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oo FREEREIAME . ENYESR, RO S AR
2 E BN A DA O A R BB FE R G, BT T
AT (Z19.7 g) B 7 i FL(Z1400 gL BB EL, 3FPAS
) P8l 77 25 B He AR K AR BRI AR DL KT S A P R
SR RL IR, DL R K 1 B R P 5 5 B A E
A B R A AR SR LR AR

1 #RERE

11 REHR5ET

K SR A T Aok B AL AT T — AR K PR
BT, G RO, MRS RS, A K R . R
PR N (9.71+3.75) g, WG TR K N (7.66+
0.98) cm. ¥ EK%E 4 (LSD; 10002/, 502/
m’). 1 ZH(MSD; 20002/, 100)2/m’ )il 25
F¥ 4H.(HSD; 40002 /B8, 200)2/m”)3 /> F5 58 25 i 41,
BANEEHAINEE . FHEIRARM2019FE517H
FFiEE 11 H16H, 3LFF4:180d.
1.2 BEFEk

TR Hh £ Ay A RO K 2 K A AR P S
Wl 2 M IE T AR 1.75 mx667 m, “F3I7K1%2.0 m, [& 55
124N (GRS 1—12#; & 1), B3R A0 A A (B

4.0 m, #51.9 m)E FEFHEXR, HRFH A 20 m’,

P AL [ iz 2 3 T R s i 45 19 5 J il g e =X
AAUFI K B LA BEAT G 4 B IR AT N B HE T 45
Fl. RBAKEIE. HWRIESHRERS RS, 7R
FEYDIE AR NIRRT B AR YT AR, B 5 R
I HEREN [ 4 B 55, 76 5 A IAE R B4 B,
JE A (BTSRRI, s v N TR i — 2P i
BRBE IS, JEIR RN B SE i
1.3 {AFERE

TR AR S K I S A T R R CREL B

F1=>48.00%, FH IS 17 =6.00%, 2T 2 <4.00%, K
73 <16.00%), B K FAT2—3 I, BERIIHIRIK
o A R E R 1%—3%, R RS HES — IR,
R 5 Vb 3R KA A O, b 3 DRV R R0 28 R BT, 0 2 b
FEHK, AEAMIRIK . TR 2 UK TE, I EE R
G s AT AR A TR . 58 IR I R B0 K
A Ak, FE BRI HA 9] Bl 2 A 7K 64 19.00—33.90°C, &
fif#%3.32—6.51 mg/L, i& ¥ J£40.0—120.0 cm, pH Ny
6.84—7.97, W& N0.12—5.31 mg/L, WiEER £k A
0.05—0.56 mg/L.
14 HEERESHH

HAd i B A SE T 0, 24 H W%
T 0 2 i 7102 5 0 52 £ 0 7 Ak B R AR K S A KB
P, T 5E S5 B0 BN H O iR 58 2 BE AL L 2
fy, AR E KB, 43 B I3 o [ IR 4 2
HUFIEAE i T P A F e bmill 5

I35 A AL FE R AE Chemix 8008 4 [ 5 AE AL 2 Hr
ICCH A FRFEREA A B, W& | A
BAEMHEABRA AR AR . FEIEPUE TR bR R A
FIEFINE , 320 G ) FE 5 A R T
1.5 tEAR

T (SR, %)=100%(Ny—N,)N,

K2 A KR (SGR, %/d)=100x(InM—InM,)/t

TEEL 2 BUFCR)=FI/(M,—M,)

B F(FR, %)=100xFI/[0.5(M>+M,)x{]
X, NABGR REL Ny TSR 3L, M (g) v ik
VIR, M,(g) Ntk i &35 5 &, o R,
FI(g) N BB EGRE), My(g)FL(cm) 7 m{LER
g R AR EAAK,
1.6 HUESHh

I8 GE T E i P 25 B AR 1 2 (mean+SD) &
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Fig. 1 Stable breeding system layout
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7N, J7 2253 M1 (One way ANOVA)FKFISPSS25.0%4% 14
5EK, Wit Duncan’s% & LR 40 M 2H 8] 2. 3 75 5%,
P<0.05HZER R,

2 4R

21 HFEER

7E0—30d 90—120d 7 B B &% 2% i 2H 11 47
RV HABFEM B, HHSDAH R =& T
LSD. MSD#(P<0.05); FHAhR B & H A7 G R ITE
98% LA I, I H &2 [A) 2 7 A 2.2 (P>0.05; %% 1),
22 EKIER

