P<0.05), {HL7E HiAt i
FEIRE 0] 25 80 . 25(P>0.05), 1T GLU & fBfig
SR ARG IR AR R B S AR, #E 16°C R 13 °CR 5%
HRZH 2 6] H 30 B B P AR (P<0.05), e i 5 Wa Aif
ZRAEE . MTE B E B T-CHO) & & hE I iR b ia
)3 B i S RS R fe THR B, I HLAITE 15°C
13°C. 10°CH} 5% IR 2 8] 25 57 i 3(P<0.05)

2.2 RIEMME T =AD& MNFREESE
mleavEtagh Rl )s (E 2), MmigHh AKP
EPETE 16°CIAT BT Tt , {50 MR 20 T Wl 351 22

(P>0.05), SLEZEHE S5Hbaw 2R A E ., M+
CAT Z B0 J5 s e S Pk shit, B 13°Coh, H

1) Li K. Taiwan Strait cold air formation and its effects on surface water temperature. Master’s Thesis of the Third Institute

of Oceanography State Oceanic Administration, 2013 [Z=H].
S TR IR BT AR 2408 3, 2013]
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Fig.1

The effects of low temperature stress on the serum biochemical indices of E. moaraQ xE. lanceolatusd

SN A Z W B2 B E N, *.

P<0.05, **. P<0.01, T

Difference between the treatment and control group, *: P<0.05, **: P<0.01, the same as below

RS LB 5 X A AT 3 P 22 R (P<0.05) . I i
GOT W& HAE 13°CHI 16 CHIME = T X fEZH, AR
18 SRR PR S X FRZH 25 R I 2 (P>0.05) . LT
i GPT 75 i Fifd G I ol 50 B8 Py 338 S BRSETH /S B 75
BOTE 16°CHI 15 CHE5 0T AL 2 3 PR (P<0.05),
S 4 AR AR 5 ) B2 R

23 LFEZAREFHRMBEHAR

nleARalE 20C 0 LR IER, RRZE 14C
A R, 76 8.5 CHHBAE T, S CHIFET-#Eid 50%,
IRFEFOCIR . BRI B AR M e, R
TREZ 1SCHT, B AR E IE W E R 70%-80%,
1I3CHRIFIRIET, 12°CHRERER kR k2T, liFikae
FIFRE, 1WUCHBET e 5 e A BRI 5
13 CHARHIUNG, KRR TR, SEARER, 9.5C
oI 50%, KFEBOEEE .

3 itig
3.1 {EEEMEX =& A &M E £ IS HRE 0
M EA Z T T s DR E S R

YERT, 5 A PR AR A ot & A= A4k, #2551
AR PUAR RS . AR DR E 5 R,
Hsgm R AERK AT . 2RI i i 2B kg
FRAEFITIZWT | B FRIROC 0 FI W55 07 T B T 12 N
FH o I35 B A AR o0 Of S e o (A A FR O AR
WZKEFMa B B0 HE A5 o 135 A= ke bn 5 AR BdE bR
Xif A0S A I A BBURRAE A, T R AR S5 R
BUA B A= AR A (7 W R, 2008) D, fa 2 S BEAAR A= 15 1)
Y, MERZE 2 R R, IR AE(2016)7E X 4R
fif(Pampus argenteus)4) £ Ji7 i 11 Tk B 1 1 DL S Al 3
SRR R TS A, AR 38 2355 L Ak R 48 e
HEM R Ge s N — 2 B2 . AT L, W5 38 X 6
RIS A AL FE AR B SZ X SE B AR - A HEE R
AR T HT(2009) 45 E 48 H , 17 HLEF(CREA)R IR T
WURR A AR, 2 W D ae g4 5 A 1Y 248 A
Sano(1962)WF 58 KB, YHMFIRGE IR REARAT, 7754
ORI B E RN B8 A 2 E 2 BB, X CREA B8
BB R A R, S I LT LK B T
o BREAE(2012)AF5THR H, 5 d AUARIR 3l ok X)L as
11 B AL (E. septemfasciatus)4l 5 41 21 v it 3, 4l

1) Gao MH. The effects of V¢, Vg on carp blood indicators and antioxidant capacity under isobutyl nitrite stress. Master’s
Thesis of Huazhong Agricultural University, 2008, 56—62 [ W #%E. V. Vi XTI AHERER B8 F 5 5 8 80 11 % 38 A5 Sobi /A e

BYRZIN. 4B P b KA A0 TR T A 2 38 3, 2008, 56-62]



B2 B FH A

(9)x

(@) 73

(=)
(=]

