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2017 AFX]_BHFPRIRERAT 11 2R PRI () 77 17
TS TR, BUH T DUKAE W) XT3 7 7 A
PRI SRR R S WL, 00 A HE 45 R R Ak 5 36
BT B R R BT K BUAE My oA, A O B
YT T8 A A8 R LA KK B3 5T VTR 2 it
il B A1 2 A A

1 MBS
1.1 #HEREXHER
*E%Eiriﬁm B A28 O, W P A 2y 1 B
A SR FE RN E AR R SRR i s, B AR TTE 15

ARG (E 1) H 83 i FHIlX, S5
i FEPE X, ST 6 T X, 89,810 . S11 fi T
TIX,S15,S18 821,824 F1 S25 if F¥H 75 Hr X
S3.,S11,S18 FI S24 JK Rk By Fp kA VLK Y,
S11 B 1A UUKAEIME AT T Il E IR R B 1
i, 6 K ) B o o7 B R AE, Hifth 7 A3
SR TR R TE e o] e R AR R B
1.2 HRRESNE

F2017 45 H.7 H .10 H .12 A A R4

TR YIRS o PRITEAR ) o R R AR 3R IR TR
A 7KHFE 1000 mL, il 1. 5% é%ﬁmlzﬁ%ﬁ
24 ~48 h J5¥ 45 2 30 ~50 mL, 7 B4R N E AT
P 2 SR A T I R B e 4R 2
Yy A Y

SRR VT I A P A b B, DU I SR 4R
(DO) JKi (WT) .pH FLEWIEE(SD) o AR K
R A W 43 B 5325 ) X B AU (TN) LB (TP) |
FrER R ERAEEL(COD,,, ) VA (NH,-N) (T H A4k

3 S (BODs ) HEAT 0TI E , M2 2K a RN
ZERLAY O BE AR o T I, SR B Y 3 A

(0.74 +0.06 m) ,3f 18 FLE WL AT 2 ) At
TR A0 R B JE A VUK Y AR, &1t
B ER SR 11 25T A K TR 38R (19. 56 +
0.73) C,pH H 7.92 0. 05,SD 5 (0. 54 +
0.03) m,DO K (7.84 £0.27) mg/L, TN }
(2.47 £0.16) mg/L,TP % (0.15 £0.02) mg/L,
NH,-N 37 (1.06 +0. 10) mg/L,BOD, J (5. 88 +
0.26) mg/L,COD,, H(7.88 +0.34) mg/L.
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s3 e w
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E (- : BERX .
.E - X ) utangp District AS21
. e Dt S WHHX
s 31° 107} Qingpu District BT Pudong New Area
® R\hui Distfict S15 SISA
A
X147 X
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31° 00’ | _
EBX 0255 10 15~20knm
Fengxian District \
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Tab.1 Distribution of phytoplankton sampling stations in river courses

for leisure of green belt around city in Shanghai
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1.3 ZEMTERKRTEN

X Ff] Shannon-Wiener £ #£ 435 % (H') .
Pielou $2] L5 % (J) FI Margalef 4= & JE 5 4C
(R) AT T E AR

H' = - Y PInP, (1)
J=H'/InS (2)
R=(S-1)/InN (3)
Y=F. - P, (4)

P, =n/N, NS BRI ADNEGN i f
PR EAEGS AR SRR F, e o T
PEISTE A ol it B 3, LA e B Y >
0. 025 R HFL

B H' R 304 9.0 ~1 JEEY, 1 ~2 hf
T5Ye,2 ~3 RIS H' >3 i e ais et
BT R5r k4 9:0 ~0.3 HEETG5YL,0.3 ~0.5
NG ,0.5 ~0.8 N EREETGYL,0.8 ~1.0 2y
WS K R K1 NS 9.0 ~1 HEI5H 1 ~2
N a-t5 A2 ~3 g B-rp{gAL,3 ~4 S5 AL R
>S5 AT YK

FHEEG B FRSHRE(TLD) BT KRS
B AL AN, B #E Chl. a TP TN, SD FI
COD,, 5 5 A~ Z ¥4 TLL

TLI= YW, - TLI, (5)

