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1.1 AREXIEERES

BIF 0 X 3 3 T A0 X P — 2% 3 Tl Tl 3t (&
1), Z K 2978 10 km, SFRI7K IR 1.6 m, “F Y itiE
0.35 m/s. ZH X HAG KYE) AT RE S0 A R e
Agg . WEFLIX DSy B, AR PR OK & 1 143.1 mm,
6-7 AWM /KERZ,12 A&/, 7385 mm.
BIE XA R 15.5C. AR TFHEN T Bl
3C: fem PR 8 I 27.5T. MR HURE &S
A FERSEATE T 6 KA (B D, KR 1.5~2.0 m,
F441.6 m.

M 2017 429 HE| 2018 4F 8 H (2017 4F 910,11 H
NRKZE; 2017 4F 12 H 12018 4F 1.2 H A& ZE; 2018
F 3.4.5 A NEZ; 2018 4F 6.7.8 A NEZ), H4
B RS I BICRE 3K S22
K i 23 # AX (HACH, DR1900, 1t 5¢) I & /K iR
(WT) ¥ il 5 (DO J 8 AL I8 Ji FEL A7 (ORP) 45 7K I
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Fig.1 Study area and sampling sites

1.2 HmRESHE

SEPEREA : FH V0 3 W9 LA shi A B 5L
182 64 wm IV EN ) I s A5 A 2R AR /2 25 128 um
(RIS LEZKTHT LA R 0.5 m Ak PL“oe” 2 R IR
218450 5 min, K3 I 5 KIS AE 50 mL € P
T, I FH AR R B AR R T 5 , o [ S 2 I8 A
BN %08 (R AR ZE TS, 1995)

SE TFE - B0 H R SRR KR AE KT B R 0.5 m
FEE BS 7KK 0.5 m Ab %R 5 L KHE, S EIRA 5
1 LKFE, N & Bl 70 [ i , 4 2] 9058 = 7 B 48 h
J& » 4R T B 25 2 50 mL; B8 2 SRR M 28 R K 8
KA 20 L/KFE, 28 64 wm -3 390 I 3 U8 S5 U SR 78
100 mL A i R, AR 7R B PRI 52 )5 0] 5256
. K TOR(E XM, 1961; TL 3 i, 1979; %
G TR L, 1979 78 B e N 458 O HR
LY.

1.3 KEEBAIEFRHNE

R G B KB IIN 1 mL B R (5% 4 1.84 g/
mL) AT [ 2 , 4ACHERAE, 3 h I SE BB (TND L s i
(TP) 2 % (NH, =N \ /K& i 2 35 a(Chl-a) 1K
(Helena et al, 20000 . FH [E 5 1243 M7 0 60 R £ 48 20
(COD,,,) (Walter, 1961) .

2 BESIT S

2.1 HiELit
KA TR E (Y CHRIRALFIFR T, 1989) .
Shannon—Wiener Z £ VE#E%(( H') ( Wilhm, 1968) .
Margalef F & J% 5% ( D) ( Margalef, 1958) 1 Pielou
I FBEFEE0C J7) ( Pielou, 1966) 43 1% X 3813 Wi 54
BEVR I EEMIRRIE . A0 F
Y =(N;IN) X f, @
H =-3(P)(InP) @
D= (S-1)/InN )

J=H/InS @

1 : PEN/N N S AE T Hh 55 0 Rl b
(I L s N ORI S S RH f, S | Rz il s )
LI S BRI EL . AR 5T AL A 4R 2
Y>0.02 HPAE i A DX AR 35 i
2.2 HiRSH

FIHI SPSS 26.0 4t it 73 M B At % 45 R BEAT &35
PEAMT I Canoco 5.0 B HE A7 4 1 34 ik 17 49 7
(Detrended Correspondence Analysis, DCA) 5 iy X}
M. 43 T (canonical correspondence analysis, CCA),
DCA F T HIWri-ie sh ) 5 PR 58 R 2 1] i) 2k Bl E
etk &, IR E N — 25 73 B AL A 4 H (Becker
etal, 2009). WIF M DCA 73 Hr 3R 45 1) sh Vb
JERJE AT 3 M hntfEdi 2 , {1 TCR 73BT (redundan-
cy analysis, RDA), x 2 , | f# F§ CCA (Piirsoo et al,
2007). F Prism 7.0 B {FL i Giit B

