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Ecological studies on the food web structures and trophic relationships of multiple

species coexistence in paddy fields using stable carbon and nitrogen isotopes

ZHANG Dan"*, MIN Qingwen"* , CHENG Shengkui', WANG Yuyu'*, YANG Hailong'*, HE Lu"?
1 Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of Sciences, Beijing 100101, China
2 Graduate University of Chinese Academy of Sciences, Beijing 100049, China

Abstract; The structure and trophic relationship of food webs are fundamental research topics in modern ecology. Food
webs are important for the understanding of patterns and processes of an ecosystem. Inventory of the stable isotopes of
carbon and nitrogen in organisms has been increasingly used as a powerful approach to study the structure and dynamics of
food webs and trophic relationships in the studies in a wide variety of ecosystems. Carbon isotope ratios (3" C) are used to
trace food sources of consumers, while nitrogen isotope ratios ( 8° N) are mainly used to quantify trophic levels of
organisms. By using stable isotopes analysis, the food web structures and trophic relationships of multiple species coexisted
in different farming systems: (1) rice-fish culture( R-F) ; (2) rice-fish-duck culture( R-F-D) were examined in this paper.
The results showed that a weak positive relativity existed between the 3"°C and 3N values and the body length and weight
of fishes. Compared with the " C and 8"°N values in Anas platyrhynchos domestic wing muscles, the ones in leg muscles
were not different, while the ones in livers were significantly different. The 8" C values of sedimentary organic matter
(SOM) showed no difference between R-F and R-F-D. The 8" C values of particulate organic matter (POM) in R-F
(( =27.4+0.8) %o) lower than that in R-F-D(( =26.7 £0.5) %oc). The 8" C values of macrophytes in R-F ranged
from —31.9%0— —26.1%o, and were not significantly different from that in R-F-D ( —31.3%0— —28.5%0). The 3" C
was significantly higher in the submersed macrophytes than that in other macrophytes, while the 3 N was significantly
higher in the emergent macrophytes than that in other macrophytes. The similar 8" C values in Spirogyra spp. and fish
indicated that phytoplankton was the major food source for the fish. The similar 8" C values in Anodonta spp,

Macrobrachium spp. zooplankton, SOM and POM indicated that POM and demersal algae were the major food source for the
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most zooplankton and zoobenthos. The 8" N values indicated that Anas platyrhynchos domestic was at the highest trophic
level. The 8°N values in fish under R-F were similar to that in fish under R-F-D. This indicated adding ducks had little
effects on the major food source for fish. The 8N values of POM in R-F,( —4.4 = 1.1) %o were significantly lower than
that in R-F-D ( =3.5 +0.6)%0. The 8°N values of macrophytes in R-F ranged from 0. 8%c— 5. 6%o and were not
significantly different from that in R-F-D (0.5 —5.2)%o. According to the calculation of 3°N values, the relative trophic
levels of both zooplankton and fish in R-F,were higher than that in R-F-D. Compared with R-F, the relative trophic levels
of fish in R-F-D decreased.

Key Words: stable isotopes; 8" C ;3" N;food web structure ;multiple species coexistence in paddy fields
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Fig.1 The relationship between stable isotopes and the weight of the fish
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Fig. 2 The relationship between Stable isotopes and the length of the fish
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Table 1 Stable carbon and nitrogen isotope compositions of multiple species coexistence in rice paddies

FE: Sample name RF Mean + SD RFD Mean + SD

8 CP/ %0 3 N@ /%o N 3°CP/ %0 3 N2 /%o N
SOM -27.7 £0.3a 0.6 £0.3¢ 3 -27.4 £0.4a 0.9 +0.2¢ 6
POM -27.4+£0.8a -4.4=zx1.1c 5 -26.7+0.5a -3.5=x0.6d 6
3% Zooplankton -28.0+0.3a 3.5+0.6¢c 5 -27.6 £0.7a 2.7+0.2d 5
FH%) Plant
AHNEFE Oryza sativa L. var glutinous Matsum  -27.3 +0.4a 2.5+0.6¢ 3 -28.5+0.9a 2.3+0.8¢ 4
KWk Sagittaria sagittifolia L. -28.7+0.5a 4.1x1.0c 4 -29.3+0.3a  3.9x0.9c 3
SEEEL, Sagittaria pygmaea Miq. -31.9+0.5a 4.3x1.7c 3 -30.9+1.1a  5.2x0.6¢c 3
HRF3& Potamogeton distinctus A. Benn -30.2+0.2a 1.8 +0.5¢ 3 -30.6+0.0a  0.5+0.0d 2
¥ Hydrilla vercillata (Linn. f. ) Royle -30.8+1.1a 0.8 +0.8¢c 3 -29.4+0.5a 1.6+0.3c 3
B Salvinia natans (L. ) All -31.7+0.32  0.9x0.3¢ 3 -30.1+0.3b 1.5+0.9d 3
WETLZL Azolla imbircata (Roxb. ) Nakai -31.1x0.2a 1.3£2.2¢ 3 -31.3x0.1a 0.8 £0.8¢ 3
3f Marsilea quadrifolia 1. -28.8 0.7 5.2+0.3 2 - - -
7K 4 Spirogyra spp. -26.1 2.6 1 - - -
JEAI B4 Zoobenthos
& Anodonta spp. -28.7+0.8a  3.18 £0.3¢c 3 -30.0+0.5b 4.3 x0.4d 4
T3y Arthropod
I Macrobrachium spp. -28.7 £0.5 3.8+0.8 3 - - -
425 Fish
[ #8461 Cyprinus carpio spp. -25.1+0.6a 6.8 +0.9¢c 5 -25.8+0.1b 6.4 +0.4c 5
8+ Duck
MYTIKHS Anas platyrhynchos domestic 3 - - - -26.4+0.4a 7.8x0.1a
MYTIKHS Anas platyrhynchos domestic i - - - -26.7+0.4a 7.9x0.1a
MYTIKHS Anas platyrhynchos domestic JiT - - - -28.1+0.4b 8.5+0.2b

