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DLARIE o ARG SRR K o A A Y, TR
HIF 58 AN [ £ B2 %ok 46 f7 17 J0) & 0 24 A E Y R
Wi, R AR T AR B AR AL DT RO HET, AT
3 E AT AL ETHT T B E . ARPTTERTE T A
[l 6 BE S pHAA MR, dbJr N T 85 AL 65 iR i
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T e AE BT AL AR R R T AR S R )
) R AR BB

1 MRS Tk

KB Lk, B3N TAT, %
WO LEh B, RS BRE: 15, 20, 25,
30, 35, MIHATAEREEA P BETERE: 0, 15,
20, 25. 30, 35. 40, R4 ER A Fko0.
30, 45 =ABEEE . pHAHAKESMEE . 5.5,
6.5. 7.5. 8.5, 9.5, & ML 32K B R 5
WL 3, X A6 B ) R AT AT LR SC 5,
H A7 1% # (survival rate, SR) KA FE 16 J1 48 48
(survival activity index, SAI), FfIE & 22 WAL 5
R RS K e B 6 31 B0 o [) B ) 5 R Ak B
Je 1 I 4 £ SRl A A8 bR DL SCE T ARG S
JF W T A TS . BRSSP pH A 7.9,
pHEL 56 H R B 30,

1.1 SEIEN&R

ER BT Ak B LA 4 f0 A K RS e A S T
20164F 1A T AJ#EAT, R 5 pHXAE 65 iR I A&
B VIR AE R  SC R R AR 1A Ay
7o S5 56 3 38 H R 5 R DL 7K 7 i D A BR
TAE AR BEHE . e H oL R AL 0
BRI, & N DA™ . BN A5 1Y [m] 41k 32 85 B9
AT 0 ) BB 4 f S0 T BRORLAR G, W R
-0 55 R 4 o A T R

SEZE AN R LB EY, JREE G5
BRI O, B SE K IR AE IR (17+1) °C, JEHR
8 400~500 Ix, 12L : 12D( | 5 E # e S0l
ID-3RY B FE T 22 ) o 55 50 30 R] SR Ak 78 <000
B, Bk Z A MR VUK & A SE T
SCE K s RER 04 (BE B 0) et K1 AL 1
HoRK; IEF MK A G EE30) L VD UE . 1R
SULWE ST, FFZ25* PR A 9 ) (22 B K b mT g
FETE WY IR WD HEAT R R A ARIEOK ;. mdh Ak
PREH (FRE3S. 40, 45)0 1E & 4L K0 K &,
FATAGOF 5 A o6 A0k i 75 #h BE AT
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SRJE AT A5 T B9 SR SAIA o

X B pHAT A6 87 AT 478 /) 64 %
pHA 15 5 5 22 K5 P AL pHAS B2 AH [R], Bk ER A
J A R AT 502, A S 10 LR
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ARALETFTFHY a4 KR TE Fifi
P B 15 2 52 56 L 30 4 £ 00 A7 Sl 26 W 2 45 A 1)
M, HAP AR K R (1.91£0.08)cm, -3 14 5t
H(0.11£0.02) g K b RLAK fa Fh 25 1 £5 3 38 N
&, O NAE SR K AR30, RER0. WFEh4s =4
BEA P T2 H IR . U600 LK+
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KIRS00 L), AEAR1S0RE . SCiIm, A HEEH
M2V, 9k F4F8:00. F4-4:00, 4 H K
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Aorb, O SR IR I [E] (d), N R,
No e i FE 485

HEFE NG J1 48 8T (survival activity index, SAI)=
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TIREL, hoN R BRE T8

14 7 2R (weight gain rate, WGR, %)=(W W)/ Wyx
100

€ 4 K & (specific growth rate, SGR, %/d)=
(In W—In Wy)=<100/z
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Wyx100
K, W Wbl oh 5250 Ak 5 28 R AR T 1 )
WRIRTE, ¢ MR RE, Wy, Wy, Weirilh
JHEBTHE . A B A 2R B BT i

