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W E NTHEBRLDHERTSFENHEXELGTEETHX R, T 2009 £5 A—
2010 £ 4 A £ A # IR 9 A m (LA U AR 4 R SR SEAT T 2, B CANOCO 4. 5 PR 3t 3%
o I R TR KA T A AT G X M AT (CCA) IR H T A 5 3R I F X &
W, SRFAAEHESCEAEET 15 B 46 f BEEE F 69.9% , LA B
HEE20.5%  EARELAAANRNET M, FERMEE N 9.0x10" ~7.6x10° cells
LT ERABE R TRE a8 A B IR AR K TSI, (chl-a) 1 TSI, (TN) A8 X M AT
FALARESERARTEIHBEA, MEL A FERHENAFETRERLEM
HREECCARMENA, EFXERZKE ENFLAE LBPHRA, EFREZT L8,
BOD; & AR HHBRA, KEFTREATHHEBRANEVEFEE AFETAEEATRE
REMFERL, KEEHASE EAZ(SD)HE MK, 24 T EE P 1EN2# 0% 5
ANARMEETNFATRETFATZHNRR, IHEGRE LEEEFEMK, 5
pHEEINGHR, GHUEHAHIN HELZAZAKERHRA, £ F 5K pH EA
K HFRTREEERZ VRSN ERALR AN ERHRELAL 2 FZREBRHRA,
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B Oh % b ZE R AR RO TR R B A R
KR WEREE; M FE; BAETF; WEL; BTN AT
HESES X524 XEIRIREE A XEHS  1000-4890(2010)12-2477-09
Seasonal dynamics of Cyanophyta and related affecting factors in Dianshan Lake. WANG
Yi-pin', YOU Wen-hui*, HU Xue-qin', XU Chun-yan', TONG Yan' ('School of Resources and
Environmental Science, East China Normal University, Shanghai 200062, China ; >Shanghai Key
Laboratory of Urbanization and Ecological Restoration, Shanghai 200062, China). Chinese Jour-
nal of Ecology,2010,29(12) .2477-2485.
Abstract; In order to understand the Cyanophyta community and its relations with environmental
factors in Dianshan Lake, a survey was conducted at nine sampling sites from May 2009 to April
2010. Canonical correspondence analysis (CCA) was made to explore the relationships between
recorded Cyanophyta species and environmental factors by CANOCO 4.5, and ordination dia-
grams were drawn with the results of CCA. During the study period, a total of 15 genera and 46
species of Cyanophyta were recorded, among which, Microcystis spp. made up of 69.9% , fol-
lowed by Oscillatoria spp. , accounting for 20. 55% . The Cyanophyta had a distinct seasonal
abundance, ranging from 9. 0x10* to 7. 6 x10° cells + L™". The cell density of cyanobacteria had
a strong relevance to water chlorophyll a, total N (TN) , and trophic state indices TSI, ( chl-a)
and TSI,,(TN) , indicating that the water TN content in the lake greatly affected the algal cell
density, and in return, the algal cell density and relative abundance affected the water chloro-
phyll content and transparency. CCA analysis showed that in spring, the water body was more
greatly affected by water temperature, biological oxygen demand, and TP, while in summer, TP,
biological oxygen demand, and transparency were the most important environmental factors affect-
ing the water body. However, none of the factors played the most important role in affecting Cya-
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nophyta community in autumn. In winter, the Cyanophyta species positively correlated with water
NH,"-N and TN. M. aeruginosa and O. tenuis were regarded as the dominant species of the
whole lake algae species. M. aeruginosa was significantly positively correlated with water temper-
ature and TN and negatively correlated with water pH, while O. tenuis appeared in four seasons
and was significantly affected by water temperature and pH. The relationships between algae dy-
namics and environmental factors were as follows: in spring and winter, cyanobacterial communi-
ties were most affected by water temperature ; in summer, they were significantly affected by wa-
ter TP and TN; while in autumn, water transparency was the most relevant factor. This study
showed a highlight to understand the seasonal dynamics of cyanobacteria, and could help manage
the environment of lake ecosystems.

Key words: cyanobacterial cell density; relative abundance; physicochemical factors; seasonal

variation; canonical correspondence analysis.
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Fig.1 Cyanophyta sampling sites of the Lake Dianshan
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1% , 1 IIRAR 25 BE /IS T A DL Al

TE LU B AL AR A B B p Z=
PE, 2009 4 5 H DABR #EJE 1) 55 40 B % ( Oscillatoria
tenuis) A EZARFEF, B BIA KR 100% , o5 4 H Br

WL 91. 2% . 8 HAI9 2k KA A

JKAE T R4y R ] S A e ( Microcystis aerugi-
nosa) , KA /D & K AR TR AE B (M. flos-aquae)
TR A o 3 I A PR Y 96. 1%, I B
I VR B v e I N A D P e o T D A =
723 4 HULEHIR W £F 469 ( Dactylococcopsis acicu-
laris) EE—AFFh A Bk i ( Gloeocapsa limneti-
ca) WWALHF, H = 6.7 H LI A Bk i (6.
Limnetica ) NEEFP  FkZ= LI/INE @ BREE ( Chroococcus

