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AT IR L R 5T AR Y 7 i, HLRE
BN o SRR Y R AR SR A A
el TR K RE A K AR A2 B SR B B 0 R
( Hydrilla vearticillata ) | 77 X% ( Vallisneria spiralis)
AR IR A K BRI K AR A, R 5 R
PR BE IR R R H R R
UFFEFH R 22 ROR R K R  ELRL A
R IR BT A K R S ik 3 )
FAAEAAE TR T, X T 0% SR e 3R 55 v e G 5t 2%
BN A B B T DL R R ) e T i 2 Y
B TTHRE A5 D7 TR WA OCHRIE . Rtk , A8 5%
IR SR PRI v AN (] 7 5 28 0 v T B R Y
AEAPERE B U5 2H SORN 3 4 S 1 5 T R 1) B2
M) , 15 PEAR BH D AR S P58 v e TR MR )3 LR AR
W v [CR B AR SRR A 25 1 2%

U B Tk

1.1 SR

S MR SR T i R 2 A W B M,
B 4 3% ) B MR (4. 35+0.95) ¢ H]
FLE, IR K MR, 24 h (9 [ koK, SE5G
BHRBOK A RHFIHEETE R S WAL, SCI0 A1 Rk
AR CTL IR RORA BRZA 7)) oK Bl & 43 (38
[, i A\, HQA0D) 25, SBi I AR ik A 1
INAESZE (PP A5, 42 15 em XJEAER 11 em x5 F
13.2 cm) i Bk E A E] 20 em J5 T 505G,
1.2 =Zigit

ST 2019 4F 6—8 J 7R LR R F 540
FEHAEIR K FRIE AR ( AR X =108 emx 120 cm)
WHEAT, SEERBCE S DIRFHEE, 43510 1015,
20.25.30 B/m”( B 8.12.16 .20 24 B/H) , 435
MAH B .CH.DHEHER,FH3DEH
S, [ B FRBEAT N IO 6 25 AR B, D IR
3 5 2N 60% S I IE] , B 2 AR A 78 AR
TRAEER AR A8 7K 55 1 15 2 1 B0 2R 47 B8 46, B R B
SRR RBHE IR Y 3% ~ 5% AT IR0, 5
50 S ) ZK ARV A 80 (8. 0420, 52) mg/L pH g
7.68+0.26,
1.3 HFmRESLE
L3.1 A RAERREIIE

SEHTFUR FNSE AR, 455 1 5 48 h, HIUE 4R
BT IMARAK G T A AR I E 1
B iE 3 (Survival rate, SR) (HSH 2 ( Weight gain
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rate, WGR) , i+ 57 E40F
W, =(W~W,) /W,x100% (1)
S.= N./N,x100% (2)
o Wy F1 W, G35 Sk ST 6 T e 0 S 46 45 TR Y
SO QR AR P S R B, g3 N, FL N, 2300 R S 5
TH 0 R SE% 60 45 o Bf 1) e D D 2 R A 0 B, R
FERRAS T P REHLI 3 R AR IEA T A 510, B IR
FUR &8 LY, HE 0 R E, 7T R BRI 4R 4K
( Hepatopancreas index, HSI) I H} A & ( Meat
yield, MY) 3R 40T
Hy= W,/W x100% (3)
M,=W, /W, (4)
K. W, NI E R AR B B, g5 W, MR R ALY
B, g; W, Ry S 0 4 oI B [ 5t 2 0 - 2 44 o
i, g MR E S ML FIIFBR , —40 CukAE h Ok
FERFIN
1.3.2 FUERIGLRFEM I RAE 53

SEHG AT AL S S50 FH AR LA — 20y 10
JFE v [C i 2 MR A0y R R A5 e ), O R RR LAY, R
VEASIEAE it 5 S5 96 45 I, K B o 5 1 R R o
FEG S, A ORI AR LI, 25 8 7K T ok, Al
PG THHLZET AT 10 mL B0

