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Effects of salinity and pH on the embryonic development and
larval activity of kelp bass Epinephelus moara
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ABSTRACT Kelp bass Epinephelus moara, a fast growing and commercially valuable ma-
rine fish, is considered as a species of the highest potential for marine net cage culture in the
temperate seas along the coast of Northeast Asia. It has been investigated intensively for aqua-
culture during the past several decades in a number of countries. However, little is known a-
bout its environmental requirements. In this study, the environmental impact on the embryonic
development and the survival activity index (SAID) of the kelp bass larvae was investigated under

salinity of 5, 10, 15, 20, 25, 30, 35, 40 and 45, and pH of 5.5, 6.0, 6.5, 7.0, 7.5, 8.0,
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8.5, 9.0 and 9. 5, with water temperature of (22+0. 2) C. The results indicated that the mini-
mum and maximum saliny for the embryonic development of kelp bass was 10 and 45, the mini-
mum and maximum pH as 6. 0 and 9. 5, respectively. Based on the development time, hatching
rate and deformity rate of the animal, the suitable salinity range was 15-40 , and 6. 5-9. 0 for
pH, and the optimal salinity range was 30-35, and 7. 5-8. 0 for pH. Salinity 20-35, and pH 6. 0-
9. 0 were suitable for larvae survival, and the optimums were 25-30 for salinity, and 7. 5-8. 0 for
pH. respectively.
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i (Blaxter et al. 1974;Moyle et al. 1988; % & 1991),

RYATBE L Epinephelus moara » 3¢ 3L 4 Kelp bass, {5 FK 5 5 F il BE ., 5 J& 6 & 90, §7JE H Perci-
formes. #88} Serranidae. g BV Bl Epinephelinae. G ¥ )8 Epinephelus, NiEGTERB BT 242, TESAMG
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1.3 HiELAESSH

WAL 3 (CHR, 200 = 0 H AT #0500/ 520K B %80 < 100

W I % (DR, Y0) = W7 H 0 W T2 fa 7 / 90 Hh AT F S0 80< 100

A (SR, %) =(N,/N,) X 100

Lo IR TP IR IF AN (D N, W LAETEEG N, R R . TEARF A AR & T 247 fa 25t
T AT AR AR IS R

k
SAL = >7(N—h) X i/N
i=1

P, SAT AEAENE 14880 (Survival Activity Index) , N 525058 4G i F A5 b HAF A3 T-Fras )
KECh; R REHF ) RIFFE T4

S VLB £ AR i 22 (Mean £+ SD)Y R, F| ] SPSS 17. 0 2 84 %F HR DR 1 SR #E47 8 3%
Ji 26 (ANOVA)Y G it 3 #r . 2 H IR ] Duncan [R5 M2 53 8 5 VR8P 2 0. 05, P<<0. 05 L 22 5 . 3%
P>0.05 A ZERARE .,
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B B 2R O LE S [R) 3 B2 451 R Ak Lo. - FELE Hatching rate
TOCILIE 1. R BV R ROy 10, BFROA 45, 4% %g:g; o W Abnormality rate
JE 15~45 5 Fl AR AT LS8 320K BF A SR Ak . e o g oIl
AR R (HROWE L T 3020 RN 15) . R 5ol b
JE S Bl Y 20.25.30.35 il 40 31X 5 43 #h 41 F 28;: )
¥ HR # K F 70%. 30 21 J i B {H . HR 35 = 01 B . A/W
820, TEERJE 20~40 i F A O A LB AL I 1] 22 5 10 15 2ghr§§;ini§0 35 40 45
SRR E (P > 0.05), HR X B 9 (o] )9 # & i
A LA A B H R R y=—3.680 X B AT A [R5 B 0 P-4 (840 ] 22 5% 5.3 (P<0. 05)
10 °2° + 0.0012" + 0.024x — 0.214, R* = Values with different letters are significantly different
0.942, Hrp y R0 b %, o [LFRE ), among treatments (P < 0. 05)

B 1z 80 BE A0S ORs DR TE A [] 3 B T 95 Ak 2 R0 9 4 422 5 T ¢

Fig. 1 Hatching rate and deformity rate of

I57 HE AT #1056 (DR, Y0 B & 32 745 Ak T A
[f] . LAER i 30~35 Ry fik. 20~ 25 Bf ik Z, 24k
FEARF 15 55 F 40 B, WIWEAT fa 19 DR B &8 7
B (P < 0.05), #hAF 40 41 HR RELEE 30 4147 . fH DR Fh & f il B4k B B A PR FF7E 30~35 Z i), 4k
AR R F AT R TR N 2 A0 T 4G L R i AR T O RO IR AN R A B, RS B AR Y R
JEFE N, % DR #4523 3% [0 5 4007, A5 8 B FE R v = 6. 348X 10 °2* —0. 0052° + 0. 1052 — 0. 685, R?
= 0.953, Hr y REMIER , o URIRE.
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E. moara embryos at different salinity

