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Abstract The ecological security of the Miyun Reservoir is of great concern because it is an important surface
water source in Beijing. In this study, the 6"°C and "N values of the samples were determined using stable
isotope analysis. R software analyzed the trophic levels, food chain, feeding habits, and trophic structure of
the fish community. A total of 256 samples of fish, zoobenthos, zooplankton, submerged macrophytes, and
suspended organic particles were collected via field sampling, among which 203 fish belonged to four orders
and nine families of 28 species. The 6"°C values of each sample ranged from -31.35 %o to —21.33 %o, and 6'°N
values ranged from 6.15 %o to 17.94 %o.. The consumer trophic level ranged from 1.47 to 3.88, and the food chain
length was 3.88. The food contribution ratio of suspended organic particles to silver carp (Hypophthalmichthys
molitrix) was higher than that to bighead carp (Aristichthys nobilis). Myriophyllum spicatum is an important
food source for Ctenopharyngodon idellus, Hemiculter leucisculus, and Xenocypris davidi. Small fish, such
as H. leucisculus, were the main food source for Opsariichthys bidens. The values of 5"°N Range (NR), 5"°C
Range (CR), Total Area (TA), Standard Ellipse Area (SEAc), Mean distance to Centroid (CD), Mean Nearest
Neighbor Distance (MNND), and Standard Deviation of Nearest Neighbor Distance (SDNND) were 7.86, 9.95,
48.42, 1510, 2.65, 0.84, and 0.66, respectively. This study showed that the trophic diversity and stability of fish
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communities in the Miyun Reservoir were relatively moderate compared to those in certain domestic lakes and
reservoirs, and it is recommended that timely and systematic work be carried out on the conservation of fish

resources in the reservoir area.
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Fig. 1 Distribution of the sampling sites in the Miyun Reservoir.
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Table 1 3"C value, 3”N value, trophic level, body length range, body weight range, and ecological guild value for different samples

