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FRIE , 25 AR AR O 1] T HOMETH AL 29 AP AR R Y
AN M (28 i B 4F, 2007 5 7R 4255 ,2010) o BEAF,
1 A 3 A TE A A P IR, WA A3 IR i A AT
Bk iR 2% , TAE & E K (Beaudoin, 1999) . FiiE
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Miyake 45(1967) Fk & B 8° N 7L B W HE T 82 &
4, Deniro 55 (1978) IEWI Sh 1A 8 C 5 At

) 8" C 43, JF I 1 AR [RIL 3 y AE Sh
BPEFFTE R TR S 3T LA, B R R 3¢

RO &Pz oy Bk A RS R G o5
(Post et al, 2000; F F F %, 2009; Guzzo et al,
2011) .
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Mo AL DY ] A3 AR AR S, RS L R, A T AL g
30°50" ~31°42" 78 £2107°56’ ~108°54 ", i 1k 1 FH
5 172.5km’, T 4K 182. 4 km, T E A EHF E. |
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T AL, LAY 0 1 A 25 AR G = oK %8 il 5 B
SEREAAE BRSSO

1 HEE 7%

1.1 H¥mXEERTF

2013 4E5 -6 J , T =Wk e /ML R 1 57
JEE i B B RS L VLB B A TR [R5 220
R . RS A1 136 (8 , L dd Bk A
PUIRE G 15 A ABZERE N 39 Bl 121 B, BORLAT AL
PIRE SR TER RAE RUR BT 2 KRG, il 2 ik
YBer) Whatman GF/C 2F4E 8 |, 25 5098 VR IR AT
FEI 5 f A S T Ak R Th ISE 3R
WG S E RN R R A B S A AR )~ AR
ZIE W R — ML , 5 B R ORAF A I
1.2 RERMCERNE

JRAFEMIITE 60°CHE 48 h LI 2 fu T, ik 1E
AN k2 e i Ml PR S5 S T 1 3R S 30 S 2 8 C
FIS NAH . I & 1 B2l vario PYRO cube JCZ 43
FrAl 3% +23) ISOPRIME-100 j4 25237 i) {37 2 BT i A%
BT o FEME SR, B 12 DRSS | DS
PIAEEATACIE o A [R) 0 28 I A AR T ) B 5
WL EF 4 (PDB) ( Craig, 1957 ; Peterson & Fry,
1987) , BAa E [F) 3 28 73 BT B4R v ) o 2 4l A 1) R
S H N, (Mariottia, 1983 )
1.3 BXERZIHHE

A 7 N AEL T /N VL 0 450 81 245 45 il 288 14 AR %
BIRR L IH A T 8° N 2 5 28 I 1
{H, BEE E FRHIE N 8" N AH AT I , 4R 458 4= ) %6F
B AW AR E R R LU IE AR HE T2 A i
BN, BT E AT

TL = [ (8" Nconsumer-3'" Nbaseline ) /A8 N] +

(1)

2 H1: 8" Neonsumer 75 1 2 FUA 2 [l 1 K B
{8 ;8" Nbaseline FE/R B0k A ML EUARE [l 3R -1
FOAE s ASY N SRR E FR 1 1 87 N & £ (H 1Y T2
{8, ABFFEHR 0. 34% (Post et al,2000) ; 24 HELk /- 4y
RN = 1, YRR Y RIS P I N =2
(Post,2002) ,

2 HBRE5SH

2.1 BR.EBREHR AL EFE
I AT B B R A LA (POM) £ 8" C
FIS NI ILFE 1, 8" C {HYEE N —28. 29%0( FEfE)

~ =24 19%0 (A7) , YI{H R ( —=25.75 +1.98) %o;
8" NMEIELFE N 1. 40%0(FEE) ~6.97%0 (i FH) , BIMH
HM(4.67 £2.70) %o,
®1 MNIRERIRFHNENYRERMRE
Tab.1 Stable carbon and nitrogen isotope ratio values

