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25 (P <0.05) , #E—B i SNK ZH I 0.82 ~2.03("F¥0h 1.63) s FHE RSN N
B, AR BRBR I S BERR BN, AR A 103 ~2.82(SFI40 2,03 ) s ¥ 5] EFR KA L N
RS SRR R 8 2019 455 Hie 0.34 ~0.84(SF49750.67)

w(E2) 0 2019 4E 5 F, ZREIESR XS 0 mi

®1 AFEEXRAN . EAMEXNERER (L) RESEKE

Tab.1 Fish composition, relative importance index (I,,) of each month and ecological types in Baiyangdian Lake

i FHX EE EHE £ Relative importance index, IRI He AT
Species 2019 -05 2019 -08 2019 -10 2020 -08 2020 —10  Ecological types
#1J% H Cypriniformes
i} Cyprinidae
) Carassius auratus 11 215.34 6220.17 6921.25 5884.36 6494.51 S,0mn, Lo,V
. Cyprinus carpio 120. 87 289.23 18.61 1.18 23.92 S,0mn, Lo,V
5% Hypophthalmichthys molitrix 99.11 302.42 1666.85  620.99 476.92 RL,Omn,U,Dr
fi Hypophthalmichthys nobilis 2.92 2.60 31.04 27.62 153.24 RL,Omn,U,Dr
% Hemiculter leucisculus 137.45 1881.67 479.72 14.82 2 060.6 S,0mn,U,V
{14 Toxabramis swinhonis - - 249.48 647.5 401.23 S,0mn,U,V
ZT &) Chanodichthys erythropterus 1052.77 4129.56 3160.27 707.36 1 733.76 S,Car,U,V
3kfifi Megalobrama amblycephala - 0.92 11.94 1.90 - S,Her,Lo,V
M7 Acheilognathus chankaensis 33.00 0.85 2.99 0.76 - S,Omn, Lo, Sp
A5t Rhodeus sinensis 62.76 5.36 1.62 19.64 1.79 S,O0mn, Lo, Sp
EREES Rhodeus ocellatus 85.14 13.58 1.30 - - S,Omn, Lo, Sp
Hih Ctenopharyngodon idella 66. 14 41.33 3.15 103.03 - RL,Her,Lo,Dr
7 filitti Pseudorasbora parva 1817.77 1277.36 1209.64 2080.01 3938.55 R,Omn,Lo,V
MAGEWR Sarcocheilichthys nigripinnis - - 0.11 - - R,Omn,Lo,Dr
A€ Abbottina rivularis 20.50 - 6.13 1.03 - R,Omn,De,V
A} Cobitidae
ek Misgurnus anguillicaudatus 11.57 4.13 0.11 0.39 - R,Omn,De,Dr
KO EN PR Bk Misgurnus dabryanus 4.54 13.48 3.63 2.00 155.20 R,Omn,De,Dr
At £ H Synbranchiformes
BB} Mastacembelidae
itk Sinobdella aculeatus 0.23 - - - - R,Car,De,D
AR Symbranchidae
$ fi Monopterus albus 4.20 8.66 56.88 44.32 22.32 S,Car,De,Dr
@5 H Percoidei
IR pE A} Gobiidae
FBEWEF BE £ Rhinogobius giurinus 899. 31 195.72  327.53  409.35  331.11 R,Car,De,D
MREC W)U JE 8. Rhinogobius lindbergi 238.09 14.92 6.43 - - R,Car,De,D
W% QW IR B2 45 Rhinogobius cliffordpopei 44.15 14.86 3.21 - 4.90 R,Car,De,D
1 S MR PR £ Rhinogobius fukushimai 71.57 1.00 11.92 2.15 8. 11 R,Car,De,D
VhIEEL Odontobuidae
/NS £ Micropercops swinhonis 427.39 82.55 942. 64 47.44 246.25 R,Car,De,D
Sl R} Osphronemidae
[5] 2 2} 8. Macropodus ocellatus 1.07 26.60 200.98 54.38 0.09 R,Omn, Lo, Dr
i F} Serranidae
it Siniperca chuatsi - 1.06 - - - S,Car,U,Dr
ZZ A} Cichlidae
BRI B JE 4 Oreochromis aureus - - 1.39 - - RL,Omn, Lo,V
1Rl Channidae
5% Channa argus 164.78 1382.89 193.80 466.03 728.94 S, Car,De,Dr
it J H Siluriformes
2} Bagridae
Wit Tachysurus fulvidraco 94.22 98.21 14.49 119.72 10.01 R,Omn,De,D
fili B} Siluridae
fit Silurus asotus 220. 60 101.82 0.54 0.42 0.75 S,Car,De,V