JIT A S 9 B A 14 R 5 IR -5 22 43 At (One-
Way ANOVA) M Duncanks 5 ¥EA7 2 & &L, #iE
A ERHAZTM, UP<0.05 A &5 H2%E
5o FIHSPSSHETHE I (19.0)% B 41 5 4 H 3 1t
1883150 HPE A E AR MR T R R BB 4
P1{E, FHOrigin Pro 9.0 #X {F 47 /E IR .
2 iR
2.1 AREIFRETZHEINRFLIFR

A A (K 1-a), 7EHRE15~350F, f£
iy 2 4 U BT REIREAL o R BE20~3 552 50 41 11 52 K B
WAL AR B T 50%;; Horb LUER B 2 521 Jhe Ak R fe
, N68.42%; &k BE15 41 i 7 Ak R 2 B Ik
K, H47.96%. WHEARF, $hEE20~3541H) /)
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Fig. 1

Hatching rate of embryos and abnormal rate of newly-hatched larvae (a) and survival rate after

10 days of starvation (b) of L. maculatus at different salinity

Different letters indicate significantly different (P<0.05), the same below
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Fig.2 Hatching rate of embryos and abnormal rate of newly-hatched larvae(a) and survival rate after

10 days of starvation(b) of L. maculatus at different pH

=1

HHYRFEETKRE. TRREFHTHERRREFENEY

Tab.1 SR and SAI of L. maculatus newly-hatched larvae without feeding at different salinity

P fH AL G AN R R BT A7 5% /% SR of larval L. maculatus post hatching
salinity 1d 2d 3d 4d sd 6d 7d 8d 9d Al
0 3.96 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04+0.01°
15 97.65 94.12 92.94 92.94 90.59 52.94 7.06 0.00 0.00 15.13+0.19"
20 98.73 94.94 94.94 83.54 78.48 64.56 44.30 12.66 0.00 20.99+0.69¢
25 89.25 78.49 67.74 5591 54.84 43.01 12.90 0.00 0.00 12.96+0.61°
30 82.18 70.30 56.44 42.57 38.61 22.77 495 0.00 0.00 9.27+0.41¢
35 78.49 63.44 48.39 30.11 24.73 12.90 4.30 0.00 0.00 7.02+0.27°
40 77.55 62.24 39.80 22.45 6.12 0.00 0.00 0.00 0.00 4.42+0.23

e AR AR RS R R 27 B3 (P<0.05), T

Notes: values within the same row with different letters are significantly different (P<0.05), the same below
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FSROLAMZL T R 0), 77 FH £R B 3020 55 1K i SRAIK
T90%, #5EhBEACHRAH (8], B0 0 A SAIE B
% £ 5 (P<0.05), SAUHFEERE 2T EE
TR, EER 2041 Ik B IEM . SRS,
20525 PR SAME ¥ k10, Horp LR 2040
PR SAUE K, 420.99+0.69. TifkEho4l
SAHE /N, 1 40.04+0.01,

2.4 pHXI L EA KT & 75 SIS

pHXT AL 5 47) W5 A7 #0305 7 H g 5% R (R 2) .
PUREE 1 KA, SRYJ/NT90%, DipH 6.5, A
89.11%; TMi#EpH 5.5H ik B H Mk, 416.48%. pH
9.5t WIMHT a3 dINEERIET . LipH 6.557.5
S AEIE I K, TTik7 do SAMEBEpH I+ 3
RS F TR FREGH, fEpH 6.541 ik 5| g
5, $}9.78+0.47,

25 REXNESRHAYEE KRNI

2260 dFEFASLIR IS, FRAAER E 304 B &R IR
Ji . WGR., SGR¥J & EM TLLho5 & Ehas54
(P<0.05)(#£3). SRy LIMEEE o i, M

91.8%. HSITE&FHEZH LR FH2EZ R, MTE
VST E K ER 05 7241 £8 i 30[8] JC 1 3% 22
S, PLE R 454 VSIHE £ i (P<0.05),

Xif AL #5540y £ B O AR I E b, 303k B Ab
P (R AE S R BG5S UE R R M ) B
5o BRI IS RN E b, KR o R, &
R4S E AL, R4 25 B 3% (P<0.05),
JH W e 2 A T 0 1 0, 4 R R A T 1 A
b Wy 5 Ak Wl 0 R OC O MR 2R R TN
(MDA)Y I v, FR5E 3 2 302H MDAH 1 3 IX
TR 04 5 15 #4540 (P<0.05)

