5541 B 2 W) *E &~ 2 Eild Vol.41,No.2
2021 4F 1 H ACTA ECOLOGICA SINICA Jan. 2021

DOI; 10.5846/stxb202004130872

XL, A3 0c3h, R, ZERdr, WK, BRI, kN, BRBRSE R, TR A4, TR, SKIB I AR AT 0 R REVE S PR S 5 B3 K]
TRIFER A2, 2021,41(2) :769-780.

LiuYS, Gu XK, TangSK, LiDM, Zeng Q F, Lu J M, Mao Z G, Yin ] W, Chen H H, Shen D D, He H R, Zhang T Q.Fish community structure and
its relationship with main environmental variables in the East Taihu Lake.Acta Ecologica Sinica,2021,41(2) :769-780.

FARPEEFEREMFLELRESHRERFHXR

ML, B AW ERWN, FRA, R, mA, L&,
BARE ) AR AL fTE R R

1 VLA RAOK B T B 5t 210017

2 VLIRAE A Bl 3l 8 U5 A SE B % R 210017

3 R e R M S WIAEST BT, B ST 210008

4 TLHAE K S B I A% 30 215104

FEE LT 2019 4 4 H 7 HH110 A WIRESEE , HZ 0 HT R EmoE T BIIRIRER G 48 K @28 BvE i m A fe, RS 1%
WEHE TR, AERMZ4 H 10 B 31 8 30 Fp, A6 H @285 69.23% , $5AS [FAE A28 4 Kb fa 2 =28 0 2 bk
2 o B )Z DL R e a3 L BFh  BY ( Carassius auratus ) | K 58 1% ( Acheilognathus macropterus ) Fl %
( Hemiculter leucisculus) 5%, IR Mgk 3= & 8 HOM Z M8 S50 W A 43 [ 3 25 57 B 38 (P<0.05) , ¥ 4 A >
7 A>10 A, AR BN, @AY R ZRE A — KT, SERIEIIHT (Cluster) Z5 R T B 10 A0 1 5 &/
35540, SR AU AE 46.75% LA b, BRI TFAHABAE 234 ( ANOSIM ) FAH U4 B 43 438 ( SIMPER ) t. 32 8,4 A 1 10
AR YR 25 5 25 3 Sy 59.41% . /AW ihZe (ABC) /- #T R B AR Rl vk s i b b B+
PORAS . TU&RHT(RDA) =B, Bt B2 MR RN 21.0%, R EE MM EFR T (FZFERP KR P=0.036) . i
W pH V5 il S A5 2 RIS ) 2R R T8 £ 2SR E 1) R ZEIRBE R 7,

KB AR A IEHEE 20BN R IR T TR T

Fish community structure and its relationship with main environmental variables
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Abstract; Lake aquaculture net-enclosure culture had been existing over the last 35 years in the East Taihu Lake, which
brought a lot of water eco-environmental problems, while it was abolished completely in early April 2019. To provide a
theoretical and scientific basis for the restoration, protection and management of fishery resources in the East Taihu Lake,
the fish community structure and its relationship with the environment were studied by multivariate analysis using the data

collected from the field surveys in late April, July and October, 2019. Variations on the spatio-temporal distribution patterns
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and community structure of fish community were determined by using Shannon-Wiener diversity index, Margalef’s species
richness index, and Pielou’s evenness index. The relationships between abiotic environmental variables and fish community
pattern were investigated with gradient analysis, combining Monte Carlo test to determine limiting factors affecting fish
community structure. In total, 39 species were collected, belonging to 31 genera, 10 families, and 4 orders. Cypriniformes
had the largest number of species, accounting for 69.23% of the total species captured. Sedentary fish species were the most
frequent of the three ecological groups, and upper fish species were the most frequent of the three habitat types, whereas
carnivore and omnivore fish species were the most frequent of the five feeding functional groups. Carassius auratus,
Acheilognathus macropterus, and Hemiculter leucisculus were the dominant species. The mean values of species number,
catch, species richness, Pielou’s evenness, and Shannon-Wiener index of fish community all showed significant differences
in different months ( P<0.05, April>July>October). Cluster analysis indicated that similarity was high (above 46.75%) in
different months and stations, except station 1 and station 3 in October. ANOSIM ( analysis of similarity) and SIMPER
('similarity of percentage) analysis also revealed that the fish species composition in the East Taihu Lake varied significantly
between April and October and the average dissimilarity was up to 59.41%. Abundance-biomass curves ( ABC) of fish
community indicated that the community was moderately disturbed. 21.0% of the variation in composition of fish community
was explained by total phosphorus (TP) in the RDA analysis, which suggested TP was the main explanatory factor ( Monte
Carlo test P=0.036). At present, TP, pH and dissolved oxygen ( DO) were key environmental variables for temporal

