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x1 MEENEEMNITCCHE
Tab.1 ¢™C value of fishesin Yangcheng L ake

x+SD
frtt s B o c
feeding habit species HZ5 summer #Z& autumn HZ spring
e RS i Aristichthys nobilis 19 -25.35+1.95 —26.19+2.02 —24.1242.21
filter-feeding fish fi Hypophthalmichthys molitrix 20 ~25.89+1.62 —26.30+1.11 —26.10+£0.89
WAl Ctenopharyngodon idellus 1 - - -22.60
) A3k i Megalobrama amblycephala 2 - -22.57 -22.85
hetﬁbf’\i‘)riigfsish fiy Parabramis pekinensis 11 —24.43+1.88 —24.85+1.65 —23.96+1.82
KIESE Acheilognathus macropterus 16 —24.16+1.35 —24.96+0.64 —24.92+1.41
EAR B Rhodeus ocellatus 2 —23.0542.00
WRE Hemiculter bleekeri 9 —25.09+2.53 —24.19£0.72 —27.45+0.83
% Hemiculter leucisculus 22 -23.71£3.61 —25.39+£2.77 -21.77£2.09
W Pseudolaubuca sinensis 1 -20.65 - -
UG Toxabramis swinhonis 19 ~25.23+1.57 ~25.460.63 ~24.8240.41
LUl Pseudobrama simoni 21 ~26.38+2.00 ~25.94+0.71 —-24.91£0.56
M HE Xenocypris microlepis 1 -26.10 - -
R Xenocypris davidi 1 - -28.98 -
¥efEfa Abbottina rivularis 15 —24.95+0.54 —22.28 —25.27+0.96
A8} Hemibarbus maculatus 11 -25.62+0.78 —24.42+0.26 -25.39+0.72
UK 8 Paracanthobrama guichenoti 9 —25.48+1.45 —23.24+1.40 -26.97+0.82
F M Pseudorasbora parva 15 —24.14+1.22 —23.47+1.92 —24.26+1.37
e £ 2 HBERT Sarcocheilichthys nigripinnis 11 —25.99£1.53 —25.06+0.77 -28.61
omnivorous fish g fitl Saurogobio dabryi 6 - - —26.05+0.76
Wil Acheilognathus imberbis 6 ~-26.10+2.49 - -
MY Acheilognathus chankaensis 19 -25.24+1.45 —24.21+0.83 -23.73+0.74
Hh AR Rhodeus sinensis 4 —23.17+£2.34 - -
)l Carassius auratus 18 —24.37+1.54 —24.77+0.88 —24.24+1.38
# Cyprinus carpio 5 -24.61£3.24 —23.04£1.61 -25.72
Pk Misgurnus anguillicaudatus 1 - - -26.23
(8] % Hyporhamphus intermedius 3 -23.57 - -25.40+0.36
INEE 1 Micropercops swinhonis 7 —23.59+0.44 - —25.82+0.32
IRBBHRFE . Taenioides cirratus 5 —26.04+0.46 - -
FIRWIUFE L Rhinogobius giurinus 13 ~-25.10£2.13 —-25.60+0.88 —-24.46+0.75
JB Mastacembelus aculeatus 3 -23.60+0.44 - -
J1% Coilia nasus 20 —25.74£0.95 -25.92+1.01 -25.17+1.47
S8l Culter mongolicus 5 —24.07+0.26 - —28.09+0.46
XAWES Culter alburnus 9 —24.45+2.29 —22.73+0.85 -24.06
KB Culter dabryi 14 ~24.40+1.56 ~24.19+0.72 ~25.26+0.59
) LLUEIFH Cultrichthys erythropterus 18 ~23.84+0.78 ~23.86+0.86 ~24.03+0.96
calfli%(;ri%s;kgsh FeFE M Pelteobagrus nitidus 3 - - -23.95+0.77
WHF Mt Pelteobagrus fulvidraco 5 -24.09+0.91 - -
KA Fif Pelteobagrus eupogon 18 —24.06+3.02 —23.21+1.17 —24.79+0.42
% Siniperca chuatsi 3 —22.75%1.35 —23.77 -
VY  Odontobutis obscurus 1 - - —24.73
B Channa argus 1 - - -24.57

T RN TR R E .