FARBERRI P AR 3, LBRAR BB FNER I o B
ARG IR BR[0T S 0 2, VS K gk 22 BR AR T
AIUE L, B R R HRAL TS O/ AE T A
e L

WA 3R ) )k, o TR A BE AR 60 C
fEIR AT HET 48 h BEEHE,

1 5 TR MR A P 2R A o R AR
R BIRAPRIE AL (Retsch MM 400) FH AIF B 06y
Ko WHEE KA S T-20 CUKFIRAA .
1.3.3  Fasg Rz o Hr

T [ S2 2R A it 1) 00 7 9 TV K2 4
ARSI S AT K Je iR i ) T 4R
B (CEEER 1 mg) o SRJF R ARRE R & H
i) 4 Br Bt 3% 4 ( ISOPRIME 100,
Corporation, Cheadle, UK) #4770 #r, M EH H
e AREE R FfEL, B EURRE [R) 6 3R 2301
AL bR AR AEY) B PDB (LI 41) Flas <
HI N, ME RS bR, ik B RN R L 87 C
8PN JEARFIR . 87C A1 8 N Mt H AR
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AP C/ PN NG R e 9B A SRR 157
RIWA BIE 10 MERIA 3 DPRIERE G Al
FHEBRFR HEY) 53 A Rk  BAR E [ 3R, B Ae
E RN ZEY R USGS24 (-16. 0%0 VPDB) |, %
g AL R R IEY) Sl USGS26(53. 7% VN,) o 43
HrAE R 0. 05%0( 3 C) 0. 06%0( 8 °N) .
1.4 PFRRBR P IE4E = e m B R E

N ¥ (Malondialdehyde, MDA ) #8541k )1
Ak ( Superoxide dismutase, SOD) ., B.HL &AL BE F1
(Total antioxidant capacity, T-AOC)FgHr3 % FH 75
MIRHE A P ARAT BRZA ) A7 R & e, % T
ity (Lysozyme , LZM ) 5% HI 75 50 2 i A= 9 TR A PR
O wV A PR G, DU T AR u ] B A T
1.5 HiiEsbE

AT REH BT R E RO R IR G
#( Stable isotope analysis in R, SIAR) {5 A [q]
FrURAT T FCJFEAR B Tk o K 4% 4 T G R

IR BR8P C 8N (M A R 15 A,
ZMBRBOLE IR )15 A K B4 7 G IR
IR AR A TTEREE , 87 C A1 8N B/ R Ko Bk
1. 3%0x0. 3%0 F1 3. 4%0= 1. 0% ', 52325 J H]
V-2 {8 + A5 1fE 25 (Mean £SD ) £, >R H] SPSS
24.0 Fl Microsoft Excel 2016 #47 Z 38 43 ¥ F1 4%
T, PR 2R 7 22531k S Duncan’s 3535170 By
b4, H] Pearson AHOC 22 $506 57 58 %% i 5 HAAth 45
FRiEATAH e AT, i 37K P<0. 05,

2 4

2.1 AEFEFERRFEEFERERILER

A% 1 Al A A 2R IR R | ZORIA K iR
R, T HALAS 2 (P<0.05) , A A AYHH H R
WK, 5 BAZEFALE(P>0.05) (HMHE L&
T C 4D 4R E 2, 4 4100 F iR 45 B i A
AL RGO R FH 2 (P>0.05)

