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( 2
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21 30-50 122 d
0.1 cm (114.836+25.343) g (213.861£38.604) g (1)
0.1g RGR 0.707% DGR 0.812g/d SGR
(COD) 0.509%
G17378.4-1998 DGR SGR
Fe Mn (P>0.05)
(2
( 3
1.3
Mean+SD Excel (79.620+13.007) g (238.086+46.307) g
SPSS 17.0 (D RGR 1.631% DGR 1.229g/d SGR
(One-Way ANOVA) (P<0.05 0.898% 2 3
) SPSS 17.0 Curve Estimation DGR SGR
(Residual sum of squares, RSS)
2
( R 2.2

(Relative growth rate)
RGR=(Y—-1))/[Y1(t,—11)]*x100%
(Daily growth rate)
DGR=(Y-Y)/(tr—1)
(Specific growth rate)
SGR=(InY,—InY1)/(t,—1,)*100%
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1

(18.907+1.569) cm
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SPSS 17.0 Curve Estimation (TL)
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Cubic R? (0.967)
(TL) 0

TL=—0.006£+1.622¢+13.954
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Tab.1 Growth characteristics of young fish of E. septemfasciatus and E. moara (Mean£SD)

Groupers Date (Y-M-D) Weight (g) Total length (cm) Body length (cm)
E.septemfasciatus 2012-03-21 114.836+25.343 18.907+1.569 14.895+1.054
2012-04-21 139.818+35.538 19.584+1.317 17.296+1.212
2012-05-21 177.660+50.235 21.357+1.460 18.249+1.135
2012-06-21 202.564+70.607 22.782+2.112 19.559+1.908
2012-07-21 213.861+38.604 23.097+1.222 20.556+1.072
E.moara 2012-03-21 79.620+13.007 17.35+1.036 15.206+0.919
2012-04-21 118.036+20.600 19.552+1.291 17.346+1.047
2012-05-21 149.830+20.903 21.292+0.851 18.525+0.988
2012-06-21 200.790+52.202 22.897+1.970 20.679+1.926
2012-07-21 238.086+46.307 25.077+1.458 21.614+1.394

N=30-50

Note: The quantity (N) of every batch of measurement is 30—50
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Tab.2 Daily growth rate (DGR) of young fish of E. septemfasciatus and E. moara

DGR of weight (g/d) DGR of total length (cm/d) DGR of body length (cm/d)
Measurement No.
E.septemfasciatus E.moara E.septemfasciatus E.moara E.septemfasciatus E.moara
2 0.806 1.239 0.022 0.071 0.078 0.069
3 1.261 1.060 0.059 0.058 0.032 0.039
4 0.803 1.644 0.046 0.052 0.042 0.070
5 0.377 1.243 0.011 0.073 0.033 0.031

x3 tHEMENZYARaNE HEEKRE
Tab.3 Specific growth rate (SGR) of young fish of E. septemfasciatus and E. moara

SGR of weight (%) SGR of total length (%) SGR of body length (%)
Measurement No.
E. septemfasciatus E. moara E. septemfasciatus E. moara  E. septemfasciatus E. moara
2 0.632 1.271 0.113 0.384 0.481 0.423
3 0.800 0.797 0.287 0.283 0.180 0.220
4 0.423 0.942 0.210 0.235 0.223 0.355
5 0.183 0.570 0.050 0.303 0.167 0.147
4
Tab.4 The model summary and parameter estimates (total length & days)
Model summary Parameter estimates
Function R R’ F df  Sig Constant b1 b2 b3
Linear 0.979 0.959 69.894 4 0.004 15.356 1.158
Logarithmic 0.978 0.956 65.329 4 0.004 12.589 5.463
Inverse 0.958 0.918 33.769 4 0.010 26.318 —23.663
Quadratic 0.982 0.965 27.341 4 0.035 13.595 1.924 —-0.077
Cubic 0.983 0.967 29.095 4 0.033 13.954 1.622 0.000 —0.006
Compound 0.978 0.957 66.258 4 0.004 15.998 1.057
Power 0.979 0.959 70.318 4 0.004 14.006 0.261
S S 0.962 0.926 37.687 4 0.009 3.296 -1.133
Growth 0.978 0.957 66.258 4 0.004 2.772 0.055
Exponential 0.978 0.957 66.258 4 0.004 15.998 0.055
Logistic 0.978 0.957 66.258 4 0.004 0.063 0.946
(17.350£1.036) cm 2.008¢+ 11.540
(25.077£1.458) cm (1) SGR 23
(P>0.05) « 3
SPSS 17.0 Curve Estimation (14.895+1.054) cm
(TL) 0 122 d (20.556%1.072) em( 1) RGR
( 5) Quadratic Cubic R2 0.312% DGR 0.046 cm/d SGR  0.264%
0.997 ( DGR(  2)
) (TL) SGR( 3) (P>0.05)