variation of the fish community structure in the East Taihu Lake.

Key Words: East Taihu Lake; fish community; multivariate analysis; environmental variables; RDA analysis
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Fig.1 Sampling stations for the survey of the fishes in the East Taihu Lake
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K H CANOCO 4.5 B 545 3 0 o 2 E g 2 RIS IR R A TR0 B A BT, 1 SR 45 R 118 3 ) i 2
B O EUS HEAT 2B F TR AT (DCA) | R Y8 7 A4l SR rb & HE P Sl Bt HE Y BB A (an k7 il B2 K
T4 B RER 2 MR BRZME R RY ) | i T A5 HE T i B2 B/ T 3, S B L MR AU 1) 32 1853 40 BT
(PCA) FITLAYSIHT (RDA) BEFPHERE 7k ' . 76 RDA 23#rid b | 12 F 524 BRI 40 M A0 31858 ] 7 X £
IR AR AL ) S SRR

fii 1 Excel 2010 ,SPSS 19.0 ZA4 X AH KA A TG0 A0 B, AN [] Wil 3 453 R0ty 457 1] £7%) 22 5 ) FH 2R R 3R
Z0HT, BEMKFE N «=0.05, f#ifH] PRIMER 5.2 CANOCO 4.5 F1 Adobe Ilustrator CS6 #4221, ib 7 A i%
EI7E ArcGIS 10.2 B4 b 58 i,

2 FHRMSH

2.1 SRR RIS L S A

VAT fa], SR B AR ORI a2k 4 B 10 B 31 JE 39 Fi, SEIE H /25 27 FF, 5 69.23%, 6512 H 8 Fi,
20.51% 85 H 3 15 7.69% 8 H 1 Fh 5 2.56% ; 8RO ZEA 26 Fl, 55 66.67% L5 B, e &R Fh
FBIGAE L 3 B, AR ARSI HiE )y =X, FE PR 2 00 5] o S B LS B R 1Y 52.64% F1 48.79%
TR 2 5 B 31.16% 1 28.17% , TLIIETE f 255051 5 16.2% 1 23.04% 5 $&#i 8K )2, b L JZE s
53 7 R LR BT Y 59.19% F11 62.89% , 1T )2 2503 5l 28.79% il 27.04% , %2 25435 7 12.02%
M 10.07% ; e Bt , PR 253 ] 5 B0 AR & 1Y) 32.87% 1 38.30% , 24 B 4351 1 32.87% F128.38%
FE RS0 19.24%F0 18.82% , FRF AV B P55 5 13.40% F1 11.49% , 78 J8 B 153005 1.62% 1 3.01%
RFR T AESERENRL 1,

F1 PFERHANBRZRRESER
Table 1 The checklist and ecological types of fish species in survey