1197

x5 Fik sUCTHME  SUNVHME  EHL  AKEE  AWEE  ERI RAR
Classification Species bRt 22 . T2 . Trophic Body length  Body weight Nutrition Number
[(Mean + SD)/%o)] [(Mean + SD)/%0)] level range (//mm) range (m/g) type of sample
Wi . Hypomesus olidus -27.99 £ 0.95 14.41 £ 1.12 2.85 92-132 4.5-15.7 PE, O 15
Filigfi Zacco platypus -25.68 £ 2.44 10.29 £ 0.59 1.63 101-118 11.4-12.6 PE, O 3
L[4 Opsariichthys bidens —25.45 £ 1.87 11.97 £ 1.05 213 82-150 11.6-29.4 PE, O 14
# fa. Mylopharyngodon piceus -23.82+£1.13 15.55 +2.86 3.18 152-800 33.5-6685.0 DE, | 3
il Ctenopharyngodon idellus =22.0/% 2 21 11.69 + 1.97 2.05 332-482 600.0-1441.0 DE, H 7
# Hemiculter leucisculus —24.74 +1.59 11.73 £ 1.62 2.06 122-162 9.9-24.8 PE, O 13
21454 Cultrichthys erythropterus ~ —24.49 + 0.97 14.86 + 0.48 2.98 188-294 62.3-283.5 PE, P 11
1K Culter dabryi -26.35 + 0.58 16.61 £ 0.70 3.49 263-368 184.9-492.5 PE, P 9
M Culter alburnus -21.33+0.22 16.60 + 0.32 3.49 271-331 140.2-287.2 EERE 7
13kt Megalobrama amblycephala -23.10 + 1.14 12.52 +1.35 2.29 321-341 526.7-606.1 ML, H 5
)24 Xenocypris davidi -27.89 £2.95 10.09 + 1.21 1.57 123-130 14.3-19.8 DE, O 3
fif§ Aristichthys nobilis -27.21 £ 0.60 14.47 £1.13 2.86 520-650 1720.0-3290.0 PE,F 9
fit Hypophthalmichthys molitrix -28.50 £ 0.63 12.82 + 1.60 2.38 492-634  1515.0-2645.0 PE, F 13
fa JEfiy Hemibarbus labeo -27.46 14.16 2.77 280-282 214.2-262.6  DE, | 2
Fishes Fflfh Pseudorasbora parva -26.11 £2.09 11.24 £ 117 1.91 46-110 0.8-12.4 DE, O 9
Fe{tfl Abbottina rivularis -25.40 £ 0.67 13.08 + 1.06 2.45 71-123 10.2-15.3 DE, O 5
MY\fi# Acanthorhodeus chankaensis ~ —31.29 + 0.37 11.45+0.14 1.97 82-108 5.1-16.9 ML, H 5
kB Rhodeus ocellatus -26.48 £0.97 11.58 + 0.26 2.01 44-52 0.7-1.3 ML, H 3
rhAgtE; Rhodeus sinensis —-24.81 £ 0.66 11.25+ 0.04 1.92 38-46 1.0-1.3 ML, H 3
il Cyprinus carpio -24.79 + 1.64 11.93 £ 0.92 212 371-451 830.0-1430.0 DE, O 5
fifl Carassius auratus -23.53+1.77 12.36 £ 1.25 2.24 132-242 65.0-268.5 DE, O 13
Jefft Misgurnus anguillicaudatus -24.67 12.97 2.42 102 5.2 DE, O 1
Wit Pelteobagrus fulvidraco -23.62 £ 0.43 15.45 + 0.67 3.15 232-300 122.2-252.8 DE, P 14
fii Silurus asotus —25.22 £1.22 15.95+0.78 3.30 194-532 44.2-1075.0 DE, P 7
i Siniperca chuatsi -26.57 £ 0.33 17.94 £ 0.47 3.88 342-421 780.0-1295.0 DE, P 3
/N {1 Micropercops swinhonis -28.11 +2.83 12.95+ 1.22 2.42 4-33 0.1-1.2 DE, | 5
FREWIE R 4 Rhinogobius giurinus ~ -23.05 + 1.41 15.43 £ 0.50 3.14 47-68 1.0-2.5 DE, | 4
5% Channa argus -23.35+0.66 14.03 + 3.51 2.73 431-480 780.0-1025.0 DE, P 4
HARER Macrobrachium nipponense ~ —24.00 + 0.91 13.10 £ 0.77 2.46 44-68 0.6-3.7 DE, O 20
R iR Sinopotamon planum -24.39 +0.92 12.55 + 1.51 2.30 28-40 3.1-13.0 DE, O 8
HilEEH A5 12 Bellamya aeruginosa —24.80 + 1.45 11.54 £ 1.04 2.00 — — DE, O 3
TERHEY) PRIl 4 Chironomidae -31.35+0.52 9.74 £ 0.70 1.47 — — DE, O 3
Prey £ E4 Oligochaeta -30.99 + 1.42 10.70 £ 0.88 1.75 — — DE, O 6
species TFIFENY) Zooplankton —28.26 + 2.97 9.79+1.65 1.49 — — — 10
HURINEEE Myriophyllum spicatum ~ -26.88 + 0.68 747 £1.02 — — — — 3
R JYSIEY
Stgfefﬁ*joiganic particles 30.62£0.51 615+1.97 - - - - 10
P: frfafk; O: Z2 &tk H: FaE: | SR F: JE&TE; PE: 1 1)Z; D: ' FZE; DE: JKJZ2: —: THuk.
P: Piscivorous; O: Omnivorous; H: Herbivorous; I: Invertebrate; F: Filter-feeding; PE: Pelagic; ML: Middle and low tiers; DE: Demersal; —: No data.
F+2 EZMIEREREX & LN EYERTEE (%)
Table 2 Potential contribution rate of various bait resources to the diet of fishes (r/%)
- it o Bifn # B L
Food source Hypophthalmichthys  Aristichthys Ctenopharyngodon Hemiculter  Xenocypris Opsaplchthys
molitrix nobilis idellus leucisculus davidi bidens
HEfE 1 Abbottina rivularis — — — — — 10.65
TR % 5. Rhinogobius giurinus — — — — — 8.52
WA 1 Hypomesus olidus — — — — — 7.36
/N 1 Micropercops swinhonis — — — — — 9.35
#Fliti Pseudorasbora parva — — — — — 14.25
# Hemiculter leucisculus — — — — — 14.27
HZAJBEER Macrobrachium nipponense — — — — — 11.97
P24t Chironomidae — — — 9.13 17.08 12.56
% B4 Oligochaeta — — — 9.32 16.15 11.07
TR BN Zooplankton 45.44 83.42 — 26.72 18.42 —
FEIEINE % Myriophyllum spicatum — — 80.22 43.70 23.91 —
BIF AN Suspended organic particles 54.56 16.58 19.78 1113 24.44 —
—: HdE. —: No data.
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Fig. 2 &"C-8"N value of fishes and prey species of the Miyun Reservoir. 1: Siniperca chuatsi; 2: Culter dabryi; 3: Culter alburnus; 4:
Silurus asotus; 5: Mylopharyngodon piceus; 6: Pelteobagrus fulvidraco; 7: Rhinogobius giurinus; 8: Cultrichthys erythropterus; 9: Aristichthys
nobilis; 10: Hypomesus olidus; 11: Hemibarbus labeo; 12: Channa argus; 13: Macrobrachium nipponense; 14: Abbottina rivularis; 15: Misgurnus
anguillicaudatus; 16: Micropercops swinhonis; 17: Hypophthalmichthys molitrix; 18: Sinopotamon planum; 19: Megalobrama amblycephala;
20: Carassius auratus; 21: Opsariichthys bidens; 22: Cyprinus carpio; 23: Hemiculter leucisculus; 24: Ctenopharyngodon idellus; 25: Rhodeus
ocellatus; 26: Bellamya aeruginosa; 27: Acanthorhodeus chankaensis; 28: Rhodeus sinensis; 29: Pseudorasbora parva; 30: Oligochaeta; 31:
Zacco platypus; 32: Xenocypris davidi; 33: Zooplankton; 34: Chironomidae; 35: Myriophyllum spicatum; 36: Suspended organic particles.
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Fig. 3 Trophic structure of fish community in the Miyun Reservoir.

ot a2, KB At 26 AR T-Ya R h 38, midE
A BERIEE 16 CH MBI T HARACE, K2 HFre"™C
(G METF & B M, (HE S CEAL TR, W
ANFCAD A8 SR % K AR & R KA AKRT, KA KA
YIE BAAGTE135 mEFRLL NIRRT, JCH AL P24~ X
WK, DUUKHEYINE, RFMRIKEE (Batrachium
pekinense) . FURINEE (Myriophyllum spicatum) RN

(Najas minor) 2. ga/KILRAKNIE RS, KA BT, A

HIR I K AAE A X KT I, S 3 K 5 1 — BeRs i)
PEPSEERR /D 7% IR IR 25 () A S L/ . PR ) BTk
R, FNSCCHL & YIRS  Cm, HikEta 6" ClE
AR T Hoft f0 40 TR K. 78 KRR AE Y A e & R
K, LT R R 7T 4 SR

