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HAET, Hsk4', ZRF, RER, KHEW

(L RREAEKHIFERT AR BT 3610125 2. B /MEK=RHEARATR , 82 HIT 361104)

W OE. ECEIRE R 146.3 o/ RSN AR 450 AR 3 5 B4
FHAISE, 4B AR BE4L D1(100 B/m’,14.6 keg/m®) \H 35 BE4H D2(150 B/
m®,21.7 kg/m®) FIE % RELH D3 (200 BB/m®,29.5 kg/m® ) , LB R R 37 5 %
BE B R B AR LR A1 A B A KRR R R R A I, 255
F KR RS T R B £ 57 B B B BN T3 A (P < 0. 05) 5 4
B R S R B A P R BE I N T 3 R (P <0.05), B
FR T RGN , A G B £ P AR K B B 2 BN e, A% BRI 4 P4 E A
KER5H141.07.0.66.0.47; K LWHAMF ARMAKEDHABERESR
(P<0.05) 4L RIS E R AP HI 4 118.5 g.63.3 g Ml 44.1 g; A%
FEN AN 7 B £ P R R ORI R TS B (P > 0. 05) 5 4135 7 BE (1 1Y
GOREFE R I VA A (LZM) 9800 Bl R T ( AKP) 1 8 48 1k 4y 15 L. (SOD )
35 5 5 FO 48 I e , SR LAY [6] 0 ZEE 4 2 B 56 b TR TR R 3
WA B T 3 5 5 AR SR B K BRI BT RS , K T S A 0 B 43t £ R
o, AT R A B A A KR L B S 25, THEFREBEXAHE

MATSR: MBATHAE
HEREREK TR,
Yk R R A A PR Y
BEE, ERARARE
KM ez HAE
EHES, UNERET
FEEEN ARARE
FAE R ma A P BEHIL I,
FREF AT A A
P A8 I K R B R
HipSE,

XKEW: Al A ;K
B AR R IR
HESES: S965.334

P A KRR ML Z —

I A P ( Epinephelus coioides ) {5 #r & 3T,
KRBT H (Perciformes ) . fig £} ( Serranidae ) ,
A YL & ( Epinephelus) , 35 3 Ai 76 #vily WA
VX, PRI EC PR S I, AR B 3, AR OR L R R
E K RN R AT AR — 48
B R EESHYERERE"Y. T
A4k 57 5E R RE % B I 2 ey B K A4 1 3%
—B R A R RS, XK s Y
WA A B e 5T 4R TR 4 7 A — S B
W) , 3k R ) 3R 5E 2 BE AT e BUALR 2 (] 32 B b
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HAaRam, EFEEERNS M- HEAZ
46% MK = 16% HLF4E= 4% 55=4.5% .
BE=4.5% BER=1.5% JK4= 12%,
1.2 REigit

R AL 7 d R IIMLE FFiEETiR
o IRIRTE 3 BIEFK RGE (KIEILH R &I
BARAE, FRENZL.0m, EEO0.8 m, HREA
FL400 L) T AR R ACKRES . IR 3 4
H AR D1(100 B/m*,14.6 kg/m’ ) (%
BELH D2(150 B/m®,21.7 kg/m’,) B4 D3
(200 B/m*,29.5 kg/m’) , A2 NER , I
FEARIAE Xt B ZH (DO ) Sy 3 Ah i i b TR 5 ) A
WAL,
1.3 HERFEE

REATE 201249 H3 HE10 H27 H,
it 55 do FREEFK R B R X VPEEK , 5
[E AN 7K SR AN 2D & K (4% S5 56 40 b 3 5 K —
), ARKIE R (29.3 £2.4) C, LB R 33 ~
40,D0 >5 mg/L, BRI 2 K, R IRAT ] —
F47.00 =730, F4F 17:00 - 1730, #E/H B LA
SLE RN EE BRI AN B, BRI R KR, 4t
ICREFHARFREREMET &, 8 10 d JilE—
UOKBRG, R A LA BB E (DO) (iR
BAEE (pH) 58, W € J7 4% B GB 17378. 4—1998
K AT AT
1.4 WEIRRAZE
1.4.1 AR

