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PCA 7R B, R A R E I N TR B e i W A ) o P AR AL
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1.1 RETERRER

AV E ST1 Jy 52874 5 ST2 y
TRICIXAR L8 5 ST3 S 7 i X 2284  ST4 i
TLXAEHE 5 STS Dy BIAT X F I 5 ST6 28 B X
B ST7 Syl XaHeds (B 1) o RIEEK
{138 B SE PR 00 (I BE K RFIRE R 56 ) 785 2% 1)
EHIBEE 3 ~ 4 REEU R, BERAE 2T
BCF#1E.

1 REWESTHE

Fig.1 Location of samplings rivers

1.2 EFHFENRE EEMITH

T 2011 4 8 AXS 7 ZK{E W IF A Y AT
TREMEFERME M HRE ., EHEREM 25 5iF
A MREE, F 5% R ER G EE, &8
At FASRZKASFEZKTE T 0.5 m ZbR4E 1 000 mL, F
15% &8 R E € , & 24 h PLIEW4E = SO
mL"

TR BN 78 03 48 ST M 4a W, SR J5 SLED
BO. 1 mL B G CEHE S, 72 10 x40 F56%
BB T T, BRI R, RO E
WERA LR HW RS RME 15% U L,
AT 56 = 88, BOH: sp AN B0 B 6 1
WH . 5B U T KRR P BE S I 4 A 4
(cells/L) ,
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1.3 KEFELISFRENE

FEFIEKE T 0.5 m Kb FRK 48 RAEKHE,
HIGME AR A : pH BB BE (SD) (WA (DO) |
HABIFW(SS) ; MA(TN) (BB (TP) [H 4R AR
I CODy,, ) EHa pnAE S50 % NI E , W€ T
R GRABK SIHr 78:) H
1.4 HELEFSEITHH
1.4.1 VU BT

Fh Y EHE AN

Cs Vv
“Fs-Fa U <t (1)

KA N P R R/ % (cells/L) 5 Cs Jyit
BOEEF (em®) s Fs BB EE (em®) ; Fn
ot MALEFEG V O 1 LK SR S
HIEFR (mL) ; U A EHE KR (mL) ; Pn it
B BB AR B (cells) o
1.4.2  FRIFHEYIBHE S SE

AR AR Z R B (H') LFHBE(Y)
SRR Y REVE S RHAE , AR A
AUWF:

H' = - ¥p; xlogyp; (2)

v=(%) (3)

AN R AR 5 BT A B2 B 40 B
(cells) ;SRR i P EERFRBHG P, TEE i
FPBEZE Y 2 505 0 i vb B A 28 S A0 R 0
FUAE s, 5 @ P BER B IR (cells) 5, MER i
FIEERTE AU AL IR . ASCHIRAE ¥ >
0. 02 HIBEAE MIHF
1.4.3  HfEabs

FIH] CANOCO 4. 5 FR {4 % % 2 1y b B4k
5L A HOHE #E AT 858 X B 43 A ( canonical
correspondence analysis, CCA ) I & i 4 7 ¥
(principal component analysis, PCA), CCA 23R
FHBERF IR R BERF R SIER KR,
TR FEERIEEIESS, X HHT lg(x +
1) S8 O T S A B X B 43 5 35 R
XV L ) A R Y SR, X SR T R AT
Monte Carlo 'B 2 M 56 (499 4 HEF) ™!, PCA
R—FEF AT, R AE N —HAE KA &
W R BT — H AR AR &, X 2
B A B BT MBI I HER Y
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2 HREH

2.1 SaEKEKERR

TSI, & ILANEH K TN fm, i85 8. 44
+0.24 mg/L, 28075 19 TN 4%, J 1. 59 +
0.60 mg/L; %07 L3 TP £, } 0. 87 +

0.32 mg/L, 22 B J7 S0 ) TP 52 4%, J7 0. 24 =
0.02 mg/L; & 1L &7 %K NH/-N B &, N
6.56 +0.94 mg/L, £ B J7 -3 ) NH,' -N £ 1%,
37 0.79 £0. 15 mg/L; pH Z5iE K 7. 79 £0. 01 ~
9.30 £0.24 , 2 BAwHEME(EK 1),