3 &R

3.1 MEEFHETEN

WHFEDOKIE R T2 IR 1. FTRUKIR T
AZAL W] 5, DO A ORPAFAE R 35 22 5% (P<0.001) AT
BRI R O i, ELAEAE B (02T 22 57 (P<0.001) .
MOIKARIRIE PR - A 45 RK A I R K R 2
3.2 FEHYBEEMFESELTEN

AW A SRRy 320 (R 20, Horp g iy
25 Pl B M A B, B3, 4 i o ALK 78.1%.
12.5%.9.4%. K Z= R4 2 3 A KA 50
W, A ZEOURER S AR 2. AN RA RS
MM e R, Ferp B AR B He e,
83.3%: B2 i iR i HINAE A2, 0 60%: B K
bt AR AR, O 17.6%

®1 2017-2018 FHRRAMERFEHEW
Tab.1 Seasonal variation of environmental factors in

the study area from 2017 to 2018

855 4 20174EFK 2017 4E& 2018 4EFF 2018 4FE
WT/°C 20.9540.37 7.7+1.13  12.57+0.94 24.63+0.77
SD /m 0.34+0.04  0.36£0.05  0.52+0.14  0.41:0.03

COD,,, /mg-L  7.94+0.96 7.28+136 5.1120.97 6.88+0.60

ORP /mV 15.0+1.55 68.17+3.17 109.0+12.46 88.67+5.56

DO/mgL' 1914063 2354045 3.27+0.48  2.62+0.40

TN/ mg-L! 4.27+0.60 6.96+0.69 5.51+0.76  4.68+0.67

TP/mg- L'  0.18+0.02 0.18+0.06 0.29+0.04 0.36+0.06

TN/ mg-L"! 44.43+1.72 51.42+4.88 19.85+£2.61 13.17+£2.42

NH,*N/mgL' 269025 0.43+0.06 3.08+0.78  2.88+0.49
Chl-a/pgL'  6.92+1.41 10.09+1.51 7.41+036 24.39+2.82
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Tab.2 Species number composition of the zigg I B - E%i
zooplankton community in each season I $ 1600 1 -
7 Bl REX B Al < S n200f
i 5 800 L u = i
2017 FRKTE 12 2 3 17 &< 007 =
2017 FEATF 2 3 0 5 388 i ﬂ
2018 FEF 10 1 1 12 1001 ||
2018 {EHF 13 2 3 18 wE H2EF LSS F
A
Season

T AN 5V P AN (R Bl s A o A i
YRS AEYENZENT AR E 2~ E 4. NFHESITIN
TS AN TR, § HUR T 78 X VR sh M B VA
(1 B BB o s TR e sh ) 5 B R E W 2 2 7
# (P<0.001), 255, F KEIRZ AT RIK. AF
T U Bh W) 1) o B AR AE B I R AR (P<
0.001), ¥ B FEH >R HT>ATE, IR RHEH
TSBRSRTETE AR E LR T EF (X
RREED . HERHER G, 201071 %
PRI RIS FRAR R AR RS ARt N E #
<1000 YL, 7771 000~3 000 1YL, B EF7>3 000 YL,
AT DX I BN AP35 2 R 2 525 AL, 35
IR X AT RAL T E FRIRES
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Fig.2 Seasonal variation of zooplankton abundance
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Fig.3 Seasonal variation in the zooplankton

abundance of different taxa
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Fig.4 Seasonal variation of zooplankton biomass
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WAL NS g 1 270, b i 1050, a2
RUFLBSAZR RN ANFSSERF SRS 1S5
NTCRRZIE AR Rt A SR R B IOMHAI
FEBEESHIO . WEFVRE KEHH ML 187
il KD A 2B TR Z0 R AR 5 Fh. AR
REFIEIEZET AR ARG BRI b ak
RPZEBIICEA T, FE RrP A R IR R KA 3
TR TIHh LB R Bu AR R, (B4R
I ATEPERR HAREAFAERA T MG GEE3) -

