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Canonical Correspondence Analysis Between Phytoplankton Community and
Environmental Factors in Winter and Summer in Shallow Lakes of Plain River

Network Areas, Suzhou

SHI Xiao-dan', RUAN Xiao-hong’> XING Ya-nan', JIAO Tao's WU Yun', ZHAO Zhen-hua', NI Li-xiao'

(1. College of Environmental Science and Engineering, Hohai University, Nanjing 210098, China; 2. Department of Water Sciences, School of
Earth Sciences and Engineering> Nanjing University, Nanjing 210093, China)

Abstract: Field investigations on the phytoplankton community were carried out in December 2005 and June 2006 in shallow lakes of plain river
network areas, Suzhou City. Results show that there are 73 species; 62 genus, 8 phylum phytoplankton, which is mainly composed of the
Chlorophyta  Bacillariophyta and Cyanophyta. In winter, the average phytoplankton abundance is 254.88 x 10* cells*L™", and the
Bacillariophyta abundance accounts for 62.3% of the total. While in summer, the average phytoplankton abundance is 2 704.28 x 10
cells*L.™", and the Cyanophyta abundance accounts for 93.5% . The relationship between 62 genus of phytoplankton and 11 environmental
factors from 57 sampling sites in research area was studied by Canonical Correspondence Analysis. It suggests that water temperature,
permanganate indexes, nitrate nitrogen and total nitrogen are the main environmental factors correlated with the distribution of phytoplankton
community. And in winter, pH, ammonia nitrogen and total phosphorus are also the main environmental factors. Furthermore; the
Bacillariophyta has higher adaptability to the changeable environment. The Chlorophyta can tolerate higher concentration of permanganate
indexes, phosphorus nutrients, nitrogen nutrients and total organic carbon, whereas the response of Cyanophyta to environmental factors needs
further research.

Key words: phytoplankton; environmental factors; Canonical Correspondence Analysis; shallow lakes; plain river network areas; Chlorophytas
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Fig.1 Distribution of lakes in study area
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Table 1 Investigation list of phytoplankton in lakes in plain river network areas of Suzhou
G =4 FT 4 Gy ZEA EVIES
A Chlorophyta 34 FHTE ) Navicula

1 EREE Actinastrum 35 B Nitzschia

2 YR Ankistrodesmus 36 PEUEEE Pinnularia

3 N B Charactum 37 W Stauronets

4 NEREE R Chlorella 38 S A Stephanodiscus
5 IR R Chlorococcum 39 XEE P I Surirella

6 B R Closterium 40 s Synedra

7 TR Coelastrum 41 SRR R Tabellaria

8 TSR Crucigenia 42 SRR Gomphonema
9 IR EE R Qocystis 43 N T Cocconeis

10 SEEREE R Pandorina 44 MR R Rhizosolenia
11 kAR Pediastrum BT Cyanophyta
12 IR Quadrigula 45 W LT 4 Dactylococcopsis
13 Bt IR Scenedesmus 46 TR Merismopedia
14 By AT Schroederia 47 TR Microcystis

15 GER Y Selenastrum 48 B Oscillatoria
16 VU £ s Tetraedron 49 it IR Phormidium
17 VU Tetrastrum 50 2 i I Spirulina

18 ez )E Westella 51 [k i Aphanocapsa
19 T Chodatela 52 AT 3 Aphanothece
20 EZur 30 Golenkinia 53 OIREE Chroococcus
21 VY 5 Tetraspora R Euglenophyta
22 [ $ Cosmarium 54 RS Euglena
23 il T v Kirchneriella 55 i BRI Phacus
24 W Micractinium 56 EHREE Trachelomonas
25 FEREEE Planktosphaeria Fassen] Cryptophyta

fik | Bacillariophyta 57 [R5 Cryptomonas

26 KA ) Amphora 58 WA R Chroomonas
27 SR Asterionella FHEET] Pyrrophyta
28 NIREEE Cyclotella 59 BRI Gymnodinium
29 W R Cymatopleura 60 T Ceratium
30 M s e Cymbella G Chrysophyta
31 Ja AT ) Fragilaria 61 HEREW)E Dinobryon
32 L5 Gyrosigma BT Xanthophyta
33 R Melosira 62 WA R Ophiocytium