ZUUEBEAZ A I LE AR pH A0k T r9R LRI 2. pH FIRY 6.0, LR M 9.5.pH 6.5~9. 0 i
S0 P PRS2 4 9 4 T B S8 ORI 7 HR 3L 60% . pH 46 6.5~~9. 0 2Pk T (L7 fIE AL R[] 2 5 S 35
(P>0.05), pH 7.5~8.0 g B TG [F . Jodr pH 7.5 4fF F HR fei k8] 98% . 16 pH 5.5 &1 T . 324
W 25 5 o Bk 4 P T R pH 5.5.6.0 i 9.5 & £FF A0 3 41 HR [ 5 fls 4 41 e 2% 5 5% (P <
0.05) ., pHEETH HR W EHWPLE A, HEIHKE RN vy = —0. 0102 + 1. 8222 —8. 432(R*= 0. 909),
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2.3 HENZYAREFEFENNIMNE S 60 65 70 7§ 50 85 90 95
p
R I8 i 26 P R L0 25 077 B £ 907 6 R T AL (0 0
FIAF TG R (SR, Y0 MAELFIE I8 E(SAD L 1, Values with different letters are significantly
ML 5 £ 1d 55 TET. 4 10, different (P<0.05)
40 F1 45 W, SR 7E 2~3d B PLBERE . 4d P4 2T 2 mECO PR SZORE IR [A] pHL R T I A R0 5 A i e <
T EREE N 5.10.40 1 45 B, SAT {2 il % 5 A Fig. 2 Hatching rate and deformity rate of

E. moara embryos at different pH

BFH P > 0.05), 5 H A& HAH 2 7 8.3 (P<
0.05), #HHEEHN 20,25.30 M1 35 3 4 AT Ay P BOL T R A T 6d. il HE Bl . A 25~30 41K
SATE A B fe i o8 24. 5200, 42CER By 30) [ pb 3 BT 6d B A PRIEA 69 %1 SR, 10d & #FFET-. A7
TG I () e A ) — 21, el B . SAT SR Z RIMAF G SRR RO R, HER B AN y = —0.0022° +
0.0412*+ 2.003x — 21.392,R*= 0.992, H i,y {03 SAL, x [CFE .,

1 AYARENHFEERREARAEERGTHEREEREFENEHN
Table 1 SR and SAI of E. moara newly-hatched larvae at different salinity

SRR 5 AN ) K BRI AE 3 %

I SR of larval E. moara post hatching( %) SAI
Salinity
1d 2d 3d 4d 5d 6d 7d 8d 9d 10d

5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0040. 00"
10 32.0 7.5 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.50%+0. 23%
15 85.0 84.0 82.0 82.0 39.0 29.0 0.0 0.0 0.0 0.0 11.96+0. 76¢
20 98.0 96.0 95.0 89.5 80.0 61.0 30.0 18.0 0.0 0.0 20.5340.07¢
25 98.0 96.0 94.0 86.0 80.0 65.0 50.0 30.0 0.0 0.0 22.9640.13¢
30 100. 0 98.5 93.0 85.0 79.0 69.0 51.0 35.0 10.0 0.0 24.5240.42¢
35 100. 0 96.0 88.0 80. 0 76.0 67.0 18.0 10.0 0.0 0.0 18. 6440, 594
40 98.0 62.5 15.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.68+0.18"
45 98.0 5.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.09+0. 16%

TE <[] — S R AN [ 7 B (9 2 2R W 35 22 57 (P << 0. 05)

Note: Values within the same row with different letters are significantly different (P < 0. 05)
2.4 pHERYAHMEFEFENNZ N

pH XMt (A7 35 ) AR LA BB RS (R 2) . 8 pH 7.5~8. 0 &M N A7 g fe g, 7d BB
BOOET: AT By 8~9d, pH 2 5.5 BHF MG Jy 25 . 2d St BEROE TS, 4d 23858125 pH 9.0.9.5
RZ AFIRPEROE T R R TE 3~4d, S EEM AR pH #65N SATH#A T4 . BR 7 pH 5.5,
9.5 Sl HHEFREP < 0. 094, @A pH 6.0~7.0 5 8.5~9. 0 L B W P2 F (P << 0.05),