Note: “—” indicates no data.
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Tab.2 6™N value and trophic level of fishesin Yangcheng L ake
n=393; x+£SD
Fhk O”N B IS trophic level, TL
species HZ summer FkZ autumn  %HZE spring  HZ summer  FKZE autumn % ZE spring

J18% Coilia nasus 16.34+1.94 16.68+0.82 18.13£1.59 3.30+0.57 3.58+0.24 3.84+0.47
AL Ctenopharyngodon idellus - - 11.99 - - 2.03
S ffl Culter mongolicus 17.48+1.81 - 17.52+0.07 3.64+0.53 - 3.66+0.02
FAMESH  Culter alburnus 15.88+1.46 16.12+0.53 16.85 3.17£0.43 3.41+0.16 3.46
iKKHA Culter dabryi 16.13+0.54 17.13+£0.21 18.53+0.42 3.24+0.16 3.71+0.06 3.96+0.12
LIHEJR AN Cultrichthys erythropterus 17.17+£0.94 16.77+0.53 18.63+1.00 3.55+0.28 3.60+0.16 3.98+0.30
IR Hemiculter bleekeri 14.23+0.28 13.99+0.60 16.83+0.73 2.68+0.08 2.78+0.18 3.46+0.21
# Hemiculter leucisculus 13.87+1.27 14.89+1.36 16.59+1.10 2.58+0.37 3.05+0.40 3.38+0.32
3k 8 Megalobrama amblycephala - 13.43 12.08 - 2.62 2.06

fiy Parabramis pekinensis 13.07+0.94 12.04+2.10 15.01+1.42 2.34+0.28 2.21+0.62 2.92+0.42
B Pseudolaubuca sinensis 14.54 - - 2.77 - -
LI Toxabramis swinhonis 15.50+1.29 15.87+0.91 16.56+0.96 3.06+0.38 3.34+0.27 3.384+0.28
Ui Pseudobrama simoni 12.68+2.06 11.84+1.11 15.82+2.43 2.23+0.61 2.15+0.33 3.16+0.71
MEHH Xenocypris microlepis 12.32 - - 2.12 - -
R Xenocypris davidi - 11.92 - - 2.18 -

i Aristichthys nobilis 14.87+1.50 11.42+0.87 12.15+£0.92 2.87+0.44 2.03+0.26 2.08+0.27
#% Hypophthalmichthys molitrix 12.69+2.61 11.49+0.87 12.43+1.31 2.23+0.77 2.05+0.26 2.16+0.39
WALt Abbottina rivularis 14.98+0.57 13.21 16.79+3.67 2.90+0.17 2.56 3.44+1.08
1688 Hemibarbus maculatus 16.83+0.33 15.56+1.09 17.30£2.31 3.45+0.10 3.25+0.32 3.59+0.68
LA SR Paracanthobrama guichenoti  12.34+0.01 15.50£1.14 16.84+1.76 2.13+0.004 3.23+0.33 3.46+0.52
F M Pseudorasbora parva 14.74+0.85 15.69+1.09 17.51+0.49 2.83+0.25 3.29+0.32 3.66+0.14
aEER Sarcocheilichthys nigripinnis 15.99+0.99 15.13+1.56 16.07 3.20+0.29 3.12+0.46 3.23

Igfil Saurogobio dabryi - - 17.47£1.01 - - 3.64+0.30
FAfi Acheilognathus imberbis 12.32+1.05 - - 2.12+0.31 - -
KAEF Acheilognathus macropterus 14.95+2.43 14.70+1.29 15.12+1.23 2.90+0.71 2.99+0.38 2.95+0.36
MYUFE Acheilognathus chankaensis 13.65+1.06 13.71+0.74 14.58+2.18 2.51+0.31 2.70+0.22 2.80+0.64
HhAEIES; Rhodeus sinensis 12.23£1.27 - - 2.17+0.32 - -
FREEDE Rhodeus ocellatus 13.01£1.55 - - 2.32+0.45 - -

P Carassius auratus 15.67+0.82 14.56+1.64 16.95+1.37 3.10+0.24 2.95+0.48 3.49+0.40
# Cyprinus carpio 13.34+1.69 15.24+2.17 16.47 2.42+0.50 3.15+0.64 3.35
Vel Misgurnus anguillicaudatus - - 16.38 - - 3.32