3 iR

3 BENHYZHINFELIBEFEED
aEA

T £ BT AL 5 320K B R AL 52 i 19 A 5T
RO SRS A8 20K O /e R 13~
31, BREmE A, (AR 13~16 5 #3141
P14 07 A 3 50 0 T W R A o B AN X g
77 9% BH AE B 320K B0 B R AR B 5T R e i, R

*2 RPYBFEENRE. FRpHEGTHEERRERENEY
Tab.2 SR and SAI of L. maculatus newly-hatched larvae without feeding at different pH

{7 E LG AR R B 7735 % /% SR of larval L. maculatus post hatching

pH SAI
1d 2d 3d 4d 5d 6d 7d 8d

5.5 16.48 7.69 4.40 0.00 0.00 0.00 0.00 0.00 0.45+0.04*

6.5 89.11 82.18 68.32 52.48 39.36 11.88 5.94 0.00 9.78+0.47"

7.5 78.79 63.64 51.52 3232 25.25 8.08 3.06 0.00 6.86+0.45°

8.5 52.43 30.10 22.33 16.16 9.71 5.83 0.00 0.00 3.28+0.23"

9.5 24.51 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.25+0.03"

#3 TRIBEMEHHEER, FFEE, EER, FEEKE. FHEHREAEHNZN
Tab.3 The effects of different salinity on the growth, survival rate, WGR, SGR, HSI, VSI of juvenile L. maculatus

izt i25(0) IEH#(30) T (45)

index lower S (0) normal S (30) higher S (45)
YIUEA TR /g initial body weight 0.1120.02 0.1120.02 0.1120.02
AR Fi R /g final body weight 0.76+0.02° 0.87+0.02° 0.74+0.03°
LG /% SR 91.80+0.68° 88.25+0.62° 81.08+1.49°
HER/% WGR 6.14+0.12° 7.16£0.19° 5.96+0.18"
R K FR/(%/d) SGR 3.28+0.03° 3.500.02° 3.23+0.04°
frAfe%u% HSI 1.96+0.24° 2.03+0.22° 2.19+0.25°
WA YRS % VST 12.94+0.12° 12.84+0.12° 12.38+0.09*

http://www.scxuebao.cn
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Tab. 4 The effects of different salinity on the activities of digestive enzymes in stomach and

anti-oxidant enzymes in liver of juvenile L. maculatus

EL7D {%25(0) 1EH#(30) £ (45)
indicator lower S (0) normal S (30) higher S(45)
B & A B#/(U/mg prot)  pepsin 72.09+5.03° 75.31+4.77° 68.86+5.41°
VERE/(U/mg prot) amylase 0.58+0.10° 0.41+0.13° 0.54+0.15°
g i/(U/g prot)  lipase 820.65+80.82° 605.07+23.56" 415.52434.12°
BB AL BE/(U/mg prot)  superoxide dismutase 63.13+£2.57" 67.64+2.34" 65.5+1.92°
N —E%/(nmol/mg prot) malondialdehyde 22.43£1.32° 13.62+0.62° 18.64+1.89"

15~3041 AL K F90%; R EE20~3041
W I RIS TF 5% ASBEIE T, 7EER B 15~351F,
16 675 52 K5 P P4 e WE Ak, 3E R AL R B VU oA
20~35, HirpEhgosA bR m, N68.42%.
Wi R, R EE20~35H /N TF15%, DIKER
1S B o AR SEERAS H A R AL R DL RS B Ak
JEYLH, SUAMRERE —Ex£5, TTHERN
T AL T A SRR AT A DT AL SR, SR
YRR % 5 S I 45 i a) v 77 AR T S g 5 2R
W, AR TR M R R E ) S AR TEORHRC L Y
FE, JF U AT N T B R A A B[R] DL R il AR
PR MR BE WA 7 55 o [RIE, S20KG BRI R AT R
R A I 5 B e, 6 7K o R S R, KO AR 1 2
ol AR R L 2 L, #R e Bk
A6 1 52 K5 P R AL R I . e Ah, AR SE G B
SEARRK I A TE AR B 30 K I P, R S ECHLE
EIAL R BV LA, A R — T