Z2180dPE 77, KM BATZRRE ., ARKKIR
% FE )M OG, SR I N Bl E RE T R T 3
(P<0.05), HSDAH &% . HE AL FE R B E
B TMSDAILSD4(P<0.05; % 2). LSD. MSDAI
HSDZH f 28 P 4K K N (352.84+32.54) (650.17+
29.77)A1(1197+82.52) kg/F& (& 2).
23 EKEE

S b B R R B A K R B SR AR I (R RE K
RIS TR 0—30dM BL S Al kR e A KR LA

1 FRIBEHAOBERER

Tab. 1 Survival rates of largemouth bass in different density

groups
K B 4153 Group
Growth stage (d) LSD MSD HSD
0—30 85.72£2.24"  81.26+£3.00"  91.134.77°
30—60 97.64£1.03  98.91+04  98.1+1.16
60—90 98.88£0.79  99.59+0.04  99.54+0.25
90—120 90.59+0.66°  92.34+0.65"  94.27+0.84°
120—150 99.56£0.15  99.82+0.09  99.69+0.07
150—180 99.86£0.2  99.66£0.27  99.29+0.46
0180 75.0442.62°  73.8+2.28"  83.29+4.16"

e R PEATAE LA 7 RS ZE R R 3 (P<0.05), T
Note: The means with the different superscripts in the same
row are significantly different (P<0.05), the same applies blow
*2 TREEEFAORPEKRA

Tab. 2 Growth of largemouth bass at different densities in stable

breeding
P 7 = S

Gr%ﬁj‘jﬁex LSD MSD HSD
W (B) 1000 2000 4000
VIR E W (g) 9.7143.45  9.7143.45  9.71+3.45
WA IBL (cm)  7.66£0.98  7.66+0.98  7.66+0.98
Y144 BISD (kg/m’)  0.42+0.00°  1.03+0.01°  1.88+0.06°
KARAEEFW (g) 458.75+13.94"402.67+29.60°348.01+24.96°
ZLAREKFBL (cm)  26.21031°  25.56£0.52°  24.59:0.66°

KK FERFSD (kg/m’) 17.64+1.63° 32.51+1.49° 59.85+4.13"

4.5%/d, 30—60dP/ B 5 4 A K F3%—3.5%/d,
60d LA, & AR K F N 1.8% /e 47 1B W T 5 &
1%/d (& 3).

0—30dM Bt, HSDAH R e AE KR B = T H AR
B (P<0.05; & 3), HAAE B % & TLSDA
(P<0.05; &l 4). 7ERIRE HFN(~40 g/ B)RE B EL, X
751 Pl 97 58 i (M T-4000 2 /B A B T K 111 B i i
R PRE A

30—60dH Bt, HSDA e AR K AR EL 1) 2
FKTLSDA (P<0.05), MiMSDZH 5LSD % 5+ A
B (P>0.05; B 3F11E] 4). HIAEILF50 g/ B,
K I 2 B R % R I 4240002/ 1E LA R HAMIK
T-2000Z/H .

60dLL G, &% AR EAKEERALE
(P<0.05; P& 3), (HHSDZH & 8 78 % i 18] 5 135 2
FAR T H A% B 41 (P<0.05); 60—105d[r B, MSD
ik E SLSDA % 7R E#HP>0.05); FEHEA
A B 2 8] 2 7 B # (P<<0.05), 418 LSDZH 4 & &
KOE 3)o XU B H BT W8 208 2 77 58 P R
2 I
24 BEMERELEE

FARIE AT B R A AR - B PR A,
H HSDA 8 £ Z 45 K5 7 B B e 25 [ IR(P<<0.05;
Kl Sa); SilIn IR R R 2% EAET
FEfEa % (B Sb). 0—30dBT B, HSDALTH R R HUE
FKTLSD. MSDZH(P<0.05); HAh B 2 A &
Z(P>0.05; & 5b).
25 MEFEE IR

TE60dI), %% B 4 i AE AL R dn 3 e B3
7%= 7 (P>0.05); 7£120d), AHEL TLSDAIMSD4,
HSDZH H i = B 2 ol P T R g 2 &2 5 /51 (P<0.05),
I H— B 4:30180d; 7£180dH}, HSDZ %] % B4 il
B N A B 22 = T 7 A AL(P<0.05), T £
I I ] i R0 2 B A G 5 A & A 2 )%
H B2 5F(P>0.05; % 3).
2.6 RFAEIELIESR

FEEB0ZE 55 120 KI5, HSDALHR AW Ak i i
P B K T LSDAL(P<0.05), HiAth$8 br#E 5% 4 2 [6]
o R 3 2 5 (P>0.05); 7£180di}, HSDAL B Fi 4k
F1. EBEN AL EE . A SR T R
(P<0.05), 1M P R FE 2 25 FF 31 (P<0.05; & 6),