F1 7 FEKEHEXEBAIER

Tab.1 The physical-chemical indexes of the seven investigated rivers

B 4 R SD/m pH TN/(mg/L)  TP/(mg/L) I\I(};I;g/Ll\;/ COD/(mg/L) DO/(mg/L)  SS/(mg/L)
20 57 0.25 8.82+0.03 1.59+0.60 0.24+0.02 0.79+0.15 7.64+0.38 6.72+1.51 25.00+0.81
HACIK ZR W 0.30  9.30+0.24 4.99+1.04 0.87+0.32 3.71+1.28 12.46+1.76 7.23+1.47 39.00 +2.00
HI X 2= 0.50 7.79+0.01 2.47+0.16 0.34+0.01 1.46+0.04 12.15+0.69 9.01 +0.25  6.30+0.58
FAVE AT H e 0.70  8.33+0.20 2.17+0.33 0.24+0.08 1.19+0.45 12.71£0.22 4.62+0.39  6.75+0.50
RIAT X 3= W 0.30 8.81+0.05 3.42+0.40 0.34+0.10 2.52+0.22 9.09+0.67 5.06+0.63 40.75+2.06
Z2 W% X 4R ] 0.50 8.81+0.02 5.22+0.31 0.59+0.06 3.94+0.33 11.28+0.53 6.48+2.54  7.33+0.33
41l KRR 0.40 8.97+0.02 8.44+0.24 0.53+0.08 6.56+0.94 14.41+0.59 10.94 +2.41 26.25+1.26

2.2 AEKEE AR ESE
2.2.1 PEEMFPEHBALE R

7 SRTITE LS T B HESE 8 ] 189 A, Hoh 4
PET 74 F, BB 39. 15% s REBETT 45 B,
b5 23.81% ;T BE]] 41 Fh, 5 21.69% ; #R3E[] 18
5 9.52% ;B BETT 4 b, 5 2. 12% s BRBETTAN
R4 3 7P, 3 5 B 1.59% ; £ 30T 1
i, 5 0.53% o 7 ZRIA1 38 IR R R AP IS Bk A 2
S FATL(86 F) > BT (70 F) > 41l (69 F) >
ZWE(66 F) > FH (65 F) > M (54 F) = 1%
(54 ) o

7 FRTE R KR SR B AR, (HER A2k
BT EEEE AR AR R (R 2) , HE

B X E LSRR £, 6 10 F L BRIE(7
) (6 Fh) FH(S F) MBI (S M RZ,
SRR EERD,UE 3 . AT
PRHFP LTS I B PR R B, EERHFP AR
K- 288 (Merismopedia glauca) ; 3R IL X 7R b
¥ E WX EER ALK AEHE )T X E I
A L X AR T E LSR8y i, EZ
ok /N B 3 ( Oscillatoriatenuis ) . FZ AR J& B
( Phormidium corium ) 1 /)N i§ #& ( Phormidium
tenus ) 575 B [X &k Hh T 0] 00 P A 4 O O L &%
BELORE R ORI PR OBE, EE MM B KRR E

( Phormidium corium)

R2 THRUEFHEDABHREARBE

Tab.2 The species and dominance of the dominant phytoplankton in the seven rivers

4 ] #wiC HW AT [E3ER) Z= W EAlll
AR IK 243 ( Merismopedia glauca) 0.250 0.029 0. 045
35 -2 3 ( Merismopedia elegans ) 0.176 0. 044 0. 097 0. 029
JINEii 3 ( Oscillatoriatenuis ) 0. 034 0. 155 0. 030 0. 129 0. 083 0.132 0. 046
/1N B ( Phormidium tenus) 0. 026 0.022 0. 146 0. 081 0.108 0. 049
e KU 3 ( Spirulina maxima) 0.118
BIEFE 8 ( Phormidium faveolarum) 0. 069
B2 ARJE B ( Phormidium corium) 0. 042 0.303 0. 124 0. 388 0. 158
N B IRERE ( Spirulina princeps) 0. 200 0. 050
108 3R 3 ( Chroococcus limneticus ) 0. 036
|5 8% ( Oscillatoria princeps) 0.121
1§ )8 /INERFE ( Cyclotella menighiniana) 0.026 0.028
1851k 35 ( Cryptomonas erosa) 0.029 0.051
R B2 Wk B ( Chroomonas acuta) 0.076 0.023 0. 048
T A 42 B 3 (Actinastrum hantzschii) 0. 023
BT R ( Scenedesmus bijuga) 0. 023
U B ( Scenedesmus quadricauda) 0.022
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2.2.2 THIFEERMEE

