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Tab.1 Experiment design and grouping

ZH 5 Grouping A B C D E F
AMETE /g Body weight 44.7+1.0 89.6 1.6 190.6 +1.7 289.3+1.4 432.6 £5.7 546.3 £10.6
1E# %5 8 /kg + m =2 Normal density 2.43 £0.05 3.65 +£0.05 5.8 +£0.06 5.84 £0.03 5.77 £0.06 5.58 +£0.13
B % B /kg + m 2 High density 3.13£0.08 4.79 £0.09 7.03 £0.03 7.79 £0.04 7.29 £0.17 7.28 £0.08

B ERINER/% Adding ratio 29 31 21 33 26 31

VPRI I P+ R
Notes: Results in the table are given as mean + standard error.
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Tab.2 The effect of body weight and stocking density on growth performance of Cynoglossus semilaevis

Gl 2415 W/ g KRiE/g Higd/g-d™! WHEE/ % R KR/ % - d™!
Density Grouping Initial BW Final BW Daily weight gain Weight gain rate Special growth rate
Al 45.13 £0.94 77.56 £1.97 0.73 0. 05" 71.93 £6.2" 1.23 +0.08"
e BI 90.28 +1.35 169.03 £6.27 1.79 +0. 17" 87.32+9.8" 1.42 +0.12°
Normal c1 191.33 +1.98 283.52 +4.16 2.10 £0. 13 48.2 +£3.3° 0.89 +0.05°
_ D1 289.17 +1.64 418.13 £25.96 2.93 +0.61° 44.62 +9.5 0.84 +0.15
density El 433.07 +3.80 568.73 +12.99 3.08 +0.21° 31.32+1.9¢ 0.62 0. 03"
Fl 552.00 +12.67 710.11 £30.26 3.59 +0.43" 28.61 £2.99 0.57 +0.05"%
A2 44,22 £1.10 74.45 £4.57 0.69 £0. 12° 68.51 +13.2" 1.18 +0.18"
- B2 88.88 +1.68 154.46 +1.84 1.49 =0.07" 73.85 +4.9" 1.26 +0.06"
High c2 189.82 +0.73 264.23 +11.76 1.69 £0.28" 39.21 +7.6% 0.75 +0.11¢%
, D2 289.33 +1.46 390.88 +2. 19 2.31£0.07¢ 35.09 = 1.1 0.68 +0.02
density E2 432.11+8.19 568.00 £23.79 3.09 £0.37° 31.41 £3.3¢ 0.62 +0. 06
F2 540.50 £5.91 679.17 +8.82 3.15 +0. 14 24.58 +1.7¢ 0.50 +0.02¢

T : Al — 7R T A RAR 2 R 3

Notes: Data with different letters in the same column mean significant difference.
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Tab.3 Influence of body weight and stocking density on feed utilization of Cynoglossus semilaevis

P 205 HEaER/g- (d- B) ! H ISR E R/ % (G EER

Density Grouping Feed intake Feed intake ratio Feed coefficient
Al 0.56 +0.04 0.92 +0.05™ 0.81 +0.04

— Bl 1.22 £0.05 0.94 t0.03a. 0.68 10.04:
Normal c1 1.55£0.13 0.65 +0.02¢ 0.73 10.025"l
_ D1 2.15 £0.17 0.61 +0.03¢ 0.74 £0.10"
density El 2.59 +0.07 0.52 +0.007" 0.82 £0.04%
FI 2.90 +0.10 0.45 +0.006* 0.83 +£0.004

A2 0.54 £0.05 0.91 £0.07® 0.80 +0.08"

g B2 1.06 +0.03 0.87 +0.03" 0.70 +0.06
) 2 1.31 £0.06 0.58 +0.02% 0.76 +0. 10
High D2 1.90 +0.01 0.55 +0.002°% 0.80 +0. 02"
density E2 2.65+0.11 0.53 +0. 008 0.86 +0. 06"
F2 2.66 £0.06 0.43 +0.006* 0.86 +0.01"

T A — SR T AR SR R .

