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Abstract; Suzhou Industrial Park is located in the lower reaches of the Yangtze River Basin. With the continuous progress
of urbanization, the stability of structure and function of the aquatic ecosystem in the Park is facing severe challenges.

Zooplankton, as an important part of the aquatic ecosystem, is of great significance for the biodiversity protection and
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healthy development of the ecosystem by researching the formation mechanism of its community structure. Moreover,
zooplankton is very sensitive to environmental changes, and the water pollution status can be evaluated based on its
community structure characteristics. To better understand the community structure and influencing factors of metazoan
zooplankton in five lakes of Suzhou Industrial Park, four surveys were conducted from July 2018 to June 2019. At the same
time, five physical and chemical factors of water body, lake area, and the closest distance from samples to the shore were
measured. A total of 112 metazoan zooplankton species (including 65 species of Rotifera, 29 species of Cladocera, and 18
species of Copepoda) were detected in this study, in which 12 species were dominant species (including 10 species of
Rotifera, 1 species of Cladocera, and 1 species of Copepoda). Jaccard similarity analysis indicated that the species
compositions of metazoan zooplankton among lakes were moderately similar. The density of metazoan zooplankton showed the
significant differences in different seasons and locations, while biomass, Shannon-Wiener diversity, Pielou evenness, and
Margalef richness indexes only had significant differences in seasonal aspect. The results of cluster analysis suggested that
the metazoan zooplankton community structure was the most similar in summer and autumn. It was revealed that
temperature, dissolved oxygen, and pH were the main environmental factors affecting the community structure of metazoan
zooplankton by redundancy analysis. Pearson correlation analysis indicated that there was no significant correlation between
lake area and metazoan zooplankton community structure, while a significantly positive correlation between the distance from
samples to the shore and metazoan zooplankion biomass was detected. Based on the water quality evaluation standard and
species diversity indexes, the water quality of the lakes in the Park was at a light to moderate pollution level. Overall, the
metazoan zooplankton community structure in the five lakes of Suzhou Industrial Park showed a trend of homogeneity, and
the seasonal variation, environmental factors and the distance from samples to the shore were main factors regulating the
formation of community structure. The results of metazoan zooplankton community structure could provide an effective

reference for the restoration and development of lake water in the Park.

Key Words: Suzhou Industrial Park; metazoan zooplankton; community structure; influencing factors; water

quality evaluation
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(SINTEK , ST-723, [ ) il %2 7K i ( water temperature , WT) L% fi# [ {4 & (total dissolved solid, TDS) il pH; %
[CAL(SD-20, H ) 15 175 BH 3 (secchi depth,SD)
1.4 AR5 b

(1) Shannon-Wiener Z £ 48450 H'  Pielou ¥4 2) FEF8 %L J Margalef &£ & FEFE %0 4 {1 R 3.6.1 3419
Vegan AT RAE Y H A gfE R B0, R Y = 0.02 SR RHF

(2)iz 1] Jaccard MIIMEREL K=c / (a+b—c) HBAS AP AR, X o RS A IR b
FE R B IR E ;¢ HFERT A B A YRS, ARAE Jaccard ARRIVEIFIE, X Ky 0—0.25 B, A A AR ;
K ] 0.25—0.5 B, AR AL K 9 0.5—0.75 IF, PR K S 0.75—1 IF, kil

(3)iz2 ] Google Earth Pro 7.3.1 I W17 1 ARIAE (5 3L FR R S5

(4) iz IR 2 J5 225317 (One-Way ANOVA) K550 =5 [8] WA 8] AR BRI s W % 2 A i S S80S
AW EVEZES A UL EEEEA I N E 25 70 A0 5 7 25855, SR FH 2 ST FEA ALY Kruskal-Wallis H 6
B, 15 PR T OO [R) 2719 J A PRI sh W v 4 R AR BLPE | SR 26 5 125 R I 4 18] 1% 4565 ( Between-groups
linkage ) , 248 [H] 15 25 R H BR G FE 5 ( Euclidean distance) , 32 H] Pearson AHICHE 53748 58 9010 AR /52 R 25
SRS IRES S A R . BL BB dg7E SPSS 23.0 H o8 i,