®1 TRFEFERRREREEKERE

Tab.1 Growth performance of P. clarkii at different stocking densities

i H Items A #4H Group A B 21 Group B C 2 Group C D #4H Group D E 24 Group E
2] i 145 i : Tnitial mass/g 4.30+0. 47 4.53+0.90 4.40+0. 55 4.5120. 64 4.25+0.61
WItE A Initial length/cm 43.311.49 42.69+2. 60 43.70+0. 84 43.09+2. 61 42.312.06
LR Final mass/g 21.35+4.37" 17.99+3. 15 16. 68+3. 92° 17.79+3. 04* 15.9423.19°
LR K Final length/cm 64.45+4. 98" 61.89+4. 43" 60. 87+3. 16* 60.91+3. 98" 60. 03+4. 84*
1R WGR/% 361.57+56.87"  332.82+52.26™ 273.30+8.03%  281.22+23.39" 259.97x12.33°
B RS 5L HSL % 8.41x1.09 8.32+1.10 8.41x1.09 8.37+0.94 8.32+1.01
HAZE MY/ % 14.07+2. 10 14.24+1.58 14.36=1.51 13.8421.30 14.661.53
FET % SR/ % 91.67+5.89 83.33+6. 80 85.42+12. 84 83.33+10.27 83.33+3.40

TE:A B.C.D.E 45135 10,15.20.,25.,30 B/m” (I FRHI% B s RAT AR R TR R A0 L5 %4 5 (P<0. 05)
Notes: A, B, C, D, E represent the breeding density of 10, 15, 20, 25, 30 ind. /m?, respectively; Different letters in the same row indicate

significant differences (P<0.05).

1 2% 2H % 5E %% BE 1) v TG R AR AR 4l 2R 1
i 6 25(<10 g, 10~15 g, >15~20 g, >20~
25 g.>25~30 .>30 g) , %A W B ARG LOR
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s IR AR AR 2SN e A AP RN T
15 g 58 RS IR & HUACR 18% 11 E 41 i oA
50% . Rt SRAE A B, C D \E 44 20 g DA I
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I BH 8 JE 5 45 2 v I B O ) A AR A
FIARSCHE T (35 2) R, FRFE S 5 AR IR K
R AR R M 2 UM O, A O 2 By ) S 0. 909
(P<0.05) ,-0.929 (P<0.05),
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Fig.1 Distribution of terminal body mass

of P. clarkii at different stocking densities
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F2 EKERSFEZBENHEXESN
Tab.2 Correlation analysis of growth indexes and breeding density

H: K F5HR Growth indexes

S Tem SRR EORIRK A i HER AR frEH
Final body mass Final length WGR MY HSI SR
r -0.839 -0.909 -0.929 0.400 -0. 456 -0.730
P 0.075 0.033 0.022 0.504 0. 440 0. 161

2.2 ARZEEREKEENHNRIERKE LS
S A AR A2 v [ R B MR ) -3 R AR I
HON 15.94~21.35 g, AR4f v PRI M 0 2R 45
O TEGL(E 1) BV NS (10~ 15 g, S)FTR
FA% (20~25 g, L) PR X [E] (A HF FH F & IR,
SA SB.SC.SD . SE 45375 10.15.20.25.30 &/
m® A7 5 5 B 4L P /N BRSO B (10~ 15 ¢) LA |
LB .LC.LD LE 45575 10,15 .20 25 30 B&/m” [
FRBE S FE L TP R AAR I HR (20~ 25 g) . f# ] SIAR

KA 17 5% , 50 FRJFEEHRAE (CFO) Xt SB 4111
HRSEA8 Bk A A 30. 3%, ARlEH(FD) X SD 411
A TIMREE R 62.5% o, KHIAS R EN X LA
L A URF- 2 BTk B K 26. 9%, CFO %) SB (1R
SERI TR e KM 28. 1% FD X LD 2 (i #FSF- 1
TR K R 58.7% (% 3) o Z5G R VNI &
R TR EE T, 4520 5 FC I B MR 14734 B ik B e
(I EIRY R FDFD X6 KHIRS MR 4SF-25 STk B A T
ANKRAK AR, EN X /N B A B 0 S 35 5T kR R