SIS ff A 25 SRS B 4 R SL G £ A B R
FARE M ERT 24 h F1ERE, HFHARTE
SEIG £ A KRR

We=W,- W, (1)
We, = (W, -W,) /W, x100 (2)
G=(W,-Wy)/T (3)
Ry, = (InW, - InW,) /T x 100 (4)
F,=F/(T-N) (5)
Fo=F/[ (W, +W,)/2] x100 (6)
Qs =0./Q, x100% (7)
F,=F/W, (8)

KW I FmRANER (g); W, HLKSE
W RIE (g) s Wy WERITIRI BIE (g)
W N PR ERRANRER(%);6 N FHREA
HIRER (g) ;T HERRE() ;R MFEERK
R(%);F, ik gRA R AEE(g);

Fi AR ER(%) ; Qs FBIEZR (% ) ;5 0, 5%
aE R S () ; Qo SE % IT 1R W £ 5 2K
(B) s F AR REGF, AR EHRE(g) 5 W,
HEIAE R A B E R (g); N Mk &4
HEE(RE) .
1.4.2  If¥ERIZETET

BRITFIRIG , 7 BITESE 10 K 55 20 X% 30
R AL 25 TR AT A0 B A S N ) (4
) WE . MNEFRFEM N BENLECE 3 B, 5 mL
W TR 1 5 45 B A B F 1 2 7 ok Al I R,
B TICH M Eppendorf ', ZIRFE 2 h J5, HT
4 CEEH%,3 000 r/min B.0> 10 min B _FE I
BRTRZERRNE. WE RTS8 ELY
AT 1 (SOD) | %5 T B 1 (LZM) FHpsc i
PREEEPE (AKP) , 3 F g 08 1 000 8 25 % P R o
BB RN &, TR TS RN & i
Fo
1.5 HELESSSH

i@ 1t Excel 1 SPSS 18. 0 Xt fif & ¥4 347 4k
H,BRZK 24 (One-Way ANOVA) , Duncan
REHITZE LK. HEFSTHRTERESS
i, 75 2250 TR LA 20 e R s i B0 S e i
BAEM R %8, RIS R A ME + driE 2=
(x £ SD) &R,

2 R

2.1 FEEENSHEAREEKERNZM

FHRE A R A B A KRR £ 1
Jim. WERHRTLLE R0 T b i 4% 417 3k
HERAREER(P>0.05) 45 55 d 5L H,3
NEEHAANEKEKBEAABER (P <
0.05), RFEEH (Dl 4) W FEHARELRT, B
264.9 g, FEFEBE L 26.2 kg/m’ ; B B BF 41 (D3
H) P IRERAR, R 191. 8 g, FRFE & FE A
37.8 kg/mgc>

RG], FR5H % B X AR A B a3 E R
HERG BEZN (P <0.05), Lk D1 4
RIERRR, N 118.5 g, 51 D3 AR E
BIRAK, b 44.1 g, BEE FRFE % B A3 I, B34 &
B2 TS RREEHR AR RB TR E
PEZ R (P >0.05) ; AN [F] 25 B 4 8] ) 77 16 R K
F 8% , WAFEREEZEF(P>0.05), 15k 1
Fim o
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F1 FARFEZENREAREERKEENZ D
Tab.1 Effects of different density on growth of grouper ( Epinephelus coioides)

205 D1 D2 D3
EHE (g R) 146.4 +6.18 144.9 +5.69 147.7 +7.66
FHRE/ (g B) 264.9 +14.82* 208.2 +15.12° 191.8 +16.96"
RYE R/ g 118.5 +1.91° 63.3 +3.93" 44.1 +13.88P
B ER/ % 80.96 +1.26* 43.63 £2.13" 29.87 +9.79°
H %/ (g/d) 2.15 £0.034* 1.15 +0.071" 0.80 +0.252°
HEEKE/ (%/d) 1.07 £0.012* 0.66 +0.027" 0.47 +0.137"
BEa%E/ % 2.78 +0.76 2.60 +0.83 2.26 +0.75
RIEH/ % 99. 00 98.67 98.50
TR R B 1.72 +£0.03 1.73 £0.06 1.78 +0.12

T TR NG FRRRZ B3 (P <0.05),

2.2 FEFESIENKRTANHTARER
R

RIS HAE LW T 6 WK bR (£ 2), 0
RPN BB LB DO pH #1 NO, " -N & EHA
BHEHPR, SN REHAZ A LB EER (P >
0.05) ; FLWMARRKERE LG TR &
Fhasg A fbias (B 1) , % EHE AR EL
FREAT, HEEFBE(P<0.05), BHFK
I € B B] [B] R o 10 d, 3 EK R ERT G 5 d

310 d PR AR R, BB R W EK AR R
HFRAENSARARAERRRE(E L) . WA
7, BEE I AT, KA R A S B BT, B
WAPEHAARRREAE T B, Kb R E
41 D3 f) T iR BE e oK, oA iR (10 A 15 )
MR R IRER (9 A S B) FHET 61.3% ;1
XA MRS 2 8], £ BEA AR R RATE R
EF#Z5(P>0.05) A WEH AT LA i, Bk b
R A (D1 4) KRR RE R THRML.

