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3. HPEKERLEF Y B E K IS T RR A IR K SRR E IR AR E HS 266071)

WE AT R0 AR LS, FFR T 4RI F E GO(250 E/m’) . G1(500 /m’) . G2(1000 &/m’)
G3(2000 2 /m’)# 4 & 7 0.08 ghy o [E % 4T (Fenneropenaeus chinensis) 4 &T 4 K | 4 8 1k % 4t 3 f ok
FAEARE E o, Rk, BEME20 dit, Gl G2A K fn i iE % 5G0% %1 2#(P>0.05), G3
T # KT GO(P<0.05); fhE40 dBf, G4 K k& F §Z | T GoP<0.05), G244 K B &F KT
GO(P<0.05), G2k & % 5G0%£ F# 4 8% (P<0.01), G34 K Fn k& £ 5G0£ F 4% &% (P<0.01), &
A AR B AR . EAALA AR P A R RIGR A, FEMI S EEA L E A (T-AOC).,
# A S EE(SOD), T A b A BE(CAT). At H Ikt & b 4 B (GPx) A 55 B 3w 2 8 7+ 8 Ja IR 1R
w20 dE, 4R EEEY VEMHAGIANG2 Y B F 5 TGO(P<0.05); 40 dif, N B 3% [&1K(P<0.05), + &
MR H B (MDA)EEM B E N E FA#Y, GIWMDAS B A T %5 TG0(P<0.05); Gl1.
G2thMDA 4 & [ AE40 d T . ' B 2 5 T GO(P<0.05), A2 HH £ %18 EP>0.05), FF*
7% A E B4R rpH, DO, NO,-N, NO;-N., NH3-NA1COD % & % % v (P>0.05), 4 & [ %t
HAKWETREN, AR XW, FEBELED WP EXTNEKRIAMNE D, 7520 dBf
B BB E 1000 E/m°, 40 dBF By 7E B % E 5250 /m’,
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U3 TR0 5 ool DR, B ALk AR G TR TH BR PR I 3 7
A B I P AA(ROS) 7 T B ZEH .

XE B OME AF (2001) R KA iR %= K B IKTE IR
(Macrobrachium rosenbergii)4 & 5% 30 d Z2H F#
THMEFR R, Ay ] SR B A PR e X R Y A=
FSE 2 7k 5 5 45 (1989) I Li %5(2006) B AR IRIE T
5 W 28 5% v PR A A MR A S e, (X X
IRGIRAE /N KAR (TR %) 2600 19 AR A B 5 i
) 57 58 % B i AH S F R /0

YEE ST T 2% B e s vh B AR AR K L PiE b &R
FUIRE MK BLFE BRI R, DL A it — 2 0F 5% Hp [ X6
WRAEAS [F) %% B 38 (038 B AL R 2% I
Xof MR ) 75 B B AR A 7 P B AR S

1 M5 RF=Z®
1.1 ##

fa B EXTER T 2018 4F 5 A BUCT LA B & i ifg
FKFEFIEA WAL A A, BHIEEIE, LI
7 L PR (O O . TR K (2.0£0.1) ecm ., P
ARHE4(0.08+0.01) g FYEF T, BF= T 32 cm x 38 cm X
50 cm MKFE, SEH /K bt B8 )E 1 KRR K
RN 33.47, KRN 24.1°C, pH K 8.19, WA N
6.62 mg/L .

1.2 B S5RFEE

R 4R 7R 00 S 06 45 SR (K R B 4, 2008), JRiE
ANREA, TGO TRA) . G1. G2HIG3, 43 HI%t
NiSEEG 12, 25, 50, 100/4H, AH4 T [ Xt i
FER R BE 250, 500, 1000, 2000/2/m°, HHKE
INAT, ALK I 40 d, 24 hiFLETEAE, R
TR MR b L, AR AR Sy G AR 8%, A
AP (08:00, 12:00., 16:00F122:00), &EKHsK1/3,
FEH I AR S B AR T B v B R, O R
SIS ARKAR B RN R AR R SC IR B . B 10 AU 1R K T
KRR TR, iDL AMET- 4, Zitit
T2, P RITESCIRTT . FRAH20 dFIZE A HURE