Notes: Data with different letters in the same column mean significant difference.
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Fig.2 Daily feed intake changing trend
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Tab.4 Effect of body weight and socking density on the comparative concentration of water quality parameters

9 iy 2051 HA/mg - (kg-h) " WAAE/mg - (kg-h) "' @REh/mg - (kg - h) ! COoD/
Density Grouping NH, * -N NO, " -N PO, ~ mg - (kg - h) !
Al 8.45+0.27a 0.57 +0.08abc 0.74 +0.10a 9.73 +1.34a
A BI 5.45 +0. 14¢ 0.45 £0.07" 0.29 £0.10 8.83 £1.63%
Nommal cl 3.22 +0.14° 0.56 0. 13 0.16 £0.05° 5.81 =1.10%
. D1 2.06 +0.19¢ 0.51 +0. 12" 0.16 +0.05° 7.59 +1.45"
density El 2.20 +0. 19% 0.62 0. 16* 0.18 =0.07de 4.06 +0.85%
F1 1.51 £0.10" 0.47 £0.13% 0.35+0.03¢ 4.23 +0.95%
A2 7.13 £0.33" 0.38 +0.01 0.52 +0.10" 4.20 +0.70%
s B2 4.85 +0.244 0.38 +0.04 cd 0.33 +0.05° 6.051.10%
o
High 2 2.48 £0.23' 0.43 £0.13% 0.23 £0.02¢% 3.33+0.78°
_ D2 1.59 +0.23" 0.44 +0.11"% 0.24 +0.06* 3.09 +0.97°
density E2 2.46+0.21" 0.70 +0.18" 0.15 +0.03° 4.08 £0.76%
F2 1.69 +0.08" 0.62 +0.08% 0.31 +0.09 4.41 +0.83%
0 [ EER R AR R E R B

Notes: Data with different letters in the same column mean significant difference.
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Tab.5 Special growth rate and feeding rate of the 6 flatfish species
eSS R g R KR/ % - d! H SR/ % 275 3CHik
Species Body weight Special growth rate Feed intake ratio Reference
KEEWE Scophthalmus maximus 151 ~280 0.84 25 B4 2006
KEEEE Scophthalmus maximus 53 ~96 1.75 1.23 J. Person et al,2002
KEEEF Scophthalmus maximus 69 ~ 127 1.15 1.15 Erich et al,2003
SLPE A WF Paralichthys lethostigma 41 ~99 1.49 1255k 2008
RAG FBF Paralichthys dentatus 2.6 ~135 3.06 AR 42007
KVGFEFF % Hippoglossus hippoglossus 20 ~91 1.57 0.92 Gywnne et al 2005
16 A ] Paralichthys olivaceus 88 ~120 1.51 Iwata, 1994
¥ & Cynoglossus semilaevis 90 ~ 169 1.42 0.94 A ST
W i Cynoglossus semilaevis 191 ~283 0.89 0.65 ASCHESE

ARG DT T i, AR A K SR B AR e O 4R £
11,289 g LS HRPRERIBCA W% 22 5, By
R ( E P 5F,2003 5 FRAT 45,2003 ) FHIT . Ui B BE
AT 38 A o) A RAE RGN, AR AR KR TR R

AU R, 45 g Zoda 1Y KA 2 B 70 R 2 BF
HIGE 3518 1.8 g/d F10.8 g/d;430 g 2245 K
SFOPFI R ZE B H 3G H0p 5)0h 3.2 ¢/d A1 4.87 g/d
(EP5F,2003 5 2244 55,2007) o FeEUR B, A BT
FLAS g P HHTE (0. 77 o/ d) KT KA F 8F,
SRS ;430 g I (3. 08 g/d) WK TR 226,
HREGA G, RS B, AWF5E b2 1 7 6
i AR A A AR B 1 48 F BT (Twata, 1994) il
Rtk 7F F (25 5 855, 2007 ) ik, 15 REE6F (255,
2006 ; Rueyt et al, 2002; Han et al, 2003) . & &
( Schnaittacher et al, 2005 ) F1 55 Bf 7 0 ( &b £ &5
2008) il . 5 # N UK FRAEK T 5 5 (22 ~302 g)
(B R FNAHE, 2007 ) AR L, A 0 4= 4 B 3
BOPRTARAE , JL R 3o P AR 1 7K 37 5 vh /K B ALK i
AZ AN G ZE T AR s, SR AL TR E AR
KI5,