TE:S. A R ALy RLJiiEAY s Her AEYE; Car. PIETE; Omn. Ze & U th BJZ; Lo hRJ2; De. JiEHE; V. FitEDE; D.
PUPEDE; Dr. GG ; Sh. B DUEER

Notes; S. sedentary fish; R. riverine fish; RL. river-lake migratory fish; Car. carnivorous; Omn. omnivorous; U. upper; Lo. lower-middle; De.
demersal; V. viscous; D. demersal; Dr. drifting; Sp. spawning in shellfish.
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Tab.2 Changes of fish diversity index at different loci and in different seasons
in Baiyangdian Lake on one-way ANOVA test ( F value)
WIS MREL LUEN ZRETEEL F R TR ¥ o EER R
Environment Number of Number of Shannon-Weaner Margalef Pielou
variables individuals, N species, S Diversity, H' richness, D evenness, J'
fiz 55, Loci 0.969"™ 0.756™ 1.438"™ 0.811™ 1.192"
Z 7 Season 19.854 " * 6.267" " 4.024" % 2.765" 5.157" ¢
TE R P IEUES F A ns, " "7 23 5I0K P>0.05 P <0.05 Fl P <0.01,
Notes: Values in the table represent F'; ns, * and * " represent P >0.05,P <0.05 and P <0.01 respectively.
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Fig.2 Differences of fish diversity index in different seasons in Baiyangdian Lake

XEAFERALEFRFITESHEZ L E
(NMS) HEFF 43 B F B2 R - AH AL 4347 ( ANOSIM )
5N (B 3) , AR 25775 (] 2 i v 4 ik
B N R —E 1453 B R A (Global R =0.524),
AL A 43 e 3B SIMPER {7 (58 3) ,2019 4F
5 AL A AR 61.31% , FEZTTHR
oL I S Al o/ R RN KA -
fif, RFHTTHRAE N 79. 50% ;2019 4F 8 H & S
H I FRIPEHy 65. 62% |, LT Gk Fl k) 41 fiE
fify | % | 27 M, S 68 RFL DT R Oy 90. 50% ;
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®3 AFEAAFTHEEZETHMBUEESLLST(THEKXT 5%)

Tab.3 The main contribution species of Baiyangdian Lake in different seasons and similarity

percentage analysis ( contribution rate greater than 5% ) %
Yyl 2019 -5 2019 -8 2019 - 10 2020 -8 2020 - 10
Species AA AS Con AA AS Con AA AS Con AA AS Con AA AS Con

) Carassius auratus 92.03 16.92 27.60 30.40 17.59 26.81 25.57 18.46 31.63 17.97 17.00 26.73 33.43 17.65 24.67
23.77 10.16 15.49 16.90 11.32 15.83

54.47 15.06 23.67 5.53 4.06 5.67

26.67 9.99 16.29 41.20 18.08 27.55 25.60 13.96 23.92 4.33 5.48 8.61 11.77 10.50 14.67

34.80 11.97 19.52 15.60 9.03 13.76 13.07 8.13 13.94 22.03 14.15 22.24 51.17 17.76 24.83

% Hemiculler leucisculu
{175 Toxabramis swinhoni
LT84 Chanodichthys erythropterus

7 flith Pseudorasbora parva
F-BRW)UF JE . Rhinogobiu giurinus
JINEE B8, Micropercops swinhonis
48 Channa argus

24.77 5.80 9.46
17.43 4.07 6.63

5.50 5.00 7.86
13.70 5.08 8.71

7.17 4.52 6.89

T AA L AS. P s Con. STHRE

Notes: AA. average abundance; AS. average similarity; Con. contribution.
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Fig.3 Non-metric multi-dimensional scaling
(NMS) analysis of fish community in Baiyangdian

