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B e QB S MR X TR I R e b i A R %
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Y, IR — SRR RE
PR 2R AR R AE Sk TR s & A
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e H A E MR AL &R LB 5 & WA N R E
PR TR 2% L AH 3 A 5 00 R 1 2 £ 0 ok TR & BT
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S T 20164F8 H —12 1 #8111 K2
S5 MRl KL (31°36'N, 121°36'E) k4T,
WM DXl Ja ST AR R KU o S 6 U ) 5 B K IR

JE5104~33.5°C, pHIE H7.23~8.81, #fifA A2.61~
10.89 mg/L, A <03 mg/L, WWHEHRER<0.10 mg/L,

12 FERITRFEEE

PEH2AN S0, AR S5 F (K x¥i=12.5 mx
10m), HEFAEZK R Y 5 (K x58=10.3 mx7.4 m),
S Rl 1 R 0 B 7 T s IR 7 TS R S S = = [ (VA
PEHEK o SC8e oy M3 AR EEA, HA (FRRF4LC/N=
8); 4B (falkHEk iz 41 C/N=12); 41C (e} Ek iz 4
EiFE C/IN=16), BHKIL4NEE ., KT
20164E7H 31 HAd B, 46 BT 5:666.67 m’jifi H
3kgE AN 3 kgl . 7RI NI 5] HL RS A 16
i [ 5 3% T 5 (Alternanthera philoxeroides), %
5 R A IR T A 30% . 201648 A
20 H B ELFE 2.5 kg -2 HURE S (5+2) ghy e [K
JRESHR 4 UF

S HATE] A KA S —6 45 4% MR UR F 5% )
TPk, R R W 1, IR . AZH250¢
SR A ARk T VLR IR R A B2 Wl /3 BAH[107 ¢

1 SN AR R A LA L )

Tab. 1 Ingredients and biochemical composition of
experimental diets %
o R
ingredients content

JRARMHARR  ingredients

¥ fish meal 4.00
/NEEKy  wheat meal 28.30
46% 5 M1 46% soybean meal 8.00
SEAfl rapeseed meal 27.50
164 peanut meal 8.00
WK shrimp powder 0.30
Hi#f  cotton dregs 6.00
LK cuttlefish powder 3.00
NP RERY  beer yeast powder 1.50
Ca (H,PO,), calcium biphosphate 1.00
%l phospholipid 2.00
iz 1 swell soil 8.00
50% AL 50% choline chloride 0.40
b salt 0.20

EFRHARR proximate composition

JK43  moisture 8.36
MEAHCTFE)  crude protein 28.60
BHE(FE)  total lipid 4.34
Koy (THE) ash 4.04
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A FROEIRES R TR RE . T
[CJE BT A e W s sh Y, 38 o i 2 Uy
XF 5 1R B 1 A R TR, AT A
FENEHEZESEIEHEN,

J KR AT B AERET, PR B
m, W MEIENLAME A AR . T20164E 12 H W1 JF
b R AT A 1 (] o [ 5 R i R A R4,
I H ST AR, AL IR E A AR 20 H (g 4
() o G SRR X R 4 30 1 e F B MR g A7 1A
Ko R BTE I, AR AR & 3
%K. 1R/ PR (25~35 g), 290 AR (35~45 g),
SR FAE (45 glh 1), A 535 v (R R S U 2 IR
FWLAY, ARG BE, IR IR TR LR

AR
SRETE  HEUREE NS

TR TR, RSB 7 0] S50 % T
KGNS ik, RBRFmE P Te L, BT, 60°C
T ZEEE, RET AL,

FaEsh oS LI RKZE SRR
PR IR, SR G F 13#IF e 30 4 W (FL4£0.112 mm)
IR KAERIE Y, ARSI TR B
[0 3] S2 565 5 FH 450 °CHIBe4 hi R4 rE .

H AR S SR SURE R I LY 2
TGS 1 3% 365 2T 24k 18 15 (GF/F Whatman, FL4247 mm,
FLA20.7 pm)id 8 AR AS TR A HLPFE 5 (POM) S 77
ety , M Ba.