1.3 FEIH*E

1.3.1 #H&HekE 1 ml — M s W R
4°CHA FIPTEER] 0.5 ml, MK IR LG B 0.5 ml
B LI LY, TR A5 JE INATE RNA B 1.5 ml 25
LA, 4500 r/min B0 15 min, BCEER, BT 80°C
UKAADRAE; B8 TFREAR . DLAZLZURE R 43 0.2 g,
FFBEAR . 5, BURE, A 1 :9 BB ARBE K, &
FE I KIS R ZH 4, 4°CF 4000 r/min 250> 20 min )5,

B VWA T -80°C KA IR AE, T TSRS A .
1.3.2 A K402

HEH R (WGR, %)=100%(W>—W,)/W, ;

ARG R (AGR, %/d)=100x(Wo—W,)/d;

FE A4 K (SGR, %/d)=100x(InWo—InW,)/d ;

TAHE 22 52 R EL(CV, %)=100< (A FH bR 22 PR

L% #E (SR, %)=100xNy/N,

Ao, Wi, Way 43311 45 D0t [ B9 400 4 44 5 R
FKAEHE, Ny, No 3R SEE R in R A A R AL, d
WET PN AE
1.3.3 A A IR AR 69 2 RSN/ A =)
(T-AOC). AL (SOD) . id %A L% B (CAT).
N W (MDA)FIA b6 H ik A Ak P i (GPx)FE i, 1
K b IR A W BB A B2 F) AR 7 )
DE 7k 2 U 5 7
1.3.4 KAen = . . pH A1 DO &
T YSI 556 BUK B A B AN A2 o SR R IR R 56 41
A 7 2R, 28 4 M A 0 BE R T S I A 7R R
R, PERRIE I E IR A, SRR 43O B

FESE T AR

1.4 SSHHEHSEITSH

SRS FH T Y (H AR 1 1R (MeantSE) R, 4K
P& 5y #7 R Fl SPSS17.0 H1 [Hl # J5 2% 43 B (One-way
ANOVA)FATAL R, DL P<0.05 H 225 W2, LI P<0.01
h2E N, Origin B AHER

2 HERE5HH

2.1 N rp E X R 4 R A K B R

A 1 ] UL, SR A R T AR | AR R
SCWATEAE 3% 22 55(P<0.05), Bl %58 2 B2 R 184 Jonn i b5
%o F%5H 10 d B, (RKFRELE 4 %80T E
#£5(P>0.05); 20 d i, G3 BELT GO(P<0.05),
Gl 1 G2 ZRA W #(P>0.05); 30 dif, G1. G2 il
G3 BT GO(P<0.05); 40 d I, G3 MIRK Fifk
5% IR 2 25 A B & (P<0.01), G1 A1 G2 5XFIR4
25 1.3 (P<0.05).

T X0 S R R SRR S R G (R DAL
B, E R Y BT R RE A 7R A R R ARG i
ko F7%H 10 d B, fEIERIE 4 DMREDTERARE
(P>0.05); 20 d B, G3 ®EMT GO 41(P<0.05), Gl
G2 55X R 22 F R 2 (P>0.05); 30d i, G3hL
TR TN 65%, 55X HRL 22 4 8 3 (P<0.01), Gl
G2 2257 W#(P<0.05); 40 d i, G2 1 G3 ik K1y
ISP 2 K F-(P<0.01), 4390 T R R 60%F11 55%, Gl
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GO~G3 434/ 250, 500,
4 SRR R — I ] S B0 40 45 % BR 20 25 S B 5 (P<0.01), A

e 7 ] — B[] S 36y 20 5 o) BE 2H 2% 57 5538 (P<0.05)

Effects of density stress on length and weight of F. chinensis during different culture stages

1000 F1 2000 B/m’

GO0~G3 are 250, 500, 1000, and 2000 ind./m> respectively
*indicated significant difference (P<0.05); ** indicated highly significant difference (P<0.01). The same as below

®1 BEIBESFEMN X E X R A E RS

Tab.1 Effects of density stress on survival rate of
F. chinensis during different culture stages
285 JIE % Survival rate (%)
Groups 0d 10d 20d 30d
GO 100.0+£0.0 95.2+£7.2 9.21+6.6 88.2+4.4
Gl 100.0£0.0 94.0+6.5 90.1+5.9 82.0+3.2"
G2 100.0£0.0 92.1+5.7 86.3£5.4 72.4+54" 60.8+3.1"
G3  100.0+£0.0 88.5+5.5 70.4+4.9" 65.144.6" 554+2.7"
W *FOR A — B R SE G 4 5 % R 25 S R (P<
0.05) 5 ** 7 [F] — I ] 52 56 21 5 % IR 4 25 S W 3 (P<
0.01), F
Note: *indicated significant difference (P<0.05); **

indicated highly significant difference (P<0.01). The same as
below

2 BEMEBTIRE 40 d B Xt o E 3R I FR A 2200
Tab.2 Effects of density stress on growth indicators of
F. chinensis for 40 days