R 154, H e IR 5 A 6 B I e 1)
%, FIRELEBE M b, 5 R A2 UA B
1ESZ ARG B0 2R K, T AS R BH 1k 7K 2E A 528 B 1 4 F
PEASCT, (A AU IR ECH g it iR
ERISA SR ENG S & T 3053541,
Sampaio®§ "5 Y, )R A S H AR W 4B S M
MTEEE10~13, HEDARER 15485 0T 46 05 (U 55 %
A, HHTBEEY MR RS, b T
EEF RS T B, R TSN X &
SCHER B SAER L EEXT IR IR R A5 A I A
WEATf0 AR 24 W RS A DL A A, Ik 2z
K B 97 Lk B2 400 95 A1 1 e 220 05 5 100 a0 A7 2 AR
MIAF 5T AR WARGE , AR LR, 1
{5 52 4 B 1) 99 Ak B DL 5 i 4% A A7 3 15 0 2
A543 A, T A Db AR T 45 R B A 3 A A8 B L
SO B VR 22 5, AR B L0 i 4 Ak i &R
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SAUHE B R/IN— 5 32K 51 it e S P45 v B
PRI TS BEEAH G . RAR MR, WY
fh E AR O s AR AE AR ST R IR R A B
Bwysm, FEARBEILHRET, fFafgH
SRE R A B SATEAT VAL, —MESAUEME, 4
WRAT- A0 76 Sy AR . AE SATINE o S 56 FH 407 i
A H R R PEAT B AR S A 2 R T A 5K
0 Kb JHRLRE H i A BRI R A £ R AT IS S LA Sk
B, 02 HOR R AR A T A AT
FEGEAT 45 2040 N SAVELIN A8 o 1 & 30k 1% J5 s
P& T AT e AT DU 2 50, H A A X B
ST HSANH S BT sedE, (H B i hi i s 1 e
FMFT SR AT AR R, BRZ S A%
T SAMERIE . J5# B —E R EolEsk
R A PR e L S SATE B HERR M, (HIL
A R Bl N RS 4% 52 56 4 B E AT SATE AR 5T
[) ) A5 S PR A= 7 o, 2% IR B ERBEOR BE S 7 A 36
Bk R e 2 — B, WIS H IR EA 4
TELRR AT o A SR I R AL B W0 AT
AT A& SR B BT S . SR B, WIEAT
TH N B R IR K 8, SRR, ATREE RAY
B B T RE AR A2 R TS, [ A
ARG, e mikgik . BARMEE, ThE
PR K e NS, TR 15, 2020 A7 15
B T IR AR BE 30K A, b AR 2040 11y
AT DL BB E . ILE5 R 5 Tohnson %5 I F 5E 1
X 47 85 (Dicentrarchus labrax)ff (4735 . K
SN ) 45 SR A — B TR R AL BE2H A H SR K i
K SAUERAR, T AHE 5 A1 32 37 e 9 55 AL
EARGEHBA RN, KR 2 B AR R
K, ntRaEEACH, RATEAARSRT R,
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3.2 pHX T80 5245 DRI AL R AN % AT &% 180

