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Tab.1 Experimental design for tilapia fertilization and hatching rates and results

coded actual /% 1%

no. T/ S T/ 5 FR(£SD) HR(+SD)

1 0 0 27.0 9.0 82.52(£1.20) 78.78(%1.10)
2 —a 0 20.0 9.0 4.14(%0.02) 1.87(x0.01)
3 0 0 27.0 9.0 82.77(£1.60) 79.55(£1.30)
4 -1 1 21.5 16.1 7.14(£0.30) 4.90(£0.30)
5 -1 -1 21.5 1.9 9.88(£0.35) 6.32(%0.15)
6 0 0 27.0 9.0 85.00(£1.30) 82.47(£1.45)
7 0 o 27.0 18.0 12.51(+0.42) 11.33(£0.33)
8 0 0 27.0 9.0 82.73(£1.40) 79.09(£1.21)
9 1 1 32.5 16.1 13.64(%0.20) 7.87(x0.12)
10 1 -1 325 1.9 16.86(%0.15) 14.94(%0.10)
11 1 -1 325 1.9 14.80(+0.21) 13.26(£0.15)
12 -1 1 21.5 16.1 9.60(£0.04) 8.65(£0.05)
13 0 0 27.0 9.0 78.64(%0.85) 76.64(+0.95)
14 —o 0 20.0 9.0 6.05(x0.05) 3.82(£0.06)
15 0 0 27.0 9.0 82.27(%1.15) 79.50(£1.35)
16 0 0 27.0 9.0 82.80(£1.60) 78.73(£1.72)
17 1 1 325 16.1 12.26(%0.55) 8.25(£0.35)
18 0 —o 27.0 0.0 10.91(x0.15) 7.65(£0.05)
19 0 o 27.0 18.0 9.60(£0.65) 7.48(£0.08)
20 -1 -1 21.5 1.9 6.82(£0.02) 5.04(£0.01)
21 0 0 27.0 9.0 81.82(£1.48) 78.26(%0.76)
22 0 0 27.0 9.0 80.91(£0.95) 78.47(£1.28)
23 o 0 34.0 9.0 7.07(x0.03) 5.21(£0.04)
24 0 27.0 9.0 83.89(£1.68) 79.56(%1.80)
25 0 —o 27.0 0.0 12.41(%0.08) 8.62(+0.05)
26 o 0 34.0 9.0 8.18(£0.05) 7.32(£0.12)

(D]l =1.267 1 s 5 52 3 s =+ (X£SD) ;

3 ,
Note: (1)Axial or star points || =1.2671, central points were repeated five times for each experiment.(2)The observations of FR and HR were
computed from 3 samplings for each temperature-salinity combination (denoted as X +£SD). (3)Due to little change in multiple coefficients

before and after transformation, the raw data of FR and HR were not power-transformed.
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Tab. 2 Analysis of variance for effects of temperature and salinity on tilapia fertilization rate

source degree of freedom SS S8 MS F P
regression 5 30941.2 30941.2 6188.2 90.89 <0.001
linear 2 68.3 17619.5 8809.8 129.40 <0.001
squared 2 30868.7 30868.7 15434.4 226.70 <0.001

interaction 1 4.2 4.2 4.2 0.06 0.806
residual 20 1361.6 1361.6 68.1
lack of fit 3 1317.0 1317.0 439.0 167.14 <0.001

pure error 17 44.6 44.6 2.6

total 25 32302.8

AH R*=95.78%, KIE R R*=94.73%.
Note:R’= 95.78%, adjusted R*= 94.73%.

3 REMEEEEFRHMNBEEER
Tab.3 Estimates and significance test for coefficients of temperature and salinity in the regression equation established for
fertilization rates

parameter coefficient SE of coefficients ! P
constant —953.568 63.648 —14.982 <0.001
T 71.704 4.612 15.546 <0.001
S 13.665 2.228 6.134 <0.001
T -1.318 0.084 -15.650 <0.001
s? -0.735 0.051 -14.439 <0.001
TxS —-0.018 0.074 —-0.249 0.806
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x4 BREMBEXNFTEEBRURZMMTESF

Tab.4 Analysis of variance for effects of temperature and salinity on hatching rate of tilapia

source degree of freedom SS MS F P
regression 5 30342.9 6068.6 96.29 <0.001
linear 2 57.7 8707.2 138.15 <0.001
squared 2 30259.7 15129.8 240.06 <0.001
interaction 1 25.5 25.5 0.4 0.532
residual 20 1260.5 63.0
lack of fit 3 1219.8 406.6 169.98 <0.001
pure error 17 40.7 2.4
total 25 31603.4
: R?=96.01%, R*=95.01%.
Note: R?=96.01%, adjusted R*=95.01%.
0.001), (MS=2.4) ; )
, 1 )
R 96.01%, R 95.01%, ;
2.2.2 2 ,
5 s T S, ,
T 2 (P<0.001); , 5
(P=0.532), 2.3
2.3.1 ,
2.2 )
2.2.1 2 27.15C, 8.95,
, 80.81%, 0.95( 3)
, 2 3 ,
, 26~28°C, 6~10.5
( D, 2.3.2
77.64%, 27.14°C,
8.95, 0.94( 4
, ) 4 ,
; 26~28C, 6.3~10.5

*5 REMBENFTIEEFECERZMEIIFEEALNEZHIEE
Tab.5 Estimates and significance test for the coefficients of temperature and salinity in the regression derived on the
hatching rates of tiliapia

parameter coefficient SE of coefficients ! P
constant -947.532 61.2384 —-15.473 <0.001
T 70.821 4.4378 15.959 <0.001
S 14.353 2.1435 6.696 <0.001
T -1.297 0.0810 -16.016 <0.001
s? —-0.733 0.0490 —14.954 <0.001

TS —0.045 0.0715 —0.636 0.532
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Combined effect of temperature and salinity on the fertilization and
hatching rate in the GIFT strain of Nile tilapia, Oreochromis niloticus

PENG Jun', WANG Hui', QIANG Jun', LI Ruiwei’, WANG Haizhen'

1. Fisheries College of Guangdong Ocean University, Zhanjiang 524025, China
2. Guangdong Maoming Sangao Tilapia Breeding Farm, Maoming 525024, China

Abstract: We evaluated the effect of temperature and salinity on the artificial fertilization rate (FR, %) and hatch-
ing rate (HR, %) in the GIFT strain of Oreochromis niloticus using a Central Composite Design and Response
Surface method. The fish were reared in temperatures ranging from 20—34°C and the salinities ranging from 0—18.
Both FR and HR decreased as temperature and salinity approached the lower and higher bounds. HR and FR were
significantly affected by the linear and quadratic of temperature and salinity (P<0.001). However, there was no
evidence for a synergistic effect between temperature and salinity (P>0.05). After correcting for the negative cor-
relation coefficient, the r* values for the equations explaining temperature and salinity were 0.957 8 and 0.960 1,
respectively (P<0.01). Thus, these models can be used to forecast HR and FR in Nile tilapia. The highest FR
(80.81%) and HR (77.63%) were observed eggs incubated at 27.14°C and 8.95 of salinity. Our results may be used
to improve fertilization and hatching success in cultured strains of Nile tilapia.

Key words: GIFT strain; Nile tilapia; fertilization; hatching; central composite design (CCD); response surface;
optimization
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