A W ARERES j F S 80N E R RS H0 A 5
B, TLL ACRAS j R S50 E FR RS 48 %k, TLI
(Chl.a) =10 x (2.5 +1. 086 x InChl. a), TLI
(TP) =10 x (9.436 + 1. 624 x InTP) ,TLI(TN) =
10 x (5.453 +1.694 x InTN) , TLI(SD) =10 x
(5.118 — 1. 94 x InSD ), TLI ( COD,, ) = 10 x
(0.109 +2.661 xInCOD,,, ), TLI <30 HFEFE,
30 ~50 HriEFE,50 ~ 60 % 4 5 E 34k, 60 ~ 70 th
B E Sk, >70 Bk,
1.4 Fitom

SRR 2 J7 22 53 B8 T i Ui Al ) R A7
ARV =5 22 AL AR Vs 2R Y [ 1) 22 S e, %K
53 BT R PO 7 AR BT 7 M e 46 DLt 2
ESIAT AT 2555V . A AEAE 2 HAE T, 4o
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Z5 R AR SR 55 (Mann-Whitley U test) #4855
HETE SRR 25 55, a4 R E VR R B R L I R
FESMFEWFENEZR. ZEELKERA
Duncan [GK % .

KIS 1 (CA) FZ 4t R 534 (MDS)
PRI T K AE 99 X I e Al 90 B 7% 09 52 W), is AT
Primer 5. 0 #F#E4T CA 20 Al MDS 234 R
JE J1 7 % (Stress ) ¥ 36 MDS 9 il & L &, 24
stress<O. 1 B, 1 B B A 84 i 306 5 W 2R
stress < 0.05 B, AR EIE HA RN, [FBT
KT ANOSIM H 36: ¥ (8] & A A7 75 i 22 5, OF
IS FHARRLE 43 B 234 ( SIMPER) #5835 1 W A 1)
YRR T 28 80 DA AFLARL A AR 28 R T) A S5 19 ~F
Bormk . DAL S Hr Tl SR =2 HAH
XP9E = 1% 1)) R0 B, 6 AH D6 4 B2 B0 2R 47
S 5%V iR A4, I DARR B 25 7 S AH 5 1 48
Pro

iz1T Canoca 4. 53 B4 43 A1 I W AR M) W b 21
S BRI R, K BHXT B 7B (DCA) 45
R R TCA 534 (RDA) B 53, i) /&
A VUK 5G4 2 5 RDA 4341, A UTK
FEPIAAE 1, JC U0 /K A 9] 1B KA 0, DCA Al
RDA 3B R X 5 A4~ i s 08 3 i AL 400 5 i3k A7
BB B =2 H N% = 1% (45, 3%t
YA BE AN pH BR A FREE R 1 e A T R B
e, RDA Ga47 X PR5E R 47 Hif ) 16 55 70 52
FERIBHLERE (999 1) .

2 4k

2.1 FiFEYEEYTAER
A B TEAEY) 8 1] 83 J& 142 A, Hirpagk
W] 32 )@ 61 Bl o5 43. 0% s BEUET] A 23 J& 40
A, 5 28.2% ;W5 EET ] 13 J@ 19 R, 5 13.4% ; &
MBI I3 5 15. 5% , AL RREE DT P BET] B
FIVECRT IR BET T, 2034 5 J@ 9 Fh 4 J& S Ff
3JES A2 w2 FANLJE 1R 6 AL
NP R e (R 1) o
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F1 FHFEDARBEREAERM
Tab.1 The dominant species in different phytoplankton community types
;3= Dominance
\ ot Lo
|"] Phylum ff#Ff Dominant species r— NWSM 7K Total
TUNFEZLBE Merismopedia tenuissima ( Mte) 0.005 0.250 0.192
W ¥ [] Cyanophyta i )& 1 Fh Oscillatoria sp. (Osc) 0.004 0.072 0.052
{h R Pseudoanabaena sp. (Pse) 0.008 0.062 0.051
%35:]] Chlorophyta JNEREE Chlorella vulgaris ( Cvu) 0.026 0.030 0.029
INEREE Cyclotella sp. ( Cyc 0.052 0.011 0.012
Tk ] Bacillariophyta ! H‘@ﬁ_ﬁc o a sp- (Gye)
B HERE Melosira (Mel) 0.016 0.030 0.025
s K FadE Chroomonas acuta ( Cac) 0.305 0.014 0.026
[i38 7] Cryptophyta .
W2 Cryptomonas erosa ( Cer) 0.024 0.003 0.004