3 g
3.1 BEFZENAOEEEENEN

TEARLH, 0—30dir B 90—120d N B
B HAFTE R BAR, X 5P IR KL T A K. 5



674 K EE W% R 46 %
—RRAEE TP, /Kif23.3—25.2°C, HF 5 40, T N FREEA 5 52 B 7K 55 TR B L T 0 R K B
PRl A 1 1 Ja By AN i T2 ok R b R AR T e M R (R AL I B UORAETES H R R A, JKIR31.2—32.6C, K
70 [ C31SD KT 1O 1 SR A K B id /K (18—287°C), =il

60 | 3 Msb | LAl B T, 9% IR, 2

Z 50 b BRI M . o € ) BR T e, R R
E . MR IR AE KT, P TRk 1 S A
5 ¥ PNCZNCS oW R R pE L9y SRR ELIE N

L 2 ' I G HUIAR 7 A I 0 7 e R (R £

o EH H H E [ [ R, W3R 0 U T F o 581, S THY LT 5ok
|l o] A0 ﬂ f T PR G B ] 2R R, i

0 15 30 45 60 75 90 105120135150165180 #(Oncorhynchus mykiss)'' "V Fl J& B B 4F 1 (Nile

i Time (d) tilapia)' 7E B TR B FARE R AL, AFFRM

Fig. 2 Yield of largemouth bass at different densities groups in

stable breeding
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3 A[EVE LR IR R I R R R A KR

R 2RI, TR TR B R, K A 0
AR NI TG, 535, KRR AN 3 i

2 N[V LR TR K I R

BCRICT A, HA B BRI 18 R I 1E98% LA |, iX
A0 T EIE K 1T 2R A ] AR 47 38 N Pl R PR 55
. = 32 ERBENAOBSEKNEM
11 K HSD ARANFEAEAKN B EERFEEEAM.
: 0—30dHh £, HSDULESR RS, {11 T
g 300 —1sp 3
_ EIMSD il
2 400 | EIHSD l N
L 09 o& 2 200 |
Q/ %Q/ ‘G o, 09/\ Q/'\ g@ .
FETEMY B Stocking stages ¥ 100 - Mb@@
, Lz

0 15 30 45 60 75 90 105120135150165180

Fig. 3 SGR of largemouth bass at different densities in stable A Time (d)
breeding
B R NG B R 2 5 B (P<0.05), T B4 REE R R Sk T S A AR
Different letters in the bar chart indicate significant differences Fig. 4 Body weight of largemouth bass at different densities in
(P<0.05), the same applies below stable breeding
4 ra L5 1 p
[JLSD [JLSD
a E3IMSD EXIMSD
HSD HSD
53} 1 i 9] % _[ I XX
2 b a o S0t 11 _[l I
i 8 W 2 fa ;
L E 2 b = 8
B o ] b
E by S
3 3 05
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=1 % E =
aayp
0 Q Q o N Q EQ 0 Q N N N Q N
» NN \°° » b A
N %u Q)/ s & & NG s & &
N N N N

FRFETEL Stocking stage 5B Stocking stage
5 NIRRT R 7R K 1 R B RORIE AR R AL

Fig. 5 Feeding ration and feed conversion ratio of largemouth bass at different densities in stable breeding
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KD, 30dIT YT =N 188 kg/m', FRAHR

G bR R FIEA K. W BtHSDZH A4 5 AR 8

AKFEEZE S TLSDA, [F HSDZAH MR &% H

K. XM, KRG HUAR i Al (~40 g/ ) E BB
*3 TEBEERAORGHMIIESE LR

Tab. 3 Serum biochemical indexes of largemouth bass at different

densities in stable breeding

by kil 5] 7] Time (d)
Parameter Group 60 120 180
N LSD 548£032 3.430.89 6.91%1.54°
ﬁﬁiﬁgw MSD 5.59+0.67 3.02+1.01 6.83+1.51°
HSD 4.97+0.09 2.89+134 9.04+1.76'

LSD 13.02+0.83 14.81:0.42 13.51+1.26
JEEFTCHO  \1op 14694044 16314047 13.742.34

(mmol/L)
HSD 14.01+0.52 17.93+1.06 12.25+0.63

. LSD 71504542 56.93+631 5531+4.78
BEATP Vo 61.7541.07 53.094547  44.50+7.36

(g/L)
HSD 69.94+3.89 46.73+4.09 59.54+2.75
LSD 4.16+1.83 5.45£1.20° 4.97+0.82°
Him=H8TG b b
(mmol/L) MSD 5.80+0.97 5.15+1.21° 4.80+1.45
HSD 5.63+1.01 13.66£2.97" 21.84+3.45"
LSD 38.5042.43 45.38+5.14° 39.67+6.28°
W‘mﬁ%@‘“w MSD 42.33+1.12 33.294+3.68° 36.86+4.98°

