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[ 28 A AT, BV S Tl R (SN REFE 2 4
SR 2 0724 3%0~4%0 1 R 224318, I, 815N
WA T B E R R (B R ICE, 2015; KRS,
2019), FUEGEME W abrikmi, e AR o
BT VR AN R B 47 b Js ke 3 4 B ) Wz i . R B4
{& H.(Vander Zanden et al, 1999), 7] LIz 2k
I E TR R, AE ST AERR L PR AS AR W 1 R
(Carscallen, et al, 2012; Amezcua et al, 2015), H
FEEF RSB RREBM T R SA R T-BOt
Wiz i H(Power et al, 2013; FKAR%E, 2019; HMHTF
452021),

e TR F R KA AL T/, &9 B
FFF % AT B A v T TR, AR VT3 38k A4 By
L WiaE kR DL RO KB IR R A BN A T
RIELE EEAER(Wu et al, 2004), B =l K 5
WA T i 2 A 25 A, A0 R IUHE I A K 38 17 (]
WA IR EE B Wik, I 08 T A 0 B R AL 2= R R
DA KT A B 7K SCHLEE (W et al, 2003, 2004), 3
BERHIE I Bl 28 W] R S IS SE R R fn R AR AR
FEHREA , B A TE A SR A5 I 25 5 (Wang et al,
2016; Liu et al, 2019), H TIE RN NEZ
R 2 I f S R V% 5 4 R0 218 PEUR) A 40 1 o 2I 2l
FEEE AR AR DL, Tk 264 Ak F S5 P LR AH
R(FERESF, 2003; 2MiMi%E, 2010), X = e IX #2
B IREE R  25 25 S 1 WFGE AT LU 7 R DX A 2 7
T4 BB SR8 SR S A 2 BURRAE , 38 B T AT T /g K
EAD R R I B AR E YN E SRS sh A&
A R HAS TR . HAT, X = X TR adeE
FEHR 5T T B DA K PR IE 5 & KIs 1T Z i (K 52,
2007)FE A TR (LI et al, 2015), =Wk & KIiBfT
LG, TR IX A ISTEVE 45 R B 24 ke AR U (B SR,
2021), XAl BEXTE FREE PRI, WA =
W 7K JE I KB AT G P X T I VL B a8 IR 45 4
ih 25 22 5 I 95 R ILARGE . BRI, AAFST iz FH AR E )
I 28 HE AR = e e X T AL UK KV BE . L
BRI B LA B JE R ITBE 4 AN SR K S8 AR ] 2345 (1)
0B S IATHEIE , LA S = 02 g X i 9% 50T
il o PRI LA B AR AL SRR 2 TR

1 #RERFE
1.1 AERXIE S KHERE

=K PR TR B, AR ERTTERE X,
WEPIEEET, K% 600 km, HZFEHETM
ERTTAY 20 24X E, B iR A 7K B A

P L 1 o4 v = A 0 7 e A R S B 3 i )
H15C~19°C, FEREKREF, RWERUID, —k
TR 2R P B 234 4 3 B HE B A BE K A 8 Y
Jr3X, TENGIE 4 7 INET, —IeIK A2 8 T R
2 145 m B IERARKAL, WU S =R HTIE & & 7K Hok
PEAERFTE 175 m B (Wu et al, 2004).
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S, ARWFFET 2018 4 7—8 H (R A1 2018 4 12 H—
2019 4F 1 H (k7K 43 59 48 =08 P X T AT VLB
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FEASCRAE , Forb, ARV B A T = WK T3 m K X
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Fig.1 The study area and sample sites
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R S ARSI 1 ASARHERE S, B 10 AR R
PLIEIBC 1~2 A AT H A0 5E |, 4 BT As J3E +0.2%o0
REE R R WEITEALNT .
3" N=(R—Ry)/Ryx1000
2, RO il 5 (R 3 552 R0 2 H(E (NN 5
R AP MER A RIAL R AR .
14 EFRITE