B 5264 Treatment
** 1 X} HR Control

%k %k
16 15 13 10

V)% Temperature/C

| I
20 16

{5 Temperature/C

AL AR AT

Activity of CAT/(IU-L™)

—_ [ %] w B W

©c o & & & o
1

20

® 5256540 Treatment
% #& Control

_—— NN W WA N
[=3V)

DO B PR I 1
Activity of AKP/(IU-L™)
O WO WnNO WKL O W

B A RRE

Activity of GOT/(IU-L™)

L)
—_
&
S S

B R E

Activity of GPT/(IU-

15 13 10

N
W
(=]

B SCI64H Treatment M X8 Control

16 15 13 10

20

N
(=3
(=)

—_
W
(=]

—
(=3
(=]

W
(=]

o

1R Temperature/C

180 * W SZI4 Treatment

*
I ¥t H& Control
20 16 15 13 10

VB Temperature/C

—_—
(=3
S o

T

N B QN ©
S O O OO
T T — T

B2 AN RMEIR 0 A 25 A B A2 I3 T80 1 B 52

Fig.2 The effects of different low temperature stress on serum enzyme activities of E. moaraQ xE. lanceolatus?

x1 AREBETLIMEAZARENFHILEE

Tab.1

The semi-lethal temperatures for different hybrids at different temperatures

A BEAA(E. moaraQ)x

i (E. lanceolatus?)

Bk Jp IR B 71 (E. fuscoguttatus?)
x(E. lanceolatus?)

FH A PEAL(E. coioides?)
x(E. lanceolatus?)

Temperature N
(‘C) FFLLIN [E] Time of
duration (h)

Survival rate (%)

FFZLRT ] Time of
duration (h)

Survival rate (%)

FrEEmt ] Time of RS
duration (h) Survival rate (%)

20 120 100 120
19 24 100 24
18 24 100 24
17 24 100 24
16 24 100 24
15 24 100 24
14 24 100 24
13 24 100 24
12 24 100 24
11 24 100 48
10 24 100
9 24 90
48 10

100 120 100
100 24 100
100 24 100
100 24 100
100 24 100
100 24 100
100 24 100
94 24 100
90 24 100
10 24 100

24 90

48 10

M CREA JK-VBEHE IR0 1 A 8 s iy 2 B T
Fetadh . MJRISAFQOISHIIFE A, mathitfg)fh
MLY% CREA 5 bk Bl (Ui B30 415 FH F) 18 i oy 2 0 e
s, Hbbams&EA R E RS AT,
ME CREA 5t il I I 30 56 52 114 58 T LB ol 3 g
FAELR, Sl TR ES, B 10T T
ETb KRS 10°CHE, 12T = A B i SO R
FE o MEFEIN g, U RE RS 2= e A B4 P D BE A4

IS EMGE CREA &4 B ETF,

WA (GLU) RN E LM RRIEY T, 2% L
BREE . BRE R E MM E N IRNEE, 852 BN S5E a0
TR PRLSE R R RS, BRSO, I i
BB R E h AR o B B AR (2006)F 58 K BE,
Wi 5 G I 36 B[] 9 B G, fi £ (Cyprinus carpio) Ifil
W GLU ZKFSeTt e B, A R 1 0 44 oy
WEIR 22 A6y GLU, #E M i 45 1 h GLU KFJHs
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%38 %

B 5 WK A0 GLU #%43fifh ATP L3 At G 5 ok hiy %
IR EREE, SEMEAS M T GLU AKEREIK. HRIFSE
ZE(2013) R B, AR PN OB /K S Bt 5 A IR AR F i
(14 184 5 5 BRI T v S B AR A R A, T BB ARG TR 3 i A0
o R T Ao R A5 ok 7 A B DU v SRR FE R Y B
71, WS ANLRE B T, A5, sk AaBtfh
PEARIR 0 B R3], OB B T, 20 TR A7
13 CHEH B i E T2 )5 SOF R, MR, R
14°CHHE IR B, PURN N O AL 0, 53k
IR 3 s B et i) T, LR SR R AT et — 5T

S JIE [ B (T-CHO) A H- i =8 (TG) 2 MLAg iy &
C25 %) N e (P YA b 1) R R i N RV EL 7/ DS TN g s A
MU SRR A B2 1 E 11 I Z 45 4. EATAOR IR Y
J # U S T PR A A 2 e e, 38 5 T 6 34
(I A BRI . TG JE—Fh s AR s, 8
H LA R AT S 7 R ok . BT 5E(2010) V50 56
FTH, GE M &0, B2 % 4 fi(Oreochromis
niloticusx O.aures)IfiL i 1 TG F1 T-CHO % 1t #f il 2 %
Ko ABFEE ML TG A& e L0 B - 7t
ZIE TR, AT TXRA, HER R, SHE%
(2012) BB FT L5 FARRL o HEMI LA A 10 B B i 71K
A RS A, e AT Bh PR A 988 1Y
e, St SHUIARTEARIEAE F T R 08 R i 25 51