KA i A
Symbol in the figures Species Ecological types

8 H Clupeiformes

#28} Engraulidae
Coi JI8% Coilia nasus RS,U,C

#JZ H Cypriniformes

#3E} Cyprinidae

Cte Al Ctenopharyngodon idellus RL,L,H
Ari 8 Aristichthys nobilis RL,U,P
Cyp 1 Cyprinus carpio SE,D,0
Car #l Carassius auratus SE,L,0
Hel % Hemiculter leucisculus SE,U,0
Heb D EC# Hemiculter bleekeri SE,U,0
Cua FAMEN Culter alburnus SE,U,C
Cum Sl Culter mongolicus SE,U,C
Cud IKRHA Culter dabryi SE,U,C
Cue LIHEJRAN Culirichthys erythropterus SE,U,C
Pap il Parabramis pekinens RL,L,H
Tox If Toxabramis swinhonis SE,U,0
Meg #1385 Megalobrama amblycephala RL,L,0
Pss U Pseudobrama simoni SE,L,H
Xea B Xenocypris argentea SE,D,H
Xem ANGEAH Xenocypris microlepis SE,L,H
Acm KA Acheilognathus macropterus SE,U,De
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SR UES 2R
Symbol in the figures Species Ecological types
Acc MY Acheilognathus chankaensis SE,U,De
Rhs TAEEE Rhodeus sinensis SE, U, De
Rho S PREE Rhodeus ocellatus SE, U, De
Pse FHiff Pseudorasbora parva SE,D,0
Abb Hefb s Abbottina rivularis SE,D,0
Hem 188 Hemibarbus maculatus SE,L,C
Sau g fif) Saurogobio dabryi SE,L,0
Sar AE65 Sarcocheilichthys sinensis SE,L,C
Par IR Paracanthobrama guichenoti SE,D,C
kR Cobitidae
Mis Vet Misgurnus anguillicaudatus SE,D,0
65 H Siluriformes
BEE} Bagridae
Pef U Pelteobagrus fulvidraco SE,D,C
Pee KA A Pelteobagrus eupogon SE,D,C
Pen FEF M Pelteobagrus nitidus SE,D,C
#5J% H Perciformes
HFFEfFL Gobiidae
Rhi FBWIEFE 8 Rhinogobius giurinus RS,D,C
Tae DT & 10 Taenioides cirratus RS,D,C
YL Eleotridae
0do T YPIEGS Odontobutis potamophila SE,D,C
Mic /NEE B Micropercops swinhonis SE,D,0
31} Belontiidae
Mac [& &}t Macropodus chinensis SE,L,C
H %} Channidae
Cha Lyl Channa argus SE,D,C
HEHKFE} Mastacembelidae
Mas BB Mastacembelus sinensis SE,D,C
fig#} Serranidae
Sin 1% Siniperca chuatsi SE,L,C

RS : VLIEIE M River-sea migratory ; RL W[ IIIRIV#PE River-lake migratory ; SE; % J& ¥ Sedentary fish; U H' I1JZ Upper; L: 1 T2 Lower; D JIE/Z
Demersal ;P . PRI AE ¥ & PE Plankivore ; De ; 6 JE &1 Detritivore ; C ; A Carnivore;H;*ﬁﬁ"lﬂ:‘ Herbivore; 0 ; 2= PE Omnivore

T2 M T AR A IRI=100 By ESEFII0 A0, FEA @A 16 Fi, B WEIIHIHE] | AR R 626
TR R ( Carassius auratus) \j(%ﬁ%'(/lcheilognathus macropterus ) % ( Hemiculter leucisculus) . 4 H 7 H
10 H , A S Fh 23 5] kg 69 02, KA 67 6 ] 8% ( Coilia nasus) . 7% 8 4. ( Pseudorasbora parva ) F1 41 48 5 fif]
( Cultrichthys erythropterus) , A} J1% N1 6& U AR ¥ 3K B 2H B, B ( Aristichthys nobilis ) B9 AE Wi 7 e e 22
(23.02%) , HR R 12.25% ) F(11.49% ) JIBF(7.65%) LLBEIFHE1(7.07% ) , FH B 3L A7 38.51% ; #c4K
WEH T, B R £ (16.10%) ,HIRNE (13.73%) KB (13.40% ) 1(9.93% ) F 110 (8.88%) £LIE 5
B (5.89%) , HAxtk i 32.07%,