12.8% ~17. 5% , EN X K HLAE UF 1) -2 5Tk & Ry
14.5% ~26.9% , 3 H.[7l— % B4l , EN X R FAS
R AR B R8BSR i T/ NS B

ﬁ@

BT AR RISRIE B RE R A2 R /NI B i
AR IR TR ME R AR I (T 2 AL 3) o /)
PR IR AR B (EN) X SA 2 B R 1 2 5T ik 2

18 e
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CFO EN FD CF0 EN FD CFO EN FD
B/ Food source & J5 Food source AR Food source
(a) SA (b) SB (c) sC
1.0 1.0
o 0.8 =~ 0.8
=] o
= s
5 0.6 8 0.6
(=1 f=1
o o
& 0.4 & 0.4
ey ks
i1 0.2 % i1 0.2 @
0 0
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A&JR Food source Y& Food source
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Pl () AT G 18 ph A B S 2 AR 95% ,75% , S0% I BLARIX 0] CFO. SEIRJRESHRAE; FD. ks EN. ffH4R%E; SA SB.SC.SD SE 7
IFR 10,15,20,25 30 J&/m” {3254 ALK IR (10~ 15 ¢) .
The width of the strip in the figure ranges from narrow to wide, representing 95%, 75% and 50% confidence intervals; CFO. P. clarkii
background; FD. Feed; EN. E. nuttallii; SA, SB, SC, SD and SE represent small size crayfish (10~15 g) in the culture density group of 10,
15, 20, 25, 30 ind. /m?.

B2 FRANMEHEREZETRENIH®E

Fig.2 Contribution of small-sized crayfish food sources in each group
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P& o Y 2Ry

TR th 25 3 T5 43 R 95% ,75% ,50% i B 5 X ] ; CFO. 7 [GJ5EEERASE ; FD
BIFR 10,15,20,25,30 J&/m® FYFRFE 5 BEL P R HUAR FOIF(20~25 ¢) .

The width of the strip in the figure ranges from narrow to wide, representing 95%,

. fkl; EN. fHR#E; LA LB LC LD LE 4%

75% and 50% confidence intervals; CKO. P. clarkii

background; FD. Feed; EN. E. nuttallii; LA, LB, LC, LD and LE represent the large size crayfish (20~25 ¢) in the culture density group of

10, 15, 20, 25, 30 ind. /m>.

3 BAXMEHTEREZERTROITHKE

Fig.3 Contribution of large-sized crayfish food sources in each group

R3 KRR RRERE R IRSTKE

Tab.3 Food source contribution of P. clarkii of large and small sizes %
i H Items A 4 Group A B 4 Group B C 2 Group C D 44 Group D E 24 Group E

JINRAE Small size

CFO 23.1 30.3 25.6 24.8 26.1
R EN 17.5 17.2 13.6 12.8 16.6
"%} FD 59.5 52.5 60. 8 62.5 57.4
FIHE Large size

CFO 25.8 28.1 27.7 26.8 26.6
IR EN 26.9 25.5 25.7 14.5 20.4
"%} FD 47.3 46.4 46.6 58.7 53.0

2.3 AREFEFE % KEFEEIRES R EEREE
L8

N5 Pl 5 2 B A5 4T 1Y o G RS MR T e
PR AR R ERRE M AT X L (R 4) 45 R B
TN, B FRGH 8 A E] Y SOD Fn LZM i 14 I B 8
25 (P>0.05) ,A 20 MDA & A%, BEIKT
B.C.D MIE Z4H(P<0.05), D ZHi) T-AOC ik i

FRTHAKH(P<0.05)
3 e
3.1 FEFEXTRERIRERKEERNZME

TE UGN SR % B AT LR TR K A B AR

FEOT R FRIERT G A 77 ) A R I SR P A
5 FEGRB X G 04 A KAk BRI SRR
XUk % BT R B TR Tt R, 2 R
JB MR ( Macrobrachium rosenbergii ) 41 K i) 1 B R I
W SRS B & BRE A SR Y T
1o, o PR IR Al MR AR i Tl N, RS A
2 OVRIESS S B, S5 5 4 o T F IS MR 4 9 77
TR BRI . AT, B 758 2 T 1 T
o BRI LR IR BT B FR A KR R 2
mﬂ?ﬁ%ﬁtﬁ%’:éﬁaﬁgm? 15 B/m’ i}, /N
FE A LA E@ﬁiﬁ {E452H 1) 5. R B MR A 47T
FILRENESR . XA REEH THEE SRS L
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Thien, vE B R A 24 e, 25 HBCAY fE
O AR TR AT S MBI i 2, P EOHAE K
GG MR AR v e B R A R R
THUREIL K G PRI TR B b