2 EL TR R A0~ 38 A R A K Ty
A 2 B3 ARSI, VIR R A
A, AR LN 46.60 x 100 ~
1225.20 x 10* cells*L™", ¥ 2% {6 & 254.88 x 10
cellse L1, 2 o B 38 1) 190 =F B o, v A BE W
62.3%, W BETTRIZREE TR Z, 00 b7 S F

23.4% M 12.9% ; VU HY) TR0 163.50 x 10°
~10408.00 x 10* cells* L™, “F-3J{H 42 704.28 x 10*
cells* L™, WG B TAE FRE b v dax e, fr v Lt
Bk F 93.5%, ik FE TR S EE AN A R T B
3.99% 1 2.3% 1475, WF T X AL HAT rh 1y 7
ERE ) 3= B 8 v » VR U A A0 = FEE v 8 DX 43 AT A1 B
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Fig.2  Composition of the average phytoplankton

abundance in lakes in Winter and Summer
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Table 2 Values of the environmental factors in Winter and Summer

my ! ol DO TP TN NH; -N NO; -N NO; -N iR ie% Chla TOC

/C /mge1."! /mge1,7! /mg*L~! /mgeL~" /mg1,"! /mgeL~! /mg* L~ IpgL”! /mgeL~!
A7 7.00 7.79 8.86 0.25 5.53 3.22 0.05 0.74 6.74 20.59 6.44
H7F 23.29 8.11 8.39 0.17 4.80 1.93 0.22 0.92 6.81 31.36 6.79

i A=A KA Chla 7% 5 s 0. BB R Rk
JEAEAR ERI A& TR m T E TR, &V R TN P
PR PE 5y 0 5.53 FH 4.80 mge ™', TP 73520 0.25
M 0.17 mgeL™', NH;-N 4> 7 & 3.22 Hl 1.93
mg* L™, NO,; -NFINO; -NI ¥ FE AR .
WHAKAE T Chla IAF GEAE — € 12 5 b ok
T R R A 0 A ROIR Y & LK
K 11 AR F 7] 1Y) Pearson AHI 0 HT L3R 3. i3k
30T AN H, A 22 Chla 5 pH. DO H 5 4l 1R £ 4

