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Tab.1 The characteristics of fertilized egg of hybrid grouper (Epinephelus fuscoguttatus ¢ xE. polyphekadion ) under different salinity for 2 h

n=3; XxSD

3 salinity Ji{2/mm egg diameter

k42 /mm oil globule diameter

T ER 72 F/mm? oil globule volume

18 0.8987+0.0034°
21 0.8983:0.0038°
24 0.8846+0.0018"
27 0.88030.0007°
30 0.8802+0.0007°
33 0.8801+0.0007°
36 0.8800:£0.0007°

31(XHB4 control) 0.8801+0.0006°

0.1975+0.0022% 0.0040+0.001*

0.1977+0.0018* 0.0040+0.001*
0.1979+0.0012* 0.0041+0.001*
0.1980+0.0007* 0.0041£0.001*
0.1979+0.0012* 0.0041+0.001*
0.1973+0.0007* 0.0040+0.001*
0.1973+0.0007* 0.0040+0.001*

0.1974+0.0008* 0.0040+0.001*

T [l F e b AR AN [ 5 B3R n £ % 2 18] 1 22 5 1 35 (P<0.05).

Note: Values within the same column with different letters are significantly different (P<0.05).

26 5(P>0.05), MELERT 27 B4 X R4 2
6] B AR AT 1 3 22 57(P<0.05) . 32 K5 BF (I BR A A i
BRASARAS 21 5 X0 R4 22 (8] 3 6 . 35 25 5% (P>0.05).
22 HENZZAREZRINBUERENBT
& W R B S

TEARMEGR SR, 2428 A0 B 68 32 K5 B0 7 56
18~36 HIfeMF At 1), W 1 al A, plih
) ETE, bR T R T RER AR AL, T
T R AR S (B 2). SRR 7 2250 B R B,
R B X 325 O Ak 36 B ) IR A - fa B T R 3504 J 2
S (P<0.05), $RPE 30 41, $hE 33 A5x4
i 3 2% 5 (P>0.05), 117 H At R B2 20 5 % iR 21 22 (]
PIA B35 25 5 (P<0.05) . 28 8 5 WE AL R K WP 2R 11
KA H—Ic ko B ik (B 1. Kl 2).

1007 _ 0388132+ 24.47x — 319.08
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Fig. 1 The hatching rate of hybrid grouper (Epinephelus fuscoguttatus
QxE. polyphekadion 3) fertilized eggs under different salinity
Values with different letters are significantly different (P<0.05).
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¥ =0.3987x2— 25.962x + 430.31
R*=0.9525, n=3, P<0.05
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N OB o ®
(=] (=] (=]
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ERE salinity
K2 ARFREE AT A5 A B mIE R 122 1k
S TR B 2 7R £6 B 41 (] Y 22 57 1.3 (P<0.05).
Fig. 2 Abnormal rate of the newly hatched larvae of hybrid
grouper (Epinephelus fuscoguttatus @ xE. polyphekadion ')

under different salinity
Values with different letters are significantly different (P<0.05).
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Tab.2 Volume of yolk sac of larvae of hybrid grouper (Epinephelus fuscoguttatus ¢ xE. polyphekadion ) under different salinity
n=3; XxSD; mm’®

¥ salinity

¥4 newly hatched larvae

1 dfffa 1dlarvae

2 d ¥4 2d larvae

3dfffa 3dlarvae

18 0.1115+0.0014° - - -
21 0.1115+0.0009° - - -

24 0.1103+0.0015¢ 0.0405+0.0015¢ 0.0099:£0.0003° 0.0001£0.0000*
27 0.1036+0.0040° 0.0352+0.0007° 0.0069+0.0001° 0.0001+0.0000°
30 0.1036+0.0041° 0.0269+0.0024° 0.0076+0.0002° 0.0001+0.0000°
33 0.1037+0.0037° 0.0231+0.0005° 0.0076+0.0002° 0.0001+0.0000°
36 0.0942+0.0059* 0.0184+0.0003* 0.00670.0005° 0.0001£0.0000*

0.1028+0.0039"

0.0273+0.0024°

0.0076+0.0002"

0.0001+0.0000*

314 HE4 control)
e A28 EARAS [ Bk 3 7 5 B 20 ) 1Y) 22 53 i % (P<0.05).

Note: Values within the same column with different letters are significantly different (P<0.05).