R2 BEEABRRIRKBRIERHOEL

Tab.2 Physiochemical and microbiological parameters at different stocking densities

451 7K/ C Ehpr DO/ (mg/L) pH NH, *-N/(mg/L)  NO,~-N/(mg/L)

D1 29.23 £2.52 37.6 £1.7 5.97 £0.61 7.73 £0.13 0.51 £0.15a 0.02 £0.007

D2 29.42 +2.41 38.3x1.4 5.89 +0.56 7.67 £0.12 0.85 +0.32° 0.02 £0.010

D3 29.37 +2.40 36.2+1.0 5.93 £0.48 7.72 £0.11 0.92 +0.51° 0.02 +0.012

oy, SRS, (AKR) RS (SOD) BN I
5 1ol IS . 2 AR LN RRER S E
xR : a . ~ N Y
Sl J % [y PR TR AR, R
£ofl I
izl 1 N L35 %(P>0.05). BIE 30 R, 4 KL% AN
9.05 9.15 9.25 10.05 10.15 10.25

SR o]

1 kP EASERAREERETH
Fig.1 The concent of NH, *-N and

feeding rate of grouper in different time
FRORF R R R — W o [l & AL B 2 (B 22 57 B 3 (P <
0.05), Tl EHZhPetnRn e HKRER(%/
d) , TR K BEWE (mg/L)

2.3 FRAFEZEEMFTOHENFREHERN
=R

K234 25l B T AR FREE R T
A7 0 BT T 9 A (LZM) | ek B R
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SROBERTAIRL (P <0.05), H T HIEE
W2 A O TR , 458 8 412 It
B BEHER(P<0.05), hE3 WA, &tk
S AKP T HERE (LR S SV R L, 25
TR T RIS, R A 5 B 2 R
% SAUREES DI SRR D3 2 A BE
B2 5 (P <0.05) . fifE 4 7750, X B 410
SOD 5 F-FH4 381 , 4 U4 1048 L1 S AL
Y PERR ST T M R, EL R MR B A
SR T AL, B4 30 KB, 4 iR K 41 10
SOD A ELAB B EME R (P <0.05) . WEM
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3 T 0 R BT 2 B 7 L 2 B 4 T T e o

oD0
aD1
aD2
aD3

(ng/mL)

YR ELIM S B/

Wkt 1A]/d

B2 AREFEZFENFTAREIABRIENZN
Fig.2 Effects of different density on lysozyme content
of grouper ( Epinephelus coioides )

5
o

proSPR
[ N Yo N o Yo o R }

PRI BHREEAKP & &/
(&K H47/100ml)

B /d

B3 AEFEZEMNFFEFARERE
BiEREmSENX N
Fig.3 Effects of different density on AKP content
of grouper ( Epinephelus coioides )

g
#3260
I E 50
=2 40
Sz %
v \
® LT 20 52
&1 A]/d
B4 FAEFEZENHHANEZE
S EESERRIE

Fig.4 Effects of different density on SOD content
of grouper ( Epinephelus coioides )

3 itie

3.1 FEFENFEAHEERKMFTEKRY
i

FRIA B R KR NN EERRZ
—, — RN, B R B BE B3 I, LK AR
FrRWEEZ BTt I SR R 4k sk BT,
KA AR T RS, — AR HEC BRI N, K
BCEAL, A B BRI E MR R R K
e R AR AT = A