AP gerh, B A B AR TR B E S R g
T R, O N R AR, &tk a2 G, JA K
fify, MR, 65 T A mIonf, HeNMEARE. &Ly
MEEhWI e R s (G5 Ao, TR R fa . /N B RS 6 T
LU HIZh A, O NI AL TR At i Anyg frit
LA A £ 5 1 o LA v e HL O N . 21
O NI S AR AT 41, IETTHEAE NGB R ik
IS SRR, b A AT AN NS K, JEX B K
BAWHETE, R ARt 2B AR, 2T, EEX
BE T ERAETRTGK, XI5 KHI6 N H . KRS
&N (A B AR o B 4 O AR R R AT WL 5 T 2 I, b B
i £ 251 S ONE .
3.2 tHEFRR BN

BIRPATH R R R U v SR K, RS
BRIt A Bt SRR M SR TR NI R, AR
G IV E T AN, 20144 [EE K TR IR R FUE
TR, [ PYBER) P E 7R 0N2.19, 273 B2 AHE
FiHp, BB IR (2.38) FURFE IR (2.86) W& T 1E P34k
SRR AT i A 0N &, IR Eh 00 ONE e T A, 243



FET R RAE RO PR W 20K 8 v B TR 4

Vol. 29 No.5 Oct. 2023

Wi W 5 4 0B W . Rl A8 i s Pl 67 R 6555 1025 97 0 T R Al s
BRAh, R ZE AR I S A A 220k, BEAUPRAS 1 R R
XFE IR, R IS AR (1) 245 R X8 FR R RN B
KEEMA© . AP TR 0 S L2k AR WA R P b B R T R 2
T, RReREBMNEENERRFIE, FE—ERE, FE®
kb5

VKRS RG AR, B8 WM ) &
HLEEW TR R R A= S b ST Re Y. (EaRAE SRS
o, B SR a2 R A FE L Rl e, IR SE R R A R I
VRS S B TE R 25 R - 2B R R,
LA i e 2 0 R P e s K P 1 2 B IR AR [, il
PR TR S R G IMR S S & V) K T
DRE FH AR BRI 20 0 N B B K JEE 32 fig Bl W 9 ml ) PR
PRSI B K BRI T H 2 sl b, B RAESR
S5 23 (A REIG I B e 1 S o0, X &5 K RO Th B 0 e A8 2 v
TE YR IR I E R, BB 520 DR 3542 T A B 2 Vs
ol S o TR b B 8% (S. chuatsi) VERNZ 7K
TR, Wi KB EE R E R R, VA R
02, =T IRL, AN P B R, T T
TR MRS RE RIS R RS, KRRk K AE S RGN
BRI E A B EEIERC. S K e K% 93.88 (H
RO NAE T B35 , BEIA 2 ER219MN K AR A R G i A 4
R AWK I 4.00 P9, WK, 2K SOKI AR
WEEM, 5 KIS RGN T E R hC, aE K
FEYE R AT TR M, BPIEA L ) S P 5 52 2R
09 WA A K D RE R EE AR, S TR
FVERRZIR, 4 aymst fasE.
3.3 MmAEEWAM

e DRI A 0 5 ) IR 1) SR RO SR ], St BV R AT AL
W L T (54.56%) , 5T S 7 45 50 S

T, TR, A — B R 2K SR O SR, AN Skt —
G BB BOR L 198% B w5 K EEE K BN KAz _E ik
J& s IKA L AR BEIRATI RO TE M ST 1. AR B 8 0 e e P 1
W TTIRA 118 80.22%, YT UL LA G TR AT, ¥ R i
JETIRE R B MY LY, W DM B2 . KA 4R
FAAIRE BN AW T B A YU X 3% 4 4
DTHRE B (24.44%) , HUURHURINZE (23.91%) . BEFH
BT R AT R m B ML R 2L B N R R A
B, BHEIGEE. KA, SWEIETIsY. RHshY. K
A A AR IR S 25107 AT S BRI 8 3o 4 M TR R
I (43.70%) , HRor Bz i shy) (26.72%) MRz
(18.45%) . MBI RRATHT, P& bl R A 2R i K A= 4
AP TIR. e RS AR SR AR KRR K K35
FIHF B a2, 2436 TIDREER A, WK E A R A
FFE, ERE IR AKAKIBAE 2040, &—FhEXg
s, EEE AN KA RIS AR, DO
AN (DT (5 EE64.40%) FUEMZhY), Hd, &
FIZE R G TR A R (TR 5 E14.27%F114.25%) .
PRy 1 o TR T DA e 2 5 /N B 0 28 R R FH 26
3.4 MRV E TN
S8 SCHRR BT, [ PN AT IR f0 SR S TR e F Fa A
P4 TR 2 008 ORI K S B VA B IR A5 R AR
ANA, PAKIE A RE T 32 B R TR AR, X LL Ak I 0 2%
TR B TR EE M FRRRI, IR FAIIZENT I R R, K ER
NRAEACTFHEFHBA =Wk e R A% ;. CRIEANTAME 235K
TR AR SEACE i CDEAK T =W /K BT Al
RV, X LeFEAR R AR LG E W, 2 K PR R REVR B R
ZREPEA T R EEKE. 2 2K EIFIMNND{EFIS DN N D{F #5 b S
FF A FH BHVES A 7, AT =K R BT AN A 5230, R AR S5 MR
TEMEALTFAN /K. MR R R S MR e e B s

50 —
- [ % = /K% Miyun Reservoir
[ =K ELHT /KIS Area in front
of the Three Gorges Dam
B %K% Daxi Reservoir
45 I /)i K2 Shahe Reservoir
7] B 7% Xiangxi River
[0 HL B Poyang Lake
[ BH¥ Yangcheng Lake
I M PG Huizhou West Lake
(]
=)
2 = I
2 “ [
& 154
Q
Q
4
m
3o
@
10 .
5 -
0 Hnlllﬂﬂl ﬂﬂlllnul HHIlLL
NR CR TA SEAC CD MNND

SDNND

10 PV E FR 45 i Fahs Trophic structure metrics of fish community

K4 WIERK PE i SR B TR A bR 2 5 (AL

Fig. 4 Reference value of trophic structure metrics of fish community in lakes and reservoirs.