2.2 AR ZEREEFHE

BG4 A7 H 10 AR 8 Wk 1w B8 ) AR HOR S AR g R L SR
3. AR 7 2200 AR BT D IS [va] A AS [] ol 7 1] £ 28 X A2 R B | 2 R 8 I 5 BE SR EO A M 4R
BRI (P>0.05) s BRISSIEEFREIN 3 AW H 4y ) (2R A Fh 285 R i & FE R RO 2 e M4
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2R B (P<0.05), 4 A>7 A>10 A,
£2 FAMEELZ Pinkas N EEMIEH
Table 2 Index of relative importance (IRI) of the main fishes in the East Taihu Lake
P2 Species 2019-04 2019-07 2019-10 SR Sum
T Coilia nasus 79.14 1481.92 4385.89 989.65
8§l Aristichthys nobilis 949.87 778.27 739.71 783.76
i Cyprinus carpio 55.18 39.26 198.62 68.21
8 Carassius auratus 1705.97 1878.83 443.32 1570.76
% Hemiculter leucisculus 2747.62 727.88 136.74 1261.19
UL G4 Hemiculter bleckeri 855.55 - - 154.28
LIHEJRH Culirichthys erythropterus 570.24 1171.74 2100.91 972.28
Rl Pseudobrama simoni 483.58 13.99 162.72 208.25
EL 1 Xenocypris argentea 149.39 - - 27.49
YN Xenocypris microlepis 145.56 - - 26.93
KIERT Acheilognathus macropterus 662.97 2901.55 874.06 1267.05
MY Acheilognathus chankaensis 629.01 149.10 65.40 277.67
HHAh Pseudorasbora parva 217.27 1296.72 29.94 470.67
A8 Hemibarbus maculatus 226.12 37.01 34.18 106.74
WL Pelicobagrus fulvidraco 574.94 475.24 - 339.65
RKANEEFA Pelieobagrus eupogon 893.51 9.35 38.29 280.06

X PRV A T R T ( Cluster) AR i 1 248 REHEF (NMDS) 2087 (K] 2) . Cluster 43 B 45
W, BR 10 AR 1 5 800 3 5 55080 2 7 1Rl B AR AL BETE 46.75% LA L ARV B = TS RE D7 R 4 A Ay
B 15 5 3 5 0 AR IR R 76.19% , NMDS 43 #4115 RS M AL BE7E 50% LA B i 25 3R —%, Stress
ZHUNRAGIE NMDS 45 BT A5 . 2 Stress<0.1 45 52 BAT B A B 25 X, 0.1 < Stress<0.2 25 5 H
A —E R RE R L, Stress =0.2 BIE5 A BB X, ARIRKLIE Y Stress {H4 0.15, HA — & IR E X,
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Fig.2 The dendrogram and the NMDS for the similarity matrix of fish community of the East Taihu Lake
S1-04:4 A S1 ¥5{3 S1 in April;S2-04:4 H S2 ¥4 S2 in April;S3-04:4 H S3 3{i; S3 in April;S4-04:4 H S4 (i S4 in April;S1-07.7 H S1 &
3 S in July;S2-07:7 A S2 ¥4 S2 in July;S3-07.7 A S3 3 S3 in July;S4-07.7 H S4 34 S4 in July;S1-10:10 A S1 354 S1 in October;
S2-10:10 A S2 #fi{ii S2 in October;S3-10:10 A S3 ¥4 S3 in October;S4-10:10 H S4 3ifi; S4 in October

B T AR 43 BT ( ANOSIM ) R BT, i) F 03 1B) 4 f SR HE P ) AP 2 A, 4 A A 10 A B 22 5 3 (P =
0.029) , B H iy A1 2257 AN 3 (P>0.05) o AR T 23 L (SIMPER ) 3 W1, 4 H 2% 3 {37 [8] £ 28 9 - 3 4 {0
H 65. 41% , 5 AE Fh Sy 24 P i ( Acheilognathus chankaensis ) . 1 75 ¥ 3 ff1 ( Pelteobagrus eupogon ) . Ul [& %
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( Hemiculter bleekeri) & Z14E 5 8A 25 A ( Pelteobagrus
fulvidraco) SFIAZ fE 0| Bt 5Tk 64.64% ;7 H 450
8] f0 2 RS- X AR B Ry 58.35% , R AEFh A 2 K B fidi
CLAE 56N B A S AR AR LA, R T DTk
89.28% ,10 JF 4% ufi {v7 [a] 8.2 () P S R AUy 41.59% ,
FRAE Fh R J0 8% K BE 6% 6 21 8 R 0. R
( Pseudobrama simoni) A5 ¥ 50 £ F1 27 f 40, B2t BTk
91.54% . 4 A 10 HH-FEIHISER 59.41% , 53 Rl .
R UL, A 4L B A 95 B ( Xenocypris ! ﬁ%ﬁﬂ;gpecies rank 100
microlepis ) &R il ( Xenocypris microlepis ) F1in] JI| V0 3 il
( Odontobutis potamophila) , 2t TTHk 35.87%