TEH B WA SR A PR S K P, 100 g 2

FOARNHE 10 B 4.2 B 2. 06 kg/m®t ) 300 ¢ B9
PEta IR R 5 ke/m® M T 3 P SR A A
RABEE R E N 0. 08 kg/m’' ™, ZEAEFR
K FRFERE T, 200 ~ 250 g (8 A BE AR %
BERT K 12.7 kg/m’ , B A6 32.5 kg/m* V' T
TESE T R M A RIER KRR S,
A BRI 0 T SR ) SR AR B R A A B 30 ke
m’ 120 kg/m’, B EZ L 3b LB HIER KR
5 Hh R R O S 3 R A B AT Y, N TR E
9 50 ~ 100 g fyfa (A I ) i 3 57 5 2 B Dy 260
B/m* (13 kg/m*) , [FIRERTES HEF K FRIH R
G, RIS BTG T FRAH BRSSP 40t A
KA RENLRE AR MR, X500 45 TR B o 15 77 2
H17.77 kg/m’ , FEARLE LB T14.6 kg/
m’ 21.7 kg/m’ .29.5 kg/m’ 3 B RE TR, H
% BE .2 1 T A N E 0 A B R
BE AHR A TETEA K RE M AR ETEEZ M.
FRAH B N FRAE K K R BE RN 3K
BRSSPI R B, WS BR 2L B PR L A B A
VEFRFH T BER T BT B R AR . AR, B R
A THREBEMRBREATEHAZR TR E =
S, TR A & & FE A 77 58 2% B 1 35 in i 2. 3%
i, R e 7R 2% BE X a2 A K B e A FT e
R R SR B 5 R B 7K R 22 s o BBAh,
% PE I A ] RR R SR B N A K N
FIPLH Z — R E X AT TR . 2R
U0V o ¥ 0 B £ 40 £ B 95 BE A S A AT T
o, KB T 1.1 kg/m* 2. 1 kg/m’ 3.2 kg/
m’ 4.2 kg/m* 4 N5 B 40 1K) 50 A B #4485 A
R, 45 5R & DU FE 25 B 2ok 1 s (AR A X S
AR ALK SRS RAEER, P E
2 & T R T R SR T S AR A R )
ARME REERKREEE TR, mHAR R
B bEE SR % R mm i B A&, R
P I RS K SR RN
R, BB EAN T REFHAK, WEHFRE
B 85 B2 X K PG v £k ( Salmon salar) B A KRR E
HEER W, FREKS RS RE
SODEBERG H MEADE "™ (i 5% 45 5 B, fifi] &
PRS0 AR 7R B AN 4 0 K P T A A T R
TR . A E BET T K
TH X S5 R A R, R B 9 R T 8 R S 3B
KRBT RAB AR, HYHEEED 9
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kg/m® EHARES FARE K, FEARLEF, 5}
WARAKNERKBERANREREE AT EN
BT B, XS AR BB ST A5 R AR
1oL, HET B R v 8 B 3 A [ A L 8 T i Y
WL, Bl B AL B 8 4 R R
R G E A IR A RERETS Sk F3 i
SEURER TR, At 45 %5 B A A A BE
ERAFEERENER, Wl 98% .
3.2 FEARMNFHFAREERKNZIN

AHIEFE S SRR KT | A MK R
Axof 06 £ Y 38 -t T BB A 2 B U 38 AR B —
FRIE X 0% A B 7K BT 47 I 32 200 5E 8 45
FAEK ERTREE (L (pH) (AR SA S B (DO) b
FEA = (COD) BB VA A LSRR ER DL R ik
IR (S*) %,

RARK FRFAFE P —FhEZ N E
FL 2k &P T R W, w vk A A At A
FEEN W) ) S RN IR ARG B, A B [
E RO A T T R, IR R 2 R 454 2 B
W KR R —E 40 F R S0 AR K40
i 5 15 R i B G ) R COLT A0
TCHOBANOGLOUS™™! F{ 0. 52 mg/L ¥k & i & &b
Mt R EAERKBERIRT —2F; 5
RINERX /NN (4.4 em) KKHAE(10.5 cm)
%‘I’%Eﬁi@% 96 h LCsoﬁﬁ%Uﬂ‘] 2.68.51.4 mg/
L, %R E B F 2 B W B 4 9] R 0. 11.2. 12
mg/L; FEARSL R K A @AW ELELSWREN,
BRI AR TN EERAERK T AKA
OB R A KO R AR K