#3 AERBETREXAWREFEMKERHTN
Tab. 3 Oil globule diameter of larvae of hybrid grouper (Epinephelus fuscoguttatus @ xE. polyphekadion &) under different salinity
n=3; X+SD; mm

HE salinity VIWFAF £ newly hatched larvae 1d ffffi 1dlarvae 2 dffff 2 dlarvae 3 dffffi 3 dlarvae 4 dffffi 4 d larvae

18 0.1632+0.0108 - - - -
21 0.1621+0.0078 - - - -
24 0.1611+0.0012 0.1334+0.0022 0.0895+0.0022 0.0608+0.0020 -
27 0.1612+0.0007 0.1334+0.0022 0.0895+0.0022 0.0606+0.0013 -
30 0.1623+0.0070 0.1336+0.0016 0.0900+0.0025 0.0615+0.0010 0.0410+0.0007
33 0.1593+0.0032 0.1343+0.0018 0.0890+0.0024 0.0610+0.0012 0.0409+0.0006
36 0.1605+0.0006 0.1338+0.0020 0.0892+0.0022 0.0603+0.0012 -

3104 HE4H control) 0.1339+0.0017 0.0895+0.0022 0.0608+0.0020 0.0408+0.0006

T R — 8 _EARAS [ 7 B 3 7R £5 B2 41 1] B9 25 57 (2. 35 (P<0.05).

Note: Values within the same column with different letters are significantly different (P<0.05).

0.1569+0.0044

F4 FAEBETREXAREFELSKNTIL
Tab. 4 Total length of larvae of hybrid grouper (Epinephelus fuscoguttatusQ xE. polyphekadiond') under different salinity
n=3; XxSD; mm

L salinity WIFAF 10 newly hatched larvae 1 d ffffi 1dlarvae 2 dfffi 2 dlarvae 3 dffff 3 dlarvae 4d{ffl 4 dlarvae

18 1.4978+0.0382° - - - -
21 1.5048+0.0328* - - - -
24 1.5833+0.0396" 1.8544+0.0144° 2.3491£0.0373° 2.3984+0.0806° -
27 1.6033+0.0235 ° 2.2985+0.0164° 2.5778+0.0278° 2.5865+0.1134° -
30 1.6299+0.0244 2.5861+0.0267° 2.5766+0.0240° 2.5579+0.1046" 2.61420.0082°
33 1.5842+0.0495" 2.5686+0.0288° 2.5417+0.0487° 2.5815+0.0263" 2.6136+0.0074
36 1.5695+0.0336° 2.1396+0.0264™ 2.5818+0.0255" 2.5739+0.0242° -

3104 B4 control) 1.6131+0.0150° 2.5910+0.0225° 2.5491+0.0373° 2.5984+0.0806° 2.6159+0.0071°

W [l —FEE bR AN [R5 B3 7 R B A ] ) 22 57 Bl 2 (P<0.05).

Note: Values within the same column with different letters are significantly different (P<0.05).

FERE 33 dfFme K Sx R4 2 EJC &% R
(P> 0.05). 7£2 d fl13 diFfprBL, 5 24 447
i 4 K /N A AR B 41(P<0.05), #hF 27~36

ML 30 dfrfaekK 5X Rz E IR E 2R
(P>0.05), H:Ath£h B 20 11 fa 44 I 25/ T X0 IR
2H(P<0.05), 7EWHLE 1 d -l B, £hEF 30 41
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AT K 5 X IR T i 3% 22 5 (P>0.05)., £ 4d
frea B, R 30 415 33 dlfr s K5
Jo I 35 22 5 (P>0.05).
24 HEMEZTAWEFEFEANEZN

FEAS[R) R B2 T DU A 1) 2% 58 A Bt e A 1) AN 4
THAFTE B 5. e s g, R 21 2frfa
(AR AR BRAE, #F 24 h INFETE 0 0, 6 27~33
2 24 h AP AEE R E T 90%, 55X R4 Z E T
W2 (P>0.05); FhEF 27~33 41 48 h fFHAETE
REET 75%, 5XF Mz kR % %5 P>

