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Combined effects of temperature and salinity on hatchability of fertilized eggs of Sepia
pharaonis based on response surface methodology. HUANG Jian-sheng, CHEN Gang”,
ZHANG Jian-dong, WANG Zhong-liang, ZHOU Hui, TANG Bao-gui, WU Fu-hua ( Fisheries
College, Guangdong Ocean University, Zhanjiang 524088 , Guangdong, China).

Abstract; Using central composite design (CCD) and response surface methodology, the com-
bined effects of temperature (24-32 °C) and salinity (25-35) on hatchability and average
hatching time of fertilized eggs from Sepia pharaonic were evaluated on the basis of single-factor
tests. The results showed that the linear and quadratic effects of temperature and salinity and their
interactive effects significantly affected hatchability and average hatching time (P<0.05). The
hatchability increased first and then decreased as temperature or salinity increased. The average
hatching time decreased as temperature increased, while it increased after an initial increase as
salinity increased. The model equation of hatchability and average hatching time towards tempera-
ture and salinity were established, with the coefficients of determination (R*) being 0.9791 and
0.9774, respectively. The optimized results of regression equation based on a reliability of 0.985
showed that the hatchability was 88.11% when temperature was 27.6 “C and salinity was 31.1,
and the average hatching time was 21.8 d when temperature was 26.2 “C and salinity was 29.6.
Our results suggest that the hatching of fertilized eggs of S. pharaonis can be improved by rearing
with an optimal combination of temperature and salinity with the range of 26-28 °C and 29-31,
respectively.
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garis)%%gﬂﬂuﬁfﬁg 34 ~42 IEH Ak, L Ak
FEZVIRPR 5 3 N s R H g
TEHA S W PR R AR R 254 kA7, AR Y =y R
M, TEJE % B HE4.( Oreochromis miloticus) ( Likongwe
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Table 1 Experimental design and results

b AU BRI 2.09% AN REFH AR R fif B R 2% 1
(Adeq precision ) JE A BUF 5 5 M A B LUIE, KT 4.
0 MLh A B, BCRL (1) oK %% BE 3k 3] 21.859; 1547
(2) " R*=0.9774 , K IE ZEL R* = 0.9612 45 %5 Ji& 34
) 24.8 , LA LR PRI FRIE R AT

F2 WoR (1) B F=65.51,P<0.001 , ##!
(2) F=54.57,P<0.0001 , & B[] I A5 AUl Ipp 25 ; A5 761
(1) RAUIR F=6.15,P>0.05, B 5 (2) 4 2 421351
F=0.46,P>0.05, Bt WA Jir 8 57 AR RUAT 2%, d B AT
DIUHIREAL (1) FIAEHY (2) 430 2R 23 B A Tl i B2 5
B 5 X6 R BRE 1 W B2 A U 114 9 Ak S5 R0 S S5 0 A e [ )
450,

PIANMSL (1) 95 9% ' { DX [ 114 48K B 4 A {1 Jeg PR
PIRFE, a7 B RDE A B XA (E i
VUAF,2012) , FHER 3 00 R | IR X R BE S 37
K DI AL 2R A — YRR AN R RN 24 4 B 2 (P
<0. 01) 3 0 BEXTIRE AR A — R B8N AT R 500 3
W3 (P <0.01) 5 B 5 £ B XAk S5 1) B AR 8500
e i 2 (P<0.01) , FHER 3 RTINS PR 5T 5 3z
5 BT AR ] (1) — RO R KR AW 8 3 (P
<0. 01) 5 E8FE X WE Ak B ] 4 — YR R000; Fn IRk %
IR 0 3 (P<0.01) | JREE 5 3k B2 X1 15 g Ak et (]
A EAERON i3 (P<0.05) .

2.2 AT

HT Pl 1 R, BE A TR s Y BT PR B ik
AL R R LR N R AR LR TR
24~28 C ML 25~31 JuRIN 2 F T2k, iR
28~32 CHIERJE31~357L N2 FREBE &5

A i fE N IS SRR ]
BB T(C) RS IR T(C) RS (%) (d)
1 o 0 32.0 30.0 46.7523.10 21.65+2.09
2 0 0 28.0 30.0 85.50+3.04 24.32+0.83
3 0 - 28.0 25.0 55.25+5.66 28.82+0.99
4 —-a 0 24.0 30.0 68.50+2.59 32.02+1.22
5 0 28.0 30.0 85.00+2.12 25.04x1.06
6 0 28.0 30.0 88.75+3.10 25.29+1.06
7 1 1 30.8 33.5 70.50+3.79 23.02+1.72
8 -1 1 25.2 33.5 67.502.32 29.15+1.26
9 0 o 28.0 35.0 77.75+4.19 25.83+0.58
10 0 28.0 30.0 86.25+3.60 23.79+1.36
11 0 28.0 30.0 87.75+£2.11 25.86+0.58
12 -1 -1 25.2 26.5 66.75+2.33 33.32+2.20
13 1 -1 30.8 26.5 48.75+2.37 22.25+1.12
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Table 2 Analysis of variance for the effect of temperature ( 7') and salinity (S) on hatchability and average hatching time of
Sepia pharaonis embryos

