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(1. TR, BB WA LB E S SEI0 =, R IREE i /K I TE B 5 ST =, Wi T F A e /™ S B By )
B RG, T 315832; 2. HIE = THEE M E AT AR, G 317109; 3. ) P LT A IR 5T A H], A6 536000)

WE: N THRAMIE % (Seylla paramamosain, FHH B)TE T /K- NE B ST R R EP VIR
5, BT S A T B 8 FE P #0035 2 90,6 ind/m B/ TS 8, 283 912 I B3R S 06 Sl et . R
[l 7 BB AW 7 8 A ok IR . BF 7o 45 SR s s S0 0T ) 7 R AR R AR KR ON(2.7120.27)%/d, T RN
(14.26:4.85)%, 75 B3 8 4(116.3039.59) kg/ha, 7K 5 7 H3332.25 kg/hao FUUX T 8 (16 CR(-21.55+
0.90)%o, 5 "N 4(9.96+0.40)%0, ] S ErWIVE 198" CH(=30.5120.25)%0— (~13.45+0.15)%0. For1, KAEAE I8 CIE
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Fob A8 3 P S B AR G s 2>, 3 5 R A /K g HE K A
HE—EHWEE . F8BIENTHMM, &Y
W5 BB BT T 2R ae 1", it sk G 4 A
FHIRINEEI RYFR, HOAE R WL, | KR5S
AT T se . JE AP R T = A
b [X AN TE B R A IR A R U X
iR 3 Bl 7 e 77 A A 2 b 7 B P R R B S R e 2
K&, R H 2 AR 2R, St
B 7T KR AR AT R B 1l X R
3 7 BB R A

RERMEST AN EERHEHT
vt g - IR Ak R RS R 2 SR VA
RPN B YD RUR, FFR L5 A= A 41 23 ) e sk (1]
FER 7 1K J8 W 2 4 s B, B R T R
WAL T B . B AR E R AL A (6 CR
SUNY AT HE = £ WSk, I LI % 5 3R g, i 9
F I8 CRS NI 5 H A s CRS UNAE 43 i 2
I +1 %0 F1+3.4%0 1) 8 B2 K11 — AW i
5908 (06 P CRS PNES (8] 1 [ 7 2 28 A 7T DA e
EI VR I TR 2 R, IR E AR LR
BRI TTERAE . HAlC&F %8 MR R R
AWK BN AE TR AR I B W) w i, 2K
FEENP IS B SR A AE B, SR H RTXS
THLE ARG B 2R A P 9% R G I &Yk Uit
TR D o PRtk AHIF TR UK AR E AL R ER
X it ER K FE— I E oL AFh R R G
EWIRIFIEAT 73BT, BF T 45 S8 %o T (e 33k i SR Ak
FE—H T SR A Fh R BRI AL BIE S .

1 #RERZE

1.1 SCIGHSIR

SEIE X IR A T WA T =B RUEL L AR
B (E 121°57', N 29°06"), # & SZi6 FH # 2 L35,
T AR 24300 m’, o 60 375 88 VA T 9125 m”, 7K A5
LT R 275 m®, 5206 FH 250t 52 R 4 355 G FH /K Az
02m, B FE2.5m, 1.5 m, KA ARFAN1.3 m, 5L
WA REEWE R ERELREPAEK, 1R
PERARKAL I HE K o 1870 BB CE g oK S A3
A, BV SR T AN 8.3%. 7% HH H LB /K
JE 43 B, 7 K BN £ 9 20 em, 33 b AR
80 cm, FHII AT HEATAE SCHE, 43 b F B[R] B o] 97 1k
IR .
1.2 FERIERRK

TR N S W . ESEIG TR AT, BOBT
BT KM N BT IR UG MR AR . R 1k
Jth P HR BT BN B 5 1 25 R D T B

MNEER TS mg/L, KEAEQR2£2)C. T HEH
5 mg/L I 58 4 i R 16 J5 TN IR A, 25 B SR 40—
50 ind./m’. T8V A0 A5 B BE Ok o G 2
A7, TE3E M. 12h 5 26 BE B R 12%0, LLAE6hBE2 %0 1 E
JE£ 1% M8 %0 11 £5 2 i, LAASE 6h % 1 %o 1) 34 FEE 1% 54 1 %0
ER RN SE R . TEFTA B RIS, 150 7
BNV JE A 8 S AL IR o, YA e %
VR B4R, TN ZE I, 18 2 R N AR
1.3 SEIgIt