of POM at each site in Xiaojiang River

KRR 3" C/ %o 8" N/ %o n/ A
I -28.29 1. 40 1
| -27.12£2.21 6.97 £3.47 5
biva ~24.19 £0.70 3.88 +1.09 6
T, -25.74£1.05 3.49 +1.13 3
St -25.75+1.98 4.67 £2.70 15
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3. FULEY 8 C (HIL A —24. 28%0( J2 1) ~
—23.16%0( & BH) , 20~ 1. 12%0; 8 N {H 38 Bl N
12. 01%0( B5FH) ~ 13.66%0( JE11) , Z(H K 1. 65%0,
FFM 88 C EVE R - 27. 70%0 (AR 8Uf)  ~
—18.24%0( Bifh) , 22{H K 9. 46%0; 8" N {H 1l [Fl
8.26%0 (#LfH1) ~ 17.68%0 (K W) fifi), 2216 N
9. 42%o.,
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FERE SGLFE NVLE A B E 2R (P <0.05),
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Tab.2 §"”C value of fish species at each site in Xiaojiang River

oo : B/ v

e IR 3 P WA WL B

fily Parabramis pekinensis -20.04 1
gHemiculter leucisculus -25.32 1
HiAf Ctenopharyngodon idellus -18. 46 -17.31 -18.96 3
TR S Squaliobarbus curriculus -23.12 -22.74 -21.04 -22.26 -26.00 5
KAEGE Mystus macropterus -23.74 -23.79 -23.70 3
i Elopichthys bambusa -23.98 -27.09 -25.42 3
YRRl Pelteobagrus nitidus -25.09 -27.34 -25.28 -25.86 -25.61 5
i Siniperca chuatsi -24.76 -24.12 -24.28 -23.35 -25.70 5
A 2 Ml Liobagrus nigricauda -23.40 -22.58 -28.95 3
JE 40 Megalobrama pellegrini -22.55 1
PRI VP, Parabotia fasciata -21.26 -21.88 2
AE 6§ Sarcocheilichthys sinensis -25.44 1
Wi ith Pelteobagrus fulvidraco -24.15 -22.16 -23.16 -23.38 4
i Monopterus albus -25.28 1
Y Carassius auratus -24.32 -21.01 -18.99 -22.06 -23.52 5
[6] R i Hyporamphus intermedius -24.48 1
8 Cyprinus ( Cyprinus) carpio -23.52 -22.83 -20.77 -21.80 -20.97 5
#i% Hypophthalmichthys molitrix -22.75 -24.94 -23.95 -26.29 4
2 Hith Pseudorasbora parva -21.29 -26.49 2
etk Misgurnus anguillicaudatus -21.01 1
I3 Culter oxycephaloides -24.72 -25.36 -24. 60 -24. 80 -25.17 5
fiy Silurus asotus -22.70 -23.00 -22.02 -24.18 -23.19 5
MG Culter alburnus -25.97 -24.55 -25.89 -23.91 -25.76 5
HHREA Erythroculter dabry -24.76 -23.86 -24.54 -22.80 4
W) Saurogobio dabryi -23.71 -27.12 -24.76 -26.23 4
{elfiky Pseudobrama simoni -21.21 -20.23 -27.08 -22.40 -21.39 5
it Coreius heterodon -26.87 —-24.88 -27.73 -28.89 4
FCECEE R Pelteobagrus vachelli -24.67 -26.07 -24.40 -24.34 -23.60 5
5 Channa argus -24.23 1
HHAS 1 Myxocyprinus asiaticus -20.74 -25.20 2
HIFE Procypris rabaudi -22.82 1
1M Squalidus argentatus -23.77 -22.20 -23.02 -22.29 -20. 51 5
R G Pseudolaubuca sinensis -27.32 -28.97 -27.12 -27.41 4
i Aristichthys nobilis -22.44 -25.16 -26.07 -26. 66 4
] F1 4] 8. Coreius guichenoti -24.61 1
K AE W) Rhinogobio ventralis -25.35 1
KWpfifs Leiocassis longirostris -26.74 -24.27 2
ALyl Rhodeus sinensis -18.07 —-18.89 -21.15 3
TR WY HF 1 Rhinogobius giurinus -24.46 -22.55 -22.61 -20.77 4