JUEL T 40 1) 2 B2 B 4), Dey 55(1993)
T2, MR BE R i, I 1 1 1 2 2 400 B R g
RUZGF T TC P AL s PRI R AT, JH [ e S R
i TP MW S XUZ 43 T 00 A, DT 3 5k B 1k S I
TE 1) 77 3R Pk 20 B R4 5 B e sl v AR R
W, T-CHO (7% £ Fifi 2 {1 ek Jolp 360 BsF R 14) S - 30 35 o2
iX, SZRIMarRas R, /E&INN, T-CHO &
B /D 2 T 40 A2 3 440 Bf L R A
5 0 T Sz 17 A2 240 1t i 5 3K

3.2 RIEX A& b I EE i R0

L 775 A B B TR T (AKCP) 76 A= I I I 43 A T
12, PP E A KR, 5P N R I A R
BYIME, W F MRS S, R AR EE R
HAEKEERN, BmE2SHEQ10)MESS L, FMRAHT
BE . PR AR SN E A% AKP 1936 11 e,
Ik — A2 AL, AR KRB, BEE SRR
BRI REAIC, AKP 36 2 T E R RS
X BRZH B2 17K o 2 A PR A5 B3 R T HEi 5 5 B

Al g2y AKP 16 J7 9 o B AT AR (2008) A i £
25 (2010 5T 2 TR, 4 JHF O 37 6 5 ) BE 3 B0 5 7 st
IMIE T AKP 354 ) T e L bk e 38 TS
NI ABFFEH, AKP i S 5% R 6T, KR
TE AN 2 o A B 4y 0 11 G R L A Qi s A

A N % 2 I (GPT) 143 RL 5% 24 i (GOT) 2 Bl 25
JIg I AR 1A 0 — K BB IR A AR %) SRl , S MR
YR IE H A= A i s AN 0] 20 (il . Samsonova 4£(2003)
G R, GPT Ml GOT [ X T fa i 4 A7 31855 |
BEHRMARKET A —2 e nIER . Mk
BN A FARIR IR BT 38 i, HLAA 20 A A5 3 a7 1 i
GPT 1 GOT KB 2 L35 v, 5 20l 7% e =
PEIRGHE T, T R AR E R T AR . SR
45(2009) 7 % K % 1o (Pseudosciaena crocea)ff I i
SCE R IR, GPT F GOT {1434 B 5 W36 Asf [i] (14) ZE
TSR B (0 B 0N W T R . AT AR AR AR (2007) KR,
B AN T K IR TH R, T %(Oncorhynchus mykiss)Ifil
B GPT 1 GOT I A AW T = Ak A 38 % 1 1
T, GOT ZE M H AR BERCAL, i 40 M b i 75
HiEE., —HBIFEZ8, GOT KagkERiE
MR H S T I 98 ) e T v S b iR, AR
W, ZEARAIMTE GOT SFEIRMKER  7E1K
WA TP ERBYBE, GOT JEPEM . ETF, [HBEE T
B A R FESE, GOT i B R M, W TxF a4 .
FLR R R A 5 Bt — 5T

ERERT, GOT ZAAfET O, R bh
FET AT, AR 2 2R 5 0 2 R 8] A 5% X
Mo P, GOT ¥ 1 s I FH R A O Ik 2 BB J2: 75
fi 4. S GOT iGN RIR L, PR L BB EL .
PEARL R TR | b2 s Yo A5 1 2k HLIE M e AR g
Hp, B GOT WM R KIS T, A
s, BEEMVRMIES:, GOT &Rk 2 - F
B, Hi IR (2015) % 2 804 BE A IS 45 SR A
), FBH = 20 B i 2 KR R

AL AR CAT RN S5 A R EER RS
M ZPUAALRE, & RENS I AR TS M SR (ROS) KT HILIA
M3 o SR, (iR N AP R ARG TS )52 3 2 FPER BT
P BRI, AR L YLK . 3R %A % . Martinez-
Alvarez %5(2005)IE 15 H , /K LAY 28 1k B B e 0 £
WHBTEAA R . RS 2006)F5 &I, BEE A
e R BE I BEAK, 7E SE 5 ) 34 GO il (Sebastes
schlegeli)fA& N CAT i& M FEAIK, J5# CAT i 4 bl