BT FE4E (200552006 ) fFFE R BT, BL I B A
I B £ 4 R AR R R B AR B TR
5 R R DR T . 2 BRI XSO 2 (2008 ) F 5 3%
Y, 2 K T IRE S S0 201 B4 2 i 5 9% T S TN
Ko AT b M A AR REE A IR H R Ry
52 JEE PR 3R 110 0355 R ), 4% i A (LB 8 82 T vy T e
I, SHTAWFFE SR (-5 ,2002 5 8575245, 2005 ;
BTFAF,2006 ;5 [XOOH 55,2008 ) — 8, BEHIFE L
T AR B B 25T (NS I ik 4855 ) e 285 B 4l
FEAFITHE KRR A4
3.2 BREFMRNE

WA (1993 ) WF9E KRBT, 6 (16. 7 ~ 302 g)
PR AR BRI R M A B TS P28 T F%, 90 g I

Fe o R (26.6 ~215.9 ¢) BOAHR B AR Bl AR
FeTHERE TR 40 g I dR i (IR IESF,1999) o %
MR UL ) 8 P 1 S AR O 0 (12,3 ~ 213 ) AHXTS 2%
AR PR AT R R, 12, 6% FEF] 2. 6% ,
it 40 ¢ J5 AL TV 42 (W55 ,2005) o H I
AR UWEN T L H A B R s . AR
B T ) ) A 40 £ B A E G O B, H X
B ARNFFEE AR, Forh 45 ¢ F190 ¢ 41T B & 25 5%,
191 g IR TV 2%, a5 R 538 (kA4
55,1993 ) JRAE (5KIESF, 1999 ) SEWFFE YR AE AR I .
P AR BEARE BT R, 0 A S B B4l AR
AR AR RO R B A (BN E MK
1992) 5 T H5 B F8A A B T, Dt PR 7 X0 A ] 43 i
AR ZRAT T AR B B4 55 (ARG AS 2 | T S B
FREA A b 4 £ ] I CBOR BB R, R R
SR RN I PO RS N

AWFFERY 45 ~T7 g P H A A, N
0.92% , B AR T #1285 I 2% ~ 5% B % (%
F, 1994 544, 2005 5 5y S R J1 0%, 2006) 5 5
BB LU B, L B SN B T ] 44 B
By % dE 8 (2.9%) ( Duy et al, 2008 ) Fil fifl
(2.41% ) (¥ A 55,1993 ) , 17 HLAK T 6F 85 2 v 14
KEEEE(1.41% ) (Imsland et al, 2001 ) FiI & BE ) 1] 5
(1.63% ) (143545 ,2008 ) , 5 K PUVE IR (0. 92% )
( Schnaittacher et al, 2005) 3, X — & Xt LA
T A0 B ] 40 [ ) (A M T BT RE,
PR HE R RN T A 77 4R 48, TR ke . Rt
N T IERTE SIS TRAE SR T A AR IR R R
B RLAS 80k B R MR I Ry K BT e 4 AR
e AR RN AR R A SR R, BTG s T [ £
FFRIH R R HEAEIE

TR (2003 ) BF 5T B R ZZ6F (10. 4 ~ 847.0
g) TRk FR 0B A T g 8GO, AN 0. 57 1 3
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0.97, ARG, 2 v i i e} 22 00 B A 4
T, PN 0.68 BT 0. 86, ¥4 5 K IEHAF T (I8
T4 2003 ) AL, R B Ak 28 5 B B A1G F %E N
IKFRFE 5 (22,5 ~ 302 ¢) /9 0. 89 (1 KA
AXUF,2007) ,3A%) T H H R R R B0 TR
HEAKF-(0.8 Z247) o RIAFKE T (bIGI KI5
T BRI B A0 F % N I K SR AR 2, A B
AR T TE ) LAAE B 4 A% O IR K AL B R 58
R FRFATRAL T R R KIS I ARIE T 8h 9
WA TR R