Lake in different seasons
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RDA 73 #r b 85—l R0 —Jh oy 32 i o0 (3%
5) 5 — R RS AN 22.01% , 5 — Rl AN S —
i ZER RS F Ny 25, T1% |, Wy Fh A ER B 5 i
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VR 5 B R 1 RDA HEF K45 1 Wos (&
5)  AES il [ (Axis 1), X0 2SR 9 41 LR T 5
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Fig.4 Abundance-biomass comparison curves of fish community in Baiyangdian Lake in different seasons

F4 BiFEBAERE DCA
Tab.4 Detrended correspondence analysis of fish community in Baiyangdian Lake

41275 H Statistical variables Axis 1 Axis 2 Axis 3 Axis 4
FHE(H Eigenvalues 0.2718 0.166 2 0.099 5 0.063 2
HEF A6 K& Gradient length 2.36 1.90 1.43 1.33
b 77 S TR L
%ﬁ;%ﬁ—%ﬁliﬁﬁw . - . 18.83 30.34 37.23 41.61
Cumulative percentage explained variation of species/%
S 1 f7 FR% A B ; ai
%ﬂ]ﬂ B73: )’Q% Eo */\fﬁ? B AR B 4) Hb Cumulative percentage explained 18.17 30.49 18,40 42,50
variation of species-environment/ %
YRR EE I T 5 HEP A 56 ¢ &R Species-environment correlations /% 0.754 9 0.650 4 0.324 4 0.409 8
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Tab.5 Redundancy analysis of fish community in Baiyangdian Lake
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Fig.5 Redundancy analysis of fish community and
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Fish community structure and its relationship with environmental factors in
Baiyangdian Lake

WANG Yinxiao, YANG Huilan, TAN Huimin, WANG Min, MU Shumei, KANG Xianjiang, CHEN Yongxia
(Institute of Life Science and Green Development, Hebei University, Baoding 072000, Hebei, China)

Abstract: In order to understand the fish community structure in Baiyangdian Lake and its relationship with
the environmental factors. 30 sampling stations in Baiyangdian Lake were surveyed in May, August and
October, 2019 and August and October, 2020. A total of 30 species of fish were collected, belonging to 12
families and 4 orders, among which Cypriniformes had the most, accounting for 56.67% , and 9 species had
Index of relative importance IRI = 500. Carassius auratus, Pseudorasbora parva, and Chanodichihys
erythropterus were the dominant species. One-way analysis of variance (ANOVA) showed that the number of
individuals, species, Margalef richness index (D), Shannon-Wiener diversity index ( H') and Pielou
evenness index (J') were significantly different in different months ( P < 0. 05), and except for Pielou
evenness index (J'), the other indexex were all the highest in May 2019 based on the SNK-q multiple
comparison test. Non-metric multidimensional scaling (NMS) and one-way analysis of similarity ( ANOSIM )
showed that the composition of fish community overlapped and separated in different seasons ( Global R =
0.524). Abundance biomass comparison curve (ABC) showed that the fish community in May, August and
October 2019 was slightly disturbed, and the fish community in August and October 2020 was moderately
disturbed. Redundancy analysis (RDA) showed that water temperature, DO and chlorophyll a were the main
environmental factors affecting the fish community in Baiyangdian Lake.

Key words: Baiyangdian Lake; fish community structure; species diversity; environmental factor
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Appendix Historical changes of fish resources in Baiyangdian Lake

PHAT BT [E] Survey time

il

Species osgls) 19— 1989— 2001— 2007— 2018— 2019—

19767 1990(8] 2002L10)  2009(11-12] 2020 2020113

g H Anguilliformes
BHHF} Anguillidae
H A8 Anguilla japonica +
fiifZ H Perciformes
iR} Engraulidae
JI% Coilia nasus +
ﬁi)‘fﬁ E C)’prinifbnnes
fiiF} Cyprinidae
I [1 441, Opsariichthys bidens
I3k R Rhynchocypris oxycephalus
35 ffi. Mylopharyngodon piceus
B4 Ctenopharyngodon idella *
7 HIR fil§ Squaliobarbus curriculus
1§ Ochetobius elongatus
fi% Elopichthys bambusa
{7 Toxabramis swinhonis
% Hemiculter leucisculus
DK% Hemiculter bleekeri
SUMEEA Culter alburnus
214848 Chanodichsthys erythropterus
fifiy Parabramis pekinensis
[ 3k 5 Megalobrama amblycephala * + + +
fj Megalobrama skolkovii * + + +