1) Jia ML. The effects of low temperature stress on growth, muscle composition and hematological and biochemical indices
of Tilapia(Oreochromis niloticusx O.aures). Master’s Thesis of Guangdong Ocean University, 2010, 59—66 [51 Bl 5%, K IE Bhia Xt
BB AR A LA B U A A AR AR IS MR T ARV TR RS0 I A A A8 3L, 2010, 59-66]
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Xtz e A BE A L3 TR AR PR AR, TS X
A PN A B0 4R Tl ) PEREAT AN, PRLIE, ARG I
TN 23 AT B AR AT AR A ) i 7 R — 2D 5

33 LMEXAHARBFHILEENHR

B A4 (2010) MRS (2006) BIF5T T AN [] i &
() B I h (Tilapia) 1Ak 8 £0 726 I I Wl F /9 B IR
JE o (EAHE R, 0T R Y fa AR FHAS [A] B4 B L
TR 0K 245 B R [R] (14 16 BOE AR R AN [R] (Y 36 T
TR A H I R 0 28 BRSO IR 1) 7 R4
%, (H2%# 2RI (2006)HE /Y 1°C/24 h K%
T, AT AR T A 88 0L 3 o S 6 R 7= A 1Y)
V& wh il T AR, RS & X LS S R A AT I
T AR BT S7 o ABFZELL 1°C/24 h ORI S,
FET 3 R s A B A BEARIR , B St s e 3
Tt 2 52 4 Bt e SIS TR A0 B (IR T 32 TR . BFgR R, 2
TR 0y BiE 0 A SRy RS S B8 1) 4% 38 A Bt o, T
ZARIEE T B = B A B, IE G IER T KL
MEFRHE . T Jo A B0 A KR | PURPTIERE 1k
B G HRE , BT B — 5 . = A B fa
b P o A 58 A B0 £ BB T 2 T IR TRLE (R i, B A ek
FE A7 R R 7 AT BB T R ot A 7

& % X #
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Effects of Low Temperature Stress on Serum Biochemical Indices of the
Juvenile Hybrid of Epinephelus moara? x Epinephelus lanceolatus?

SHAO Yanxiang'?, CHEN Chao®”, LI Yanlu?, ZHANG Mengqi**, CHEN Jianguo™*, PANG Zunfang®

(1. Dalian Ocean University, Dalian  116023; 2. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture,
Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071; 3. Laizhou Mingbo Aquatic Limited
Corporation, Yantai 264003; 4. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai  201306)

Abstract Low temperature tolerance of Epinephelus moara?x E. lanceolatusd (hereinafter Yunlong)
was investigated in this study. The initial water temperature (20°C) was served as control, and then was
dropped at a rate of 1°C/d, the changes in serum biochemical indices and metabolic enzyme activities of
Yunlong were determined when the water temperatures reached 16°C, 15°C, 13°C and 10°C. During the
cold stress period, survival rates and the semi-lethal temperatures of Yunlong, E. fuscoguttatus? x
E.lanceolatus? (Pearl Gentian), and E. coioides? x E. lanceolatus?(Qinglong) were observed and
recorded. The semi-lethal temperature was recorded when the survival rate reached 50%. We found that the
semi-lethal temperatures for Pearl Gentian, Qinglong and Yunlong were 11°C, 9.5°C, 9°C, and 8°C
respectively. The levels of serum creatinine (CREA) and total cholesterol (T-CHO) were first increased
and then decreased along with increase of the intensity and duration of the low temperature stress. The
level of serum triglycerides (TG) fluctuated at different temperatures, and the values at 15°C and 10°C
were significantly different from that of the control group (P<0.05). The content of serum glucose (GLU)
also varied with the temperatures, the levels at 16°C and 13°C were different from that of the control
group (P<0.05). The activity of serum alkaline phosphatase (AKP) at 16 C was slightly and
insignificantly increased (P>0.05). The activity of serum catalase (CAT) fluctuated and showed significant
differences between the control group and low temperatures at 16°C, 15°C and 10°C (P<0.05). The
activity of serum glutamic-oxaloacetic transaminase (GOT) was slightly higher than that of the control
group (P>0.05). The activity of serum glutamate pyruvate transaminase (GPT) was elevated followed by a
decline along with the increase in the intensity and duration of low temperature stress. At 16°C and 15°C,
the activity of GPT was different from that of the control group (P<0.05). In conclusion, Yunlong was the
most tolerant to low temperature stress among the three hybrids. Our data also suggested that low
temperature could impair the immunity and the antioxidant capacity of juvenile fish, therefore the
intensity and duration of the low temperature condition should be limited during practice.

Key words Hybrid grouper; Low temperature stress; Biochemical indicators; Low temperature tolerance
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