BREAHE AL T:
TL=(3"N s#5—0""N spnm)/AS "N+
X, TL ATH A BB TR, 8N wne W IH P AR
SE A2 HE L 8N s i R GE AR R SEHELE ) 1 AL
FE RN Z HAE, AN NHIARE FR %2 [ E ke Rl
MREEE, VAR SRR, VP H
W a=1, WIZHHRFEN =2, ABFIEH, HAE IR
2 ) EURE TR 7 R A (ASPN) B 3.4%o (Post,
2002), [A]IF SRR OH 9% F IR IAE N BLEAE D)

L5 HiRAEESHR

2% FishBase (4% (Froese et al, 202 A
SCHRZERLCT Hmite, 1994; T3E, 2016), K HrREMmIE
RS DNEWHERBUM R AR SR AR EE
FRNMES S MEHRIAUIEAEEAZEEELD
R IR XS . IR S B P A 2 (R B LU
ToBEMESN Y MR EXT S e (RE LA sh i P
B E WA R B . PRI E Y B a2 (E
BELLIE LR W) A X G I f Mt 2R (E LK A
SRR [ 5 2 R X 4 . AT BRI &y 22
43 Hi(one-way ANOVA)K I AN [FVTBE a2 8N {H
MEFRHRWN 2 22E5, FRXTEEAR t k5 Hr a2 i
SUN HME MM ETT 25, Lh P<0.05 fEN &K
o A A LAASTR] Z2 95 AN R VT B T2 4 B 4 (WA e
BRI 020 1Y IR POk RAE B P K B (food
chain length, FCL)(Sabo et al, 2009)Jf: lbA& H 2 5% . 4t
ot A2 K g SPSS 16.0. Excel 2019 1 R 4.0.3
Ak 5E R o
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21 EfEAYERRERMELE

FEAEAE Y HCRAE BRI 3 Fh, EAERUE R IR
(Bellamya purificata) . 45 7 k% 12 (B. aeruginosa) fl 7
& 45 V5 1% (Semisul cospira cancellate)., &8 5 [al {1 %
SR BN, ARTLEEZE 8N EX{E K
8.37%0, EALTLIE A 8.29%0~8.53%0. FAIN K 7 2243 Hr

ZEWoR, ARFEVTEZ MR 8N (A% 25
(P>0.05); AT 7T BRI AAS K30 A 22 1 8N B
W EEF(P>0.05), MKk . = HAFRIETT B IR
8N (H7EVRIY it 2 = T i 7K 1 (P<0.05)( 2),
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Fig.2 The 8'°N value of snails in the main stream of the
Three Gorges Reservoir (Mean+SD)

*RONFAE I 35 25 57 (P<0.05),

* indicates significant differences (P<0.05).
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it 38 Fhfn g E A e R Z Ll 25 R WoR, Irf
fIFEA MY 8N THMH N 11.02%0 , 28kt Ky
5.31%0~17.79%0, Fo, AJAITEARRIF A 57N
8 75 Bl A 5.8%0~15.05%0 , W5 B8 1T BE N 7.04%0~
14.64%0, = FATLEE N 6.63%0~16.55%0, FhHIAVLE: N
5.31%0~14.61%0 (£ 1), BRI Z PR ER,
ANENT Bz [ #2519 8N A G i 3% 22 5+(P>0.05). it
XHREA t KU oAt SR R, TR R 7K 30 £ 2 )
SN H G i 2 (1 7575 22 5:(P>0.05)

23 BREFHZMEZEFIL

R E FRIOT A A X T =k X B &
BRI E R PO EELE THE, s R R, =
WEFE X T B SRR 1.47~4.12, VAR
2.67, BIRZRN 4K, EFRHKT 4 FpaI UG 45
fti(Coreius heterodon) 1 1, EFFHAL T 3~4 2 [EIfH
a2 RS R 31.6%, FEN AR A SRR 5
Vet BHRINLT 2~3 KZmaymazsh 50.0%,
FE B R sh Ytk SRR R Y B
s BRHENT 1~2 HZRPaEY 15.8%, G4
3 PR E AR 3 Pt e 3). ARIEHMA
KRG BRI N EE IS S & M 2> TR
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Tab.1 Characteristics of body length, body weight and 8'°N value of fish in the main stream of the Three Gorges Reservoir