A5 S S5 A A e Y175 F1H P1H
etk Y 2581.75 5 516.35 65.51 0.0001
5k 55.17 7 7.88
AU 45.35 3 15.12 6.15 0.0558
gl 9.82 5 2.46
ey | 2636.92 12

R*=0.9791 Adj R*=0.9641
Adeq precision=21.859

T A [ TR 154.75 5 30.95 60.52 <0.0001
B2 3.58 7 0.51
PRu 0.93 3 0.31 0.46 0.7223
4R 2z 2.65 4 0.66
pavill 158.33 12

R?*=0.9774 Adj R*=0.9612
Adeq precision =24.807

SR H PR St T [ T 5 TR 038 55 W DT
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Table 3  Significance test of correlation coefficient of re- 2300
gression model about temperature (7') and salinity (S) on "o
hatchability and average hatching time of Sepia pharaonis #*
embryos 27.5
AR OEE R 9S%EM 95%EfE P
M TR ERR
25.0
L, 86.65 1.26 83.68 89.62 24 26 28 30 32
T -5.72 0.99 -8.07 -3.37 0.0002 TREE (T)
S 6.79 0.99 4.44 9.14 0.0007 1 BESHEREXEEAMNERSWZHEIMMFHLE
=S 5.5 1.40 1.93 857  0.0073 HIMKESL%(A) NG E(B)
72 ~14.18 1.06 1670 -11.67  <0.0001 Fig.1 Response of contour plot (A) and its surface plot
I 975 1.06 _12.26 n 0.0001 t(;3') ?f tthe ett:fects of ltlertn[l)lell'?tl;}ire (f 2) a;;d salil'lity ( l;g) and
v 2456 o 2410 25 61 eir interactions on hatchability of S. pharaonis embryos
214 T -3.98 0.25 -4.58 -3.39 0.0001 2.3 *ﬁﬂﬁ:’ﬁﬁ
I S -0.95 0.25 -155 =036 0.0070 . y ey o s
. xS 1.24 0.36 0.39 2.08 0.0106 *E?E Denlz( 2007) E’\Jﬁ/%ﬁﬁﬁf%%ﬂéi‘ﬁﬁﬂﬁﬂ%
X, . . . . . = Ry e SH- 4 L]
o em os vs oo TEFSRUTEIEELAG R RO RAL (R 4)
¢ 0 om s iss oo GERER BELEMEHROLEUN R 05% F 3K i T

FR>A 85.20, FFR>K 91.03, #5975 B AN B Fe 40 &
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Table 4 Optimization of confidence interval of the effect of temperature and salinity on hatchability and average hatching

time of Sepia pharaonis embryos

M 137 {F THI{E brifE2E PR 95% A5 T IR 95% ‘&5 1 [R AE
WAL (%) 85.53 2.81 1.23 82.63 88.43 0.985
AR ] (d) 21.8 0.765 0.399 20.70 22.59 0.985

SRR A (d)

e 78
&@ ‘¢ \27.5 N ,7::;;)/’26 ﬁ‘g: (°C\
% 25.0 24
B B A] (d
35.0 — : S35 98 Ak ) (/)/
J y y
L |
| ( / 1
3250 | \ / _—
P \ \ g
= \\“ \\ /
2 30.0 \ 25 ‘
i 30 273 225
27.5
35
25.0 : - -
24 26 28 30 32
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2 BEEREREZEMEAMERSMZHEINFEIR
LRt E MRS S & (A) FING R E (B)

Fig.2 Response of contour plot (A) and its surface plot
(B) of the effects of temperature (7') and salinity (S) and
their interactions on average hatching time of Sepia pharao-
nis embryos

H27.6 C 311, FE MR A& T, LR A
88. 11% , Al {75 LIk 5] 0. 985,

XoF PR B 2 32 K OIS ST 57 90 A 1) Py [ ) A 7
b (3R 4) 45 R BoR  7EIR B 26.2 °C 3 29.6
iF, S 259 0% 4k s (6] e /N R 21,8 d, AT AR B 35 F
0.985,

3 i i

3.1 R BERT PEBE S A2 BN IREAL Y B2

i R = o bR el g e L ) I3k B
Wi 7K 7 22355 Bl ) 2 B B IR A =3 B A I 1) 25 (3
KAFAE,2006) . ASTRIEE R AL, 7E 3R 30, iR
24~28 CHMT , BEBE L IASZ AR U IBE AL 3 Bl I % T