(5)iz ] Canoco 4.5 FAFS3 AT JG A PR IE ST UL EMIRIRE S B SRR I TROSC &R, 16 28, (TR 3oxt
I 53 HT ( Detrended Correspondence Analysis, DCA ) #6564 Fij i i 52 B A 228 P 404 . WS DCA 43 b SR rp
HE il e R BE A B R 4, DI 5E 43 3.5 X5 1 43 #T ( Canonical Correspondence Analysis, CCA) 5 2, W% £ETT
4257 H7 ( Redundancy Analysis, RDA) .
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Table 1 Water quality evaluation criteria based on the plankton biodiversity index

EX/EZ iR L it Bi5 g B-H{5 a-Hi5 g {5
Biodiversity index Cleanliness Light pollution B-Moderate pollution  a-Moderate pollution Severe pollution
H' > 4.5 4.5—3.0 3.0—2.0 2.0—1.0 < 1.0
J > 0.8 0.8—0.5 0.5—0.3 0.3—0.1 < 0.1
d > 6.0 6.0—4.0 4.0—2.0 2.0—1.0 1.0—0

H'. ZFEPEFE%0 Shannon-Wiener diversity index; J: Y5 EEFEEL Pielou evenness index; d: & T84T Margalef richness index

2 #R

2.1 JEEIFIE S RN A A

U G A PRSI 112 B ORNESEB R AR RITC T4k ) |, FHorhde d 65 i B2 29 Fh B8 /22 18 i,
I35 RS 58.0% 25.9% 1 16.1% . SELH/NETRIESh Y VIR 2 | B Sh W) ) R B D T 7% 45
PR R

PEFFH 12 Bl (G2 HL 10 Bl BRI 1 M) BA U BRE WSS RR (£ 2) . i 2N
W (Polyarthra trigla ) “h 4= 5 {0 3R 5179 & % 58 WU (Asplanchna priodonta ) | T 1 58 £ 8 1L ( Conochilus
unicornis) . SUFPIRAEHFE HL ( Conochiloides dossuarius ) FIHS B4 523% ( Bosmina longirostris ) [N R 75 254 3 Fh ; 54
IR FB.E0EE B (Anuraeopsis fissa) WG/NFREFE WL ( Trichocerca pusilla) (554 REEE HU(T. similis ) F127 S5 B i 56
( Pedalia mira) {{Ch B ZEARHF
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Table 2 Dominant species and dominance of metazoan zooplankton in the lakes

ft## Dominant species # Spring X Summer K Autumn £ Winter
AL RS I Brachionus calyciflorus 0.07 0.04
SR B I Anuraeopsis fissa 0.03

WL 48 8 Keratella cochlearis 0.05 0.07 0.35

W5 /N L Trichocerca pusilla 0.17

SNSRI Trichocerca similis 0.11

HI1 fhZE4E . Asplanchna priodonta 0.10

EM R Z R . Polyarthra trigla 0.18 0.09 0.25 0.23
A RACEE . Conochilus unicornis 0.25

N AW RAEEEHL Conochiloides dossuarius 0.03

w5 E Wi R Pedalia mira 0.02

K A% E53% Bosmina longirostris 0.02

TEAT 1A Nauplii 0.02 0.04

2.2 R TR YRR A R 00 2 () [R] 5T PR A g6

AT 5 A P70 o0 0 0 ol 2L AR R AN 26 3 T, 4 XS 18 5 v 18 1 9 b L S BB e (IR (K =
0.48) ; HUE WA Z (A 0 FfoAE BLRE 7 4b T SEAHAUKSF (0.50 <K < 0.75) , HeHh <G X0 i) 5 h 52 187 F) 49 Fof A )38
B (K=0.71)