ES PLAAR G N ERIK . HEW
WA 43 5 L KRS 3k 3 DA B AE A R BRI
RIS 2 e R K R i T, BTSSRI
60 CCHE T ZEfHE, #BE A EHLE,

RN 'S WAz A 3 W ) ) A R K
TEHER P60 cCHET R H &

A FE S B T 20 CCUKFAIRAE 2 o KMt
THEFETR ., KGREE . Wk, 8. %1
b R EE AR LR % B 22 1R A R BK B L (Retsch
MMA440) 1 BE BB AR o T A7 38 BREAE & FH 1 mol/LIY)
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R R R AL AL HE
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JIT A b RS M TR A 2 D AE IR R
FREAERFEIRE#HT, AL HBHEE
LA RE S A8 1.5 mg, HAWFES2 mg), £ A
F 5 T A 3 2% 5 1% { ISOPRIME 100, Isoprime
Corporation, Cheadle, UK)i#EA1750 4T, ik . AAE
[ 432 2 i 539 LA [ B 38 FH 104 A 1 4 5 PDB (3 WM
PET A2 ANAE IS Hhn e, B . Ak
[y ZEAE LS PCHIS N B Ak R . 8 CHISNLI
TR A T

X (%0) = [(R sample/ R standara) — 1] x 1000
P XHECH NG Rygmprere A 1Y [ 3 3 HAE
BC/PC BUPN/N, Rygandarade Br 1E &l Y R 47 & Fb
E", BRI E 10 FE S A A VS BRUE S, R
PRARVE S USGS 24(—16.049% VPDB)HIUSGS
26(53.7%0 VN BIAS R . RN E, 4
MEAE FE M0.05%0(3°C) . 0.06%0(5"°N), FF-HEHLBE
TEIASFE S AT

SC T R CIC R FINTT R & & -
V58 38 A 2E A3 AT o A AR (Vario EL
Cube, f%[EElementar/A ), KMBE: 0.01%,
BN AR
L5 HIEALE

K FSPSS 18.07> Hr T 2R 4% i) & dls o >R il A
PRI 2R B J7 22 43 1 LU A R C/NF RS =X = U
I8 CHS NIy 25 57, FEBUAN [A) C/NFE AR 3R AN
[ RS o PGB 2 MR AR A9 8 C el PN 22 57,
FVEKEP<0.05, R IsoSource2k MR A 45 % 43
B A B R0 % 3 1 R STk s, BRI
i, K H ) Increment{E £ TolerancefE 43 1) H 2% A1l
0.01%o0. FH T 5250 v 5o [CJ5 2 R AE S A HH PR 85 vh
WA X = E P, H e, HxF T
et H v i £ 1 Y B ME ) B AN B 5L R L VR
Y. AULERSEm S, ;- NER%, A
By EO FERE & AEE, R DR,
MM h MY TR N E , BRI R E
GO, HAIE R HEUA AR S, |
90 dAE K M R NI H Uk 2 A A NG
ML BT Ak, AHARE IR 8 NIy 4318 & E (dis-
crimination factor) HJ ABU{H 3.4%0°°?", R & Mc-
cutchan¥E P 2538, K A 2 B 1 Bl W ORE SR T


http://www.scxuebao.cn

11 4] 2 OE, A JTRE PR R R BOR TR — IR R ST S R /R 1R T O 5 PR RUBS R A R Y 5 1781

WHENAHE, EAL T EIRABAER T, §°C
Y 43188 22 BT A BUE 1.3 %0+0.3 %o

2 R

21 k. REINLEHEHK

A S 56 21 HP I S [ B A T G i A I L 1A
RS CHIS N an 2T /R, P HE mean+SEH
N, AN TR C/N 2 v R ) R A L PR Y
S CHIS INH 24 85 A IS 1 25 A% (P<0.05) ., Hir
SUCHTE AN R HUAS 1Y o R R AR LA v, Bl E

P RLC/NB TS REAL, H 8 CTEA A Bl A%
1 5 IR R ZS AR AL th 3 2 I A S A CZ B £
16 B #E 2 (P<0.05), HABSHA., HCZIA T
V22 F.(P>0.05); S NAH7E A A KLHE 1Y 72 X
JRECHF LA, 3R AL (R 0 B M R
(P>0.05), 8" N{HTEA [A]HLAK v [T )5 2L 0T A LA
R A B> C>H AR L, K2, E3); FElR—
C/NFZ WAL B2 v, O[] RILAS 11 e EC L 8 0 L Y
(18" CHIS NIE 2 [|] ¥4 G . 3 P 22 53 (P>0.05), H.
[W] — C/NFL ML b, 19/ INRILAS o EG RS R LA
8 CHIS "NIE 34 3 i o