WS HFE T S T WASERER X S KR,
TREREHRRERE R NGBESERKEH B MR
PHRRR, YRR WIS 1. 34 mg/L B}, ¥
S HIERNFAE, O -3.304% , T 24 WAE R
HWER 0.23 mg/L B, S K HER Y
1.638% , — %% 5 B % (P <0.05), RODRIGUE
VBRI T RS BRAS AN £ A 3R 5E 4 25 F T 7
KRN, SRR, 6 2K ) LCs, iy 0. 19 ~
0.88 mg/L, JEEER 250 2.3 ~ 190 mg/L, HF &
%470.42 ~6.5 mg/Lo K5z HF5E BRIl
BRENNT 2 4.4 cm F110.5 em BRI AR AHE
EJREWE 50 26. 7 mg/L 1 20. 8 mg/L, A
SEEK AR RS EREE & B AL FRARKTE, 5 &4
] A B ) A K O R R R
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3.3 FEARMNMFAREERN

¥ B AR — b AT LA 4 400 M BE 22 K
fife DATIT BB A 200 B 40 i B 5 2 SE T2 (9 2R T g, X
A YRR RS R A ERRBEER, 2R
UFEEK = SR S ) — Fh AR W EEZ AR R R
FEAERR P AL R LA P BT R
U, FETERR A B H 2, AL B d2E, B kA
SFHGTEREEEEAS  E A E R
BB TR

YINUU 38 T 0 5 8 5 30TV B R
RIETE 89T W, F 48 A T18 4 Ji 58 A i i
( Cyprinus carpio L) 7 B8 LA —Fh B ) S 527K F
RAAE . ECHEIN Ny, o BE ARG SR BE (1 7
il 2 o e A A S5 P SR B B 7 A 4 86 R
I FBUBE % A B8R PERE , AL B 4%
WFFEas R s, R BE 1 275 At BB B 35 P A
10 ~12 em 4 FL 94 3 X AT G0 B2 B K Fo 2Rk
S PVRGE T A UM X B o A G F A 1 5
Wi, FEHREE N 29. 94 mg/L G R8T, BET7 X 4R
oA AL g (SOD) Filid S b 4 B (POD)
& 155 ETHE TR

AHEFE 72RO P 2 B2 A 8 HT
#1,LZM AKP F1 SOD #5518 P 7E T FE AT AR A
iR AN S _E AL, X ] B H T S R AT
EREEHZRMERT, HE“FYNEH
A i3 ) SR L S T
Z T AERFHLIAR ) B 580 T AR e ) R 3
OVLo T 7K BRAREE AL G , B 1 BER IR Y
RRAUREEIRR & BT O, AR R R, 3
B LZM \AKP 701 SOD Ry PRt —2 T

B2k
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Effect of the breeding density and ammonia-nitrogen on growth and
immunity of Epinephelus coioides in recirculating system

ZHENG Le-yun', YANG Qiu-hua', HUANG Zhong-chi', WU Jing-ling', CHEN Xin-ming’
(1. Fisheries Research Institute of Fujian, Xiamen 361012, Fujian, China; 2. Xiamen Xiaodeng Aquatic Science and
Technology Co. Lid. , Xiamen 361104, Fuyjian, China)

Abstract: In this paper, we studied effect of the breeding density and water quality on Epinephelus coioides in
the growth, feed coefficient and immunity. Total 450 groupers whose average weight was 146. 3 g/tail were
divided into three experiment densities. The initial densities were 14.6, 21.7 and 29.5 kg/m’, respectively.
The results showed that, the content of ammonia-nitrogen was influenced significantly (P < 0. 05) by the
stocking density, and the feeding rate of Epinephelus coioides showed a significant negative correlation with the
ammonia-N maintained time and concentration. Under the same experiment conditions, higher stocking
densities have a negative effect on fish growth. The specific growth rate of the three treatments was 1. 07,
0.60 and 0.47, respectively. With the augmentation of density, the weight of experiment groups showed a
significant difference, in which the weight gain of each treatment was 118.5, 63.3 and 44. 1 g, respectively.
It was also found that the stocking density had insignificant impact on feed coefficient rate and survival rate.
The immunity content of lysozyme (LZM) , alkaline phosphatase ( AKP) and superoxide dismutase (SOD)
decreased with increased density, and showed a trend of increase at first and then decreased with the
extension of culture period. The article revealed that one mechanisms of breeding density influenced
Epinephelus coioides growth, maybe density caused water quality to change, which in turn affects the feeding
rate of Epinephelus coioides, and resulting in the significant difference in growth performance of different
density grouper.

Key words: Epinephelus coioides; water quality; growth; feeding; immune parameter
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