0.05); FERFELU 72 h A7 A7 15 R85 g 25 /N T X0 B
4 (P<0.05). B 1 AN BT[] O RE K, #3h R
HPIWATFAFE 120 h Z N 2FRIET, FEERE 24~36
B, B R B3N, PR SAT {HEET
SR B R T 22 iR W, R X
JRAE A BEAAT A SAT A 3 25 5 (P<0.05),
ERRE 30 2H . #hEE 33 A S5 XA SAT KT 5,
H (] G i 35 22 5 (P>0.05), H 2 BOAE T | 31
eSS 3.5 K, HABERE AL/ 3
KA 3).

x5 TRBETHXAREFEFEE
Tab. 5 The survival rate of larvae of hybrid grouper (Epinephelus fuscoguttatus @ xE.polyphekadion ') under different salinity

n=3; XxSD
HFE salinity i [5)/h time AELVAE T Z B
- 24 48 72 96 120 the survival activity index
18 0.00+0.00* - - - - 0.00+0.00°
21 0.00+0.00* - - - - 0.00+0.00°
24 87.67+2.52° 57.33+2.31° 12.33+2.09° 0.00+0.00" - 2.39+0.11°
27 93.33+1.53¢ 78.00+2.00° 35.33+4.16° 0.00+0.00* - 3.55+0.11°
30 94.67+1.53¢ 75.67+3.51° 59.00+1.73¢ 32.33+3.06° 0.00+0.00 5.52+0.06°
33 93.33+2.08¢ 77.33+£2.08° 60.33+1.54¢ 30.33+2.52° 0.00+0.00 5.50+0.10¢
36 79.00+4.00° 57.67+2.54° 19.67+3.52° 0.00+£0.00* - 2.53+0.07°
31 IR 4H control)  92.33+1.15¢ 76.33+3.21° 66.33+2.51°  28.00+2.00° 0.00+0.00 5.56+0.04¢

T [R50 8 AR [R5 B2 B2 4L 1) 22 57 (2% (P<0.05).

Note: Values within the same column with different letters are significantly different (P<0.05).

WIBEATF 1 SAT{H (X) 5 3245 I EAL 8 (y) A OC
PEULIE 4. d & 4 AT, P TR AE B 3 (R 2 M A
XK & (y=11.715x+10.349, df=22, F=396.79, P=
0.000, R*=0.9475),

3 itig
30 HEMNZENLZEREBRAHNIMm

KA ER B 3 52 i 40 2 2 B N B 3 TR 1 R
SEVED, T B K R R . RN
B 1% Tl ok JE AR TR, ()2 R A
T RE S, BB B 1k S O S K i fiE AP
AWEFE T, ZAGIN O R B L T K
T HRZH (P<0.05), M =y 2k B 20 55 0 BR4H 22 1] 25 5+
REE(P>0.05), X5 4A711#(Oplegnathus fascltus)! !,
A A B U2 AR

T 7K i 22 K5 B 11 010 5 A AT f B T R L
P2 S WAL RIOR IR, J2 5 8 Bl R R off o 3 R

JE i bR =2 —U) 7548 oF % (Paralichthys olivaceus)
QxR F B (P. dentatus)d 24 38 TR A
(Rachycentron canadus)!'”! . B J¥ i #%(Trachinotus
ovatus)!"™ | A 7 B A U OV K f0 2 R IG R IR,
T T B BV BRI TR A, T A2 B0 D A R
JE 535 VA T AR R B0 IR BE A A R, AT 4K
UL ROR . bR B M E Y, Sk
WA 28 35 A RE 1 O, IR AT &
RREIEH VAT, SEORIGM & ST om0,
152 18 7 5 (Cynoglossus  semilaevis)!*! | 5 i 6
(Acanthopagrus butcheri)®*! | &6l Lafin
B0 20 eh R G R SRR KR TR 1 & B B
G TEARBGEH, 2545 B LRI R, & 1
FE 2 B AR S ERE R 23.5, A2
F 38 A B AT 32K BRI A0 F R BV R A PR . &
G 2~5 WYSEIEER, D 2R ORI S
W FE R 24~36,
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Fig.3 Cumulative survival rate of newly hatched larvae of hybrid grouper (Epinephelus fuscoguttatus 9 <E. polyphekadion ') under different salinity