AHIFEAL FH (7K e b Fol R 2 A — 5 (F 5 0R OR
LA RAF, H5), 78 H iR ENNK=1515:
15, M E bR A TR A A, 25 22)E T20224£6 H 19H
TR, B E 20 cme 20224F8 H 13 H 783 S48
FH#780180 H DU i f 4. MUAS ¥ 5] 36 J1{E i
2 T IIREE N(26.2243.83) g, /KFEENSS cm,
FRIE I FE P AN P AL R A A 25 . S2EG R T 60d, 1
R H 17 SRR EEE AR EASE=
42.0, HLHE 7 =7.0, 41 4k <6.0, ¥ K 43 <17.0, &
By ZERE R AW TREA BR A 7)), WA 5% A A0 5 8 A=
KAEHL AR, 9 H I, W H iS5,
AT 457 BT 1) 75 18 A i i 5

eI AN A R S KR . pHL 2h 8 FNA S
{8, BF1SAM 52 3L KR E AL M BT . FH AR IS R
SE K FE FORH IR £, 3 22000 58 7K R T A TR
FZK A B 00 5 KRR I U, P o B 2 S A2 U
SE KB 5, F AL T2 58 /KRR Ak 2 7
(COD), FHHLIN ML BRI 7 /KA B %, FINON-—
B 5 060 2R iyl s KRR (AR AR, FH 0O I R Vs
M E ARERE LS . 76 FRH A, 5 HH/KIR25.3—
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Fig. 1 Experimental group diagram
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35.6°C, pH 7.01—7.52, EREE1%0—T7%o, 528 =5 mg/L,
2 %.0.02—0.27 mg/L, s 2 £50.14—0.26 mg/L, ¥
fif R £5.0.001—0.008 mg/L, /& %&1.0—2.2 mg/L, 35
PEE0—0.04 mg/L, F#0.03—0.08 mg/L, COD19—
42 mg/L, T t4)0—0.05 mg/L.

SEIGTT 4R 5 4 R R BEALECE BB 15 1, &
HAKARYS, B RFl &5 Sk, i
BT br RO E S ERAE, 2F%. BK,
i FESRIESTRE, HRE BN EAERKE, £
TERA R, RS AR KRR L6 KA
I B, IUE BRI, 4l KGR E, 1E
S50°CHET 21 &, W EE, 3100 H W, (A7 T 55 0
Eeh, TR R

TESI 45 R G, RN R A 1T B 2 DV
me KAEMEMOKTE. T&1 BE, KIEAE. K
) BRIEE VR R R AR A R AL, HAAE A 35 R R AR
FIREI 2R, S AR RS, T 2l K [ 2 sk, 1
105°C 7 KB 15min.  FH 2075 K iE Ve R K HULT 54
AAEH R A H B R A A R AR
(2Pl Sh (R kL Wk, I el i, e
&), IR G K B 952405 L RS oe. RES
SIS A ) K AE, T 1382 Ui Sl 00 I Ik 8 5 Ok B Ui
ST HEFE A, NN 4ig oK 3% 5, H 530
5 (3 B AT AR DR R I8 o K 3 R I VR B A I
IKHE I AP 01058 i 1 35 105 4 A 8 R e 0, o i 5
TEBE A IR ER TR (1) T 15 2% N T 2524h, 3R15 0K A AL
YI(POM). ¥ E/KAEMY . Kl KBz,
JEIE. T RO A TR B RE BN EAE, E50°C
M 2 45 8 R U8R AN BT A R S 2 S R o
100 E W7, B ol AR T 88 S OR AT, DRI 2 N5 7%
My, TR,

B S IR RE AR AU O B AR Ik AT Bl
A2 38 KA 43 A U A oo 3R i R A 3R R
I FHASCIN 3 i« BURRE [FIASE 3R, A vEE A oty 55 16 41
#i 4 (VPDB)FIN,. B, &R 58 7)o 518 LAs "CAN
8 NZER, AR T