R3 BFELFHRINABHMEMABE

Tab.3 Dominant species and corresponding dominance of zooplankton in different seasons

e 2017 4K 201744 2018 F# 20184
WAL RBE AL B EEAL B BEAL SRR
K2 #¢ L Rotaria neptuna 150 0.027
R0 R 4C HL Rhinoglena frontalis 150 0.027
HEAE R 256 Bt Brachionus calyciflorus 100 0.025 75 0.060 1100 0.180
1988 R 46 B B. angularis 225 0.025
218 R4 1L B. longirostris 125 0.033 325 0.044
TCHRIRTE 6 %6 i Keratella cochlearis tecta 425 0.262
FHati ta S B K tropica 275 0.038
SR FER R Asplanchna sp. 200 0.074
K = 4C L Filinia longiseta 100 0.025
Z W46 s Polyarthra sp. 100 0.025
KA R 538 Brachionus rubens 100 0.025
" #i Hp 817K 2 Mesocyclops leuckarti 100 0.025 250 0.300 425 0.189 2250 0.369
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3.4 FiEY SRR KRN

W FC X N I35 340 1) Shannon—Wiener 2 #F 4
fR¥UH' \Pielou Z FEEFRE J' A Margalef & £ 41
B DWIZFEN AWK 5. H KA AL TE Bl A 1.40~
249,445 2.03:D N 0.64~2.16, 5E15) 1.55; J' N 0.72~
0.88, 414 0.83. H'H D {HI WK T K Ty
s JME N AR B ERMK. HDMZETZE
S B 3E (P<0.001) , 1 Pielou % FEVEIE ¥ J' 2=
T ERA K. M Shannon-Wiener £ F£ 14 15 217
Wi, 0<H'<1 NZ15HL1<H'<2 Nahishl2<H'<3 N
B 5 L s 3<H'<4 NTFEVT AL H' >4 i it K ik GEAR
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Fig.5 Seasonal variation of zooplankton
diversity indices
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RV FE X IR 5 IR B R TR 8 &, %
TFIEENPI LSRR AR R 1 DCA F1 CCA 43#7 o
I DCA 08T, 4N HEF b KRR KT 3, TRl
AT IE AL CCA 43#H7. Monte Carlo test 8,
51 RN AR R 7 5 (P<0.0D), Ak CCA
AT IIHET S5 R nE .

CCA HEFF B B R (B 6) , 35 i sh W BETE 10 /0 AT 32
B1%Z Chl-a & LA DO 520 . 73 4h, WT.COD,
ORP Fl SD 1H /2 5 Wi 5 i 2 ) 53 A1 1) B ZEA BRI 7,
{HF20 JJ A0 Chl-a &% LA DO 58 . 710 5T X
() BT PR s AR A R e, S R e R Ay L
i F 352 ORP.DO A1 SD 520 ; B 4p i 4t th 5
DO 3% [FAH K, {H 5 Chl—a #¢ & 5 52 47 FH E 1 55
F 2L AL U 0 AT 52 WT ISR, T ) AR o &)
/K& 5 /K4 ORP F1SD IEAH 2%, 5 COD #iAHo%; Al
R HAK ER RS WTH 2 IEFZE, 5 Chl-a £
W 5525 IE AR % 5 SR BE4E K = il 8 R T £ H
B 2R AR R 8% COD A& L 2 3%
1EAHZ%, {25 WT.ORP Ml SD %5 . 2 fiikH 5% .

(=]
= N7 AlChl-a P=0.002
N6
WT
coD
&
& N3
S = NION]2
a NS NOANS
< = NTI
<
4 A
A
S NI N2 TN/TP
ORP
SD

S

= DO

]

-1.0 CCAL (57.75%) 1.0

N1 fy SRR He s N2 - S AL R0 e s N3 - 2108 PR it N iy f0 A e
NG5 : ) A 81K 3 s N6« BT 58 HUs N7 A2 HE HU NS i JE A 1L NO s R =
JHEfe e NLO = JERUE I £ F A T N L 2 AR G NI 2 - KR S0
B 6iFish SRR FH CCA HF
N1: Brachionus angularis ; N2: Brachionus calyciflorus ; N3: Brachionus rubens;
N4: Keratella tropica ; N5: Mesocyclops leuckarti ; N6: Rhinoglena frontali ;
N7: Rotaria neptuna ; N8: Asplanchna sp.; N9: Filinia longiseta ; N10: Keratella
cochlearis tecta; N11: Polyarthra sp.; N12: Bosmina longirostris
Fig.6 Canonical correspondence analysis (CCA) of

zooplankton with associated environmental factors
4 itig

4.1 FREEhMEE SN T AFE

TN KREESERG D A EFRK,
S TR G P A R i T B ) BT AL 7EK
AR SR T O BEIRTT R KPR FRAE KSR R
BaARA AR A2 R G BE VAN 55 07 T R 4 B2
£ Fl (Carpenter et al,2006) . 5K, FiiF s #E 15
AL I T A KR A & R G IB B RUK A S
(R RS T B IR TR 5 GEHE S, 2018).