At -24.28 -23.59 -23.16 -23.91 -24.17 121

3 iFig

Bk R AR 7l A VR R TCHLER & 1%
A AL 2 B W 7 AR 25 R G v 1% 328 AT 2R
(Peterson & Fry, 1987) . /NI ¥ 38 i ki A AW 1)
8" CANT 1 3| 2 A7 AR 1 a3 (R [l P £ 87 C
TEARIRFEVLBOT o W] i 22 5, 5 W]y = ek
BESCIAR T A RRAE (XA 5255, 2014 ) AHARL, AT fE
55 PR R 2] K s A AR B A O . B /K
BUR R I 7= 01 A i Bk R UR T8 R s C

{ESE Y CO, FBRIRER WAL AE FH 7™ 2k ik , T I
WAE 7 R 1 CO, o B Bk ( Post, 20025 2% 3 55,
2013) , 8°C HH AT R G A WK IR
S HOO 1y W B il BE 2 119 5THR ( Raymond & Bauer,
2001) . /NLHIRFEE LT AN 8" C ¥y Pk
ALY, UL URLAT AL 75 H AL Al BE ok P b IR
7 B AY 7R — 7 TN R E 3R ) o
By AR REZ ) ) BL Al A R 1) B B2 95800 (Van-
note et al, 1980 ; Findlay et al, 1998 ; 2=y 45,2013 ) ,
3 —J5 /ML A 2R ik T BE 20k AL R)Z
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Tab.3 §°N value of fish species at each site in Xiaojiang River

Bo% i 815‘(;/%0 ‘ n/
R’ FRRE =i Vel AL R
fifiy Parabramis pekinensis 10. 37 1
%Hemi(rulter leucisculus 12.50 1
WA Ctenopharyngodon idellus 7.15 8. 69 8.95 3
IRHREE Squaliobarbus curriculus 14.28 12.53 11. 66 8. 13 7.97 5
K& 1t Mystus macropterus 14. 60 15.90 16. 42 3
i Elopichthys bambusa 14. 88 15. 15 14. 49 3
SR Pelteobagrus nitidus 14.01 13. 40 13. 46 14.13 14.90 5
i Siniperca chuatsi 16.33 14. 35 13. 39 15. 05 15.70 5
Mk Liobagrus nigricauda 10. 86 9.32 12.77 3
JE 40 Megalobrama pellegrini 11.47 1
AETERN VP, Parabotia fasciata 13.08 12.07 2
A4 Sarcocheilichthys sinensis 12.70 1
iR fh Pelteobagrus fulvidraco 12.03 13.29 10. 81 13. 64 4
Wit Monopterus albus 8.58 1
)l Carassius auratus 12. 15 12.99 10.25 12. 48 9.17 5
|6 ik Hyporamphus intermedius 13.92 1
il Cyprinus ( Cyprinus) carpio 14. 34 10. 55 9.17 13.31 11.24 5
fif Hypophthalmichthys molitrix 10. 48 10. 65 10. 78 13.47 4
2 HithL Pseudorasbora parva 12.02 13.73 2
Yotk Misgurnus anguillicaudatus 11.38 1
Y3 Culter oxycephaloides 14.98 15.99 14.76 15. 41 15.57 5
fak Silurus asotus 13.31 13.63 12.57 13.47 14.32 5
SUMERH Culter alburnus 15.38 14. 14 14. 54 13.99 17.77 5
T R4HA Erythroculter dabry 14. 86 14. 65 15. 84 14.23 4
W] Saurogobio dabryi 11.48 12.17 15. 84 11.77 4
{elfify Pseudobrama simoni 10. 45 10. 58 10. 15 11.30 11. 19 5
il 8. Coreius heterodon 14. 68 16. 48 18.19 18.90 4
FLIR Ut Pelteobagrus vachelli 14.72 13.39 12.77 13.16 13.33 5
5i# Channa argus 10. 35 1
G 8. Myxocyprinus asiaticus 9.13 9. 66 2
G Procypris rabaudi 10. 77 1
A1 Squalidus argentatus 13. 65 12.34 11.99 13. 48 13. 64 5
IR Pseudolaubuca sinensis 14. 63 12. 89 14. 48 11.37 4
fil§f Aristichthys nobilis 12.21 11. 68 16. 00 16. 80 4
14 fa. Coreius guichenoti 11. 81 1
K AEW i) Rhinogobio ventralis 11.38 1
KWt Leiocassis longirostris 18.23 17.13 2
Ll Rhodeus sinensis 9.92 9.61 11. 36 3
FBEWIHE fE A Rhinogobius giurinus 13.19 12. 60 11. 68 11.84 4
=8 it 13. 66 12. 81 12. 01 13.43 12.93 121
*4 AEIBRHEREBRRBEERMELRE
Tab.4 §”C and §°N value comparison of the same species at each site
T T — SR L E— - N -
o ) S]] K6 56 1B A EE ¥l for (K A Bk
LB 2 Mean t df Sig(P) Mean t df Sig(P)
O - 355 16 -0.20 -0.45 15 0. 656 0.55 1.53 15 0. 146
B - & 14 -0.68 -1.07 13 0.306 1.55 4.28 13 0.001
B -#a 14 -0.39 -1.17 13 0.263 0.48 0.75 13 0.467
W - WL 14 -0.31 -0.61 13 0.554 0.59 0.96 13 0.355
FERE - = H 20 0.03 0.06 19 0.953 0.55 2.27 19 0.035
SR - 19 0.12 0.33 18 0.742 -0.61 -1.37 18 0.188
TR - BT 21 0.86 1.72 20 0.100 -0.67 -1.36 20 0. 188
=Sy 18 0.09 0.21 17 0.834 -0.75 -1.56 17 0.138
1= BH = X 20 0.83 1.38 19 0.182 -1.42 -3.51 19 0.002
A - AL 21 0.78 1.57 20 0.133 -0.09 -0.22 20 0.831
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Tab.5 Trophic level of fish species at each site in Xiaojiang River
W% , _ CEEE :