40d
85.4+4.6
74.2+3.2"

gy HEE S OARXEHRE R KR REES
G’mu . WGR AGR SGR 2 CVW
P (%/d) (%/d) %)
GO 15.37£0.09 3.08£0.11 6.99+0.04  6.12+1.02
Gl 14.62+£0.04° 2.93+0.04" 6.87+0.06" 9.07+3.13"
G2 11.13£0.11" 2.23+0.06" 6.24+0.05" 16.07+5.04"

1.95+0.07"" 5.94+0.10" 23.11+4.20"

ik E K- (P<0.05), HXTHRZEAY 85% FR&E N 74%.

FEHH 40 d J5 (K 2), HHEXTEFA G E SR AT
F AR AE K 3R I Bl 5 5 2 2 () 38 I B AR, (A
255 BB SR TE S BRI N . G3 A K AR
PR REAUA EL, Y9Ikl /K (P<0.01), G1 Al
G2 2= 5 135 (P<0.05) , 1 FH F75H %5 B fR) 38 ™ B 52
T E XS AR A K

G3  9.75+0.08™"

2.2 FEMHE X E X iR S ERE B0

221  FEMAXFENIF T-AOC #) % M
K2 ATLLAE ), o E X ERA P T-AOC 1 1 0 I >
LA > IR EL >, 454020 T-AOC 31 J [ifi 2 i 14 Jin %
RESETHR R RRARAEE, BJa i 1T X R4,
Gl 1 G2 7E 20 d I, kDS . FFBEARAIZE T-AOC i
YT E A E, BE ST GO(P<0.05); 40 d A,
Gl 5 G0 ZH A EEP>0.05), G2 BFMLT GOo(P<
0.05), Fifiz5 %5 BEAY3E M, G3 7EMLHREL ﬂﬂ%ﬂ%éﬁ,/\
T-AOC WHHIRAET GO, 25 B3 (P<0.01); fi
R AL T-AOC 5 14 76 B 35 1 22 7 (P>0.05) .
2.2.2  FEMAXTF E X SOD #9700 MAE 3
ATLVE W, HEXTERMA P SOD 16 71 54 LA > Ji >
Mk EL>E, SOD i Jj % BEs AR 25 AR T
FER S, S il R T IE4 . G Fl G2 7E 20d
EIT SOD {H TR, Gl ZEERFALANAZ, G2 7E 4 Fp
40 SOD {1 134 i % = F GO(P<0.05). 40 d Y,
SOD JHHFEMN, Gl 5 GO 227 A3 (P>0.05), G2
LT GO(P<0.05); G3 1E 4 Fh4H4 T-AOC i 1 1h
ZART GO, 2= 57 i & (P<0.01),
223 FEMATE E S CAT #9% R M 4
ATLLE Y, A E IR A Y CAT 3 7 0 T IR 1l ik 2
>HLA>E, CAT 1% JJ B B R 258 ETHE
FERy#aH, 20 d I, G1. G2 F1 G3 FEMLkE . SEFIAT
JRARH CAT 1% 134 5 2 = T GO(P<0.05), G3 7EJ K
Jirh 2% SR B (P<0.01); 40 d I, CAT 1% J1 I, G2
M G3 76 3 FheHSURRY CAT W BEMRT Go(P<
0.05). WILPA AN [R] 25 B 4 =22 1] 22 5 AN B I (P>0.05)
2.2.4 FEA P EIE GPx 6% R ME 5
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GO(P<0.05), H A2 R R (P>0.05); 40 d i,
GPx % J1 T I, G2 FE iR h i 3 KT GO(P<0.05).
G3 FEIMMREL . 88 FFEEARAZ0H GPx i TR 24K T
GO, 25 1% (P<0.05). WL GPx i PE7EA ] % B 41
Z [ JC i 3 25 5 (P>0.05)