AHIFSE S B, 5 B R 2 ) H 45 1 5% 0 it ik
I RAE Iz w K. & 2 v LUE i A
2 Fhag R A, R 289 g fIEH R
E e Y I R A A (1 G N S | Iy GRS
W I, FEE 20 d DUE S R e S B AT
TR B EE O H 22 Bk MK, 3R W 4% B FR A 0 30
Yok R AR RILAE FE AR B0 I AN B 5, B 2 B [
HERE AN, BV F Ok R 2 . TREAY R R 2
i 5 N [) P R 252, g %88 B ik J Bl 3 /b 6P 4R
LSRR F P B 3  HLAAR AR S
TR FEREFE = %, T -2 sh ) s B fi e A K0
G2 KRB,

BEAR, 2 5 5 F A A et B a0 R B30 o 2 0k
RAET, X 5T AWESE (F 35 A A B, 2000 5 7™
FWr4E 2005 ) AT, REAARMF 5T IATIRZE BN

BTG (2005) BBFSE R, 95 B X B IR B
f DR R EOTC B 5, {H X R 55 (2008 ) | -
£ (2002) AF5E 22 B, fa 2 Tk 22 450 il 28 A8 KT AR
PN N 0 S PSR S % 6= IS W e s
255 AN (H S BB % R T v T e e, H
WUV IE SO A it — 2 5E
3.3 KRTUIFMERAE

fpfil £ s rp, O BF (5K JKBLAE, 19975 Liu et al,
1997 ) FRZE 6T (J 15t W14, 2003 ) /K /L & A8
R A R, R W B K R " A S A W
SO, 2 RN VT VA I i A i R R 2 S R A
SCWFFE I, S SR X v J3E A2 B A I 5 ), i
RARE ) TH R RS R G, X — 25 R 5 1k K26
(JEBTHISE,2003) F 6T (R IRBLAF 1997 ) HH—2L,

AT, RS KBTS bR 1) 48 6] vk 3 Bt 7 G
5 FEFE I v, U P 8 e % R T 3 n E57 AA
iAVas = OICIEREN) 1SR W S (ORCE I o D U~ ¥ =)
1 COD PRI Bt A i 2 5, Hovb 433 g DAHT
Ry e AR TR B, M AN 433 ¢ DS AR S, 1A

TR BE R R N A S B R TR M
SRR K S0 ARG, 1 AR A B B
W R R ULAR AR R R E B B, i T A
PREAFEMR B S AR (P <0.01) o % 5 4 ik
TR E AR B SR X R R R R 8 R T AR
{Em TR L . UIITE SR 2 IR A B Bl
DASR P 2250 o 14 97 B T T i S 7 BE U AN ‘B

JE A (2003 ) B X0 28 UHETHE LA 1 AT 9T 3%
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The Feature and Rule of Change of Growth and Feed Intake of
Cynoglossus semilaevis and Water Quality in Industrial
Culture with Recirculation Aquaculture System

WANG Hua, LI Yong, CHEN Kang, XIA Su-dong, WANG Mei-qin, SUN Guo-xiang

(' Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071, China)

Abstract; The 6 x2 bi-factor random experiment was conducted to investigate the effect of body weight (6 groups,
45 ~550 g) and stocking density (two levels, normal and high-added 20 ~30% on normal level) on growth per-
formance, feed intake and water quality for Cynoglossus semilaevis Giinther intensively cultured in recirculation aqg-
uaculture system for 44 d. Totally 345 individuals of fish were randomly allotted into 12 treatments with triplicate
per treatment. The results shown that: (1) daily weight gain, daily feed intake and FCR were positively correlated
to body weight, but SGR and daily feeding rate negatively; the comparative concentration of water quality parame-
ters (NH, *-N, NO, " -N, COD, PO, ) also negatively; (2) under the condition of general water quality, high
stocking density resulted in a decrease in growth and intake of the fish, and an increase in the content of harmful
waste in water; (3) in this study it is found that daily feeding rate (0.43% ~0.92% ) was significantly lower than
the conventional one (2% ~5% ) recommended by previous studies; (4) under conditions of this experiment, the
SGR of C. semilaevis was (1.42% ~0.50% )/d, the FCR 0.68 ~0. 86, the ammonia concentration in water 8. 45
~1.51 mg/(kg + h).

Key words: Cynoglossus semilaevis ; Industrial culture; Growth characteristics; Feed intake; Water quality