AENTEFFEY R EZ R KR (E 2) , 15
Bk 1 147.48 x 10* ~8 790. 07 x 10* cells/L, -
¥1H7(3 476.84 +2 727.06) x 10* cells/L, HH
& I IX RHE R A Y B B i , 35 8 790. 07 x
10* cells/L, R F I ZEE R R 5 200. 54 x 10*
cells/L WATTAE H K 3] 3 287. 78 x 10* cells/L,
BI4TE T A 2 847. 02 x 10* cells/L 28 4k Hh ]
J7 1 548. 42 x 10* cells/L. %10 & b M3 K
1 516.57 x 10* cells/L. £ B J7 - 7] 4= ¥ 25 B &%
%, K 1 147.48 x10* cells/L,

g0 [ W]

EmH ]
EIE ]
r’:l h

] V|

APABREE/ (X108 cell/L)

ST1 ST2 ST3 ST4 ST5 ST6 ST7

KRR

B2 7&AEELRAMZEENKRESH
Fig.2 Spatial distribution of algae abundance

in the seven rivers

2.3 EMSAW

NH,' -N.TNTP,COD,, .DO ,SS.pH % 7 47k
JEFEAL R 7 B AH o€ P #6: 56 (KMO and Bartlett’ s
Test) 2558 0.677 (P <0.01) , B/ 2 HIE A
AR W, B A MRS . FFAEE KT
1 ERTHE 24, BT E NT7.66% , % £
BT WA EE M ST R LR 3, Hp, 5 —F
AW E R ERK, X HK B K.

*3 PCASWMLEME
Tab.3 Total variance explained of principal
component analysis

gy PRRAHER SEIOPJ5 AT BB
/% B ARl % R %
1 51.76 3.623 51.76 51.76
2 25.90 1.813 25.90 77.66

FE—E M4 NH,-N TN TP Fi1 DO f4H5%&
BB IHERK, 435 0. 950.,0. 947 0. 795 F
0.590;COD.SS #l pH 25 — F Mo ke H ¥,
HEE 2 B 4 8 43 31 24 0. 665 .0. 830 F1 0. 691
(F£4). A BA BB E 0 E ZEIRAR
FEFIEY B E R FEKRE T, &
FRELIEEL BIF YA pH WS AH XS 455 o

x4 ERHHEHE
Tab.4 Component matrix
TS _EAP
NH, -N 0.950 -0.084
TN 0.947 -0.125
TP 0.795 0.156
COD 0.595 -0.665
DO 0.590 -0.398
SS 0.344 0.830
pH 0.608 0.691

2.4 BSEXTRSHT

XHFHEAEY) DCA HE 7 45 53R w0 W~ HE T
AR BE K BE 4371 A 4. 153 3. 682, A b AR 2tk
HEFF vk CCA HiE S AHF L% . ATPA3F5
B %1 55 9 bl 2 18] B AR 56 R B4 511k 0. 824
0.931, WA BREL, ZRH-RP AR BR, FEAE
BAFRRIER SR, A 5 F AR TR 5 E
FRZEEEGITEX(F=1.949,P =0.002) ,

RS HI2 4 CCAHFHMSHERFENHEX R

Tab.5 Coefficient of environmental variables with first two axes of CCA

SP1 SP2 EN1 EN2 NH,; -N TN TP COD DO SS pH
SP1 1
SP2 -0.030 1
EN1 0.824 0. 000 1
EN2 0.000 0.931 0.000 1
NH; -N 0.128 0.481 0.155 0.516 1
TN 0.174 0.39%4 0.212 0.423 0.979 1
TP 0.225 0.627 0.273 0.674 0.663 0. 627 1
COD 0.164 -0.133 0.199 -0.143 0.535 0. 581 0.400 1
DO -0.038 0.062 -0.046 0.067 0.545 0.578 0.261 0.458 1
SS -0.115 0.798 -0.139 0.857 0.263 0.227 0.294 -0.333 -0.019 1
pH 0.492 0.707 0.597 0.759 0.516 0. 504 0.569 -0.078 0.066 0.661 1

http: //www. shhydxxb. com
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Vb 1 5 R MR 1R EC pH X R B S H
EEE TR (r=0.164,r =0.492) , H#R
BIEMRKR; YA 2 SEAR SEWHHERX
PEEER (r =0.481,r =0.797) , 3 HARR IEM K
H(FES),