PN b =M R| Ak NG e
Ak ¢2 Mudong Fuling Yunyang Zigui  Body length/mm Body weight/g
Species Code SEHE JEE EHE S Nutrition

3N/% n 8°N/% n 8°N/% n 8 N/%o

=)

Mean Range Mean Range types

i/ B Clupeiformes
#27%} Engraulidae

S A

- CoBr 1492 3 1424 4 1429 5 1461 5 218 180~269 29 14~51 Pis
Coilia brachygnathus

#1JZ H Cypriniformes

#H#F} Cyprinidae

fifg Parabramis pekinensis ~ PaPe 857 2 934 2 722 2 326 288~379 601 344~956  Her
ZHemiculter leucisculus  HeLe 11.14 3 12.08 4 11.44 881 3 133 107~170 27 12~52 Omn

N

Gt Ctenopharyngodon 14 599 3 861 3 662 3 531 1 336 245-470 803 260-2200 Her

idellus
AR A
. . SqCu 855 1 973 2 1203 1 806 1 263 228~293 292 172~415 Omn
Sgualiobarbus curriculus
B G Culter dabryi CuDa 1194 4 13.11 2 284 284~284 352 352~352  Pis
fifk Elopichthysbambusa ~ ElBa 1381 1 1255 2 409 378~458 538 384~816  Pis
|
B N PsSin 836 2 679 3 229 204~253 135 91~178 Omn
Pseudolaubuca sinensis
TE@%_ HeMa 1133 2 11.75 2 1095 1 1402 1 162 110~249 87 20~211 Ben
Hemibarbus maculatus
fifjl Carassius auratus CaAu 899 4 1047 3 762 4 728 3 196 102~320 216 28~547 Omn
i Cyprinus carpio CyCa 968 2 862 2 961 3 767 2 232 201~291 281 186~508 Omn
B Hypophthalmichthys 0 105 3 1261 3 862 2 786 2 290 161445 461 63~1216 Pl
molitrix
52 #f Culter mongolicus CuMo 1297 3 13.17 1 1395 4 1275 3 283 199~358 291 91~509  Pis
FWESA Culter alburnus  CuAl 1256 4 13.07 5 13.56 5 1342 5 312 215475 349 84~1199  Pis
If) Saurogobio dabryi SaDa 109 3 1202 3 1137 3 808 1 159 122~198 40 15~72 Omn
it Pseudobrama simoni PsSim 1447 1 998 1 942 2 129 115~152 40  18~81 Her
fifh Coreiusheterodon  CoHe 15.05 3 1464 3 1655 3 263 194~302 241 72~309 Ben
SLfar
1%8) Megalobrama. 10 1070 1 899 2 622 2 241 184~310 375 141~764 Her
amblycephala
W] Rhinogobio typus RhTy 12.17 230 230~230 134 134~134 Ben
AR MR Procyprisrabaudi PrRa 10 2 10.06 3 182 167~203 139 94~175 Omn
#L#H Xenocyprisargentea  XeAr 756 4 222 214~234 187 151~227 Her
i) Squalidus argentatus  SqAr 104 2 832 1 1075 2 894 1 111 103~123 20 14~32 Omn
fi# Aristichthys nobilis ArNo 1011 3 1173 3 949 2 305 205~560 913 140~3100 Pla
nﬁﬂ@ ) _ CoGu 897 2 9.65 1 214 185~251 168 118~250 Omn
Coreius guichenoti
%%% o RhCy 10.04 3 11.14 1 225 215~245 128 104~177 Ben
Rhinogobio cylindricus
A7 il
R EDRIE SpSi 10.04 3 228 196~259 274 152~395 Omn