B R AR OC, © 28 Chla 0 5K FINO, -N2 &
FHAEARDC, 1M 5 e PG N 6 0 3 A K
2.3 AFRUGHDBE SRS 7 X RT CCA
i

KTEVRUFHH YR 5 B 7 (1) ceA HEP 45
RN 4K s FIE 4B 5.3 4 HIH T i iE ) B
% CCA 7T gt (5 B . i3 4 w4, B 4 F11E 5
HE 2 ANHEP AR AR 2 02 0,117 F100.090, A2
B IREE DA HE P 4l AR OC R 0k 0.873 F110.805, 1
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Table 3 Correlation coefficients among the environmental factors in Winter and Summer
F R T ¢ pH DO fﬁﬁ P NHf-N  NO;-N  NOj -N TN TOC Chla
t 1.000
pH -0.006 1.000
DO -0.410"" 0.552" "  1.000
A ERREIEEL 0.124 -0.195  -0.339°F 1.000
TP 0.195 -0.117 -0.351"" 0.599" " 1.000
NH; -N 0.083 -0.541"" -0.582" " 0.555" " 0.552" " 1.000
7 NO; -N 0.157 -0.411"" -0.688" " 0.541"" 0.531" " 0.672"" 1.000
NO; -N -0.026 -0.019 0.023 0.183 0.174 0.164 0.276" 1.000
TN 0.019 -0.523" " -0.529"" 0.625"" 0.596" " 0.936" " 0.730"* 0.370" " 1.000
TOC 0.084 -0.440" " -0.497"" 0.643" " 0.344"" 0.548" " 0.482" " -0.161 0.515"*  1.000
Chla -0.004 0.324" 0.347" " 0.454"* 0.246 -0.017 -0.129 0.210 0.050 -0.035  1.000
t 1.000
pH 0.332" 1.000
DO 0.376° " 0.758"°  1.000
H AR EBIEE 0.064 0.257 0.331°  1.000
TP 0.176 -0.106 -0.135 0.320°  1.000
NH; -N -0.115 -0.340" " -0.309" 0.154 0.561" " 1.000
7 NO; -N 0.172 0.140 0.464" " 0.550" " 0.2727 0.297" 1.000
NO; -N 0.230 -0.025 0.044 -0.057 0.175 0.331" 0.444* "  1.000
TN 0.080 -0.251 -0.178 0.238 0.571"" 0.838"" 0.531"" 0.594"" 1.000
TOC -0.235 -0.173 -0.234 0.371° " 0.118 -0.018 -0.107 -0.150 -0.027 1.000
Chla 0.384" "  0.628" " 0.549" " 0.622" " 0.119 -0.106 0.305" 0.026 0.040 0.048  1.000
1) % FIR p<0.05, * x IR p<0.01(FJEID

R4 HFBEHEE MNESTREETFHFHOELRY

Table 4 Eigenvalues for CCA axis

and species-environment correlation

%7% CCA 7t AXI  AX2  AX3 Ax4  EifiE
WAL A 0.117  0.090 0.073 0.053 2.790
PR ST FAHCRE 0.873  0.805 0.824 0.787
K 2% CCA 73t AXI  AX2 AX3 AX4  EfitE
FEAFAE 0.100 0.074 0.059 0.050 2.073
PR GBI R FAHCRE 0.889 0.816 0.844 0.693

%5

AHHE P BB B U b S A ZR V7R A 0 b 5 B4 55 TR
THIMRR.

RSEHWMTHERT5 CCA HEFPfl 147 5¢ &R
oMK S 4 FIE s TR, &5 11 MRS
T, Chla 5565 1 FEFHIAH O R E80.005 7, o &k
FHIK, Chla 555 2 HEPHLT- =S, E2Z P KA
o Chla FIZK P 7E— 8 B2 B b BT 97 30 R 40 1) 2B

IMERFS CCA HEFMZ BRIEXX R

Table 5 Correlation coefficients between environmental factors and CCA ordination axes

R T £Z% QCA 4 hT HZE CCA rHT
AX1 AX2 AX3 AX4 AX1 AX2 AX3 AX4

! -0.6678 0.2903 -0.0424 0.021 1 0.3958 -0.0122 0.1820 -0.0155
pH 0.4497 ~0.1060 0.021 4 0.1588 -0.2790 0.0156 0.1535 0.0777
DO 0.3052 -0.1639 0.0143 0.1475 0.0325 -0.2658 -0.1877 0.2227
TR R I R TR A -0.2139 -0.4865 0.0317 -0.2030 0.3514 0.0710 0.309 1 0.0543
TP -0.3194 —0.408 7 0.1467 -0.2478 0.2452 0.2581 -0.1403 0.2338
NH -N -0.3644 -0.2858 -0.3814 -0.3582 0.262 8 0.2982 —0.4089 -0.2625
NO; -N -0.2835 -0.3471 -0.0057 -0.2266 0.2369 0.1778 -0.2873 -0.0549
NO; -N -0.2686 -0.3773 -0.0527 -0.2703 0.2893 0.5643 -0.4383 -0.0169
N -0.2730 -0.3710 -0.2298 -0.4814 0.367 8 0.374 1 -0.4107 -0.2616
TOC -0.0726 -0.1068 -0.0846 -0.2467 0.2774 0.1417 0.2885 0.0947
Chla 0.0057 —-0.4899 -0.0563 0.0945 0.144 4 -0.0246 0.2767 0.1369
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