TE - WSM I NWSM 4351 3275 A FITC UK ALY 0 38 P e AL A o 26 Y, ML 7 s (L 4k

Notes: The abbreviations “WSM” and“NWSM” in table represent the community types of phytoplankton in rivers with and without submerged

macrophyte, respectively. The bold digits represent dominant species

2.2 EEEYRE R = EEHE

RIIIHTRN] , hER Sy R BT G 1
TR v LA o0 2 RSB (18] 2) , A LK AR
PITHTSE () S3.S11, SI8 1 S24 uli A R — 2K
(WSM) , HABTCTOK AT IE 1 7 4>l s 5 Ry —
ZE(NWSM) , MDS b7 S 7s 1 Sy 280k 0.1, 3F
W IE A 85 4F B 1005 B2, 6 e 9% R 2 Al A7
ANOSIM 45 71 ¥4 A W R Vi A6 A7 G K 53] 36 1]
GrEEEHEZR(R=0.651,P <0.01), SIMPER
OIMr ], WSM 2R A B AR 46.2% ,
iR B % [ 3 ( Chroomonas acuta ,34.3% ) . /NER
¥ ( Chlorella wvulgaris, 10. 2% ) . {f £ i %
( Pseudoanabaena, 8. 9% ) . H 4 # ( Melosira,
7.4% ) JNEAE (Cyclotella sp. ,5.6% ) | Wik g 355
( Cryptomonas erosa,5. 5% ) B 5 #ik 48 < ; NWSM
FEVR R BN T B ARy 57. 9% |, Horp -3¢
¥ ( Merismopedia tenuissima, 14. 1% ) | 1 £ & 3
(14. 1% ) . B & J& ( Oscillatoria sp. ,12.4% ) | H.
HEBE (8. 0% ) \/NERBE (6. 8% ) TR 2 i Fel B
(5.1% ) W TTHR A4 o PR EF 25 2 AL (R 1) °F- 34
FRSE1E R 59. 0% , 32 2853 BORR 2R Fe i Bt
(14.0% ) | W/ F 28 (11 3% ) F B % &
(7.9% ) ,,

WSM & AU ] 38 e | Ak 1 0 R B 2
YA 22 B, NWSM 26 BUT 8 4% 3 [ 1Y) Fh Bl 2
A58 i, HUROWRESET] 37 v, AL I A A2
75 WSM FI NWSM 2 A ] 3 [8] A 25 A K, {H AR
WSM AU T8 Hh & I T K AR s P, B4
1455 @ 1 Fl ( Dinobryon sp. ) , T 7E NWSM 2%
BRI AR A P4 P 1. WSM R AIAE A 4 A

524
S18
S11
S3

S7
S21
Sb
525

S9
—‘_(:Slo
S15

1.0 0.5 0
BEE Distance

B2 FHEEMHTHERZERES

Fig.2 Spatial clustering analysis of

1.5

phytoplankton species composition

PR, IR W B s 0 # BE A s NWSML 28 A4 i 1
A S PR, Horp GNP R B0 ey (R
1),

2.3 FHEVIATESTTTUREEARFER
Al E R E R

PR Y %5 B R (17. 10 £0. 64) x 10°
ind/L, W58 0y B FE A XL 126, 5 BV
77 1% PN HERE (9. 0% ) FILkE (8. 9% ) (&
3)o HRAEY)E N (3.28 £0.58) mg/L, iR
Yy (38.3% ), HUROH B (21. 9% ) Tl i
(18.3% ), WA 3,

WEBET T A UL A A 6 /N T 2R B A
Phfa e, W e 000 BRI B4 F
B NEREEE AT =R, B REAG R E
FRE /NI BERN BB SRR A R, B H R
kI B RR R v, oAt = ZR IR (181 4)