ABC 7] DU o P A= 0 2 B it 2ok o i A
vl 90155 00 fa SRS 1 B YRR 2 TR AR
BT, A AT By s th S5 TR, W 2t Zof A AS s AR Wy i e B e 7e T 07, RWIRFIR
ST E T, 2 ABC I s (18 3) AR ) 0 28 A 4 it F0 = B2 i A A () R B ) A8 U8, W ok -
0.006, i S HEVE AL T rp BE TR

100

80 +

60

40

Al
Cumulative dominance/%

20

B3 FAWMBEFE/EMEHLK

Fig.3 Abundance-biomass comparison curves of the fish in the

East Taihu Lake

R3 FAMBEMEX EE FEEHIEMSHMEEL
Table 3 Catch species number, catch weight, species richness, Pielou’s evenness and Shannon—Wiener index of fish community in the East

Taihu Lake

A% i/ FEE
St Species number Wet weight Species richness
Station 2019-04 2019-07 2019-10  2019-04 2019-07 2019-10 2019-04 2019-07 2019-10
S1 2 12 5 14511.9 3564.2 563.6 3.641 2.147 1.294
$2 17 10 7 9409.2 3432.9 3158.7 2.959 1.617 1.403
3 20 15 11 15267.9 7575.5 42129 3.363 2.919 2.078
s4 17 13 9 6822.2 5002.2 3478.4 2.904 2.219 2.127
{8 Mean 19 12.5 8 11502.8 4893.7 2853.4 3217 2.226 1.726
FI51E EZ AT
uhifL Pielou’s evenness Shannon-Wiener index
Station 2019-04 2019-07 2019-10  2019-04 2019-07 2019-10
S1 0.848 0.775 0.750 3.784 2.777 1741
$2 0.724 0.679 0.698 2.959 2.254 1.960
s3 0.667 0.590 0.635 2.883 2.306 2.197
s4 0.832 0.546 0.833 3.403 2.021 2.641
HJ{ Mean 0.768 0.647 0.729 3.257 2.340 2.135

2.3 RKMOERE SRR TR

DCA HEF S5 RN 4 PR 55—l K R 2.39, R BRI FIAR AL 30 21.3% , 55—l 5 A58 I (R AH DG
B (96.5% ) , PUAHEF 3l B BE 38 /INTF 3, DRI AR R £ 28 B0 S 5O PR B R - 1y i) 1o 2 4R G 2R | 3 R 4%
PEAS RIS

XIREVEHEAT PCA 4381 (3R 5) , USRS F 0035, ff R T 53.3% A8 4k, FIL A 10 S 3R5E R 1 22 £k
REMRRE 94.1% M S TEVE B AL, ARYE PCA S3Hras Bt i R —R s 1 1 A HEP 1] 4, 7T LUE B V4 i 4R
S A ORI AR pH S5 ZHER Rl AR DGR
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x4 BEBENDCA SINER
Table 4 Result of DCA analysis on fish community

HF RIS Axes ) 5 3 ;
HHEH Eigenvalues 0.285 0.127 0.049 0.012
FAEE K Lengths of gradient 2.394 1.566 1.655 1.312
YR FIEREE K7 HE A 52 2L Species-environment correlations 0.965 0.997 0.764 0.999
gt B3 43 H Cumulative percentage variance/ %

YR EE 231 4> e Cumulative percentage variance of species data/% 21.3 30.7 34.4 35.3

YRR IE R R BT E o L

Cumulative percentage variance of species-environment relation/ %

20.8 343 0.0 0.0

x5 BEBENPCAHMER
Table 5 Result of PCA analysis on fish community

HEF AR5 Axes 1 2 3 4
FHIE(E Eigenvalues 0.320 0.213 0.108 0.075
Py Fh AN IR EE R FHE R il AH ¢ 2250 Species—environment correlations 0.996 0.949 0.987 0.956
Akt 41 /3 H Cumulative percentage variance/ %