+ o+ o+ F o+ o+ o+ o+ o+ o+ o+
+ o+ o+ o+

=% Megalobrama terminalis

AR 1 Xenocypris macrolepis

Hillfi Pseudobrama simoni

i Hypophthalmichthys nobilis *

§i% Hypophthalmichthys molitrix *
AE6 Hemibarbus maculatus

7 {4, Pseudorasbora parva
FEEER R D Pseudolaubuca sinensis

1E1% Sarcocheilichthys sinensis

+ o+ o+ o+ o+ o+

+ o+ o+ o+
+ o+ o+ o+

+

A6f) Squalidus argentatus
SR Squalidus wolterstorffi
K24t Coreius heterodon
FEAE A Abbottina rivularis

g dify Saurogobio dabryi

B g Sarcochilichthys nigripinnis
AL fE; Rhodeus sinensis

FAT 855 Rhodeus lighti

A EES; Rhodeus ocellatus i . .
HF 67 Acheilognathus tonkinensis +

+ o+ o+ o+ o+ o+ o+
+ o+ o+ o+

¥ H i Acheilognathus imberbis

K A&7 Acheilognathus macropterus
HLhifi Acheilognathus chankaensis
K5k Acheilognathus barbatulus
P10 675 Acheilognathus peihoensis

+ o+ o+ o+

{# Cyprinus carpio + + + + N
il Carassius auratus + + + + i
fifkF} Cobitidae

AT Cobitis melanoleuca

JRIHk Misgurnus anguillicaudatus

KAk EJe ik Misgurnus miszolepis

AEBER VL Parabotia fasciata
gt H Characiformes

i} Characidae

46 55 FUIR B Piaractus brachypomus * +

+ o+ o+ o+
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Species

PHAT BT [E] Survey time

—1958(5]

1975—
19767

1989—
1990(8]

2001—
2002101

2019—
2020013

2007— 2018—
2009 11-12] 2020

i H Siluriformes
%K} Bagridae
95 B3 Pelteobagrus ussuriensis
W Tachysurus fulvidraco
TR LM Pseudobagrus vachellii
fi B} Siluridae
il Silurus asotus
W JIAf H Osmeriformes
iR} Salangidae
& R £ Neosalanx anderssoni
KR Protosalanx hyalocranius
VB AR L Neosalanx oligodontis
fiffiJZ H Mugiliformes
fiffi B} Mugilidae
1l Chelon haematocheilus
W4t H Beloniformes
ARk Hemiramphidae
ANt T bk Hyporhamphus sajori
KA Rl Adrianichthyidae
H i Oryzias latipes
4 #4 H Synbranchiformes
A1 #4 R} Synbranchidae
5t Monopterus albus
iR} Mastacembelidae
il Mastacembelus aculeatus
fifiJZ H Tetraodontiformes
fiili £} Tetraodontidae
W6, 2 204l Takifugu obscurus
7% | Perciformes
fig /iR Percichthyidae
8% Siniperca chuatsi *
WAt Sphyraenus
3| B} Osphronemidae
J& -t Macropodus ocellatus
Vo IRl Odontobutidae
/N ) #5. Micropercops swinhonis
IR g R} Gobiidae
MR FE£f Rhinogobius cliffordpopei
1 5 W) R B2 £ Rhinogobius fukushimai
FBEW)UF T 4, Rhinogobius giurinus
FRECW I FE 1 Rhinogobius lindbergi
fi#F} Channidae
548 Channa argus
ZE M4} Cichlidae
SAF P M Oreochromis aureus *

+
+ o+ o+ o+
+ o+ o+ o+

o I NLIR SR YR

Notes: “ * ”

means artificial culture or alien species.
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