100
y=11.715x+10.349
, 801 R*=0.9475, P<0.05
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SAI{H survival activity index

K4 s Bt SAT 5 ML R AR bk
Fig. 4 The relationship between the survival activity index
(SAI) and hatching rate of hybrid grouper
(Epinephelus fuscoguttatus @ xE. polyphekadion &) larvae

MR 6 B 5 Ak R g [mUE A RR (D 1)K 15098
TR E RIFIIEL T 31.5, RIGERIE 5miE K i
1A R (] 2) >R A5 SR A 1 £ R 32.6.
R 30 41, ERhE 33 4150 AL AH FL R R f
WY R AR, 4100 8 3% 22 57 (P>0.05), 4% 1 fTid
NN, 283840 BE A 325 B fead 46 B Y8 L D 30~33,
WIBEATF 05 ) S B45 2R (3R 5y W R B E 30~33 2
B Eh L, ARG, A A B 32 A

A, B i £ 3 3 Bl 30.5~32.5010) ik B £ 57
K IR i el b ol 27~351%, LA A Bt sz
K ORI AL B £h Bl 30~351%%1 X A B A A7
e BP0 Ak ol Eh VS R B, S AR ST PR W)
B o A B A S T PG ORI, K2
KR, RERE, BOA B IE AR — 2 e Y
B ER IR AR S L A RESE R, 7 O R Ak
JIF 2% B BT AL B 5 E ek E IR IR R B I BB IR . 2
JIE S PV AR A TR A T S S X
— W, R, SRR BN A PR R 2 D)
ST R | SRR B
32 HENPEEFEEKATNEZMW
HRFFEREM, RS R T At KB
AHWFFE A, ZA8 A7 B A1 £ B 3 98 5 BRU7E AR 36
ST R ER A T ER . R a8 5
FEPET IR & & A SR, KRR, 1
T 4Rk 038358 R R e e R, M k&%
T, WENEFEZHRERHATHTBEERER
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Effects of salinity on fertilized eggs hatch, morphology and survival
activity of yolk sac larvae of hybrid grouper (Epinephelus fuscogut-
tatus @ xEpinephelus polyphekadion )
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Abstract: Hybridization is the most effective thus widely used technique in the artificial breeding of grouper. Sa-
linity is one of the most crucial environmental variables affecting embryonic development in marine fishes. To
study the effect of salinity on fertilized eggs of the hybrid grouper (Epinephelus fuscoguttatus?xE. poly-
phekadiond?) in terms of egg diameter, hatching rate, morphology and survival of the yolk-sac larvae, fertilized
eggs were reared in seawater with different salinities, and the effects on total egg diameter, oil globule diameter,
hatching rate, abnormality rate, as well as the morphology and survival of the yolk-sac larvae, were observed. The
diameter of the fertilized eggs increased with decreases in salinity, whereas the diameter of the oil globule ap-
peared unaffected by the choice of salinity in the test range. Larvae hatched out in the salinity range 18 to 36, but
the rates of hatching and abnormalities were significantly affected by salinity level (P<0.05). With increases in
salinity, the hatching rate first increased at a salinity up to 75.5%, and then decreased at salinity of 30, whereas the
rate of abnormalities followed an opposite pattern. The yolk sac was almost completely absorbed within 3 days of
hatching at a salinity between 24 and 36, and there was no significant difference between the groups. Within the
same salinity range, the survival activity index (SAI) of newly hatched larvae first increased and then decreased
with increases in salinity. The newly hatched larvae had an SAI greater than 5; by 5 days after hatching they were
starved to death, with half the deaths at 3.5 days after hatching. The fertilized eggs of this hybrid grouper can be
hatched out in a salinity range of 24—36, with the optimal salinity at 30-33.
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