R2 TRB/MEIR, 2R, RRREETIAK. RRNESEHFESN

Tab.2 Variance analysis results of muscle stable carbon and nitrogen isotope of different size P. clarkii population of

different feeding treatments

TR TR R 4IA 41B ile
stable isotopes group A group B group C
BREZAED)  8°C %o(small size) —24.28+0.23° —24.4440.18" —24.88+0.07°
RFAMEMAD) 8N %o(small size) 6.44+0.11° 6.60+0.10° 6.47+0.18"
BRFEAEEQD)  8°C %o(middle size) —24.38+0.31° —24.76+0.22" —25.24+0.20
RFAMEMEQRH) 8N %o(middle size) 6.29+0.10° 6.53+0.11° 6.410.15°
RN RMEGH)  8°C %o(large size) —24.45+0.13" —24.81+0.27" —25.15+0.25
RFAMEMBGHE) 8N %o(large size) 6.33+0.14° 6.55+0.10° 6.38+0.08"
e FATIRE A FR/NG FREROR 2 7 35 (P<0.05), T
Notes: in the same row, values with different small letter mean significant differences (P<0.05), the same below
b ISR Z AR A IC A 8P CRIS "NEL 73 501 24 7.1 5 %0+ g ech
0.05%0F11-23.27%0%0.09%0 , T KFAY 8 CHIS "NIH 7 4=
B CF3
A4 1.64%0=0.04%0 F1—-25.92%0+0.06%0, 2k 1Y * g izp
8 BCAT S NTE 43 11 S 1.95%020.05%0 F1—27.6 1 %0+ . o« % 4 i*‘“’
0.03%o . | 3
® 2 CF0
2.2 [E)C/N#EIRLE & HAS 52 [ R BT A S ik = ' 1w
0 BR

il 1 IsoSourceZE P 1R S B BU T4, 15 H 7E AR
— PG AMAERENREHIAEE S, TR EY
S VEAE AN [ C/NAE M A B0 2] Hp AS [ RIS 7 1 i %
HR A BT RRR

2 AR [] R T EG J 0 114 2 — 1 4 ok TR
Bk, SEH H38.03%~44.17%(LL T &2k
VR DTHRR I T34 5 L), U A L (21.18%~
23.40%), o QBRI AR i L (4.27%~6.47%),
H3F AT RE M B WORIETRIE S Y . B R
W BN AT, FE10%A A 3SR 5L
G Ji 8 M v MR A IS B2 7 Ui 3h 40 46 sh 0 R o
oM T HA AN HUKS 190/ MBS 7 1 JEL B i

8BC %o

B 1 BATREHER REZMNARATERIRRN
. BREMEMEEAK
CFL. 12008 IRJR IR CF2. 22 3¢ IR UF 5 CF3. 344 7e IR 2
WFs ZP. W EhY): OD. AHLIKSE: AP. 5 F#E 75, AG. #
%8 CFO. 5 IRIEHUF A K FD.#kL: BR.#kK: TR
Fig.1 Stable isotopes composition of different
size P. clarkii and possible food
source in group A

CF1. small P. clarkii; CF2. middle P. clarkii; CF3. large P. clarkii; ZP.
zooplankton; OD. organic debris; AP. 4. philoxeroides; AG. algae; CFO.
P. clarkii background; FD. feed; BR. bran; the same below
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Fig.2 Stable isotopes composition of different size

P. clarkii and possible food source in group B

BRI T R R PR SRR ) TR 7 Em
2 BEAS (3)0

ZH BHVRDRTS A AN [ FAK B TG i 2 0 1 5 —
YR, H2 0 LR ALA T %8 22.13%~25.35%,
o7 LS A A AL S, B AT R 17.56%~
19.82%, #kFz i kb }12.95%~16.22%, HAth 4 F
IR A I s 19/ AS 5 IG5t 2 i

B, BREMEMEER
Fig.3 Stable isotopes composition of different size

P. clarkii and possible food source in group C

A DL RN S I B R R L T A
REAE, 3G IS 7 [ A MR v 35 3 5 I
ER R B EWR IR 5 E T RN (R 4)

YL CHA [R) BEAS 5 FC R 2 R A 56 — B R A
AT AEAL(FRS), 1E 1B /NEILAS o QRS B A L
WEE Mo — R, 15 19.93%+4.56%, 24%
TR v [ JE S MR B 390 AR A v [G S MR 1 5 —