HSD 43.4243.67 64.29£7.68" 70.57+15.02"

. LSD 5.70+1.03 5.13:0.89  5.69+1.16
ﬁ’ﬁ%U%\L@SﬁAST MSD 5.43+1.01 4.94£121  6.48+1.63
HSD 6.24+0.60 5.56£1.70  6.35+4.60
R LSD 3.99:0.09 528+030 4.06:0.83"
QW%U%L%EALT MSD 352032 3.07+101 8.97120"
HSD 5.25:0.27 6.43+1.50 18.58+2.55"
[ LSD £] MSD EXJ HSD
_25ca ~ 200
2 20 2 180
S 15 b g’ 160
§ 10 ::: %140
< s SRCRED
0 N LD wn 100 \ %
60 120 180 60 120 180
fi} i) Time (d)
= 3
g, b ga
a0 C
£ NE 3 K
s NS .‘
7] N 8
S : N 5 A
60 120 180 60 120 180

i} if] Time (d) fiFiA] Time (d)

6 [ LR IR R I B AL R AR
Fig. 6 Antioxidant properties of largemouth bass at different
densities in stable breeding

BL, B B IR B FE(=4000 2/ HA KGR, ]
T AT TR RS, NI (<S g B)R BT EL
1036 L P8l 77 5 B A e it — B 78 . W FCAE S, 8
R RO B T T B AN AR 18] 1 38 4 R0 EL Bl TR
TR FE I, DR 2 B e 59 & 5] AR K ek
gl R R g B R, 85 SR I A B, A
Bh Pk B R 8k, b 2 T A K. ZE
GAE Y 5 8L (Brachymystax lenok)! > A2 I &)y i
(Chelon labrosus)[m]%@% HH A1 3 A7

30—60dP B, HSDZH HF e A K R AR 8132 ik
ZRTLSD4, MMSD 5LSDAH % FA K 2% .
60di, LSD. MSDAIHSDZ [ 577 43 il 5t 4.64
8.84H117.80 kg/m’. [Kitk, iR 5R% A B T 5%
B AR R R

TEFEFE R JEHA(105—180d), #5254 1) 4 2 44 s
()75 A 2 e 2, RPN B, PRERR; [FII
o 5 A K SR 2 P 1 v T B AEG, T BHHS DAL I
fiyi fF R 58 T IR KO BT AR e . X — S5k
B, 2 FE I 2 RN AE TR S B IR T I . A
TUAE R 1 S Mt e e S A P B W2 3, i
TE FEGE JE W, R S P R AR e A K
R BERIRREY, @RS e K
Mg AR RN AT R, o
FRAE B P Aot £ A LA KT, TR, AL
PRAR A U 2 2 FEARHR A, FRAE S
HSDZH L HRITLSD. MSDAL A, iX Al At K
FE R IR AR TR 2 [ R 2 IR . Bk
RSB, A, 75 RS G T Ak St /i
RN REVED TR R AN RS B AT, TR AT B R
B2 hRX AR R X TR SRR T R
1 SRy K R 1 B IR A

AR FLLE R, K BRI AP (~40 g ) RE &
B B, 3 B P 375 R ANIG 4000 2/R8 (200 /m);
MPREIAFS0 g/ B, BIFREEE T, 25 A% AL
AT AT L AL PE TR T T 1 222000—3000 )2/
P (100—1502/m’).
33 FEZBEITAOREERIR RN