FEFEAS pH BB Y A7 SAT(E W2 S8 T 5 JG BRI, 2 pH 2 5.5.9. 5 BHw Ak, pH 2y 6. 5~8. 0 B}
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B & T Es . o, pH 8.0 B SAT {H &, K 25. 3340. 59, pH 6.5.7. 0 F1 7. 5 (k=2 . SAT{H# K F 20, pH 7.0
7.5 SR MA pH 8. 0 Ml 1~7d —H B A 1. 8d B ESE T2, SAT 5 pH ZMFF A IR 4R
BWER, HEER R v =—4. 71727+ 70.178x— 238.410(R*= 0. 865) , Hp y £ 3 SAL x {8 % pH.,

R2 ZYAHEVHFEEARARERE pH EHTHHEEREREFEBRNER
Table 2 SR and SAI of E. moara newly-hatched larvae at different pH

GRL R AEE NP & URERGTES

pH SR of larval E. moara post hatching (%) SAI
1d 2d 3d 4d 5d 6d 7d 8d 9d 10d

5.5 89.5 44,5 34.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.81£0.67*
6.0 98.5 85.0 68.0 66. 0 64. 0 51.0 16.0 0.0 0.0 0.0 14. 7540, 79"
6.5 97.5 96.0 88.5 83.5 80. 0 73.0 42.5 3.0 0.0 0.0 20,4940, 11
7.0 99.0 86.5 77.5 77.0 74.5 66.0 54.5 5.5 0.0 0.0 20. 0740, 23
7.5 100. 0 91.5 85.5 84.5 83.0 71.0 61.0 10.5 0.0 0.0 22.3043. 43¢
8.0 94.5 92.5 86. 0 82.5 80. 5 76.5 72.5 28.0 8.0 0.0 25.3340.59¢
8.5 92.5 75.5 53.5 45.5 40. 5 34.5 25.5 0.0 0.0 0.0 11.7440. 61°
9.0 90. 5 86.5 70.0 58.0 44,0 24.5 0.0 0.0 0.0 0.0 10. 7341. 05"
9.5 73.0 72.5 37.0 25.5 6.0 0.0 0.0 0.0 0.0 0.0 4.61+2.49°

T 6 — 20 AR AN [R] 5 B BB R 35 22 5 (P <C 0. 05)

Note: Values within the same row with different letters are significantly different (P <C 0. 05)

3 it

3.1 HEXBBABENFEENNZIE

R LIRS i K S A AR AR AR I R — . A2 A ORI f 7 BE W 28 AL ) 7 T A% A 5T A L HE
2yt M B =2 o AHIESE I 0 2 B0 B AR SR BRI R WSS L AR T I B v 2% A% AN S LR R e R
R 2 HIT AT 0.0 2 ORG O o B & AR E M R A M2 YT Fr - K- () 41 21 4k (Hypothalamic-pituita-
ry-interrenal, HPD) (Bernier et al.  2001) A B ZEVER . E A % (2002) 38 3 6 B X R 5 A B E.
akaara WA SE S K LI IG & & FIAT f0 A K B BOE 3R 90 [ i 22 %27 Faulk 45 (2006) 76 X 458 £
Rachycentron canadum Linnaeus 2l 0F 55 B, ) #0000 #8 BE O TE 52 P 5 F 88 A O F I8 B T 52 8 o L JIE
B 7 RS S R A KRR H SRR A G .

AR RE T VR i K R ) R T A R A R IR IE RS SR Ak I ] 0B Ak B G 4 A AR AR R Ok HI T ik i
KA 2006) . BRULZ ANt IR IS SE (2009) 3838 3 45 A1 88 Oplegnathus fascleus JRJIG B9 U015 B0 | OF 42 F0 i 2R
T30 R S 7 I A7 46 B2 O3B R B . AR AR AT L R BE X = B0 B A0 52 K B 14 5 i) T B AR v A R Ak 258 R IR TR 28 D, XoF
F AR I 18] FIBE AL J 30 52 i AN J 25 (P=>0. 05) o it JR I 55 (2008) X sl 1 BE AL E. malabaricus W) 34 1 2 7]
B AN TR R B a6 %k 902 A Bk ) £ 5% 0 22 572 K B 3% (P=>0. 05) , {HAE-LAF A BEta E. septem fasciatus H W55
b, BEE R R RS A I B AR R R B G BISE 2010 R RURLL AT RE SR B VBB DL 2R ELAY
e [m] 4 FH 3 B A ] 0 o BIF 50 235 5 2 1) 1) 22 S

1 8T DLE A B 995 8 T 5 L B85 A BP0 R A o A2 45 R RE Sk S Y ) 0 S DR A B AN
T AEFF R AR B 57 (Swanson  1996) , /K #2R AR 0 % B Br Be W #0 A — i 1Y & Eh Ju (3R 3D, 5 A&
A JLFP A7 B 28 LE » 2 S0 A B R A o R v ) A0 IR R T, DA 22 AR T e PR TR 2 L BRI
FEARAS KL AT BE U0 W4T 00 ) W TR AR 285 D0 26 B — B W] 0 A5 A2l L O S R R A Z 50 WIB sl Bk T
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PR A PR R TS B H 2 F 1A GER AR 1A BR AT U0 828 19 5 58D 5 88 Bk 451 L 107 5% K0 Bk 1a) Bt
SERRE (EJR IS4 20085 BHAE  2011),