®3 HAREAREREEN|EDRZAD T E

Tab. 3 The contributions of different components of group A (C/N:8) to different sizes P. clarkii dietary %
R ENES . N e I s
Jit . pA kL FUEENY) AL HRETH e
food source P. clarkii feed zooplankton organic debris A. philoxeroides algae
background
TIHRF(12%) 5.95+0.26 41.40+9.41 11.15+2.08 21.18+2.10 9.17+3.95 11.15+3.05
contribution rate (small size)
TR (24%) 4.28+0.91 44.17+12.23 11.77+2.59 23.40+7.05 6.00+3.24 10.38+1.81
contribution rate (middle size)
TR (340) 6.4742.12 38.03+14.33 14.42+4.15 23.2043.13 7.45+4.48 10.43+3.93
contribution rate (large size)
R4 EBTEHBREREREITREFSAHTTTHE
Tab. 4 The contributions of different components of group B (C/N:12) to different sizes P. clarkii dietary %
THRIR A Pk s ANEE HRETE Bk £79314
food source P. clarkii background feed zooplankton organic debris A. philoxeroides algae bran
TR (1) 8.15£6.30 22.13+5.78 13.97£4.92 19.8248.15  8.55+4.17 14.42£5.99  12.95+1.67
contribution rate (small size)
TR ZE(24) 8.67+6.89 25.35+£8.48 14.43+4.31 17.68+4.09 9.15+4.14 10.50+0.96 14.2242.08
contribution rate (middle size)
THRZE(34R) 7.97+5.86 23.40+6.49 14.08+2.84 17.56£5.62  9.97+5.08 10.80£3.04  16.22+3.37
contribution rate (large size)
x5 HCARAREREEMFEDZAD TR E
Tab. S The contributions of different components of group C (C/N:16) to different sizes P. clarkii dietary %
EE/ER A ikl A BNEE HRE TR Bk kB
food source P. clarkii background feed zooplankton organic debris A. philoxeroides algae bran
TUBRE (1K) 8.82+4.24 18.95+6.21 14.9+4.84  19.93+4.56 11.10+1.22 10.53+5.78 15.73+1.78
contribution rate (small size)
TR 2%) 8.9545.29 18.8544.76  16.87+425 17.5745.87  12.00£1.58  8.37+4.03 17.443.98
contribution rate (middle size)
TR (3R) 7.92+2.78 19.4043.10 15.140.56  16.77+5.14  13.65+1.95 9.85+2.24 17.25+2.06

contribution rate (large size)
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£ 3k U5 4 B4 ) 5 18.85%+4.76% F119.40%+
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3 iR
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RS o S AN S NN Vet c A TR VA
§°C FISU N H & ki &9 fa e R A Z 87C Ml
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U LA 0 AT BB B BB W B RS e PE TR 81 C AN
8N (B 43 M A H v oo E i B 0 114 48 1 1 102,
IZATE I AT B v (RS R LA B9 8N {5 Whit-
ledge 5 PIIF 52 11 7 FG J5 25 M B AR AL PAY 17 6N 122
i, HR6.5% i, (HSPCEB AT prgm, wf
AE S5 BIHIX 7 TRICAMB OA X, AR E
B s 75 11X R 3T 11 () 8 CHE 234 BT i 42

AT EG S R LA B9 81C FIS N (B 207, Bl
PR LR C/NI 3G N, S [ 28 51 A [6) A 7 1R
JREEF LA S CE AR 2 B Z BRI, X 5 AN
C/NHE MELASE 2 1) R — R 3% 2 40 v o [G SR B MR 1)
PSS, T C/NE E R LB Y 5 R
BIMEE THE 2B . S 52%E T 7
Y ESCCIHMN AR EY, BB ET
& CAEL A X 458 w8 B e Rk B AT MURE S o AR LA 1)
8C SN AH AHH T 37 5 01 3 B0 2 iR A e AL
RIS C IS N B I 5 B4 T REAK, KR S i 47
WNLL A B FEEFRY R, ZEAAM
B /NRL R A B A S B A R
2%, BTN R EYORIEH S C FISUN (A
. B v R A MR OR A (3, Bk WL
AR A §C SN (AT SR A KUK A .
BLREJE Y, B A 5% v Fir 48 W %) T ek R 6k iz 46
T LA ok YR Y 8 P CHITS N f X 7 G JE BS MR AL N
8 CHN S NTELE B T — 5 M A P
32 REREEMHNERR

AN TR]HE RS 1 7 G SRS I 22 8] 1) 8 C RN 8 N
T EPE2E S, ULk B R HLRS LS B 5T G
JE B U o o A T o ) — 2B B T, LA 8 C A
SUNTE I AT S B M I 3 A B R AN o AN TR 4]