Soinibarbus sinensis
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Al Tk =M i (LSS K B
Fh = Mudong Fuling Yunyang Zigui  Body length/mm Body weight/g H
Species Code Wk 3 Nl S Nutrition
SNMo n 8NN n 3N n 5PN n | oJiL W PR T
Mean Range Mean Range WP
BF} Cobitidae
j(%'%q%m PaDa 6.3 1 736 1 6.54 1 146  134~162 35 22~54 Omn
Paramisgurnus dabryanus
sk Misgurnus MiAn 648 2 706 1 654 1 639 2 112 99~124 10  9~12  Omn
anguillicaudatus
J&@W, LeEl 1123 2 1142 1 9.64 1 1237 1 199 159~238 98  42~166 Pis
Leptobotia elongata
fifJ¥ H Siluriformes
R} Bagridae
*ﬁﬁgﬁﬁ _ o LeCr 1177 3 1033 3 198 198~198 115 115~115 Ben
Leiocassis crassilabris
N MyMa 11.99 5 198 179~210 57 47~71 Ben
Mystus macropterus
NIAYS 4
JErE A - PeNi 986 4 1108 4 962 4 1198 3 122 97~142 21 9~35 Ben
Pelteobagrus nitidus
HA . PeFu 1133 2 10.31 3 144  109~188 51 21~95 Ben
Pelteobagrus fulvidraco
[N . PeVa 9.55 3 1066 4 12.02 4 1046 3 200 167~247 112 63~231 Ben
Pelteobagrus vachelli
f<¥ﬂﬁ@ _ o LeLo 1233 3 1518 4 212 182~270 129  63~258  Ben
Leiocassis longirostris
fiB} Siluridae
fif Slurus asotus SiAs 13.12 4 12,59 4 13.08 3 1223 3 267 200~399 176 52~643 Pis
IV&5IE H Perciformes
8%} Serranidae
FHR A% Sniperca kneri SiKn 1332 3 11.84 2 205 177~244 180 126~289 Pis
JEIUR] Eleotridae
W fiii]
It 0dOb 124 1 1299 2 109 87~130 32 14~51 Pis

Odontobutis obscurus

{E: Pis: WEPE; Ben: JRMISIYETE; Omn: ZeEtk; Pla: FUFAEYENE; Her: FEM.

Note: Pis: Piscivorous; Ben: Benthivorous; Omn: Omnivorous; Pla: Planktivorous; Her: Herbivorous.

24 BREFZWRTER

R X TR AR B 2B 3Rl 2.73,
ANFEF IS Z BB SRS N 2.7, WRILB AT
VUEFRGN 2.79, BIRPETE N 2.23; = HLE A%k
VRIEFRYN 2.68, EIRHEEE N 3.04; BT E M
RV BPEFRY R 2.44, BFRYEEREN 2.74, BINETT
ZMrEE R BoR , AR B Al 28 SRR i 5 2%
5(P>0.05)(1# 5). BRI &Mkl &8 IR R TC B 1)
25 A 22 FANP>0.05), HABRIFhE MR &8 7R
W —E 2SR 225K 2).

=g JBE X G TN fa SO B RN 2.66, AR 4k

==

LN 1.29~4.05; HiKPIAZEFRIEFRH N 2.68,
AN 1.50~4.22, AR FIRE b VLB A28 BBt
K B B4 2 A8 S S R R X A/ T 2 BEURI R I YT B £
KEWHER RN R IR AR KGR 3). FXt
BEAR RGBTl J s, TR RIS 7 0T ) 40 28 8 35
% EF AR EEP>0.05)(K 6).

wf

iz FARa e [ REAR T R M8 R,
I WP T PO T F R M LS
FE I A UIAE R FUE A ¥)(Vander Zanden et al, 1999),
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44 Coreius heterodon

SAREY Coilia brachygnathus |-

KWitifs Leiocassis longirostris
SEr#H Culter mongolicus mongolicus
SAMESA Culter alburnus

ik Elopichthys bambusa | —® WEHE Piscivorous ——
fifi Silurus asotus | —@—Z+ &k Omnivorql)us