A

R Z RGO — 2R B AR
B, G2 HERY, KA EpHiE i i
Fz 5% ) 55 00 28 0 A AH S B 00 15 1, 6 R Ak
PERR A R, it S0 AL X pHIK 2 AR 5 Y
WAL, ARBFFEH, FEpH 5.5~9.53 [l Y 4 fg
MEAL 4B B A fn, {HpH 5559 540 Y BEAL R L 3
T HALL . dRL2UkAL PR, pH 5.559.5411F
i AHRIET, LIpH 6.54 SR, #10.32%. 5
AR AL BRA AR L, A8 B0 R AT fa X pHAR AL R
R, LR AL R T A LB 5 T AR
AbFREH , N Ah SR BT pHI R R AR AR AN A
T AL 5 B A D T8 B T RFR Y FEAE S pHE
F1 A BE A (Epinephelus coioides) S ¥ UP AL A9 52
i H 20 A5 R 3 pHE [ R 6.5~7.5 . AR SL IR 15
H S B pH N 6.5~7.5, i FRFE KR pH 7.9/
A, UL KRR Bid pH, @ X Hok — 20 R
5% K AL BRI AT 0 S g v, DL L
dif, % pHZALSREI/NTF90%, LipH 6.541 5,
$989.11%, HorPpH 6.557. 52 fE 1% ] fc |, W]
K7 do SAMEFEpHI T SRR SE FTHE N
¥ ZEpH 6.541 ik BIWE(E , 49.78+0.47, ¥
IR, TEBRI AT o fn = 55 R A B . 5K & AT
W58 pHXT ¥ 68 7R 7 i (Takifugu xanthopterus)3Z A
B Ak AT S Ty v, A pHAES.5~9.0
TEFEN, pHARLXT HAT i SAUE L WA K o 1428
2 10 2 AL 80 E B pH— O B PR 1, [
A fkE FAEpH 7.50F, HAREAMTE 1™, Kk
e B A6 B 0% Ak P AF AE 1 T AR AL AT HR 5T
i Lo BB S M

3.3 BEMNEYRAYEE KNI

T & f I AR 7R TE IR B 0 8 2 K A 25 TR
B 25 R AR B, AR S0 ot iR B2 A 301 A B
R Gyt A7 2 W R B PO 3%, K o R A SR
JE X AE 5 5L )y 0 AR K R S e 0 T Al B R 1
R RLRS Y R e AR A B K O . SERE AR BR b,
FRAAER BE3O LR IR Tt . MR | FrE A K
R FE AT HA 4 (P<0.05), SR LUK EL 040
HHF, R Eh 454 SRAL A 81.08% ik L il A=
A7 48 B AT A B0 M Sz e 4 A G S5 £
FE A R I e Y HSTAE 4% £h BE 41 6] G i 3% 22
5, M VSIFE i £k 4541 R AIK(P<0.05) . Wit h B

b B R 51 R AR 5 5L 4 o 1 R S B0 AR
b, T ER 4SS SO B B ERAL, WTRES &
AR b 2H Ao A, RN IR A OG . FEXT
A6 85 E A7 R[] L A5 R R B R R B MCA (i
BEWHER) . PACKEME IR ) X SARE A R )4 5 Xt iR 41
FO(f i AH I, FLARARTR . a4 KR S
AR F AR, H AP MCAZH A VSIS X FEZH A1 1
B TFEAR, MPAKSAZ VST OA(T /\GHER) .
LNA (a- V. R iR ) 2 N-3 LC-PUFA(n-3 K 55— Z ANy
UG 17 192 ) ZE AH LUAR Sk 35 B AR, 7T D38 43 VST 4k,
AL ARG Kb B 5 552 565 A 1) 4 BRER B0 2R AT AR