6X: [(Rsample /Rstanda:d) - 1] X 1000 (1)

S, O OGN, R 2 52 5 BE A 10 730 2% B
{8, Ryandarare PFE Al B[R4 28 LUAE
1.4 BIRESH

K5 4 1 I IBM SPSS Statistics 204 {4 47
M, 13 FHIsoSource 1.3. TEAF: 43 Bt A [6] & W) 5+ 40
NEER YRR, 1HEK, XA Increment#
18 92%, Tolerance{ £ 90.01, 8" CHJ 4318 £ 1
APCH1.3%0, 5 NI 4318 2 E AN H3.3%0

2 #£R

2.1 THEBKE-IANETEEEHARGTEE
EKIERRTE

T A KR ARG AR 1R, OUH Bk
H O (26.243.9) gt K 31 (135.9£39.8) g, 4= H! %i
(49.9+2.6) 1K 51)(84.8+7.3) mm, HFHK H1(35.7+3.8) 1
K 3 (63.9+5.6) mm, 45 B (21.0+1.2)15 4 3 (35.8+
3.1) mm. i # KGN H B LEA T IR R G
58 17 1 R N (14.26+4.85)%, T5 B3k 77 B
(116.30+39.59) kg/ha, € K FEN(2.71+0.27)%/d,
JKFE7" 54333225 kg/has
22 TEBKBE-IUNSTEEEMATRGE DK,
R E R RYFIE

LT 1 % E T B A R S CAEL NS UNAEL
i A0 5 BR P (&1 2). 489X 7 B 9 6°C My (—21.55+
0.90)%o, 8 "N9(9.96+0.40)%0 . 1Lh7C T MR 1] BE & 4
B #18°C A (=30.5140.25)%0—(—13.45+0.15)%0 .
o1, AKAEAE (K8 CHE e A, LV KRG, H(—28.73+

Fz1 TEBKE—IANETBEEMAFRG D EEE KRR
Tab. 1 Growth indicators of mud crabs in the saline-alkali toler-
ant rice and mud crab co-culture system

L % = FEEK
I S L
Hj’ﬁ Bqdy carapace Carapace B(?dy Specific
Time weight . length height
(© width (mm) (mm) growth
(mm) rate (%/d)
YlWInitial 26.243.9 49.9+2.6 35.7£3.8 21.0+1.2
stage
AR 135.0439.8 84.8+73 63.9+5.6 35.8+3.1 203
Last stage
kil
12 r Flying insects
[]
]
i HIEAR
10 + Zﬁflizii%s Mudkérabs (Itﬁitia])
lyi?"ml?iz:bli%
- Zooplankton
$ 1T T
z 8 i
Eo hes KiSpirogyra * E chmo('h?oa
Rice crus-galli
IKAEE ) T
6 [ Alternanthera POM IJfPﬁE‘fMUd crabs(Final) [fi;ztozélzl{ia
philoxeroides Tkl nensis
! Foml]ulu feed
4 1 1 1 1
=32 -27 =22 =17 =12
SBC (%o)

B2 oG BT Re R R . AR R K AL AR
Fig. 2 Carbon and nitrogen stable isotope composition of mud
crabs and their potential food sources
o R R ) (R 3R 42 0 8 R B (BT TR A R AL R A,
2% NSDIH
The isotopic values of mud crabs are converted by fractionation co-
efficients. The square represents mean, and the line represents SD
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0.73)%0. BERIS CIERE, LXETE&T. HE
A RE B VIVE (198 "N 9(5.97+0.13)%0—(11.38+0.11)%o,
FiE & PR S NAR B IC, K e A8 N B s, LR
JEAEZN W), 2M(9.48+0.07)%o0
23 MWEBKB-HUNETEEZEMHAREPITRE
BRI

40 T I8 7 LT B R RE T 8 O AN
8 N{H FlIsoSource 1.3. 18t i1 4L, 15 & AT R £ )
PEITTIERZE 43R 27 .

2 TEEKFE— N SBEAMFRET R SHES TEE
Tab. 2 Contribution rate of different food sources in the saline-
alkali tolerant rice and mud crab co-culture system