2.2.5 FJE AT ExEF MDA 69 %R M 6
ATLUE 1, HEXTER AR MDA 35 i oA B B> 1 74k
ESEESALA, B, MDA S EE, H& Tt
MR, 20 d i, G1FI G2 &%4%1N MDA &5 GO
ZRA R F(P>0.05); 40 d, if MDA &5, Gl
TEAT IR IR T B 2= T GO(P>0.05), G2 7E I itk I F AT
JE B R 24 2B T GO(P<0.05); G378 I bk B AT e
it MDA % £ Fifi S5 5 i) (] 0 P8, 20 d. 40 d 4R %%
=T GO(P<0.05); 1. JLAAZHZAY MDA & #2816
i, 5 G074 EEP>0.05),

2.3 EEBEXKERE TR

& 305k TR IR TR R AR Bl oK e 2
AR R R F T, AR E, 1 32.05~
3422 JuE N, ¥R A (DO I Wk E R 5.98~
6.82 mg/L, pH K% FE 3G N fAe FREmaE, M
BHE(NO,-N), HSE(NOs-N), 2SS E (NH;-N)FIfL
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22T A (COD)ME S FEH AR B BT %, Seitsr
Mrail, AR A 2 [ 2 7AW 3% (P>0.05), ¥4k
T IR A R 2 A R N (BRI, 2004),

3 iTig
3.1 FERME X E XA R AE AR

95 5 52 ) IR AR A RIBE T S AL A AS ) 7 it
FE, Ray 95(1992)I\ K, m&EET5]EKEL,
PR Z R SRR T, 3 UK AR T T R
T 52 0 X6 AR A A R o AR v, B IR 7 e
NO,-N. NO;-N. NH;-N F1 COD %K Jii [KF 7%t
WA 2 A TN, 100 BH 7K 5T AN 252 1 %o MR A= 4
YSRGS E A S IPSE 1Y i Ru N = SR U
Xof A S (A RN Y 52 4, e EIHAE AR BERTR], i
SRR AR SE, 54 E32(2008) . Tseng(1998)F
Nga(2005)%5 (57 45 5 — 55, X 2455(2014) % 58 1%
JRELUF (Procambarus clarkii) i IF 58 45 R 2, &%
FRIH oAHXTURER I R TS AR KA bR A TE R
BRI, FR5E 40 d J5, DGR R 2 RO
AR XK R R KRR N, 5
Marques %5(2000)%} FLAGEXT #F(Litopenaeus vannamei)
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Fig.6 Changes of malondialdehyde activity in different tissue of F. chinensis tissues after exposure to density stress



146 I A N 541 %
#3 ZWHIEKEEFED)
Tab.3 Variations of water quality parameters during the experiment
%iﬁ 4] K RLE [y e S A S AR BER MerTaE
KEL Groups Tempﬂerature pH DO Salinity NO,-N NO;-N NH;-N COD
Days () (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
0d GO 24.1£1.3  8.19+0.21 6.62+0.53  33.47+£2.52 0.038+0.121  0.016+0.030  0.066+0.051  8.45+0.11
Gl 24.1+1.3  8.19£0.21 6.62+0.53  33.47+2.40 0.038+0.123  0.016+0.030  0.066+0.051  8.45+0.11
G2 24.1£1.3  8.19£0.2* 6.62+0.53  33.47+2.21 0.038+0.125 0.016+0.030 0.066+0.051  8.45+0.11
G3 24.1£1.3  8.19£0.2° 6.62+0.53  33.47+2.12 0.038+0.120 0.016+0.030  0.066+0.051  8.45+0.11
10d GO 252419 8.16£0.29 6.77£0.42  33.30+1.93 0.024+0.252  0.032+0.032  0.033+0.081  9.13+0.14
Gl 253+1.6 8.15£0.25 6.82+0.48  33.35+0.82 0.036+0.101  0.032+0.037  0.054+0.147  9.75+0.03
G2 25.5¢1.5 8.15£0.22 6.59+0.50  33.31+2.25 0.048+0.224  0.038+0.031 0.073+0.122  9.76+1.02
G3 25.4+1.2 8.14+£0.18 6.42+0.32  33.20+2.11 0.061+0.220  0.048+0.022  0.094+0.189 10.98+0.13
20d GO 26.6£0.9 8.11+0.09 6.52+0.22  33.01+0.98 0.047+0.021  0.040+0.205 0.149+0.172 10.08+0.08
Gl 26.740.8 8.10+0.15 6.41+£0.25 33.25+1.02 0.060+0.050 0.051+0.011 0.180+0.032 10.42+0.37
G2 26.5£1.1 8.09+0.05 6.80+0.17  33.22+1.53 0.072+0.140 0.070+0.052  0.214+0.025 12.39+0.45
G3 26.6£1.5 8.08+0.11 6.32+0.21  33.20+1.24 0.091+0.130  0.082+0.022  0.228+0.045 13.74+0.18
30d GO 28.2+1.7  8..1£0.17 6.59+0.33  33.19+2.15 0.054+0.260 0.051+£0.321 0.339+0.025 12.04+0.47
Gl 28.1£2.0  8.08+0.21 6.55+0.24  33.18+1.71 0.077+0.010  0.078+0.037  0.359+0.056 13.10+1.03
G2 28.1£1.1 8.06+0.22 6.35+0.35  33.21£0.92 0.107+0.090 0.083+0.024  0.387+0.058 15.99+0.20
G3 28.9+0.8 8.07£0.22 6.39+0.11  34.22+2.30 0.116+0.020 0.916+0.021  0.436+0.042 16.47+0.17
40d GO 30.2+2.0 8.01+0.20 6.13+0.24  32.05+0.22 0.072+0.100  0.066+0.022  0.407+0.035 14.11+1.11
Gl 30.1+1.4  7.99+£1.62 5.98+0.30 32.46+1.01 0.103+0.030 0.068+0.014  0.443+0.024 15.28+0.55
G2 30.242.2  7.86*1.55 6.23+0.45 32.42+1.52 0.143+0.060 0.090+0.033  0.510+0.115 18.02+0.08
G3 30.3£0.8  7.87£1.89 6.33+0.44  32.10+2.22 0.154+0.110  0.093+£0.020  0.628+0.129 19.51+1.25
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Effects of Stocking Density on Growth, Water Quality, and Antioxidant
System of Juvenile Fenneropenaeus chinensis