AWM B (= 12.885, df =4, P<0.05) fAAE B EHEER  AYR(F, ,=0.901, P> 0.05) HRZE
FEVEREBL(F, ,0=2.457, P > 0.05) 3546 HU(F, ,,=1.744, P > 0.05) LI L& EHEH(F, ,,=1.192, P >
0.05) TR EFENEER (K 2),

F3 EX#ABEEZFENDOFELE R
Table 3 Similarity coefficients of species compositions of metazoan zooplankton in the lakes

Jaccard AL 2250

Jaccard similarity coefficient et EXH] L] il
L] 0.53"*
i 52 0.53"* 0.71**
Wi 0.50 ** 0.48* 0.51"*
I3 0.55"* 0.53** 0.54** 0.59**

s . PEAERHIPL Moderately dissimilar; # = . FFZEFH{EL Moderately similar

2.3 BN A A TR S R S5 R Y5 )

Bel XA 5 AR PRI S B 5 (* =35.267, df =3, P<0.01) AW (¢’ =56.629, df =3, P<0.01) F4k
SRR B F, 4, =27.318, P<0.01) I5JEEHEE(x* =10.987, df =3, P<0.05) LA K F 5 B (> =34.760,
df =3, P<0.01)HJRMH B EMETER(E3),

DU AE PRI S Py Wy R B % B AR W RN 3 Bl 2 A R B AR o, SR FH K G B8 E 1T R R Kb
(Bl 4), Z5R58R, SERICEEES d oy 20 B J5 A= PRI Sh il KRB0 43R = KIEHE . AR R R DL
KZERME, DA R R Z Rk R 5 A 17 i Sh W R TE 5 AR 5 R AR AR
2.4 BT SO0ARFREE LAY RDA 04T

S DX 1A K A4S 12 R LSRR AR SE BR8N T 2E4 T RDA 2087 (36 4 . 5 K 5) , HEFSl— A 5h — i
FHEAELS 510 0.24 F110.07 , 3L T 31.0% AP {5 B i LA S 88.8% W Fh-FREE X R 5 B, i — 4 b
PREARSC 20K 0.81, Bl — I Fh ERBEAH G R BN 0.75 , 32 B B DX 1WA K AR R 55 (8] 1~ 5 7 T sh W e 7% 20 i o6
2], PN AP HE Sl 22 18] A OE R B 0.04, ISR HER 5l 2 (8] AU ARG R B 0, FRITHETR45 5% 0]
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Fig.2 Spatial variation of metazoan zooplankton community structure in the lakes

§ . pH MUK RDA 55— YRl vl 00 s 200 i 1, S A TEAR G A 5C R 200051 0 0.66 A10.65, i
SR RDA 2F — Wy FiefiR i i A 3 2 i X, 5 L SR OG A C RO -0.53,
2.5 =S [H] PR EN Ja AR T SR v R ) R

iz Pearson AP HHRFT WA AR T 5 1 8 55 5 AR PRI Sh I EVR A SR R (32 6) o A2RETT 1Y)
T BRI 5 5 A= 7 i sh P v A5 A0 J0 o 8 AR OGO A MR R S S 2B W B B 38 A IEAH G R R (R =
0.499, P<0.05),
2.6 PEl DXWIVAOK B 9 A= 02 o