R I b T, R B I 0 L B Al 0% 1 i 2 1
20 B R 25 P A B I R I AR 3 B = 3 v RO, P
Pt FERE A% ARSI 1) 3R B8 TR, AR AR 55 e 110
b, MEERT 28 CHf, bR 2 TR X
S ERGE (2013) XIEE 5545 (2010) BIBFFE S5 1B AR
ol FLI PR AT R 55 v T 00 1 90 Ak Bl 3% ), B I
[ i Tl e JUR IS 1A ) R ) o SR T A AR O (D27 T
&5 2005) , BT S BOE 4 IR IG K B A Uk, AR A
R, XX HE 5 AE (2010) 78 2 BE L b 1 B 5 4
WAL, TEEE 24~32 C &M, JR5E S 2 AE B1-F
A7 A P ] ot 0 2 v i 4 A B PR 45 R B2 IR
Tokt I ( Sepiella maindroni) (¥4 #2855 ,2010) U
H & ( Sepia lycidas) (FEEREF,2013) BTTEA AR
g5, EHAK = SR PE T, IS aoa K
( Mycteroperca rosacea ) ( Gracia-Lopez et al.,2004) K
P ¥ fify i ( Scomber scombrus ) ( Mendiola et al.,
2006) , 5 I S2 A P AE 38 H 00 T EE Y LA AL
Ti] B IR P T v T i R R
3.2 EREXS PR AN ORI AL Y5 e

S —HE | PRI W O A=K A= sh iy, A
RIS B 2 IR B B R W, AT 1
T LA (24 ~28 C) FIEREE (25~31) Y5, 8
B 32 K ORI AL S8 Bt R B b T 4 e, 3 PT g2
B TREE R0 Lo, FH T2 Rr O 9 SB35 TR T il
FriHAER e R 8D e TR A EWRR &,
DABOPEALARHE i 1 B WA s T 46 T 4 0 P A v
s 31) , B HE SR TN B & R
FE N A BB Y- U0 P RE VAR R ik
JWR I A B e R B S AL O 2 B
SRR KB S8, R BALFL R T 1 i
PR TE], AHALA 225 A HonT BE 5 IR R 40 i 7E = B
TEH iz shid B 2 BHA O (R BEDLAT, 19983 223058
45,2010) , ARSCHFFTSE RS 8 d A (2012) 751
F1%) PR B % W e 325 997 6 B85 91 L Oy 30 ~ 33 fAAE—
25, [RIINALTER IR RE 5 R B A0 X P B T
ZHEOBEA R SF AL R R m, SCE S
(2011) 45, JEBE S IR AN IR FE R 28 13REE T A7
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I 5 h e, UL R B I SZ A O AL 5 A AR A7 1 3
HARREVE R, X 5 ARSI MY &, RS
WA A FEIL A 35° Z p 4 30°M X, M R T
FINEARHT WK 78 i R, #h B v, W00 AT % i R
TE—E R m R B b A5, AR,
K 2RI NIR & B TR R Eh L T e SRR IG K & ik
T, TR0k I () 405 6L, T Rk fy A3 B4 #82 ( Epinephlus co-
ioides) (5K K55, 2006) ; AT BRI K £
2N NI I Ak I TR) AN 52 36 BE Y 5 i, i A% A 6
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G ZAEEA B EEE , 3% S 7 A [a] g K i
AR N B B A AR, YIRS 3 TR S5 G N
B AR IR RE ] 2 TAK AT, X
A B TR = A3 i b Ta]
3.3 RLEE S R X R B L W SZORS B R Ak 1 BAE
Al

KPS A R B R 2 B A AR R
(RIFEI | 5 FREE PR A AR A I AREEAS B Re A 1Y 1]
FERLIAEAS R A= Ak | Az 38K P bk 47 3 P R N
( Spanopoulos-Hernandez et al.,2005) . VLE A5
FW SN TR K s AR KR B A HER
SN H R PR 22 A1 B AR R0 B N 32 B G TE
Un Likongwe Z5(1996) . Imsland %5 (2001) Fl5H {5 55
(2012a) i AEWT ST 5 £h XS JE 2 B R (0.
niloticus ) 1a B} 1] FH R | K2 6 ( Scophthalmus maxi-
mus ) A B AL R e B B E i1 ( Oreochromis nilotic-
us) A K M BT E AL TGS J) X K B B AR HAERL
N7, ARER ST il B 5 Eh B A SZ HAE T, D504
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LV B I 1) 9 A 8 38 1 EARRO8E (P AE 530 R
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2 ) 1 TRV 7 S fE A2 R O AL 5 TP B B IR
BTN I T Y ks B A A AR i A
ARE A RG2S RS R R LR
] P A8 A AR A, AE S bR i R R 2 T34
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e LI e S Y = % U Y € T G LN B Y T
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RE, L, 0 Rk — D R AT K S R 455 [H
(R S B PR [B) 2 75 A7 7 B AR, DL B 4 b 4
SA SR
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