il AL, 3 n] BER AT Hh A RS AT 3% 22
SN . AR WS AR T v [C IR MR A R 1
Hh AT AT 25 i g P AR s S R DR i o 14
ROPRTHIRI

F4 AREFEEER KEERRIRIE 7SR R EE TR LR

Tab.4 Comparison of non-specific immune enzyme activities in

hepatopancreas of crayfish with different culture densities

i H Items A 2 Group A B 24 Group B C 4 Group C D 2 Group D E 2 Group E
P % MDA/ (nmol/g) 25.90+3. 40° 43.23+3. 49" 46.14x6.95" 48.58+9. 06" 44.33£5.75"
A ALY AL SOD/(U/g) 133.73£11.75  123.90+23.18  104.48+19.02  134.28+30.17  126.81+17.81
RPTESLRES T-A0C/ (U/g) 410.55+81.61"  420.10+88.45"  441.35+24.83"  310.68+14.24"  442.46+58.12"
VTG LZM/ (pg/mL) 1.24+0. 40 1.02+0. 08 1.57+0. 64 1.31£0. 10 1.07+0. 34
E:A B.C.D.E 453K 10,15.20,25.30 B/m* BIFRA s FAT PR R FR3R I E %5 (P<0.05)

Notes: A, B, C, D, E represent the breeding density of 10, 15, 20, 25, 30 ind. /m?, respectively; Different letters in the same row indicate

significant differences (P<0.05).

3.2 FEZFEXRKEZINEIETHENZNE

Wil 5 5 5 B O 0, o R R MR G B P
o 1o g 1 R v R N Y b A ST R 2R
R B RSt . ARSI, BHR
PEIT- Y8 DU R A A S5 R R M RIS, SR
TP < — T T ] R 2 AN 238 88 A %) e E DA B O ) 3
Bl 25 R R B FE 20K, TR AR A o R AR — 3
MISAE , B R AR P46 £ A P 2 38 1) o 60 v 5
2 5 53— J7 T AT BE SR AIK A B A R AR P S I
LB, AT 2 B R A AL & R R
o uIRJREINE e gt BEE MEAN AR, B
P LIS B D 3 0 £ M R e e L AT
FE T A — R0 25 B SR, AR B R A%
VR ST 24 DT R v /N A, L PR AT e
B 5 e DG D B R o AR A, L P R AR AR A 5|
(4, th AT BE S K R4S (14 B 3 ek R P S 4 B ik
U R T R R A A AR, B ful A T Tk
F/NUAR B 94k, R i T RS-IR R 4
H R RS R ST R 6. 00% ~ 13.30%,
T AW ZE B SR B 1 - 34 SR B, T R R Ry
PHRBERE PR T8 B 5, AR
E TN R S AW 3 N A S AT
Fofr R LA R AR A 38 e ) TR B o APLAE S R SR
Az B SR BT T v GRS R U STk B A
Tl E AN U — B A
3.3 FETENERKEENIESRECREREF
4 B 4 i