T ARV DX I T AT A AT X BT T S A
PRI DML RS oA . BRI A 81K &
VUZRIH oA, I BAE T E BMATRNE
i, FLOL 34 BE AR =5 43518 0.18940.369 A1 0.300,
XANCAE AR A 45 SR — B CRAEEE, 2019 )5 #ivh
SIK BRI ELERKEA B B, HE— AR
17 BB TR T fa P R TR . AR AR 2
I A v B K B B AR I AE P EE TS e AR AR R (Rl
BRBESE, 2013) , T AR Y A X 35k (0 7K A4k 1 A 1 A
TGRSR R ZE AN R AL 557 RV 055 s 0 P S 4 R A
FBETC I 2 S, 5 R 5 A T A % 4% LI T
FEL N 2898 3l 22 S B/ INVE 5% (B[R] 22715 131 3 A
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TR ISR 0 o 2 B BRI, 3 5 AR FLIRT AL )
WAL R 8 Sk EE, REFR AR L
HN LA me A 3G 0, HLAG B K 2 BRI s )
FEIE (AL F (Ren et al, 2003) . ARFFEH, FiETis
T DX IR TR R S P B TR AR R
Sl e B 2= ARz e T 1 9 AR, IX T R S
BT KBS FH K 5 ORI T R e A 0% AT AT — 2RI
15 H AR AT AR W I 2 5, IR B K AR 2R
VIR Z FETER 22 72 o
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Seasonal Variation of Zooplankton and Its Relationship with Environmental
Factors in Urban Rivers of Xuhui District, Shanghai

ZHANG Sheng-man'?, HE Pei-min'?, LIU Wei'?, LIU Jin-lin'2, CHEN Si-wei'?, HAN Zheng'?
TANG Chun-yu'?, TAN Meng'?, WU Mei-qin'?

(1. College of Marine Ecology and Environment, Shanghai Ocean University, Shanghai 201306, P.R. China;
2. Water Environment and Ecology Engineering Research Center of Shanghai Institution of Higher Education,
Shanghai 201306, P.R. China)

Abstract : To maintain the biodiversity of water bodies and protect aquatic ecosystems, it is important to
study the changes and driving factors of the zooplankton community in rivers. In this study, zooplankton
community structure and environmental factors in a representative urban river channel of the Xuhui
district in Shanghai were monitored from September 2017 to August 2018. Based on the monitoring
results, the relationship of the zooplankton community to the environmental factors was examined. We
aimed to provide theoretical support for water quality evaluation and ecological monitoring and restora-
tion of urban rivers in Shanghai. During this survey, a total of 32 zooplankton species were collected,
including 25 rotifer species, 4 copepod species and 3 cladoceran species, accounting respectively for
78.1%,12.5% and 9.4% of the total species. There were 12 dominant species of zooplankton through the
year, including 10 rotifers, 1 copepod and 1 cladoceran. Zooplankton species richness was highest in sum-
mer (18 species), followed by autumn (17 species), spring (12 species) and winter (5 species). The envi-
ronmental factors varied significantly by season, resulting in significant seasonal differences in zooplank-
ton community structure. Zooplankton species richness, abundance and biomass were all highest in sum-
mer and the lowest in winter. The Shannon—Wiener diversity (H'), Margalef richness (D) and Pielou even-
ness (J') indices of the zooplankton community were in the respective ranges of 1.40—2.49, 0.64-2.16,
0.72—0.88, with significant seasonal differences in diversity and richness (P<0.001), but variation in the
evenness of the zooplankton community was not evident. Canonical correspondence analysis (CCA) of
zooplankton and environmental factors showed that the ratio of nitrogen to phosphorus, chlorophyll—a
concentration and dissolved oxygen were the significant environmental factors. Finally, water pollution in
the river was evaluated using a combination of physical and chemical water quality parameters, diversity
indices and dominant zooplankton species, and the results indicate moderate pollution.

Key words: urban river; zooplankton; seasonal variation; environmental factors; canonical correspon-

dence analysis; Shanghai city