AN [ A 7 R T B A UL PA 1949 8N L 2% 25 1k
25, HEMYABLS 4%, BEU& A5 &
RS 1Y v [ LB IR AR AL T[] — 5 SR Y Al — 3
FRACERY, A HLEEE 8 C I8N {HAEAS [ 20 51
MBS L GT, ERREA THRUSE O AE, I
HIEBEON# RN E, 5 IFLARNS C
S N HAMRZ KIEE NN, B TAL
PEJE S K AR L IR i Sl . R USRS A Y
RAEY, UM TEREASRG D, MM
MRARDRE, v PR R A7) 23 48 MUK B R SR TR

33 REREETHEM

3 A0 v PG A MR AL B A% R C SN
B 1950 B, LA 6 IR B 3 P9 25 W %) s i
¥, S LA EY IR AR,
AT A5 30 AN [R) 41 570 19 A [R]85 90 o8 5 19 BT ik %6
ZH AR [R) R AR B UR 4 LA R E B Yok,
-2 BTk % 438.03%~44.17%, W] fE 5% 4H 4R
BB AT A2 B L, HLRRHAIE 11
G AR PR A G Bl A IR OREC/NY 1Y
T, A5 Rl LA v I R AT R 0 fRDRE
W ok R ) B ) S 2R R, 4 BAR R BT Mk R Ol
22.13%~25.35%, ZHCilt—2L T K 418.85%~19.40%,
XATBE 5 C/NSE I, S E AR Y R B AR A
Ko W kM, EW R E LAk
TFUEsh Y . S SA AR S A, AR 5T
KB, CHTIE MM L RY N E SR E TR
b, BEow R EER R S, R W EE T
AR B, CHIFIEIY . B AYLEEN
SR TR R S 5 T R B DT R R =
a5 WA, iR & PR A B R ERFC/N Y 3G,
X T 5 DG D 2 R A RS ) £ 2 Ll S 2 B, W]
fE -5 AT B 53 68 B 5T K A ) 22 AT AH G o

AN (R R A% 5 FG D 2 R 0 £ U v R A7 7 22
o RC/NF ML rh 2 B NS IR 1Y = R 1
FOTHRR R TR, TR ER S
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Using stable isotopes to estimate the effects of different carbon/nitrogen feeds on
feeding habit of Procambarus clarkii in the rice-crayfish co-culture system

LI Cong *’, CHENG Yongxu "*’,  GUAN Qinzhuang "**, XI Yewen*, LI Jiayao "*"

(1. Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture,
Shanghai Ocean University, Shanghai 201306, China;
2. National Demonstration Centre for Experimental Fisheries Science Education, Shanghai Ocean University, Shanghai  201306;
3. Shanghai Engineering Research Center of Aquaculture, Shanghai Ocean University, Shanghai 201306, China,
4. Fisheries Technology Extension Center of Anhui Province, Hefei 230601, China)

Abstract: In the rice-crayfish co-culture system, natural resources and primary productivity of rice fields are
abundant, which provides abundant natural baits for Procambarus clarkii. At present, there is no report about the
utilization of rice fields with P. clarkii. In this paper, C/N was increased by adding carbon source to feed, which
makes nitrogen utilization increase and enriches the density of natural baits in rice fields. We designed three feed-
ing modes as group A (formulated diet C/N: 8), group B (formulated diet and bran C/N: 12) and group C (formu-
lated diet, bran and glucose C/N: 16). Stable isotope techniques were used for analyzing the feeding habits of P.
clarkii. The results showed that: The §"°C and "N values of muscles in different dietary C/N groups were signific-
antly lower than the juvenile P. clarkii muscle, and the §"C values of adult P. clarkii muscle decreased with the in-
crease of C/N. While the 5'"°N values of P. clarkii muscle in group B with different sizes were higher than the oth-
er two groups. In the same C/N treatment, the §"°C and §'"°N value of crayfish muscle of a small size crayfish were
the highest. According to the analysis of diet, formulated feed was the first food source of P. clarkii with different
sizes in group A, accounting for 38.03%-44.17%. Formulated feed was still the first contribution of crayfish diet
with different sizes in group B but dropped to 22.13%-25.35%. In group C, the organic debris for the diet of small
size P. clarkii accounted for 19.93% was the first food source. Formulated feed which was the first food source of
middle and large size P. clarkii declined further to 18.85% and 19.4% respectively. The natural food proportions
including zooplankton, algae and Alternanthera philoxeroides were significantly increased in groups B and C com-
pared with group A. The results indicate that by increasing the C/N of feed of rice-crayfish co-culture system, the
utilization rate of natural food in the rice fields can be increased, and the excessive use and waste of the feed can be

avoided, and it is beneficial to realize the rational utilization of rice fields resources.
Key words: Procambarus clarkii; rice-crayfish co-culture; C/N; stable isotopes; diets analysis
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