MR ZR 7 2250 Hr 3R W], %6 BEAE A ToK F S A
T (F =49. 127 ,P <0.001) f1Z=45 (F =7. 803,
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P<0.001) W17 1E B 5 2 5, AL WA Tk
B S ] 47 7E BB 95 R (F = 10,569, P =
0.002 < 0. 01), {H 75 % 45 i) J& &2 % %5 5 (F =
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BHEEG S
Percentage of phytoplankton standing crop (%)

%;fff

0.970,P =0.417 >0.05) , [f] i} 15 % £ A ] 3] 38
KM ETHIASNFELEER(EE:F =
2.126,P =0.114;/E¥& . F =0.519,P =0.672) ,

R Density

D) £%=& Biomass

%f:f:

EHE B W Xa F# Py

&# Chr H#E Cy

S¥ Chl ¥ Eu BR¥E Cr

Ba: Bacillariophyta, Xa: Xanthophyta, Py: Pyrrophyta, Chr: Chrysophyta, Cy: Cyanophyta, Chl: Chlorophyta, Eu: Euglenophyta, Cr:

Cryptophyta

B3 ZFEYENIREEMENELILA]
Fig.3 The proportions of the density and biomass of different phytoplankton phyla

o0& ZESpring sE Z=Summer
sfkZFAutumn z&ZFEWinter

A

Sl e BN R A
cuvio o uou o

log(density+1) X10* cell/L

log (B +1) X10* cell/L

)
i

Mte Osc Pse Cvu Cyc Mel Cac er
Y Species

Mte. 1 /)N B4 3 Merismopedia tenuissima; Osc. B ¥ J& 1 Fp
Oscillatoria sp. ; Pse. £} 1} 38 Pseudoanabaena sp. ; Cvu. /NER
¥ Chlorella vulgaris; Cyc. /N3 Cyclotella sp. ; Mel. 4% 3
Melosira ; Cac. 42 & W [ 3 Chroomonas acuta; Cer. Wi W 5
Cryptomonas erosa

B4 AEFTEFHEVYTHEENAGEL
Fig.4 Monthly density change
of the dominant phytoplankton

species in our studied rivers

WSM 26 BT 3 1) PR AR ) 25 BE [ (1. 81 =
0.57) x 10° ind/L] i Z K T NWSM 2 I 7] &
[(25.84 +9.73) x10° ind/L], WSM 2] i1 rpr
o (1939.6% ) (HEHE(24. 1% ) (HEBE(19.2% )
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PR e, NWSM 2 YT T8 Hh i e 5% B o 48 Xt
PF(79.2% ), H R Ky 4 ¥ (8. 8% ) Fl Ak i
(8.6% ), WSM KB IA A Y[ (2.00 £1.01)
mg/L] LT NWSM KB4 (4.00 £0.67)
mg/ L], WSM 2RI yn] i v B 3 1] A= 4 1 o I 3
(4570.5%) , fik 3 (12. 1% ) FI&HE (9. 0% ) K
Z, NWSM 25 I 38 & 3% A ) = fe s (o
45.8% ), HR W (22.9% ) FIZE:PE(14.0% ) .

Duncan [{Z 8 AR, 2 2= 02 i i W) %
(48.95 +£23.05 x 10° cell/’L) B E & T H =
(1.99 +0.66 x 10° cell/L) Fi14%Z= (6. 14 +1.78 x
10° cell/L) , #kZ=(11.33 £0.5.51 x10° cell/L) i
TR HAW = W R T 3 25 5
2.4 ZHEMEUNTTN

WHER T 2R W, R(F =57.517,P <
0.001)F1 H'(F =8.834,P =0.005 <0.01) 7E /
(R AN A (W) f7 7E 3 25 5, T 125 5% (R
F=1.606,P=0.205>0.005;H":F =1.323,P =
0.282>0.05) ;.J 7EA[AZE AL JA [A] JC B % 25 7
(F=0.821,P =0.371) HAFAE 2 3 1 245 1 22
S (F=5.885,P =0.002 <0.01) ;R 7E [ i 2%
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MZA5 0 s EAER (F =0.767,P =0. 520 >
0.005) ,{H H'(F =6.128,P =0.002 <0.01) 1 J
(F=6.692,P=0.001 <0.01) {£7F 5.2 1438 HAE
HCES)