1199/



\1200 29% £85H 2023410R

5 %

Wi, AL RGE TR RGP KA A, TR NETRRA
(K15 B B FFRRALE 1, XA IR AL & B2 TUR R IR L
XTI R ESRGERU, BT R EREARLEZ )
FECR R, I YRR R — S MAK e, ATl
EIRGL AN R, Rt ML Rid R, B s
TR SR BRI, R S AR, R IR R
PRI B, RERDA TR,
3.5 HETRMIMISE M SR TR ORI

KBRS R G M SR A R B E R
TIIREM R A k. BEA L LA DXOKAL A2 HR T KT T AR
Ko 3& BKAE A AL A S A TIRK LR, FE 53 BiAfE
FLfE R, BEDCOK A AEIRETE SR R AL, Fr 2 T8
TTREHT B S M SR BHIR ORI, XES KA B R GTRE
HAEZEEX

i RGUTR AR TIRARIR A, AR EME, R
ORI B 00 A A R 2 A i EL R SR A . I S
ZOKEERAE TR TR B R R 2, (EAE A A Bk oxh 3
T AR SRR A A BETE ) SR RN S R R GBI
Fe, FEVAIN (] BBk = FRakth. S KRR AT,
FEBT R SOKIABE R AT, KB E AR IAEIARA, 72
IS PR A DG A RN A 25 2/ P 2 B Y M e IR AT v M A 55
R, T ESR AT SIS A WU, XK R
A ER. H e e S RS VR AR A A, FRE B KR
TRy R, 5 =, ISR R BN, TR Sk e
AP NKAE RS RGN E R ATy, Wl SR
FOCIRRIE IR MR ALK, TR S IRANZh Y B A B
VR B S SR A0k R () A PR BT L AR R 2 REE", iR,
KA LR AR, R R, [ g E R ik
A7 TR R AR 2 AR BUS I R K AR 4R S
RAL 2 H A7 S AR, R RO 7 X (RIS 5 TR
VAN A S R PR £ 5, (i BEREIR IR 8 5% - 22 A B3
BHORMKE. 5=, TPk TR 25 W S st BB AR 0L A £ D %
VRO HORBIT TS, SRS RO PR SRR AL, BLAE /KL K BRI

BE Ak [References]

1 Cohen JE, Beaver RA, Cousins SH, DeAngelis DL, Goldwasser L,
Heong KL, Holt RD, Kohn AJ, Lawton JH, Martinez N, O’'Malley R,
Page LM, Patten BC, Pimm SL, Polis GA, Rejmanek M, Schoener TW,
Schoenly K, Sprules WG, Teal JM, Ulanowicz RE, Warren PH, Wilbur
HM, Yodzis P. Improving food webs [J]. Ecology, 1993, 74 (1): 252-258

2 Post DM, Pace ML, Hairston NG. Ecosystem size determines food-
chain length in lakes [J]. Nature, 2000, 405 (6790): 1047-1049

3 Fry B. Food web structure on Georges Bank from stable C, N, and S
isotopic compositions [J]. Limnol oceanogr, 1988, 33 (5): 1182-1190

4 MEERE, VR, ERK, E8E, R TR E R F R B 2
B ETREE BT[], HIEKF=RLE, 2021, 28 (6): 703-714 [Ye XY,
Ren L, Kuang Z, Wang Y, Xu DP. Analysis of the trophic structure
of fish populations in Yangcheng Lake based on stable isotope
technology [J]. J Fish Sci China, 2021, 28 (6): 703-714]

5 AV, AN, MR, Ok, AR, WHER, XKFE, B, fH
TR PEAE A S B PR DU EII]. KR
*%, 2021, 28 (6): 737-742 [Cai XW, Li W, Fan HR, Fang T, Li W,
Chang FY, Liu JS, Liao CS. Roles of fish assemblage regulation
on ecological restoration in a shallow lake: a case study from the
Kuilei Lake, China [J]. J Fish Sci China, 2021, 28 (6): 737-742]

VURFESE, 2K, B R A TG B I 2k . ek
TN TIGFE TR R A M R B R gy, f S BEIR R AR ANRE I B /K
SOFAE ANBENG B KR RFAE. PR 47 5 1 8 B Y50 2161 85 27K
/NR A SO B Ty TR AT AR (RIS R o R R
RIS 7 DRI AN T RIS P ALK AR A SRR A B U 2 A AR
S 2yt Ra SR e MARTINST ME N WU Y v e 2 1 SRS RIS S
B IERNRE SR, BT RE SRR, B R A DR YR R e
PRI WK & R R A AR, @ s 1%
TRA Y I el A A A ThRERO A, AR HAt Ao T HL A
SRS TR TSR, 45 & K S AR,
TR A X 0 58 = 37 3% L LA B ) SR A X, PRV IS A
RURALL, TN TEA R A SR R O&E BB AL, xS
PRI B AR RN R e A [X S A BRI, A AP IR, (Lt
SRR FIRIGTE. SEDY, RrRIT e e X B W0 45 K4 55 75 THI 1Y
WHIT, SR 2 ORI A AL SIUIR, 6T EE AT R XA R e
WIREE SRR ARIALAL, JE f SR ORI HENS SR I S 4.