2H. 4y Component (%) P R 1E 22 Mean+SD
LA 7 & Formula feed 61.2+3.8
" HiFlying insects 0.9+1.4
JEMIEN Y Zoobenthos 1.742.2
JK#ERice 3.7+4.0
MY Echinochloa crus-galli 8.3+5.2
T-4FLeptochloa chinensis 8.8+6.1
IKAEHE Alternanthera philoxeroides 2.5+2.9
K& Spirogyra 5.445.5
Tt 8% Zooplankton 3.343.6
BUKLA HLAPOM 4.2+4.4

THE 4 R RN K G F B E RGP
BrREE B a5 LR RISy, PR Tk
9(61.243.8)%, H IR BT &1, TR oTik %
I3 9 R (8.3£5.2)%H1(8.8+6.1)%. K H A& 4 5T ik
5 LU A, 10R(0.9£1.4)%, RISV ) ok
RIRZ, Y TTERE N (1.7£2.2)%.

3 it
31 THEMREKFIE- NS BE ARG P KG
SN S

AT T ER KGN LR G M IR RS,
JKAE = 5 3332.25 kg/ha, FH H /KRG - H A 48 8 47
AR BARE, E R T Rk R B A AR T E K
i, T R B KRG e IR A H L R G
TR R W ASHT ST K AR 2 LE 1%0—7 %,
R Ry 7 38 G ) 75 8 34 p 38, 70 e IS T J 3 Xt
e FH P AT AL, K] o RS L o K] 2R T i
XK FE = B e AR R, A R T — R A Fh TR
FAE N KK

AT AN T B AT TS % (14.26£4.85)%,
BRSSP B (116.30+39.59) kg/ha, HAFETE R m T
P BB FEI(9.94%) . — RN, T R I
F5 5 RS R ABAR 32 B R DR R AR TR, TR R S RS

RAFHI . AT RGN 8 R % (0.6 ind./
m’)IE A T (6.75 ind./m*)>, B KFGEA —E 1
HERAEH, X T REFRAG T BT 21, R BE R =
2B T T2 {H 55— 7 T, A KR £R BRI, B
SRYIAL AT DL FRAR 5 8 SR Eh i da 2614 R BB T
ZFAHKHMREA TR ARAS A EEAIEREET
RO PR b, Sz o 7 R 0 R T A R A R 2 45
HYEFHZER.
32 WEBKE-HUNETEEZEMERGZTHEE
3" CHNS "NEHFAEF R TTIk R

BEFRNMETTHT TEK=FRERG T B
W [ B B B, AR A 2 T 8 Ol S T BB
YOS CAE, W T SR e ke, T8 NAE AT
KIS LY E F2KF, B EH MR EA =
HRLLH B . EATEF R, BRSO 13,45+
0.15)%o, T4 T 118" CH 9(~15.50+0.08)%0, AHXT 7K
5 6 CAH Be i, 74 4 CAREL W ¥ 8P CHRAE , 7K FE 11
8" CAH 9(~28.73+0.73)%o0, Ak T—20%0— —35%0, 545
C3RMIRAE" ) A e & 18 oh 2 A
F1°C, S35 HAE W 2 A 72 3 S CAR IR AR, T JEG AV
T W 0 40 45 2 £ s W R 8P C RS NAEL 1 1 T K
Fa. ARIEAEZERAEY), Ui Re &5 R 2130 s
Mg b, fE e R A FF w fR e
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SN AT 1m0 K R R 8 PN,
HWH I8 NA R G h i, R PIE N IZ RS
HI T LR 2 5, T & O 75 B S ) I DT R R A, T
Rese RN H A A D
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HEN YR 2 80U YT B IHOKFE .
ME, T4&71. Kt K4, shEERcE
H RS EESh YD) POMANTEE], PUSR1H
REXT T 8 1 o ik 2 M B HES AR v
B, STEEPEFPOM. MR E R LA H,
T 1 117 8 C 4y A 1 Ho At & W U5 (1 6 °C A, R 1
SUCH T RIS CEMIT, F WIERLE A M 7
1= ZE YRR, H otk 2 I8 $)61.2%, 1E/KFE—+
R IESAE R h MR I T R 4. H
PRVE TR I, 75 S0 45 00 )5 75 IR (16 AR L 7 1R A
JEE 198" CAEL R A1, & N 65 A 340 £ 400 8 13 5 Uk
JIN, T B ] e 2 kg g 4 R S R LR
1 52 1 01 I R R U189 K, & CE A UNE 2
S 2E TR, R R AT B8R RN AR S 56 1 4 8 D i
B2 7595 TS H AT DL e 3 e e U5 5 B
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ANALYSIS OF THE FOOD SOURCES OF MUD CRABS (SCYLLA PARAMAMO-
SAIN) IN THE SALT ALKALI TOLERANT RICE AND MUD CRABS CO-
CULTURE SYSTEM