FTOK BN ARAE R A Z RN TR (T 6) , B AR ZAEPE SR B B A5 RS o 3 Bl XA K 5 i P
AR — B, 3 R AR ARAE T B2 75 GRS s B S BERS R T Bon AR R AL T —rh BES YRS

http ; //www.ecologica.cn



10 34 R AR IR T bel DCITE 5 A T sh P TS 4l Al S e I 7 4029
3000 12+
. A d
. i :
,\’5 2000 . g 8 r
o
" Lo =2 | T
¥z T 23 X )
2 1000 g 47r . :
2 2 :
3
-+ ] & =
* : ¢ ==
0r €L I__I__, 0r
12 1
>< 4r :
3 . %
2 . _E 08| . .
- %‘ L 3 - . - _f_
-2 4 # ==
®3S 2t — B 2
i) 3 &° o4} Jo_
ﬁ 5 . ﬂ ::os ’ - *
ﬁ § . - E ) - ——
8% T z :
g Or ot
7]
H% ES &S A%
Spring  Summer Autumn  Winter
6 r .
. . .
»® . § -
R T AT B P ke
g " S = FMETS T
Q
§% = I fi=SD
HE o2 . — i
fr - . R
%l) .
= ot
HE Lk ®Z A2
Spring  Summer Autumn  Winter
B3 EXHBEKMEEEZENUEELEMHETE
Fig.3 Seasonal variation of metazoan zooplankton community structure in the lakes
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Table 4 RDA analysis between dominant species of metazoan zooplankton and environmental factors in the lakes
HEFF Sl Axes 1 2 3 4
FHIE{H Eigenvalues 0.24 0.07 0.03 0.01
YRR AR Sk Species-environment correlations 0.81 0.75 0.43 0.41
A R AV
RN R P % . 23.6 31.0 33.5 34.6
Cumulative percentage variance of species data
YR e B MU %
Cumulative percentage variance of species- 67.7 88.8 96.0 99.2

environment relation
SEHBFFAE(E B Sum of all eigenvalues 1
LRGSR AE (B S FT Sum of all canonical eigenvalues 0.35
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Fig.4 Cluster analysis of metazoan zooplankton community structure in each season of the Park
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Table 5 Correlation coefficients of environmental factors with the first two axes of RDA

SPEC AX1 SPEC AX2 ENVI AX1 ENVI AX2
SPEC AXI1 1
SPEC AX2 0.04 1
ENVI AX1 0.81 0 1
ENVI AX2 0 0.75 0 1
pH 0.66 0.11 0.81 0.14
WT 0.65 -0.23 0.80 -0.31
DO -0.42 -0.53 -0.52 -0.70
SD -0.21 0.10 -0.26 0.13
TDS -0.31 -0.25 -0.39 -0.33

WT: /Kii Water temperature; DO %48 Dissolved oxygen; SD: W Secchi depth; TDS: EIAf#E AR Total dissolved solid; SPEC: #Fh
Species; ENVI: 75% Environment; AX: fEFH Axes

R 6 REFIENMEEENS EEETFH Pearson 18X S

Table 6 Pearson correlation analysis of metazoan zooplankton community structure and habitat factors

FH5& 2B Correlation coefficient S D B H' J d
WA T AR 0.634 -0.134 0.515 0.521 0.404 0.756
FE ST R B -0.354 -0.093 0.499* 0.104 0.130 0.330

S: WIFPEL Number of species; D: %% Density; B: 424 Biomass; H': ZHEME$E % Shannon-Wiener diversity index; J: YJ2JE 5% Pielou
evenness index; d: F & JEFEEL Margalef richness index; * : 7E 0.05 7K (WU | & 3& A0
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Fig.5 RDA biplot of dominant species of metazoan zooplankton and environmental factors in the lakes
B. calyc; SEAERE R4 L Brachionus calyciflorus 5 A. fissa: SHRBEEE A Anuraeopsis fissa; K. cochl; YIEH I Keratella cochlearis ; T. pusil
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L Pedalia mira; B. longi: K#i5 5.3 Bosmina longirostris; Nauplii G5 41& Nauplii; WT; /K& Water temperature; DO 4 Dissolved
oxygen; SD: BHIE Secchi depth; TDS; B [E 14 ft Total dissolved solid
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Fig.6 Biological evaluation of lake water quality in Suzhou Industrial Park
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