4 25 i

B FALRAE BB K528 F0, KB T4HIFRL i
A RAEAD S CEEE 9-31.35%0-—21.33%0, &' NAE 15 H
6.15%0-17.94%0. % FHE IR F1.47-3.88, TWIHEK
5 h3.88. B iF A WL IEURL ) R Ui S A %o i 1) £ 4 Tk 2 4
N54.56%F145.44% , S ST E W) sTERE 2 129 16.58 % il
83.42%; FEIR IR 5 2 ifr . 2503 R M 11 25 B ok s &
SN SR S O 1) R A SRIR. SRR S5 I TEARNR
47.86, CR99.95, TA48.42, SEACH15.10, CD42.65,
MNND:40.84, SDNND:40.66. 2 [Tk, S5/ iZEFitL, 2%
SRR E SR B R E AR M AL TR E0F, F BRI
i | S SR SR AR IR A, DUKEDICR A ESRE, R
o Pl L B AR A 5 T (0 DA, AR SUsR AN 1% Tk a2
B EFRAERIT IO, it DR E D OK A SRRt T
FERRFA TR

6 PP B, B SR EERIIM]. dbat Bl i, 2003 [Xie P. Silver
carp and bighead carp, and their use in the control of algal blooms
[M]. Beijing: Science Press, 2003]

7 AR, B, ER, XIS, IRFAR, XA, BEER, R, e,
TR E R AL 20T (1 =0k K 28 2 B A0 B IR G ] Ut lb 2k
i, 2022, 43 (4): 116-126 [He C, Deng HT, Wang G, Liu HW, Shen
ZW, Liu SP, Duan XB, Chen DQ, Li Y. Trophic level of major fish
species in the Three Gorges Reservoir based on nitrogen stable
isotope analysis [J]. Prog Fish Sci, 2022, 43 (4): 116-126]

8 Wang JZ, LiL, Xu J, Gu BH. Initial response of fish trophic niche to
hydrological alteration in the upstream of Three Gorges Dam [J].
Ecol Process, 2016, 5 (1): 1-9

9 Liu XJ, Qin JJ, Xu Y, Ouyang S, Wu XP. Biodiversity decline of fish
assemblages after the impoundment of the Three Gorges Dam in
the Yangtze River Basin, China [J]. Rev Fish Biol Fish, 2019, 29 (1):
177-195

10 ZE, ke, RJL, T, aiEE, MRWINE. =k X f0 2B BEVE 45 4 I

IR B A]. KILR IR 545, 2021, 30 (8): 1858-1869 [Wei
N, Zhang Y, Wu F, Shen ZW, Ru HJ, Ni ZH. Current status and
changes in fish assemblages in the Three Gorges Reservoir [J].



SET IR R [ 3B AR T 20K 0 ST v B TR 4

Vol. 29 No.5 Oct. 2023

20

21

22

23

24

Resour Environ Yangtze Basin, 2021, 30 (8): 1858-1869]

BB, ssehy, RE, B, FHE, BROC, KA. BEEEYIK
PSS FHEAE S3AT[I]. KA 22248, 2019, 40 (2): 47-54 [Hu ZJ,
Shi XH, Wu H, Li YL, Li XX, Chen LQ, Liu QG. Food web structure
in Qingcaosha Reservoir of Shanghai, China [J]. J Hydroecol,
2019, 40 (2): 47-54]

Hamano T, Hayashi KI, Kubota K, Matsushita H, Tabuchi K.
Population structure and feeding behavior of the stomatopod
crustacean Kempina mikado (Kemp and Chopra, 1921) in the East
China Sea [J]. Fish Sci, 1996, 62 (3): 397-399

Graeve M, Kattner G, Wiencke C, Karsten U. Fatty acid
composition of Arctic and Antarctic macroalgae: indicator of
phylogenetic and trophic relationships [J]. Mar Ecol Prog Ser,
2002, 231: 67-74

JEEE, 6650, BT DNASKIBAGLE 8 54 Hh 5 58 i v
FA]. _LiERE RS54, 2015, 24 (2): 203-210 [Xi XQ, Bao BL,
Zhang SY. Application of DNA barcoding in species analysis of
fish stomach content [J]. J Shanghai Ocean Univ, 2015, 24 (2):
203-210]

Grey J. The use of stable isotope analyses in freshwater ecology:
current awareness [J]. Pol J Ecol, 2006, 54 (4): 563-584

Zanden MJV, Rasmussen JB. Variation in 6"°N and 6™C trophic
fractionation: implications for aquatic food web studies [J]. Limnol
Oceanogr, 2001, 46 (8): 2061-2066

ik, fTHER:, 25, TRV, TBR, #ORE, AL, Bou. FETRGE FAL
FRT IR IR VR AR SRS B SRS M I F AR (U], AR
i, 2018, 29 (10): 3457-3463 [Shi Y, He XB, Li J, Shen C, Feng C,
Guo JH, Zhao CX, Kang B. Seasonal variation in trophic structure
of fish community in Minjiang Estuary based on stable isotope
technique [J]. Chin J Appl Ecol, 2018, 29 (10): 3457-3463]