YhYERY Odontobutis obscurus
KIR#K Siniperca kneri

SEECAA Culter dabryi

W)t Rhinogobio typus |

FAE M Mystus macropterus |
685 Hemibarbus maculatus!|-
KK Leptobotia elongata

% Hemiculter leucisculus
MBHfi Leiocassis crassilabris
W) Saurogobio dabryi

LItk Pseudobrama simoni |

% Aristichthys nobilis

M Pelteobagrus fulvidraco
BLIRE it Pelteobagrus vachelli
B W)t Rhinogobio cylindricus
S EF L Pelteobagrus nitidus
4R Squalidus argentatus |-
LB HIEE Spinibarbus sinensis
R 8E Procypris rabaudi

5% Hypophthalmichthys molitrix |
TRHIREE Squaliobarbus curriculus
[& I14f 1 Coreius guichenoti |-

# Cyprinus carpio -

Hi 3kt Megalobrama amblycephala
) Carassius auratus

fi§ Parabramis pekinensis

454l Xenocypris argentea |
Rt Pseudolaubuca sinensis
B Paramisgurnus dabryanus
KRN JRSK Ctenopharyngodon idellus
VR Misgurnus anguillicaudatus

© - JEMiZh & Benthivorous i — e

B Herbivordlms

YEWEAE WM Planktivorous
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Fig.3 Continuous nutrition spectra of fish in the mainstream of the Three Gorges Reservoir (Mean+SD)
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Fig.4 Box plots for the trophic level of fish
assemblages with different feeding habits in the
mains tream of the Three Gorges Reservoir

TR B AC R ) JC . 35 22 57 (P>0.05)
The same letter indicate that there is no significant
difference between the groups (P>0.05).
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Fig.5 Box plots for the trophic level of
fish in different river sections
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K2 ZEERTHRARNEUHEXEASERRER = 5t 7K Dry season ¥UH Flood season P=0.91
CPEIEbRERS) % 4l
Tab.2 Differences in trophic level of fish assemblages =
with different feeding habits in the main stream of & 3n
the Three Gorges Reservoir area (MeantSD) & 9
— IS
ey
ﬁ"@%ﬂ :v?%fﬁ TL ﬁm .
NE \‘ﬁjé 4‘5 *ﬂ;uﬂ II‘-I'II'_I'IIIIII'_I'IIIII'LIIIIIIWIIII
Foodtype A i WA P e R KL R L P EEE:
Mudong Fuling  Yunyang Zigui 238803355&)ﬁéﬁggé'ﬁ&g&a?ﬁé%éagg%
mﬁ\ﬁ 3.30+£0.37" 3.47+0.27% 3.49+0.36* 3.36+0.55 ARG 5 Fish code
Piscivorous

mﬂ@%@ﬁ 2.78+0.53% 3.14+0.54™ 3.35+0.59 2.78+0.51°
Benthivorous

AT

*ﬁﬁ 2.38+0.56* 2.57+0.57* 2.32+0.62° 1.78+0.35°
Omnivorous

W?i%ﬁ'@ 2.6440.10° 2.92+0.49* 2.50+0.65% 2.07+0.35°
Planktivorous

Eé\ﬁ 2.05+0.34%° 2.14+0.16* 1.81+0.55% 1.60+0.33°
Herbivorous

W NIRRT 22 57 i 3 (P<0.05).
Note: Different letters indicate significant difference
among the groups (P>0.05).

R3 ZHREXTREXERANNTESR
Tab.3  Spatio-temporal variation of trophic level of fishes in
the main stream of the Three Gorges Reservoir area

yTEr WU Flood season  #i7K#f}j Dry season
River SFRIEshife o FHhER o AFCL
tion FCL
sec Mean+SD Mean+SD
A 2.70+0.67 3.96 2.60+0.71 3.97 —0.01
Mudong
ﬁ%&.i 2.72+0.61 3.81 2.87+0.52 3.79  0.02
Fuling
= 2.57+0.91 4.50 2.82+0.71 422 0.28
Yunyang
|
ﬂ;)ﬂ 2.49+0.82 4.00 2.334+0.57 348 0.52
Zigui
T AFCL it f 28 £ Wy i < R a5 Al 7K B 1) 1 2
YK,

Note: AFCL is the food chain length in flood season
minus that in dry season.