’H Eidd i B piga) BT i
Hith Ctenopharyngodon idellus 1.42 2.41 2.61 2.15
etk Misgurnus anguillicaudatus 2. 66 2. 66
HWAS 1 Myxocyprinus asiaticus 2.54 2.82 2.68
wi ik Monopterus albus 2.76 2.76
th Al Rhodeus sinensis 3.16 2.14 3.31 2.87
M Ak Liobagrus nigricauda 2.51 2.60 3.73 2.95
5,68 Channa argus 3.02 3.02
fiffy Parabramis pekinensis 3.02 3.02
{Llfiki Pseudobrama simoni 3.31 3.35 2.30 3.18 3.26 3.08
TR 8 Squaliobarbus curriculus 4. 44 3.92 2.74 2.25 2.32 3.13
EIREE Procypris rabaudi 3.14 3.14
fi: Hypophthalmichthys molitrix 3.32 2.44 3.03 3.94 3.18
Y Carassius auratus 3.81 4. 06 2.33 3.53 2.67 3.28
K AW i) Rhinogobio ventralis 3.32 3.32
## Cyprinus ( Cyprinus) carpio 4.46 3.34 2.01 3.77 3.28 3.37
] F14f] £, Coreius guichenoti 3.45 3.45
HERN VL Parabotia fasciata 4.09 2.86 3.47
T-BEWPHE E i Rhinogobius giurinus 4.12 3.94 2.75 3.46 3.57
Wit Pelteobagrus fulvidraco 3.78 4.15 2.49 3.99 3.60
JEAA; Megalobrama pellegrini 3.61 3.61
AE 6§ Sarcocheilichthys sinensis 3.71 3.71
4 Squalidus argentatus 4.25 3.87 2.84 3.82 3.98 3.75
HRER A Pseudolaubuca sinensis 4.54 4.03 3.57 3.20 3.84
W fit] Saurogobio dabryi 3.61 3.82 4.52 3.44 3.85
fif Silurus asotus 4.15 4.25 3.01 3.82 4. 19 3.88
FCECHE . Pelteobagrus vachelli 4.57 4.18 3.07 3.73 3.89 3.89
ZZ 1 fh Pseudorasbora parva 3.77 4.01 3.89
gHemiculter leucisculus 3.91 3.91
i Aristichthys nobilis 3.83 2.75 4.56 4.92 4.01
YEPE TRt Pelieobagrus nitidus 4.36 4.18 3.27 4.01 4.36 4.04
HAEHA Erythroculter dabryi 4.61 3.62 4.52 4.16 4.23
i Siniperca chuatsi 5.04 4.46 3.25 4,29 4,59 4,33
[6] R % Hyporamphus intermedius 4.33 4.33
SHMEGY Culter alburnus 4.76 4. 40 3.59 3.97 5.20 4.38
i Elopichthys bambusa 4.62 4.31 4.24 4.39
WYKL Culter oxycephaloides 4. 64 4.94 3.65 4.39 4.55 4. 44
K UG # Mystus macropterus 4.53 4.91 4.69 4.71
il 8. Coreius heterodon 4.56 4.16 5.21 5.53 4. 86
KWpfifs Leiocassis longirostris 5.22 5.01 5.12