AU, BUE, TIRET, WIS, MK, SRS, BRA, BORE ST RRE
[E R BRI IS K M S KB IT[J]. /K 522k 76, 2021, 34 (4):
15-21 [Li Z, Wei T, Ma YY, Zeng P, Yang DH, Guo XS, Zhao LJ,
Huang RJ. Food web structure in Nanwan Reservoir based on
analysis of carbon and nitrogen stable isotopes [J]. Chin J Fish,
2021, 34 (4): 15-21]

N, BRI, Yl KAV SOTERR AR ], T
E/KF=FRt4, 2018, 25 (6): 1347-1360 [Gao XD, Chen XJ, Li YK.
A review on the methods used in aquatic food web research:
development and applications [J]. J Fish Sci China, 2018, 25 (6):
1347-1360]

Whitledge GW, Rabeni CF. Energy sources and ecological role of
crayfishes in an Ozark stream: insights from stable isotopes and
gut analysis [J]. Can J Fish Aquat Sci, 1997, 54 (11): 2555-2563
Wedchaparn O, Zhao LJ, Fan YC, He D, Zhang HY, Ivan LN,
Liu QG, Ayisi CL. Comparison of the trophic niches between
two planktivorous fishes in two large lakes using stable isotope
analysis [J]. Biochem Syst Ecol, 2016, 68: 148-155

TUE, AR, /MK, TRIRME, AR JETRREAR E RN R BOARIR AL
DR U DX A | 95 £ 1 22 S [J] KB VR R 24k, 2017, 32 (5):
597-602 [Wang Y, Xu DP, Wang XL, Shen ZH, Xu P. Feeding
differences of silver carp and bighead carp in the northern part of
Taihu Lake: based on stable carbon and nitrogen isotope analysis
[J]. J Dalian Ocean Univ, 2017, 32 (5): 597-602]

JAIE, KuUUE, VRoeH, SRPCHE, MK 2L, o IR JR 2 AR 9 Fh 97 A =X
IR 45 K B L PEL AL [J]. KA AR %4, 2020, 44 (1): 133-
142 [Zhou Z, Mi WJ, Xu YZ, Song QY, Bi YH. Feeding habits
of Procambarus clarkia and food web structure in two different
aquaculture systems [J]. Acta Hydrob Sin, 2020, 44 (1): 133-142]
FOR, BELEL, WM, VNI, BT, SR BPR BRRERM R
HORG T B BE X RE AR ORI AR AED]. Bk 4R, 2021, 37
(6): 91-95 [Yuan Q, Lu WW, Huang WW, Sun XL, Lv WG, Zhou
WZ. Analysis of utilization characteristics of Monopterus albus to

25

26

27

28

29

30

31

32

33

34

35

36

37

38

feed resources in rice field based on stable carbon and nitrogen
isotopes [J]. Acta Agric Shanghai, 2021, 37 (6): 91-95]
Herwig BR, Wahl DH, Dettmers JM, Soluk DA. Spatial and
temporal patterns in the food web structure of a large floodplain
river assessed using stable isotopes [J]. Can J Fish Aquat Sci,
2007, 64 (3): 495-508
Araujo-Lima CARM, Forsberg BR, Victoria R, Martinelli L. Energy
sources for detritivorous fishes in the Amazon [J]. Science, 1986,
234 (4781): 1256-1258
Fry B. Natural stable carbon isotope tag traces Texas shrimp
migrations [J]. Fish Bull, 1981, 79 (2): 337-345
TOEWE, A, WK, £FE, F8. SREXESBENEEE. &
WK B H A I [J]. R, 2016, 37 (1): 325-334
[Wei LL, Zhou Q, Xie CX, Wang J, Li J. Bioaccumulation and
biomagnification of heavy metals in Three Gorges Reservoir and
effect of biological factors [J]. Environ Sci, 2016, 37 (1): 325-334]
Min JH, Yun ST, Kim K, Kim HS, Hahn J, Lee KS. Nitrate
contamination of alluvial groundwaters in the Nakdong River
basin, Korea [J]. Geosci J, 2002, 6 (1): 35-46
Nyilitya B, Mureithi S, Boeckx P. Tracking sources and fate of
groundwater nitrate in Kisumu City and Kano Plains, Kenya [J].
Water, 2020, 12 (2): 401
TR, B, AR, FoRAl, AR, B KR N P A R
TR NBUIR I, AEsikss, 2021 (2): 21-25 [Zhang X, Zhao L,
Li YN, Wang JS, Li L. Current situation analysis of nitrogen and
phosphorus nutrient input in main inflow rivers of Miyun Reservoir
[J]. Beijing Water, 2021 (2): 21-25]
RIRHE, M, R, RISLA. P KA TR A 25 =K K RN K AR A2
ST AT []. bsKSS, 2015 (6): 4-6 [Wu XH, Wu G, Pan
KM, Liu LC. Predicting analysis on impact of incoming water from
South-to-North water transfer project on water quality and aquatic
organisms in Miyun Reservoir [J]. Beijing Water, 2015 (6): 4-6]
F A, BERTIA. B RKEREN TR RS EKER RS AL
K%, 2020 (S1): 31-35 [Wang JS, Xue XJ. Analysis of temporal
and spatial variation of total nitrogen and its relationship with water
storage in Miyun Reservoir [J]. Beijing Water, 2020 (S1): 31-35]
ZEE, EORE, A8, AN, HHE, XIS, % oK Rt G 5 i
T AKAESTE M [J]. Abaikss, 2020 (S1): 60-63 [Liang Y,
Wang RC, Li Z, Guo JB, Xiao Y, Liu YP. Analysis on the impact
of filter-algae fish proliferation and release on water ecological
environment in Miyun Reservoir [J]. Beijing Water, 2020 (S1):
60-63]
PUREE, skib s, SRS, EMSL, VEREME, XU, BE. dbatHi XY
B TRCUR % 67 (R 1 K RCRVEAS [J]. K BHE SR, 2015, 42 (1) 11-
15+19 [Jia CX, Zhang QJ, Qu JQ, Wang ZL, Xu ZH, Liu P, Yang
M. Evaluation of water purification effects of enhancement and
release of Hypophthalmichthys molitrix and Aristichthys nobilis in
Beijing [J]. Fish Sci Technol Inf, 2015, 42 (1): 11-15+19]
B, SR, B, R, Eotl, A JETEcopath B =K 1
RGN SYITURANFAEN]. A5, 2021, 43 (3): 292-302 [Li
C, Zhang X, Zhao L, Li L, Wang JS, Li YN. Ecosystem structure
and material flows of Miyun Reservoir based on the Ecopath
model [J]. Biot Resour, 2021, 43 (3): 292-302]
JAIE, B9, FAEE, KR, RO, Viooh, Sk 4L, s ffe FfAL
R =IRDIHTK B s M [J]. AEARHE, 2020, 39 (5):
82-90 [Zhou Z, Huang YB, Wang BL, Mi WJ, Song QY, Xu YZ, Bi
YH. The analysis of food web structure in the area in front of the
Three Gorges Dam using the stable isotope technology [J]. Ecol
Sci, 2020, 39 (5): 82-90]
BT, IREE, EKE, INE, BT, MRS, EER. SWOKESKA
WK P ZERR . BRSE FIAL RARFIE SO IR R[], AR, 2019,
31 (3): 837-845 [Xie Q, Xu QQ, Wang YM, Sun T, Fan YF, Liu WH,
Wang DY. Stable isotope value and trophic position of fishes in