FrHE P R R E S RSIR . — . WL
PP — R AR B s B DG o e 2 B PR, A i
b AR R bR T VT AN AS [FOIR % R T £ 28 0 A BREIR
B, E RS A B IR R A MR P P
1 S W 1 S E SRS M e A H i = g
HUARAR AN A= BR A 2 UIA 96, I T #2806 31 35
Fy3 LA B R T WL A — b B T A AR
P, 5 AR RIBUR A8 1 BEA . AR,
5 B R S AR AR ) 22 7 B TR R
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1(120—180d), 180dHT, HSDZ ifi i7% 4] 2 i & 2 =0
Ths, X 5 222 63 40 PO R 1R R g 48 R
FAbho R MiE 2 bR R BRE KT, AT AR 2 4
e, IR AERR K AL A P AR R E T 180d I,
HSDALH il = BRI E 522 % TLSD. MSDA, 1fij
el JE [T A B AE S AL ) 22 R AN R . X AT R AE
MR, Hh =Bt K& B G LN A
MRERWEAE I . S5, BEASEAESHEH
[F) ¥ A B 2 22 e, AT RE DR e ok s 32 22 2 g T,
REAKENETRE. AR, 180dRT
HSDZH il i R il v 12 vh 235 BT, Ui B = % R R
LA ARSI AN G0 72 /K P38 568, 1X 7E ] 3k 77 (Megalo-
brama amblycephala) KW} 5t th A KI5,
IBA, BB 23 P9 i s i 1 5 D R LA O,
3 A o S 1 T 2 WA e A A Y, A
FURILHSDZH K 1 JE 65 I 45 B 4% TN % 2 B v
PEFE180dIN I 2 Tt iy, Ui B i F7 0EL 2 FEAE 57 e 1)
X ORI S By U A3 SR A A2 AN R PR 520

E = % BE A T, A S E B RS, 0
=15 H AR 1 R G R A, B AR
AR BEiEA ). BEN . TR
1 Sl 55 Bt 28 A A5 B 5 WL AAORE R AR AN
H 5L B B 0 Y R e R Ak
SIS, R S S,
TEFRFAHTI(0—120d), & A LA . A
Wit A RS EAE S AR O R 2 R, R
Ir 5 FE AL FRTE A A 1 R 775 e S
FrhE % FE LR K 1 R A S A . AL
SRR, FIRN A EEE . X
TEFRHH 5 A v % B 2H O 1 B 4 | i 2 R0 i,
S M 453 A0 R FE DD AR, VB B B B A A A RE 7T R B,
X 5 TE KZE 7 (Scophthalmus maximus)® FIK Fa ¥
i (Salmo salar)” IR 92 v % LR — B

4 ZHip

AT 5T SR B, 75 %5 AT, 15 7R % (4000 2/
P, 200 2/m’ )t 2 KA il {EL B SR N ) S K, 520
AW T R, AR 2 BN, FER AR HE AR bR A
PrafetERe s — e s . LLEE9.7 g KH
M T FR O R S A, K T SR A B AR B (<40 g/ )
B 35 %5 ¥ 71 94000 F2/F8l (2002 /m’); F558 v 5 4 Pl
F% %5 B 71 92000—3000)2/ P8 (100—150)2/m’) o

S ik
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CAPTIVE DENSITY ON GROWTH PERFORMANCE AND HEALTH STATUS OF
LARGEMOUTH BASS (MICROPTERUS SALMOIDES)

ZHANG Qi', HOU Jie"?, YANG Jun’, LIAO Wei-Jian', LU Jian-Chao' and HE Xu-Gang"’

(1. College of Fisheries, Huazhong Agricultural University, Wuhan 430070, China; 2. Engineering Research Center of Ministry of
Education for Green Development of Bulk Aquatic Biological Industry in Yangtze River Economic Zone, Wuhan 430070, China;
3. Yichang Fishery Technical Extension Station, Yichang 443000, China)

Abstract: Stoking density plays a vital role in efficient aquaculture. To explore the suitable stocking density of large-
mouth bass (Micropterus salmoides) in stable breeding system, this study investigated the growth rate and relative
health parameters of largemouth bass under different stocking density conditions with initial body mass of (9.71+3.75) g
of the largemouth bass that were randomly divided into three density groups (LSD, 1000 tails/circle, 50 tails/ma; MSD
2000 tails/circle, 100 tails/mz; and HSD, 4000 tails/circle, 200 tails/m3) for an 180-day trial. The results showed that the
average body weight and specific growth rate (SGR) of the HSD group were significantly higher than those in the LSD
and MSD groups at the early culture stage (1—30 day) (P<0.05). However, the average body weight and the SGR de-
creased with the increasing stocking density during the growth stage of 31—180 day. At the end of experiment, the
triglycerides (TG), alkaline phosphatase (ALP), glucose (GLU), alanine aminotransferase (ALT) of the HSD group in-
creased significantly (P<0.05). Whereas, the activities of total antioxidant capacity (T-AOC), superoxide dismutase
(SOD) and catalase (CAT) in LSD group were significantly higher than those in the other two groups (P<0.05). Overall,
the stocking density (4000 tail/tank, 200 tail/ms) could stimulate the growth rate of largemouth bass at early culture
stage, but high stocking density could affect the growth rate and health status of fish at the later growth stage due to the
density stress effect.

Key words: Stable breeding model; Stocking density; Growth performance; Serum biochemistry; Anti-oxidation
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