AR S AR X 32 B2 H B A AR R, B K 38
FHEEE AT CCA 7347, RS K 6. K3 £
B, S SRR B 1) 23 A N A R, 5 IR R B
RASR  BETTRR T MR+ F B (B19) (/1

T F 78 (B27) (BRAKBE (B28) A Al 3 (B21)
DTSR —ZRE BRA B AR B EMREKR
R HAOFN R E R AR MR IR, 5 5 R
FEERIE R KR R EE AL IR IR,
SRERIEEBURIEM KK R BT IR E
2 BA . 10 O e, R I R SR Y 0 A A R S
pH A E W KRR HRBE FEMERERA
HRREED  EMEBL SR TR R I
MR A PR VE RO R AR B/

F6 CCASHTHHEFHFRERYMRE
Tab.6 Codes of planktonic algae species for CCA

G5 Wkh G5 Wkh

Al BEOREESE Phormidium corium B14 JNERFE Chlorella wigaris

A2 JNERFR Oscillatoriatenuis B15 R Actinastrum hantzschii Lagerheim
A3 NEREE Phorm idium tenus B16 Tl A A R Actinastrum hantzschii
A4 IRFRH Merismopedia glauca B17 Eie E estella botryoides

AS  CHEEhER Spirulina princeps B18 NS B Microporum

A6 REFRHE Merismopedia elegans B19 LU =S Crucigenia tetrapedia

A7 EWig Oscilla toria princeps B20 ot Crucigenia lauterbornii
A8 BEIIMIRIE Chroococcus limneticus B21 Y A Scenedesmus quadricauda
A9 HR R ER Spirulina maxima B22 ST A R Scenedesmus bijuga

A0 FEIEER Phormidium faveolarum B23 SEPREE Pandorina morum

A1l ParReE Aphanocapsa delicatissima B24 R 3k Dictyosphaeria cavernosa
A12 INEAIREE Chroococcus minor B25 e Scenedesmus dimorphus
A13 4 E ST YEd Dactylococcopsis rhaphidioides B26 R A Scenedesmus bijuba

C30 ZR%HHFEE Synedra acusvar B28 BRAC Chlamydomonas globosa
C31 HgJe/N3psE Cyclotella menighiniana B29 JBETR Gloeocapsin

C32 Wik EHsEm Melosira granulata D37 R B Chroomonas acuta

C33 Wik H e A As b M elosira granu la ta var. D38 I o o Cryptomonas erosa

34 BN
35 WSkEHHFH
C36 eI FpE

Cyclotella bodanica
Synedra amphicephal
Melosira granulate

3 g

3.1 WPMERFZHENSHRERFHXR

TR H W) 2 2o 7K TR AR AL B AR ) — 28 A
Pyt B R T 25 SR A S AR Y
MR K

AR R TS B HEAR , A AR
B KRR B YR EKAEN EERE,
A3C PCA (CCA 2 #T [FIRE B 7 , B P W 2 2 M)
BFHFEY AR AR ERERRZ —
K AT IR RRZE , Tk AR HHEBE 57 5E
TRAR K K Ay B Bl | 7K A B S A A B
EKAEEYR B R AR I SR AT AE 51 K A
ESRER /i e

B IR EAE Il B S DAY B ) R, 4K
BRSNS MEEREZWMERBEEMNHEL
A0 7 SRR TR A B A B 4 B
e IiAHR > HIHEER > MILAEHE > X
AT > RICAR EWE > 2 B > 28
JT T, AR SO AR D B0 FoK AR 78 SR b R 1 2
NPHERAEFEVRR, £ ILFHEWH M FIFHE
VB ERZ, MM RZENSA. S ER
L B E WA R UMRE, —BRIARESR
ILHISE NP M3 A — & Ya B N A] LAS ) e
9 B G N, B2 8 78 Rk SO RT BB 3K
BEAEYEMB A, TN 5 TP B {E 53 5 R
16.55 mg/L #10.58 mg/L"?) AWK JEAEL R R
BRI X AR W% 2 B X 4R i) 1) TN B ARAR
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1.0
A5-o
cs3™
B24
Blé?lz
X | o
C36 ) B29
A11‘
-1.0
-1.0 1.0
3 7 EMEREMYRTE
FEEEFH CCA HiEFE