1201/



\1202 29% #8587 20234108

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

Three Gorges Reservoir and Changshou Reservoir [J]. J Lake
Sci, 2019, 31 (3): 837-845]

WRE, TEE, £, B, K8, SRR AKIRAZS AR RE R AL
FRERRAE IS RAE[I]. IKAE A=), 2020, 44 (5): 989-997
[Xu J, Wang YY, Wang K, Zeng QF, Zhang M, Zhang H. Protocols
for sample collection, pretreatment and preservation of aquatic
organisms in stable isotope ecology [J]. Acta Hydrob Sin, 2020,
44 (5): 989-997]

Eg. AL REM]. dbat JEathikt, 1984 [Wang HY. Fishes
of Beijing [M]. Beijing: Beijing Press, 1984]

TR, BXEHE, ALt R AR LI [t 3 M. bt B tHaE, 2013
[Zhang CG, Zhao YH. Fishes in Beijing and adjacent areas, China
[M]. Beijing: Science Press, 2013]

DeNiro MJ, Epstein S. Influence of diet on the distribution of
carbon isotopes in animals [J]. Geochim Cosmochim Acta, 1978,
42 (5): 495-506

Xu J, Xie P. Studies on the food web structure of Lake Donghu
using stable carbon and nitrogen istope ratios[J]. J Freshw Ecol,
2004, 19 (4): 645-650

Post DM. The long and short of food-chain length [J]. Trends Ecol
Evol, 2002, 17 (6): 269-277

Layman CA, Arrington DA, Montafia CG, Post DM. Can stable
isotope ratios provide for community-wide measures of trophic
structure? [J]. Ecology, 2007, 88 (1): 42-48

Jackson AL, Inger R, Parnell AC, Bearhop S. Comparing isotopic
niche widths among and within communities: SIBER-Stable Isotope
Bayesian Ellipses in R [J]. J Anim Ecol, 2011, 80 (3): 595-602
HhsEET, TRIEYS, DIRER, EIESL, VPR, XU, e HET AR
PR 2K P 0 2R BV 2 () AR AR VP Al [J]. 7K RHE 1B, 2015, 42
(5): 234-238 [Qu JQ, Zhang QJ, Jia CX, Wang ZL, Xu ZH, Liu P,
Yang M. Assessment of spatial distribution characteristics of fish
resources in Miyun Reservoir based on echo sounding method [J].
Fish Sci Technol Inf, 2015, 42 (5): 234-238]

IR AU KR R B R SR REVE 2L R AR ACRFIE[D). iR
P Aol K2, 2017 [Xu L. Community diversity and growth
characteristics of fish in the Miyun Reservoir and its upstream
Chaohe River and Baihe River in Beijing [D]. Wuhan: Huazhong
Agricultural University, 2017]

AW, X, BT RE. Jb 5 2K E AR 2 AR P S B [R].
HER: T EEZSE4:, 2017 [Guo JB, Liu HB, Zhao YH. Historical
succession of fish diversity in Miyun Reservoir, Beijing [R].
Chendu: Ecological Society of China, 2017]

KM, 3% 2K G R AT R AE S 5 G R AT i 7 [D]. Akt dbatae
J#-K#%, 2021 [Liu C. Distribution characteristics of nitrogen and
analysis of pollution sources in Miyun Reservoir [D]. Beijing:
Beijing Jiaotong University, 2021]

Peterson BJ. Stable isotopes as tracers of organic matter input
and transfer in benthic food webs: a review [J]. Acta Oecol, 1999,
20 (4): 479-487