=3 it 4.26 4.00 2.84 3.81 3.78

BIRAG I B AL, I E IR AL I I AR A X B
(Vander & Vadeboncoeur,2002 ; Vadeboncoeur et al,
2011 R LAITTZ,2014) ¢

RIS KA M RAR I HE AR P 7
AR ) P I 3k B )k A S A 2R, il it
AN 73 VR FH 27 3R 11 7K 4 (Robinson, 2001 ) , i
KA AL (14 2H G AL A5 T AR ) At BN A )
A PLEEE (Xu et al ,2005) . 7K I8 A & 30 8
TR Ko N 235 8l 75 Y R S 2 2 5 i OB AT
LA 87N, KT M £ 499 190 rh A AR ) 87N ( Ca-
bana & Rasmussen, 1996 ; Bannon & Roman, 2008 ) .
NV 53 BE YL B 0k A WL 80 N B i i 5%

JE A FUOST B, 1 [R 0 7 /N YT gt 3 BH VLB
(8 N L e T IR IR RO B, 5 kA
B 8°N R A LA RRAE . 33 2% PR o s BH YT B
EROPY R A u Iy W SMINE YN R INE ST s LK o
o HOAR, BUTITE F A FHYLBL N o 25 4 0
SR X TR A A I R ML 8N A T
—E IR BN . 7E 39 Fhfrrf, it 8 N (H i
%, MK MR A 8 N {H % i, w3 N fE 11 2
35 ARBE T i Bt 2 B P SR O SR
FHEs i 8PN & 4 (Fry,2007) .

P& F R R EEY M P R EENKR, e
TR S R GURE T A 1) A ( Bannon & Roman,
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Fig.1 Relative trophic levels of the primary economic

fish species in Xiaojiang River

2008) . B FERLEDI A 87N 22 5 fy AU 7
ROMEGIE, BEE B SR BIE IAWE . AU
H/AMNLRIEY R 20 4 A E R, %5 Wan-
gtzen 55(2002) 1EWITH AL 25 R G0 A RBF ST 45 2R
—Ho SR, AT (2013 ) BT /NS TR AL 7K 3]
KA 3 BRI, LWABIFRE R A 1 AE
T 1% I SR A RE S 87 N JLLkE MY
VEBE MM FEREA 1) K /INA 5% (Perssonet al, 1992 ; 74
#45,2010) o ASHETE BB BUBURL A LA ) B4R
A=W, 2 AR (2013 ) BRIESE R FH A 7K TR 2 T 2
S N A - Y (EL 1 Ay LR AR, BRI AN L UL A
P 1 ASEFRGG 7350, AR ST AR A Fif
Je(39 ) g (121 F8) 4375 T4 55 (2013 ) Y
HRPFEATIE (17 F) MR (49 ) , miE FRZ IR
R BURE LA X 42T

AR SO RS GE R 2 87 C i 8 N X =i /K J
SER/ NI RICR A B 39 R HEAT T 8 372
UM, G5 S B B T 2 Ik 358 o B S [ () R X 7 R
KA IR R B PR B e FE A — & M Z 5
(B WFSERIT, L2k A= Wy i e 55 Bl P75 37 W o 4
AN R KIS S R GUE SR IR U A P EARE R
RHEN R BAh W 28T 5, HAR T S AN ] B Bedg
AR R 2R 1 28 S A i, AR EUK IS,
Wil B FREE 1 5 BB, T — 2R H ARl
A TR Y A R S A KA AR IR
IR S5O BERRE R BRI, LAE— 2P i
WIALI, R DT TS SR Tl SRR DL
B E SR CR W) R M RE R R SR,
SWOK AR RGP SRS B E L IR
B BT AR AR B

S7%5 3k

ALK AN ZE 51 2 UL LRI B IS B , 2004, =k JE X
/NIL (AR ) A SRR 455 R AR AT TERAR
MR B .57 - 85.