PP B 211 43 L Cumulative percentage variance of species data/% 32.0 53.3 64.1 71.6

LILKIIET ST eSS R

Cumulative percentage variance of species—environment relation/%

33.8 54.1 65.3 72.6

EEXT PCA 4345 5%, FIIH RDA 43 ki 58 S AL B MR N 1 5 R AR B SCR (B 5) stk
BT E R RN 21.0% , 2 B E WA T (FFERP KL P=0.036) , 216 7 i & 1L §5
( Hemibarbus maculatus) %55 SBEAH R BR . ¥ BBEVE N Uh A8 & i H B SR TR A IR A2 = gl A
RDA 387 (&1 6) A5 R R B Gl LLAM Y PR R - 0 S S A VR 1Y g B R GA 31 74.2% ,pH 555 — Tl A
Kotk WA B W LA | DL g A D A R M AR 5 VA AR AR B A AR SRR R XL
fifg 81 ( Cyprinus carpio) ZLEEIF A KEERFIIFZIMBNK , SR REP K IR, bR S L& BT X 3 2 fa
KRB (P=0.24)

3 iTFig

3.1 IR AR

ARAEICE, DI s BRI 28 107 P00 RpA LSRN AE 2002—2006 4 i A LI E] 60 B, B
RIJZE - 2009—2010 AFFHAREN (2SS0 Fh, SR, ST XA AW AR A | A WLARIE . A SCRAEFIA KW 4
2K 39 i SR B S APEEE HE 66.67% , X0 K H WARSEY) Bl 8B BGEART 20 42 90 A-ATHY 60
SO A R g st K SR 36.44% , FLAR T 2013—2014 4F K W1 F T 46 Fh1) s BRI 5
SR EAZEAYS (64%) 1 TR AY 56.52% 77 5 TR A2 0 AR R Y T A 2k T a2 s I
WA R FZ | IFEPE (2R w0 R B BARSK A ( Culter oxycephaloides) M ( Elopichthys bambusa ) %5 {n] 017 M
1125 DL R H A B8 i Anguilla japonica) S5 VLI £ 2 AN A B Y T I i £ 2 T B T B W F R £
( Rhinogobius giurinus ) FZBGYE 2 441 ( Taenioides cirratus ) Wik Vi 13X B A AR IR I RENS o | 1 A8 Bl T IR A
(05 JE kA 2 20 27330 Nk A, EEN A RN a2 AT AR O A R I 2R
SR TE 3 N PR AR 1R Y P Bt 2 v R B DB LT IR B R SRR A/ /NER NELAR
PRBhY KA R AR AR S0t 5 AR I A 9 TR R AR

S /INRAREL R PR VLI K A A 0 —Bh R ST 30T g o AN T 2 8 R
T 24 cm PRI R /NEL A S ARIE " AR R B Rh A Rl A 25 /N A0 S SR AR AT £ 2
P/NEIAE 3R B T I8 DRI DR T Y v 2 L P 5 5 N TG s I 1 #2384 SR K Y A A7 25 ]
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Fig.4 PCA graph of species and environment factors
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AR E WK Z 2 7 A 10 B8 T, A, 3455 5 0 i - 2 A N 0452 i s I 42 28 1) 22 R P4
BB R L U ) | I A ) Z2 A T BE T 55 A0 £0 2 (I DD ) | i sh R L (A B
45 ) 25 5 32 KT R AEFIN I 2R 1 52 i, i ASAIE9 I FH it EL 340 T e 3 8 o L

FRRIPES BT SR 4 AR 10 A SR WA Al A B 2 25 5, R 5r b fi oy DL IR | Bt 4L
&Lmia AR A7 A0 AZRIEARE, RIS iR, Br 10 M0 15 50/M 3 5 880, &7 T Y
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FARYE AT R ORI A 22 57, KR KB Eh B

SRR S O S AR AR S 2 B IR a5 3 08

BB WGE R R pH AR BRI O

FE B 7K I 2 A5 D)2 5 i Y g SRV 5 A ) L

PREE DR 111 4 KRN 15 B R 5 3 I 2 T
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FEVE S BRI - OC Z M H P 8 v A5 1 B |

VAR R a3 B K R 5 e K VT I 80 0 £
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