JEIETE, #4, BEPE, ROk, BIFE. TEDKIRGEM AL R AR
HANEFERJ). PEKRIEE, 2016, 23 (4): 729-758 [Tang QQ, Han
D, Mao YZ, Zhang WB, Shan XJ. Species composition, non-fed
rate and trophic level of Chinese aquaculture [J]. J Fish Sci China,
2016, 23 (4): 729-758]

IR, KRB WP R E R ZR U (R ARV T8 IR AT AN (15
ma[d]. WIAELE, 2010, 22 (1): 8-20 [Xu J, Zhang M, Xie P. Variability
of stable nitrogen isotopic baselines and its consequence for
trophic modeling [J]. J Lake Sci, 2010, 22 (1): 8-20]

Worm B, Lotze HK, Hillebrand H, Sommer U. Consumer versus
resource control of species diversity and ecosystem functioning [J].
Nature, 2002, 417 (6891): 848-851

EEE, B, TLE. ORI R ST R LA ]. A
%, 2013, 33 (19): 5990-5996 [Wang YY; Xu J, Lei GC. Proximate
and ultimate determinants of food chain length [J]. Acta Ecol Sin,

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

2013, 33 (19): 5990-5996]

Doi H. Resource productivity and availability impacts for food-
chain length [J]. Ecol Res, 2012, 27: 521-527

A0y, XUF T, WS, MRITRI, S, 220, TREEAR. KoK HEISH M GE i
AR SRR TR R[], TP EKF=RE2, 2021, 28 (6): 808-818
[Li W, Liu JS, Ye SW, Lin ML, Yuan J, Li ZJ, Zhang TL. Research
progress on technique and effect evaluation of mandarin fish stock
enhancement in large water bodies [J]. J Fish Sci China, 2021, 28
(6): 808-818]

Jake VZM, Fetzer WW. Global patterns of aquatic food chain
length [J]. Oikos, 2007, 116 (8): 1378-1388

Arim M, Abades SR, Laufer G, Loureiro M, Marquet PA. Food web
structure and body size: trophic position and resource acquisition
[J]. Oikos, 2010, 119 (1): 147-153

s, AR, ZESL0, PR, RSCE. SIS A A e IS R E R
FUJ]. KK 2B 2EAR, 1992, 7 (1): 1-10 [Liu HL, Cui H, Li LP, Sun
CM, Zhu WH. A study on the biology of post-larval development
of the filterling apparatus in bighead carp [J]. J Dalian Fish coll,
1992, 7 (1): 1-10]

KMess, AE, A5, ROCE. BEIE B AR IR SR B A K
FJ]. KIEKFA2FE 244, 1993, 8 (2-3): 1-19 [Liu HL, Li MH, Li LP,
Zhu WH. A study on the biology of post-larval development of the
filterling apparatus in silver carp [J]. J Dalian Fish coll, 1993, 8 (2-
3): 1-19]

AR, E R BRI B A PE[]. KPR, 1995, 8 (2):
46-49 [Li BL, Wang YT. Biology of Hemiculter leucisculus in Lake
Dalai [J]. Chin J Fish, 1995, 8 (2): 46-49]

B4R, BEIGE, /N T R I I0R AR R R D). 1T R
Ak EEE, 2020, 48 (24): 37-41 [Zhong QF, Fan HP, Ye XJ. Research
status and utilization progress of Opsariichthys bidens [J]. Jiangsu
Agric Sci, 2020, 48 (24): 37-41]

FIE, N, AR KUK RV K i = B0 SE SR G5 M R 25
ARMK[J]. AEER, 2021, 41 (8): 3215-3225 [Wang Y, Fan YC, Xu
DP. Temporal and spatial variations in the trophic structure of key
species in Daxi and Shahe Reservoir [J]. Acta Ecol Sin, 2021, 41
(8): 3215-3225]

FAEE. ERRHWIEZ R K E M A EZAS[D]. ME: AR,
2021 [Wu JJ. Aquatic food web structure and dynamics in the
floodplain of Poyang Lake [D]. Nanchang: Nanchang University,
2021]

Gao J, Zhong P, Ning J, Liu ZW, Jeppesen E. Herbivory of
omnivorous fish shapes the food web structure of a Chinese
tropical eutrophic lake: evidence from stable isotope and fish gut
content analyses [J]. Water, 2017, 9 (1): 69-90

SRR, WL RS RGNICR SE FREMERI]. FEEYAE, 1997
(4): 40-47 [Dang CL, Huang RF. Redundancy in ecosystems and
the model for trophic structure [J]. Chin J Ecol, 1997 (4): 40-47]
SUHERG, BEEE, KB, B, Hedle. TUKMYIN &8 IR KA
PR AR S AE BRI FE B SR [J]. M B S5 388 244, 2020, 29
(3): 58-68 [Guo YQ, Xue JH, Wu YB, Zhou ZD, Hua JF. Research
progress on purification effects and restoration technologies of
submerged macrophytes on eutrophic water [J]. J Plant Resour
Environ, 2020, 29 (3): 58-68]

ARt KA SRR BEIM]. dbat B2 HREE, 2011 [Wu
ZB. Macrophyte and aquatic ecological restoration [M]. Beijing:
Science Press, 2011]

BRI R BRI BOR ] KRR, 2006, (3):
32-34 [Huang BX. Biological characteristics and aquaculture
techniques of Xenocypris davidi [J]. J Aquac, 20086, (3): 32-34]
SN, TR, KA AT VE R TR (). TR
ARELE, 2019, 49 (4): 363-377 [Yi YJ, Zhang SH. Review of aquatic
species habitat simulation method and modelling [J]. Sci China
Technol Sci, 2019, 49 (4): 363-377]