ZHANG Hai’en'”, HE Yuying**", LI Jian>*, HU Shuo'?, Han Xu'?

(1. National Demonstration Center for Experimental Fisheries Science Education, Shanghai Ocean University,Shanghai  201306;
2. Pilot National Laboratory for Marine Science and Technology (Qingdao), Laboratory for Marine
Fisheries Science and Food Production Processes, Qingdao 266071; 3. Yellow Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Key Laboratory of Maricultural Organism Disease Control,
Ministry of Agriculture and Rural Affairs, Qingdao 266071)

Abstract This study analyzed the effective growth, non-specific immune function, and water quality
required for juvenile shrimps of Fenneropenaeus chinensis (initial weight, 0.08 g) at four stocking
densities of GO (250 ind./m*), G1 (500 ind./m’), G2 (1000 ind./m’), and G3 (2000 ind./m’) during a 40-d
indoor culture experiment. The results showed that the survival rate and growth index of G1 and G2 at
20 d were not significantly different from those of GO (P>0.05), while the survival rate and growth index
of G3 was significantly lower than those of GO (P<0.05). At 40 d, the growth index and survival rate of
G1 was significantly lower than GO (P<0.05) The growth index of G2 was significantly lower than GO
(P<0.05), while G2 the survival rate was extremely significant different from GO (P<0.01). And the
growth index and survival rate of G3 was extremely significant different from GO (P<0.01). Measurement
of the antioxidant status in the serum, hepatopancreas, gill, and muscle tissue showed that the total
antioxidative capacity, superoxide dismutase, hydrogen peroxide, and glutathione peroxidase first
increased and then decreased with increase in density. At 20 d, the four oxidation indices were
significantly higher in G1 and G2 than in GO (P<0.05), and at 40 d, the indices were significantly lower
than those in GO (P<0.05). The content of malondialdehyde (MDA) increased gradually with increase in
density; the MDA of G3 was always significantly higher than that of GO (P<0.05). The MDA of G1 and
G2 was significantly higher than that of GO in hepatopancreatic tissue at 40 d (P<0.05), and was not
significantly different from that in the other tissues (P>0.05). The pH, DO, NO,-N, NO;-N, NH;-N, and
COD had no significant effect on the main water quality indices (P>0.05) at different densities, which
were all within the suitable range for the growth of F. chinensis. The results showed that density stress
significantly affects the growth and antioxidant capacity of F. chinensis, and the suitable densities were
1000 ind./m’ for 20 d and 250 ind./m’ for 40 d.

Key words Fenneropenaeus chinensis; Stocking density; Growth; Antioxidant enzymes; Water
quality
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