R3 sHEREREEETEEME

Table 3 Relevant data of E. moara in comparison with other groupers

e S WS R N 0 R 3 R F 038 E R A 005 35 R N
#K L o . O .. - . o BERR IR
. Suitable salinity for ~ Optimum salinity for  Suitable salinity for =~ Optimum salinity for
Grouper e . Reference
fertilized eggs fertilized eggs larvae larvae
“E AP E. moara 15~40 30~35 20~35 25~30 AW This study
AR E E. akaara 24~38 27~35 21~41 — 1A 55 (2002)
LBt E. septemfasciatus 25~40 30~35 25~45 30~35 B EIZE(2011)
BHF AP E. coioides 15~145 20~30 10~40 15~30 ik ifF & %5 (2006)
SR B E. malabaricus 26.7~41.1 30.5~32.5 25~40 25~30 T JE 8 45 (2008)
" FoR il R
Note: “—” means no record

3.2 pHEHERBRAEMFEENNEN

pH 1Y m AR AE b 5 #2855 K AR AR 088 UIAH OC 4 ol i JVR I R0 L S A7 8 B B X /K 31 58 pHL 1% 52 17 B Ay R
(Jensen et al. 1972), BPREA B HA — &K IATEE ) pH 75— E L H N A X IR A B A7 KR, A
MR oA atin kG0 pH & HIEE D 6. 5~9. 0. 5FFA B E. coioides R i & H K pH & B H
(5. 5~8. 5)ALL , 2 S A 3 (P>>0. 05) GRIF R E  2006)

SR EE (199D @t it Hypophthalmichthys molitrix B Aristichthys nobilis \ 544 Ctenopharyng-
odon idellus FREK Misgurnus anguillicaudatus JLFPIR K A 1) 5245 U9 A0 0 S a1 RE 724K pH /K3EF . A 96h
IR F A, S B B IR JIG H AT S U . AR m 80 BEA ARG IR pH & BIE 6. 5~9. 0,47
iy pH & HIEE N 6. 0~9. 0, BEA B EN LG AT 80 10 245 HIEHE W 2 A2 %, [N EARF pH
B EE R SRS ORI AL A8 A B2 (P <Z 0. 05) , TR JE A 22 e AN B35 (P=>0. 05) . 43 Hr J5t I A K 4 pH 3 A%
S DR AR T Ao R 2 O BV A | AR VR i Ao R R R SE T

TR U AT f S OIS B B R R A AR A i 3 U pH XA I B 52 ) T 0 e URAR S T 4
RAAF- 1 38 DA S fe 4 0 A AF 16 3 38 BOR AT BN . — T & SATAE BOR A (36 ) 8t o 4 A1 5C SCRk i
W, B E R Il Taki fugu xanthopterus pH & TLF0E N SAT{E N 48.47~61. 743k i K% 2007) ; A BBk
i ff 1 (Oreochrom is niloticus X O. aureus)pH @& 'EHILE M SAT{EATF 29.09~33. 30(5  &RE 2009 ;4
WAL N 22~24 (5K K55 2006), m8CA KA pH Hid Ju Bl A SAT N 22. 30+3. 43~25.3340.59,4
pH 4 8.0 B} .14 1 SAT 5 & (25. 332£0. 59),

L5 LTI TE m B B A B AR b O CRAIE A R 1 I A 8 L 3 52O ORI AL K ) BE AT ) 3R TE
Kl 2240, 5 CEAFN AR 3 I 28 DL R AT A7 6 R B (SAD 8 8 e 3l [l 30~ 35, pH fig i v
N T.5~8.0, £ ¥ 1] 2 A A7 78 A B PR R b 75 TR AT

2 % X M

FWA L DT B, AR . 2002, R T O R A BE SRS B R H IR R B (005 T3 BRI, K AR 26(4) : 344-351

ERM, SREH. 1998, PRI 7 X iy 7 £ 6 K5 09 M R IAT 0 50 17 W08 . IR, ()¢ 50-52

ARICHh. 1962, R, Jbur. Bl ik, 642

BEORE . B 8. DE%E, BAW, EHi, 2440, 2011, m8CA M (Epinephelus moara) B W R T BB 54 K. BWEES5HI0, 42
(6): 822-829

KT, Bk B, BAU, D3O, BRI, 2012, mauA B YR RN DR E BORTF R, ol A5 B 5 R, 27(1) « 47-53
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TR, 25(2): 31-36
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