AL T RIS ZEREAIE DR P B A Ay i ofe A= gy o
HAl#(Post et al, 2002; Wang et al, 2013), ZA<HFZE
FHIZ SN SFEHIE N 8.37%0, = TEBa 35 5PN
{H, L LR AR SRy He e A oAk 10 28 SR A R A
— B, T H At FR GBI 5 R A A 2L 1
(Abrantes et al, 2014; ¥ H#E5, 2014; XPAE48 4,
2015; Li et al, 2015), X FEYWMEEE N Z AR FR
GeRUL, HAaTREE S TiEZ A RS FRBREN W,
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Fig.6 Seasonal differences of trophic level of fish
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Fig.7 Differences in trophic levels of fish in different years
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Abstract

Trophic level, a basic and measurable feature in complex food networks, represents the

position of organisms in the ecosystem and reflects the vertical structure of the food web. The study of

trophic levels is used to interpret sophisticated ecological relationships through simplified functional

groups and is of great significance to the construction of ecosystem models and the study of nutrient

cycling. The construction of the Three Gorges Dam and the operation of the reservoir have fragmented the
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river ecosystem. The influences of reservoir storage and operation vary between river sections with
disparate geomorphic characteristics. Environmental heterogeneity may cause temporal and spatial
variation in the structure of the fish community of each section of the mainstream from the reservoir. After
two decades, research on fish trophic levels has mainly focused on the initial stage of storage and
operation of the reservoir, while information on the fish trophic level in the mainstream remains scarce. To
evaluate the long-term spatiotemporal variation in fish trophic levels in the Three Gorges Reservoir,
nitrogen stable isotopes of 38 fish species and three snail species were collected from the Mudong, Fuling,
Yunyang, and Zigui river sections of the main stream of the Three Gorges Reservoir from July 2018 to
January 2019, and the continuous spectra of fish species trophic levels in the reservoir were constructed
based on stable isotope analysis. The results showed that the average 8"°N value of snails was 8.37%o,
ranging from 8.29%o. to 8.53%o., and there was no significant spatial difference between the river sections.
Except for the Mudong section, the 3'°N values of snails in the other river sections were significantly
higher in the flood season than in the dry season. Nitrogen stable isotope analysis of fish samples showed
that the average value ranged from 5.31%o to 17.79%o0, with an average of 11.02%.. Taking snails as the
baseline organism, fish trophic levels were calculated for each river section according to season, and the
results showed that the average trophic level of fish species in the reservoir area was 2.67, ranging from
1.47 to 4.12. There was only one fish species with a trophic level higher than 4; 12 species of fish (31.6%)
with trophic levels between 3 and 4, mainly piscivorous and benthivorous fish; 19 species of fish (50.0%)
with trophic levels between 2 and 3, mainly omnivorous, benthivorous, and planktivorous fish; and six
species of fish (15.8%) with trophic levels between 1 and 2, including three herbivorous and three
omnivorous fish species. The trophic levels of fish combinations with different feeding habits varied, and
were found to be piscivorous > benthivorous > planktivorous fish and omnivorous > herbivorous fish,
indicating that fish feeding preference was one of the key factors determining the trophic level of fish.
Between different river sections, there were differences in the range of fish trophic levels, food chain
length, and trophic levels of fish combinations with the same feeding habits. However, there was no
significant spatial difference in the trophic level of the fish community among the river sections. A paired
sample t-test showed that there was no significant difference in fish trophic levels between the flood and
dry seasons. Within the same river section, the seasonal fluctuation in food chain length decreased with
distance from the dam. Compared with the initial stage of reservoir impoundment, the fish trophic level
increased significantly, and the community structure and trophic characteristics of high trophic-grade fish
changed to a certain extent. In particular, Coilia brachygnathus with higher trophic levels gradually
expanded and became the dominant species in the mainstream of the reservoir area, which might affect
the trophic structure of fish in the greater Three Gorges Reservoir area. The results of this study provide a
reference for the assessment, protection, and rational utilization of fishery resources in the Three Gorges
Reservoir area.

Key words Fishes; Stable isotope; Three Gorges Reservoir area; Trophic level; Continuous nutrition

spectra