NWSM JERUAGE ) R 52 5 T WSM S Ay
B, 2-2e UK ER, H2E WSM AN iE
B H' 2% 5T NWSM ( Mann-Whitley U test, Z =
2.646,P =0.006 <0.01) ,FkKZRIR4R (Z =2. 646,
P=0.006<0.01),HZ(Z=1.701,P =0.109 >
0.05) f147Z:(Z=1.890,P =0.073 >0.05) B/}
ZeT H' e AN AR R T4 5. RNERE T £
SIHT R, WSM 8RB 1 ] ANAFAE BT 22
S (F=2.503,P=0.109 >0.05) ,{H NWSM 5%
WEE A SR % (F =15.512,P <0.001) ;
Duncan [QZ 8 [LEFRI , NWSM B8 2 2= 1Y
J AR ] S ARG T A 3 Ay, H Al 2 7 R 7 ) 2
FARE(ES)

2.0
g 1.8 3
T 1.6
sz 1.4
%ﬁ 1.2 {
#S 0.8 1 {
= 0.6f & --a-WSM ——NWSM
0.4
HE EE KE £F
Spring Summer Autumn Winter
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EEE -
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ﬁg 0.8 —— NWSM
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®g 0.5
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ES5 FFEYEsHEE#ELARERRAREN
Fig.5 Differences of diversity indices of

phytoplankton between community
types and their seasonal changes

2.5 FHEYAGFESHEEFHEXES R
FHOCHE 73 B I, I i A ) %5 2 5 BOD; |
COD,, NH,-N TN #1 TP & & [EAH ¢, EY S
BOD; #1 TN BZIEAHIC (£ 2) .
x2 FHFEVITFENSHEMEEY
ERERFRENEXRE
Tab.2 Correlation coefficients between standing crop

and diversity and environmental factors

W T YR G/
Environmental factor Density Biomass
BOD; 0.499 " * 0.424**
CODy, 0.489 " * 0.251
NH;-N 0.432** 0.197
TN 0.554** 0.360 "
TP 0.335" 0.152

T TN T FORRB R (P <0.01) BUR (P <0.05) Hi5E
Notes:“ # %7 and “ % 7 denote significant correlation at o =0. 01
and a =0.05, respectively

2.6 FHEEYYMARTESHIEMES

RDA ij 2 Sl AE B 43 51 K 0. 560 F1 0. 066,
fif R T LT S A R R B AR R 62.5%
LW I e 2 it 7L b RS BN NES R Y P S
SISKFE] T 0.970 1 0. 804, 3= BA W) Fl 5 FR 55 1
HABGRMACE, % 1 fhE25 BOD, iM%
(-0.916)  SUL/KMEY IEAH (0. 835) , 55 2 Hh
53Tk (0. 408 ) F1 BOD, (0. 263 ) ¥ 1F #H¢,
HEB 5 7 BEAE Y P bt BEAE BOD; LU 3¢ i 7K
S8, 76 UK A T] T8 B 4 W P 11 28 B L
ik,

2.7 KBRIEM

PRIk &5 K R A KA BB R A
0.866 +0.090 \H'>} 1.670 0. 123 .J } 0. 678 +
0.042 , 43 5] 7% A i FEIT I8 Ab 7E £ 5 B | g Yy
REFERFETG Y . TCUUKAEYITIE R hy 1.653 +
0.059 .H'J32.105 £0.102,J Jy 0. 642 = 0. 032,
43 U BH 2SN 3 3 A F o= 5 78 A2 Y A
RS Y,

LR KT A RITC UK A AT S8 I A ) A
YE R SR 1.367 £0.076 H' 1. 947 +
0.084 .J 4 0.655 0. 025, 43 51| & 7% B 5 37 385 b
T o-irim B g GRS R 5 GRS, WSM
JSAUATIE ) TLI BN 55. 35, R B /K 0 52 4
B FRAL s NWSM ZRALIE TLI 2 68. 30, 45 78 K i
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A EE BT,