S EFifh Pelteobagrus nitidus - - 17.75+0.36 - - 3.73%0.11
WL Pelteobagrus fulvidraco 16.05+2.16 - - 3.22+0.64 - -
KAt Pelteobagrus eupogon 15.91£1.11 16.24+1.05 17.44+0.66 3.18+0.33 3.45+0.31 3.64+0.19
[8] N Hyporhamphus intermedius 17.14 - 17.20+0.25 3.54 - 3.56+0.07
8% Siniperca chuatsi 16.71+0.61 15.28 - 3.41+0.18 3.12 -
/INEEBI 8 Micropercops swinhonis 15.40+0.77 - 16.43+0.32 3.03£0.23 - 3.34+0.09
VIS Odontobutis obscurus - - 17.51 - - 3.66
WBBUF A0 Taenioides cirratus 17.85£1.19 - - 3.75+0.35 - -
TBEWIUFE M Rhinogobius giurinus 15.81£1.30 16.24+0.59 16.87+0.25 3.15+0.38 3.45+0.17 3.47+0.07
54 Channa argus - - 16.88 - - 3.47
R Mastacembelus aculeatus 14.78+0.66 - - 2.84+0.20 - -

T =R TR R E .

Note: “—” indicates no data.
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Fig. 3  The trophic structure of fish communities
in different seasons
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Tab.3 ThelLayman’'scommunity-wide metricsin different seasons

25 season NR CR TA CD NND SDNND SEAc
B2 summer 5.54 5.73 21.53 1.83 0.47 0.49 6.61
2 autumn 5.72 6.70 23.20 1.96 0.51 0.50 7.83
4% spring 6.64 6.84 32.07 1.94 0.56 0.52 8.37

T NR =78 ZUfEVE [ CR F/RBRAE T Fl; TA FoR A28 A0SR, CD 2R V18 0B Y NND 7R S48 I B 25 -F 2 {H; SDNND 75 i
AR PEES AR UE 2 SEAC 271 DL Srivs o A 189 A 1 i AR

Note: NR indicates §'°N range; CR indicates 6'°C range; TA indicates total area; CD indicates mean distance to centroid; NND indicates
mean nearest neighbor distance; SDNND indicates standard deviation of nearest neighbor distance; SEAc indicates Bayesian standard ellipse

corrected area.
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Tab.4 Comparison of 6°C, *°N values and trophic levels (TL) of fishesin different lakes

18%5 parameter i BZ 524 Dongting Lake

VELLWI* Dianshan Lake

A1 Taihu Lake FH7E ) Yangcheng Lake

oBC —29.6%0~—16.9%o0
Oo"°N 4.3%0~16.2%o
TL 1.06~4.50

—30.71%0~-21.34%0
6.70%0~21.23%0

—28.1%0~—23.1%0
14.4%0~19.0%0
3.3~4.4
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2.05~3.80
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Analysis of the trophic structure of fish populations in Yangcheng
L ake based on stable isotope technology
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Abstract: To investigate the trophic structure characteristics of fish communities in Yangcheng Lake, resource
surveys were conducted in summer (July), autumn (October) 2017, and spring (April) 2018, and the carbon (J'°C)
and nitrogen (6"°N) values of fish communities and their trophic structure were analyzed using stable isotope
technology. The results of the study showed that 42 species of fishes, belonging to 5 orders, 10 families, and 33
genera were collected from the lake. The mean values of §'°C, 6"°N and trophic level of Yangcheng Lake fishes
were (—24.85+1.77)%o, (15.34+2.19)%o, and 3.06+0.64, respectively, among which 6'°N and trophic level showed
significant differences (P<0.01) in fish feeding and seasonality, whereas the value of ¢'°C did not show significant
differences (P>0.05). The Layman’s community-wide metrics showed that there were seasonal differences in
the trophic structure of fish communities in Yangcheng Lake, wherein the trophic level length, basal food
source, total ecological niche space, overall community density, trophic niche distribution range, and core eco-
logical niche space of the fish in spring were greater than those in summer and autumn, with a high diversity
of food sources and low degree of trophic redundancy. A gradual upward trend from summer to autumn in
2017 and then to spring 2018 was noted. This study initially constructed a continuous trophic spectrum of
fish in Yangcheng Lake, enriching the study of the Yangcheng Lake ecosystem in terms of fish community
trophic structure, with the aim of providing a reference for lake ecological management and sustainable
fishery development.

Key words: stable isotope technology; trophic level; Layman’s community-wide metrics; Yangcheng Lake; large-
scale ponds; ecological fishery
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