£ BB 0 PT 5 RAH G Ak il
(AR AR At 4y £0 B U AR B D e, 3
£ B A A 1) AE AR G S R O 1 ) E
F2ES . MIAENG W7 B D T, & R R AL
ZRWE, Imihas4 AL (P<0.05), e £
2N A FRBHSER G, A ER 2 S0 R A S
FRIE R, WA MM ERSH RS, W
BEOBGS @M E IR EES, M
I U7 it 355 1 A v b B P R A, R R
D AR B AR, 0T R 5 I A2 B A OGP
A s AR NP RS, H4EREA
Sy g R B 1 E A T A A, SODA] B 1k
PR E R S A, MDA A AT Sz e 240 i
AR R B R0 AR ST T R Ak il I
JE T, SODE PR 7E &5 B b B 2H 7] JC i 35 25 57
M AEMDA R I Hr, 558 48 2 304 MDA K F- i
FAR T HAb 4 (P<0.05), WifkE05 w5 Ehas541 7] G
I FE 25 . SODIEMEAE = b 454 Ak, (HARA
R FEAKY . TR FET, sliRAEYIK
P 58 77 A R G R 4 B BB (ROS), T
il 7 SODIEPE, M NEARMDAZK - Hh Al & i,
FRFE R BE30L 77 A 1 T M AR, LA T A B
(MWERE TR WMER SR EERKEB PO FE
), MiRER 05 m $h 4541 IMDAK - 3% = T 7
FA B3040 (P<0.05). #IAE N KR 05 R 454
XoF L B AR AL B 4y £ 7 A B R, B AR AT,
fe R A5 Ry IR VAR ER BEHE R BOE BRR, T
Aeti A R B 30M LU AR BT, b IR T AR
TF 5 6 B Wy 360 %) 46 15 4)) £00 Ji7) 18 Bt S8 A6 RE T 5%
A R R 25 R AR B OE B AR K B AR 2R
L, AFX LT T — BB 4y, AT
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Effects of salinity and pH on hatching and larval activity of
Lateolabrax maculatus

LIU Yang, WEN Haishen’, LI Jifang, ZHANG Meizhao, LI Yun,
WANG Xiaolong, CHANG Zhicheng, TIAN Yuan
(Key Laboratory of Mariculture, Ministry of Education, Ocean University of China, Qingdao 266003, China)

Abstract: In order to set up a scientific basis for the suitable salinity and pH and promote early seed extension of
Lateolabrax maculatus of northern China, in this study, we used different salinities (0, 15, 20, 25, 30, 35 and 40)
and pH(5.5, 6.5, 7.5, 8.5 and 9.5)gradients to investigate the hatching rate and deformity rate of fertilized eggs, as
well as the vitality after 10 days’ starvation in spotted sea bass. Meanwhile, the survival rate (SR) and survival
activity index (SAI) were measured for newly hatched larvae during starvation experiment. Finally, we studied the
effects of low salinity (0), culture salinity (30) and high salinity (45) on the growth performance of juvenile spotted
sea bass. The results showed that the optimum hatching salinity was ranging from 20 to 35, with the highest
hatching rate appearing at 25. The optimum pH for hatchery was 6.5-7.5, and the highest hatching rate came at pH
6.5. The lowest hatching rate and the highest deformity rate were found at low-salinity of 15, however, the survival
rate and activity of fish at salinity of 15 was significantly higher than that in 30 and 35 groups. We speculated that
salinity 15 approached the isotonic point of body fluid in L. maculatus. At the isotonic point, energy consumption
for osmotic regulation is saved for better survival and growth. The results will provide more detailed guidance for
L. maculatus cultivation. During the starvation experiment, the survival rate of newly hatched larvae was the
lowest when facing fresh water (salinity of 0) stress on the first day, while the survival rates of low salinity groups
of 15 and 20 were significantly higher than those cultured in 30 group. The survival rate in salinity group of 20
declined relatively gently, and the survival rate on the 8" day is 12.66% (0% in the other groups). On the first day
of starvation, the survival rate of each pH group was lower than 90%, and the maximum survival rate was 89.11%
appearing at pH 6.5. Compared with the salinity treatment, the larvae were more sensitive to pH change, because
the hatching rate and final survival rate were much lower than those of salinity treatment group. For the salinity
treatment to juvenile spotted sea bass, salinity groups of 0 and 45 would have greater damage to them, and the
salinity of 45 was the most significant, which should be the upper limit of seed salinity extension. While the
culture salinity of 30 was relatively appropriate. The results of this study will provide a scientific basis for setting
the suitable salinity and pH for the breeding and enhancing the hatching and the survival rate, as well as promoting
early seed extension of spotted sea bass in northern China.

Key words: Lateolabrax maculatus; salinity; pH; hatching rate; survival activity index; growth
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