0.8

Macrophyte
/’V

-0.6
-1.0

Aha 55 B 3 Actinastrum hantzschii , Ana ; 0 ) 3 J& Anabaena ,
Cac: 2R 58 Chroomonas acuta, Cer : Wil f2 3% Cryptomons
erosa, Cte: VU J& + F ¥ Crucigenia tetrapedia, Cyc: /| ¥ B
Cyclotella sp, Cou: /N Bk 3 Chlorella vulgaris, Eug: #f % J&
Euglena , Gla : % 3% + 738 Grucigenia lauterbornii, Mva : 75 5 H.
£ Melosira varians , Mic : (5% 3 J& Microcystis , Mte : i /NF-24
¥ Merismopedia tenuissima ,Mel ; EL5% % Melosira , Nav . F1TE %@
Navicula, Osc: 8 3 J& Oscillatoria, Opr: B i # Oscillatoria
princeps , Pha ; i #-3 Phacus , Spi . B2 g% J& Spirulina , Pse ; {}j .
JR ¥ & Pseudanabaena , Syn ; 55 BE B J& Synura, Squ ; U J& # #
Scenedesmusquadricauda , Tra ; T4 35 J& Trachelomonas

Eo ZFFEVUMH-NERFRADSITHFE

Fig.6 Ordination map of redundancy analysis( RDA )
of phytoplankton species-environmental factors

3 e

3.1 KEEMFETNESEEEFREN -
S
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Structural characteristics of phytoplankton community in suburb rivers for
leisure located in Green belt around City of Shanghai, China

CAO Yi"*?, LI Li"*?, CHEN Liping"*?, LIU Qigen'*, HU Zhongjun'*"
(1. National Experimental Teaching Demonstration Center of Aquatic Science, Shanghai Ocean University, Shanghai 201306,
China; 2. Center for Fish Nuirition and Environmental Ecology, Department of Agriculture and Rural Affairs, Shanghai Ocean

University , Shanghai 201306, China; 3. Shanghai Engineering Research Center of Aquaculture, Shanghai Ocean University ,
Shanghai 201306, China)

Abstract; The phytoplankton samples were seasonally collected from 11 suburb rivers for leisure situated in
green belt around City of Shanghai in 2017. The effects of submerged macrophyte on the structural
characteristics of phytoplankton community and its relationship with environmental factors were analyzed. A
total of 143 species belonging to 8 phyla and 83 genera were identified and the density and biomass averaged
(17.10 £0.64) x 10° ind/L and (3.28 +0.58) mg/L, with the maximam density for blue-green algae
(Cyanophyta) and biomass for diatom ( Bacillariophyta ). The species composition of phytoplankton
community of rivers with submerged macrophyte ( WSM) significantly differed from those without submerged
macrophyte ( NWSM ). The two clusters were seperated by indicator species of Merismopedia tenuissima,
Oscillatoria sp. , and Chroomonas acuta , with characteristic species of M. tenuissima, Oscillatoria sp. for the
cluster NWSM and C. acuta for the cluster WSM. The density (P <0.001), biomass (P <0.01) and
species richness index (R, P <0.001) for the cluster of WSM were significantly lower than those for the
cluster of NWSM. The two clusters significantly differed in Shannon’s species diversity index (H') , but did
not in evenness index (J), with season X cluster interactions for those two indices. The density of
phytoplankton community was significantly correlated with five-day biochemical oxygen demand ( BOD;),
chemical oxygen demand (COD,, ), ammonia nitrogen (NH,;-N) , total nitrogen (TN) and total phosphorus
(TP), and its biomass conspicuously did with BOD,; and TN. Redundancy analysis ( RDA) showed that
BOD; and the presence of submerged macrophyte were the key environmental factors responsible for spatial
distribution of phytoplankton species. The higher density of the most main species included in RDA, such as
M. tenuissima, Oscillatoria sp, Pseudanabaena sp. , Chlorella vulgaris and Melosira sp. ,occurred in rivers
with the higher concentration of BOD; and absence of submerged macrophyte, while there was a trend of the
higher density of C. acuta at rivers with the presence of submerged macrophyte. Based on the comprehensive
trophic level index (TLI) , indictor species method, R, and H',the rivers were considered to be moderately
polluted and eutrophicated. The R and H' are more suitable to assess the water quality of the rivers without
and with submerged macrophyte, respectively.

Key words: urban river; planktonic algae; community structure; submerged macrophyte; environmental

factor; water quality evaluation
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