Fr B % I 2o v o 0 3R B G v S A, X AL
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BT A S 8 O 7 A — S S
MDA J2: i it B Ak i Fe 28 7=, He 5 i i i {1 ]
PLSCBRATLAA AR S5 2o 4 Ak i 2 B (] 4 b Sz B AL A4
AR AR Y o ARBFSE R A 4 T R R
R MDA () & A 1K, B 10 BB/m® 1 3% %5
B Bl BRI o [ SRS R AR 9 B T 2ot S AR K T o
1M B2 .C4.DFE 2/ MDA &= o lg % 2%
S, 1% AT REME A TP AR (2 60% FY B 75 58 ) PR35
W, B 4L C 41D 4UR E 41PN 8 B 25 3k Al i) oy
AR, A R L2 LA R ST E AL T RE. SOD |\ T-
AOC Je LZM 5P B T 37l 1 72 sh W pLIR St
AR Ve e 11 skt AR Yy
WF5E & B0 o [ 6 MR (F enneropenaeus chinensis ) [
SOD | T-AOC {5V B % 57 % B 08 i 52 e 38 n s
R Y e AH A B ST, % 5 5 % 4 TR
SOD \T-AOC Jz LZM J5 P4 22 5 AN K, e H: Ji ]
—J7 I AT BES MDA 264l RIFE D AR 3 (29 60% 1Y
BEREAR) PG b, DR B 3 B 3B AR X /N, e
TR AR A AR RIS 1 T 2 T il i A 55 A K 4
PSS R EDIE 73X —#EM . 55—, Al e S
T FC AR X AR R A S A O R BB
FERBL, B RE IR (P2 2. 4 g) B FRFE
12 B/m® $2TFE 32 /m® i WA B SOD
LZM F96 1 25 T B, A AIF 58 vh & 4] SOD |
LZM VeSS TG 535 22 5 o PN R LA
HeLR 2L (Eriocheir sinensis ) [ RSN 15% H {7
SR E B RE SR T AR S BE ALK SOD (LZM
Wtk AWEE b, OF 5K 3 A9 B8 6 5T Bk EE Y8 [
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Selection of suitable stocking densities of Procambarus clarkii in the
environment of Elodea nuttallii

LIU Mingming"**, CHENG Yongxu'*’, LI Wei"*® SUN Ying"*’, LIU Xiaofei"*’, XI Yewen®,
LI Jiayao'*”

(1. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Minisiry of Education, Shanghai Ocean
University, Shanghai ~ 201306, China; 2. National Demonstration Center for Experimental Fisheries Science Education,
Shanghai Ocean University, Shanghai 201306, China; 3. Shanghai Engineering Research Center of Aquaculture, Shanghai
Ocean Unwversity, Shanghat 201306, China; 4. Fisheries Technology Extension Center of Anhui Province, Hefei 230601,

Anhui, China)

Abstract; To investigate the suitable stocking density of red swamp crayfish ( Procambarus clarkii) in an
environment with about 60% Elodea nuitallii coverage rate, a 45-day rearing experiment was conducted. The
initial weight of juvenile crayfish was (4.35+0.95) ¢, the growth performance, food source contribution and
non-specific immune enzyme activity of red swamp crayfish were compared at different stocking densities ( 10,
15, 20, 25 and 30 ind. /m*). The results showed that: The final body mass, terminal body length and weight
gain rate of crayfish in the density group of 10 ind./m’ were the highest, and there was no significant
difference among the other groups, and the culture density was higher than 15 ind./m”, the proportion of
small-sized crayfish ( 10— 15 g) increases significantly; The average food source contribution of Elodea
nuttallii to crayfish ranged from 12. 8% to 26. 9%, and its contribution to large-sized crayfish (20-25 g) was
higher than that of small-sized crayfish; There was no significant difference in the activities of superoxide
dismutase (SOD) and lysozyme (LZM) among all groups, the malondialdehyde ( MDA) content of crayfish of
only 10 ind. /m’ was significantly lower than the other four groups, which indicated that ensuring certain
coverage rate of Elodea nuttallii can effectively reduce the negative effects of density stress, and the intake of
Elodea nuttallii could have a positive effect on the non-specific immunity of crayfish. In conclusion, the
suitable stocking density of crayfish was 15 ind./m” in the environment of Elodea nuttallii ( about 60%
coverage ) .

Key words: Procambarus clarkii; stocking density; Elodea nuttallii; growth performance; food source

contribution ; non-specific immunity
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