) TL=—0.0137+ (15.206£0.919) cm
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5
Tab.5 The model summary and parameter estimates (total length & days)
Model summary Parameter estimates
Function R R’ F df Sig  Constant bl b2 b3
Linear 0.998  0.997 947.281 4 0.000 11.834 1.880
Logarithmic 0.993  0.985 200.839 4 0.001 7.401 8.831
Inverse 0.973  0.946 52.623 4 0.005 29.593 —38.246
Quadratic 0.998  0.997 322.373 4 0.003 11.540 2.008 —-0.013
Cubic 0.998  0.997 322.373 4 0.003 11.540 2.008 —0.013  0.000
Compound 0.996  0.992 385.140 4 0.000 13.467 1.094
Power 0.997  0.995 592.160 4 0.000 10.854 0.423
S S 0.984 0.969 93.972 4 0.002 3.451 —1.846
Growth 0.996 0.992 385.140 4 0.000 2.600 0.089
Exponential 0.996  0.992 385.140 4 0.000 2.600 0.089
Logistic 0.996  0.992 385.140 4 0.000 2.600 0.089
(21.614+1.394)cm( 1) RGR 0.345% DGR
0.053cm/d SGR  0.288% 2 3 W=aL" (")
DGR  SGR (BL) W=0.436BL* " (R*=0.959)(
(P>0.05) 1)
3-7 3.475 2702 2.923 2.707
2401
2.462 (P>0.05)
220} . _ 3.083
L 200 1=0.436x2055 mw) (BL) W=0.018BL
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= 1801 (P>0.05)
2 160t
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1
Fig.1 Regression curve of body length and weight for
young fish of E.septemfasciatus 3
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Tab.6 Relevant data of young fish in comparison with those of other groupers in recirculating aquaculture system
Weight Body length
2 Species
Reference
DGR (g/d) SGR (%) DGR (cm/d) SGR (%)
Acipenseninae schrencki 2.786 0.630 0.129 0.260 , 2004
Cromileples altivelis 0.292 0.478 0.019 0.138 , 2004
E. coioides 1.370 0.931 0.058 0.349 , 2004
E. lanceolatus 5.304 1.031 0.091 0.299 ,2012
E. septemfasciatus 0.812 0.509 0.046 0.264 This paper
E. moara 1.229 0.898 0.053 0.288 This paper
(Pampus argenteus) ( , 2007) . , 2009, 28(12):
S 2526-2531
. , 2006, (6):
(Anderson et al, 1996 Ye 47749, 38 b
, . (W=aL’)
et al, 2007) . ’ (1o
W=aBL" b : , 1981, 125-131
( , , , .
2010 2012) ,2011, 32(5): 24-31
b 2.055  3.083 b ; ; .
3 (2009) (Acipenser : > 2010,31(5): 13-15

sinensis) (b=2.031) ’ ’ ’ 2012, 33(3): 26-34

( ) . , 2009, 36(3): 21-25,
1981 ,2007) 40

pH . ,2007, 28(4): 3846

i’\j 9 9 9

759700 cell/ml 20—8000 cell/ml ’

Fe Mn (15290 pg/L) S

,2012,39(1): 51-54

,2004, 17(2): 51-54
Anderson RO, Neumann RM. Length, weight, and associated
structural indices// Murphy BR, Willis DW, eds. Fisheries
Techniques (2nd edition). Maryland: American Fisheries

Society, 1996, 447482
Nagano N, Hozawa A, Fujiki W, et al. Skeletal development and
deformities in cultured larval and juvenile seven-band grou-
> > s per, Epinephelus septemfasciatus (Thunberg). Aquaculture
,2004, 28(1): 1-4 Research, 2007, 38(2): 121-130

> > A . Ye S, Li Z, Feng G, et al. Length-weight relationships for thirty
, 2007, 31(5): 624—632 fish species in Lake Niushan, a shallow macrophytic Yang-
> , s - tze lake in China. Asian Fisheries Science, 2007, 20: 217226
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Growth Characteristics of Epinephelus septemfasciatus and Epinephelus
moara in Recirculating Aquaculture Systems (RAS)

SONG Zhenxin'?, CHEN Chao' , WU Leiming'?, LI Yanlu'*, WANG Lu', ZHAI Jieming’

(1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, Yellow Sea Fisheries Research
Institute, Chinese Academy of Fishery Sciences, Qingdao 266071; 2. College of Fisheries and Life Sciences, Shanghai Ocean
University, Shanghai  201306; 3. Laizhou Mingbo Fisheries Limited Corporation, Yantai 261400)

Abstract Seven-band grouper (Epinephelus septemfasciatus) and Kelp bass (E.moara) grow fast and
are considered to have great commercial potentials in marine fish cage culture in the temperate seas along
the coast of Northeast Asia. There have been extensive aquacultural studies on these two species
internationally in the past several decades. This study focused on the mass seed production technique of
E.septemfasciatus and E.moara in China, which was newly developed in recent years. Recirculating
aquaculture system (RAS) provides a stable environment for the fish growth that is not affected by natural
conditions, hence has been the major breeding mode for a sustainable development in the aquaculture
industry. In this mode one can easily compare the growth characteristics of different fish species. In this
study we used curve estimation to analyze the model and to estimate the parameters for the growth of
E.septemfasciatus and E.moara. Their growth was characterized based on the weights, the total lengths
and the body lengths. After the 122-day culture, the average weights of E.septemfasciatus and E.moara
increased from (114.836+25.343) g to (213.861+£38.604) g and from (79.620+13.007) g to (238.086+
46.307) g respectively. The total lengths (7L) of E.septemfasciatus and E.moara could be described by
functions TL=—0.006£+1.622¢+13.954 and TL=—0.013£+2.008++11.540 respectively, in which the
variable ¢ was the culture time. The relationship between the weight (/) and the body length (BL) of
E.septemfasciatus and E.moara conformed to W=0.436BL*"° and W=0.018BL>** respectively. The
relative growth rates (RGR) were 0.707% for E.septemfasciatus and 1.631% for E.moara. E.septemfas-
ciatus and E.moara did not show significant difference in the relative fatness (2.2-3.4, P>0.05).

Key words Seven-band grouper (Epinephelus septemfasciatus); Kelp bass (Epinephelus moara);

Recirculating Aquaculture System (RAS); Growth characteristics
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