ZHENG Chun-Chun"?, ZHOU Hou-Jie"’, SHI Ce"?, WANG Chun-Lin"*, MU Chang-Kao"’,
YE Yang—Fangl' 2, LI Rong-Hua]’z, WU Qing—Yangl' 2, LIU Hai-Juan3, WANG Xiao—Pengl’ 2,
ZHOU Yue-Yue"” and CHEN Shu-Jian"
(1. Collaborative Innovation Center for Zhejiang Marine High-Efficiency and Healthy Aquaculture, Key Laboratory of Green Mari-
culture of Ministry of Agriculture and Rural, Key Laboratory of Aquacultural Biotechnology of Chinese Ministry of Education,

School of Marine Sciences, Ningbo University, Ningbo 315832, China; 2. Research Academy of Sanmen Mud Crab Industrial
Technology, Taizhou 317109, China; 3. Guangxi Institute of Oceanology Company Limited, Beihai 536000, China)

Abstract: The mud crab (Scylla paramamosain) is a marine species of significant economic value, renowned for its
delicious flavor, strong adaptability, and rapid growth. As a euryhaline species, it demonstrates good tolerance to sali-
nity and alkalinity after domestication. Salt-tolerant rice, also known as seawater rice, can grow in saline-alkaline soil
and is characterized by its resistance to salt, alkali, flood, lodging, and pest. The integrated farming of salt-tolerant rice
and mud crab, a new model that has emerged in recent years, enhances the economic output per unit area of paddy
fields. In order to explore the food source of mud crabs in the salt alkali tolerant rice and mud crabs co-culture system,
this study released mud crabs into a salt alkali-tolerant rice field at a density of 0.6 individuals per square meter. After a
two-month breeding experiment, the food sources of mud crabs within this ecosystem were analyzed using carbon and
nitrogen stable isotope technology. The research results showed that the water quality in the paddy field was promising.
The mud crabs exhibited a specific growth rate of (2.71+0.27)%/d and a survival rate of (14.26+4.85)%, with mud crab
yeild at (116.304+39.59) kg/ha and rice yield at 3332.25 kg/ha. The provision of compound feed to the crabs did not
adversely affect water quality. In terms of isotopic composition, mud crabs displayed §"°C values of (—21.55%0.90) %o
and 8"N values of (9.96+0.40)%o. The potential food sources exhibited a range of 5"C values from (-30.51+0.25)%o to
(~13.45+0.15)%0. Among these sources, Alternanthera philoxeroides exhibited the lowest §°°C value at (-30.51£0.25)%o,
followed by Oryza sativa at (—28.73+0.73)%o, while Echinochloa crus-galli exhibited the highest 5"°C value at (-13.45+
0.15)%o. Similarly, the potential food sources displayed 8N values ranging from (5.97+0.13) %o to (11.38+0.11) %o,
with compound feed recording the lowest "N value at (5.97+0.13)%o and flying insects the highest at (11.38+0.11)%o.
The study found that compound feed constituted the primary dietary component for mud crabs, contributing
(61.243.8)% to their diet. This was followed by contributions from Echinochloa crus-galli and Leptochloa chinensis at
rates of (8.3+5.2)% and (8.8+6.1)%, respectively, while flying insects contributed the least, at only (0.9+1.4)%. In
conclusion, the study suggests that mud crabs thrive in salt alkali-tolerant rice fields, with compound feed emerging as a
significant food source for them within this environment. Additionally, plant-based food sources play a crucial role in
the diet of mud crabs in such ecosystems.

Key words: Salt alkali tolerant rice; Stable isotopes; Feeding habits; Rice-crab coculture system; Scylla paramamosain
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