@ 8C vs. PDB;® 8N vs. atmospheric nitrogen ; [f]—47 (51]) ZJ5 & AR FE:FRAE0.05 KE L ERARE

S8N/%o
w
T

Ul

853C/%o
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Emergent Floating-leaved Submersed Floating flant

B3 EHEd GEkEY R R A EY §°C M N ER

Fig.3 Differences of 5°°C and 5'°N between floating —leaved, emergent, floating plant and submersed macrophytes
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—(8.5 £0.2) %o [A AL, 3 BRI 72 B e T S Wi i (36 1), 3X LT 87N 75 &y o 1 AL i
Wod R E A o AR AR A RS 9 45 T LU L W9 A0 8N (HR T M shyy, S L R
GorpH G T R EFRALE . RS H SR 87N (6.8 £0.9) %o SRR A M LA FH Y Y 83U N {H (6.4

+0.4) %o R E VLS, LTS B 5 AFEAR N R BCR I B ROR Y

Wi, 3T 8 B E SR B A K

fa 3L Y POM B 8 N B ( —4.4 +1.1) %o [ FREARSILEHPI( -3.5 £0.6) %0, HER BE , X H R

hitp : //www. ecologica. cn



24 5 KFT SRR R E R AR BT TR S UM R Y M AE SRR KR 6739
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a3k F A Y 8N HE 0. 8%0— 5. 6%0Z [A1 A5 4k, , 5% RS 3L A F NI ) 8PN (0. 5%0— 5. 2%0) HHEAR
Ko HIFHAHY) T YA YA ., BRI 8PN k(B 3) .
2.5 BERMNE

BT 9 A= 8N AR AT LA i BT 91 W A s A U8 SRR R, — R A S RGP R4
TEre YRR M RN B N LA™ AR R A VLY 8° N BBH sBAE R 418, I ik
(Anodonta spp. ) fF& LEESR , BUA SCR FIAT I I AR E R R LU IEAE AT R B R R ELE T AR Atk
H RS AR E N B REER (R 2) , R AILAE BRI SN B R R BESE 2.24 0. 16, A10E
FREALEFE 3.07 £0.26 , ¥m THAERFAMILE H N ERR, FERABILARN, TBMGIA, Mfgfa
oA HAHE, R B TR RN 2.63 0. 13, X EERE NAMBE TS ESMNES, I ABERTUHE
/N

3 it R2 BHYMSHEEPENERLE
ﬁi@ﬁﬁﬁﬁ’ﬁ%ﬁ%lﬁﬁ%’f%ﬁ% ,*}Jﬂ}ﬂ:?‘ﬁTﬁ . Table 2 Relative trophic leve of selecfl:;(’);*gazltsnll —

i TR ST R DGR ERBER. 0 e R

MREREY, ERABRES, RS EDO g Zoplankion 2.24+0.16  1.52 £0.06

BE, GIREFNEF, HEWIFHEMN, sA A, KRz Zoobenthos

8 7 A8 355 S i ) (A, P 7E RS AT R, BAERE T TIAF Anodonta spp. 2.00£0.09 2.00£0.11

R) MR IBESAE Mam WAURfE e o

AT AR SRR S AT TR, R

N FEHS KA R IR BEWBTAVE R SEAEREH I menss Cyprinus carpio spp. 3.07£0.26  2.63£0.13

FRF—EKEME, B HE . 4F Duck
BIRASRERYMMERE T EEERAMS MK Anas playrhynchos domestic . 3.11+0.09

A, B, 3 A ) 7 B4R 5 RTS8 A B AL R
POH B YRBE AW Y. HALAR LB EW, Tk SR 2 AR B & BB R R 0L, A —
SR , T AIAE S AT B B 125, TARRE K5 541, BN BRIX 4%t BT 48R A2 400 1 A MR e A i 5
RREE, SRR I AR IE DAV B2 A B BT R R o R IR A W B AR BT B A A 2
) By A HR) — R 0 R , 38 1 AR E (R 2R A R s R B R AR R IR, B S Bl B Bt S B R AR
KEVEAESH AR o K E S aTTRFEARS &R T RS YRENSGE £ HEER .
BUARAR b B 90 A Al A W Zo A 1A B A SR B AR Lk R GE AR RE TR B 32 B OG TE , 388 Al A 4
IBAL SRR RN Fh SRR, AR R AL 22 S B BN AR AR SIS . R RS, KRS 5 Hofhd A
VEY R FHERTERS H P 51 £ RS RS LMy R RS IS FH A SAEME R AR . REDIFERM, KRS S5 HARY
FOICAT ] AR RS T A i, (28 E RV Ok SRR PR R AR, S BE AR R RV 45, A R T IR R i
HEfEEST . —BOA R R IR RGIM R RE AL, EER i T IR 2R A A AR R
AR SFTE Bl SR, ASKBTIE P By i 8 B9 Y , 1E L R TIAEY) RE — b, B E , 5
XA IMHEE R ZERTHERRE . ZER M, A SURBERTTE 68 R 50 1 5 Bt XA R IR
X7 BB R R R B SRR AOE B PFAAY o
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