Fig.3 CCA biplot of phytoplankton species and
environmental variables in the seven rivers

i, R P ARTTE ) TP & B e, ik
MR E R EEA R RZ TP KR
il o ARILAFE X DUTLBRL B i AL BF 92 LI 52
TEER B R R RTR T, K i A R
e BEESRCR I 2, B SR B9 i U AT AE
PR BESR R BEH o W BE T ANERBE [T B KR 0
K5 TP EHARKR, X2 H K s 7 7E
5 pH #K, 34 pH KT 8 i, B 32 LU IERE
RRELIE A ™, T IE B MEh SR M s B
ZIER ) WA S CCA 4 Hrth /R TR K
3% pH MR K
3.2 WEBAEK R ESFEIEN

IR R BB FRR 0L 2T A R 9 e R 7
Ve LB, AN R BRE 22 RE Pt S R T K IR B R
REFZIFRBE  MKEZIEY)E X T
TIPSR AL, Ho AR R R & B B D B 9
SR, TR 75 1 b 28 0 2 DR o) B 28 RO G
R BRI R I R A R (A13) WGk
B (D38) MR R FEBE(D37) 2 H B I (a-ms)
foFE A T 3 R EISAE 7 I IE Hh G
i, 7E ST3,ST6 L #Fh; #E e VR (C31) |
R ELHEBE (C32) ME WiEE (A7) -5 E IR
(B-a-ms) FIFE7R A, Horp g B /N IR BETE 7 SR T
Yo, BORL E ¥ AE ST2 (ST3 ST4 Al ST7 ik
i, EWiBEFE ST3,ST5 . ST6 I ST7 ik th; £ 2
B (BLS) (SCBRBE(B23) AP0 At BE(B21) B E
FrRL(B-ms ) ZKARAYHE R, o 58 B BRI SRR
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FE ST3 \STS FI ST7 ek it , 1 AR AE R ST2 4p
6 &P B, 458 SRR H (Hy' =
2.35,Hy,' =2.24, Hy,' =1.33,Hg,' =2.51,
Hys' =2.14, Hy' =1.81 ,Hg,' =2.74) HlIEFH
W MZE B RPN TH-EEFRE(B-o
ms) FIE EFRE (a-ms) Z[H], & ILARE U -5
BEIRR(B-a-ms) KM, HE 4 KA T HEFRE
(B-ms) FIHP-EEFRE(B-a-ms) Z A,

R 2E 3 A O T AT 20 P2 i B 2R P 2R 4R
WSRGE S U LR % ST PR SN S R L e A3 S
BB IEAN . A YR ZL A H B BT 1 27 28 38 i
P B MESE/NIRIESE 9 AR IS 1F Dy 2= RAR
TE K PP 7R Bl o

SE K
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Assessment of phytoplankton community structure and water quality in the
seven suburb rivers of Shanghai in summer

LI Wei-xing , XU Yu-ping , WANG Li-qing , JI Gao-hua , ZHANG Wei
(' College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 210306, China)

Abstract: The community composition and density of the phytoplankton and environmental factors of 7 rivers
in 7 destricts of Shanghai in August of 2011 were intestigated . In order to provide scientific basis to control
the pollution , principal components analysis (PCA) and canonical correspondence analysis ( CCA) were
applied to analyze the relationships between the phytoplankton community structure and water parameters and
to assess the environmental status of the water quality in the suburbs. 189 species of 8 phyla were identified ,
including Chlorophyta (74 species) , Bacillariophyta (45 species) , Cyanophyta (41 species) , Euglenophyta
(18 species ), Xanthophyceae (4 species ), Cryptophyta (3 species), Pyrroptata (3 species) and
Chrysophyta( 1 species). The dominent species were Chlorophyta, Cyanophyta and Bacillariophyta. PCA
analysis showed that DO, water nitrogen, phosphorus and COD,;, were the main chemical factors affecting the
phytoplankton abundance in the water bodies. CCA analysis indicated that SS, water nitrogen, phosphorus,
COD,,, and pH were the main factors driving the phytoplankton abundance and community structure. Results
from combining biomass and dominance with diversity index of phytoplankon community structure showed that
Liyaojing River in Qingpu and Qianzhong River in Fengxian district were in mesotrophic-to-eutrophic state,
Xiejinggang River in Jinshan district was in mesotrophic, others were in mesotrophic-to-eutrophic state.
Phytoplankton such as Dactylococcopsis rhaphidioides, Cryptomonas erosa and Cyclotella menighiniana etc were
defined as the pollution indicator species of rivers in suburb in summer.

Key words: phytoplankton; canonical correspondence analysis; environmental factor; water assessment;

saprobic indicator.
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