XAk B, XA, 46, 2014, T R il R R
FREM I SB[ ] AR, 34 (23) : 7110 -
7118.

IR PR ZE L 45, 2008, 156m F /K G = WK 4 /N [a]
IKIX TR TRWEAA ) P A S Z R (D], B R,
29(10) ;2710 -2715.

A VA, TR, 4, 2011, =k R X B K g /NI 2k
TRBARLT]. okl ,41(6) : 37 -42.

2, TARIE i, 4, 2013, SRR TR A E M
B LA LT]. KR4, 37 (7)) 1015 —
1022.

2, P, BRI, 4, 2013, =R K/ NT RS 25
PIRERE C N RO R T[], A 254k, 33(20)
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Determination of Fish Trophic Level in Xiaojiang River of Three Gorges Reservoir by
Stable Carbon and Nitrogen Isotope Analysis

SHI Fang, CHEN Xiao-juan, YANG Zhi, QUE Yan-fu, TANG Hui-yuan

(Key Laboratory of Ecological Impacts of Hydraulic-Projects and Restoration of Aquatic Ecosystem of
Ministry of Water Resources, Institute of Hydroecology, Ministry of Water Resources and
Chinese Academy of Sciences, Wuhan 430079 ,P. R. China)

Abstract : The impoundment of Three Gorges Reservoir altered fish habitat and community structure in the reservoir
area. Additionally, long-term overfishing has caused the decline of fish populations and affected the sustainable de-
velopment of fishery resources. The traditional fishery management system must be improved and ecosystem charac-
teristics must be considered to support the scientific management of fishery resources and the environment in Three
Gorges Reservoir. In this study, the trophic level of 39 fish species in Xiaojiang River of Three Gorges Reservoir
was determined using stable carbon and nitrogen isotope analysis. Samples were collected from May to June of 2013
in the Qukou, Yanglu, Gaoyang, Huangshi and Shuangjiang sections of Xiaojiang River, including 121 fish repre-
senting 39 species and 15 samples of particle organic matter (POM). The 8" C values of POM samples ranged from
28.29%0 to 24.19%0, with a mean value of (-25.75 +1.98)%o, and those for 8" N ranged from 1.40%0 to
6.97%o, with a mean value of (4. 67 +2.70)%o. The 8" C value of POM decreased upstream from the estuary, but
the 8" C value for fish of the same species did not differ significantly with location, indicating that POM was not the
main energy source for the Xiaojiang River food web. The 8N value of POM in Gaoyang was higher than Yanglu,
Huangshi and Shuangjiang, while 3'"° N values for fish of the same species in Gaoyang was significantly higher than
that of Yanglu, Qukou and Shuangjiang, probably related to the intensity of human activity at each site. There were
at least four trophic levels identified in the Xiaojiang River food web and relative trophic levels in the fish communi-
ty ranged from 2. 15 to 5.12. Grass carp was at the lowest trophic level among the primary economic fish species.
Most fish species were omnivorous with trophic levels ranging from 2. 66 to 3. 85. Fish species with a trophic level
above 3. 85 are carnivorous and Leiocassis longirosiris was at the highest trophic level among the primary economic
fish species with a trophic level of 5.12. The mean value of the trophic level at each section ranged from 2. 84 to
4. 26 with the lowest mean trophic level at Gaoyang and the highest at Qukou. The results of this study reflect the
nutritional relationships among the primary fish species in the Xiaojiang River basin and provide a reference for the
selection of primary fish species in the river basin.

Keywords: fish species; trophic level; stable isotopes; Xiaojiang River; Three Gorges Reservoir