Tab.1 Physico-chemical parameters in four seasons of Dianshan Lake

B pH {i DO T SD BOD; TOC TP NH, *-N TN
(mg- L") () (m) (mg-L") (mg-L") (mg-L7") (mg- L) (mg- L")

B 7.35 7.05 22.47 0.39 5.82 9.09 0.2 0.96 3.38

P E= 7.27 7.02 27.68 0.42 5.93 7.09 0.22 0. 66 2.66

&= 7.47 8.16 17.49 0. 46 6.28 7.81 0.18 1.15 3.74

X7 7.42 13.37 6.50 0.51 6.27 8.83 0.23 1.45 5.98
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Fig.2 Monthly variation of cyanobacterial cell density and
relative abundance in Dianshan Lake
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Tab.3 Correlation coefficients between cell density and
relative abundance of cyanophyta and trophic statue index
and phytoplankton diversity

S8 2t if 2% AEXT =
chl-a 0.392** 0.116
TN -0.230 " -0.335* "
TP -0.113 —0.041
SD -0. 104 -0.195

H -0.686** -0.699 * *
TSIy (chl-a) 0.307* * 0.112
TSIy (TN) -0.223" -0.373**
TSI, (TP) -0.129 -0.032
TSI, (SD) 0.107 0. 200

% % P<0.01; % P<0.05, TSI, (TN) Z/RETRAMBIENEHE
FeR IR HAT,
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T 12 HIRBI AR ) T SR i A
(B, W WA = B2 S ARG AR, A3 A 4
H kB AR, 5390k 3. 08% F1 1. 87% .,

WA v 200 B 5 R T 2 S BRI R Z A K
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Tab.4 Codes of phytoplankton species for CCA

s [ RS LT 4 5 IR LT 4

sl 55 41 Oscillatoria tenuis s9 ] SR Microcystis aeruginosa

s2 AR e ER Gloeocapsa limnetica s10 U s Phormidium valderiae

s3 THFE 5 g Oscillatoria corallinae sl SR e e 5 Dactylococcopsis mucicola
s4 /IR Merismopedia tenuissima s12 TRHLSE 5 2T Yk i Dactylococcopsis irregularis
s5 ELR W 2T 4 Dactylococcopsis acicularis s13 EREEZAT/A Raphidiopsts sinensia

s6 JINE L ER Chroococcus minor sl4 NGEY TNV Lyngbya limnetica

s7 AT B B Oscillatoria simplicissima s15 20 i T Phormiaium tenue

s8 /N2 Merismopedia minima s16 AE Bk Coelosphaerium dubium

B [ AH & PE A IE 1 (Habib et al. ,1997) , 43 #rF
BF, AT DSR2 (B ) SRR L
e 2R, T 2R BT R T 4 A B8 a5 i Sk BT
FRZA (BOZRE ) S4B R T IE A
T A F 55— i W R 5 8 N F B A 1
ARSI (TR T ZE 2004 ) o X VR AE B AL
SFPAE 5l HET AT S s S v A A R B
PR 2Z [R] AR I 6 2R AR SOl 6 3 A 288 o B
FAEXT R B, BEHCT 16 FhiE e H T CCA 434, HAR
L4,

Bl 3 ST A T TR A A S R TR ) ) G
2, VHEFP I I s et 16 FhlE ot B BT 2511
AR X FIREE R TR IE, 55— 55 ZHE P i)
(RRR O ZR BCHR A 0, Ul B HE 3 45 2 T 5 19 ( Ter
Braak , 1986 ; /i i K55 ,2003 )
2.3.1 CCA HEFF 225 F0 T v Ll il o s i %
CCA S5 B, AR 5 AT LLE Y, 4 =5 1
RFAEAE T HoA Al 2 AORFAFE(E, il 2 STk & 2
B 22 Bt viEk A -8 R R A s B
el 1 2R, FETR IR R S S IR B I 22 E Y
FHOCR T AT LR B 45 S5l 1 Al 2 B9 AH Gk
A ITE 0.95 UL b H Bl M S IR 1
FIAH SIS E] T 1. 000,
2.3.2  PREEDH 0K R A R AR 43 A 1Y 5 T
CCA 437 B S 7, AR 4l i 2 oK DU 22 5 P 25 A7
I A AR ], AT Sk B E LK B AT LUA

x5 RILMERREE CCA THSRIHER

TEILAY 9 AN FREE R - X1V e AR ) 0 A A — o
JERIREN , B ZKIKZ T BOD, TP Sk, HEfF
Bl 5 T RIEMK(0.696), 5 BOD, iM%
(-0.515) %2 5 TN 2 IEM(0.160),5 TP &
TAHI(-0.506) ; HZ=/KIK3Z TP BOD; . SD 520045
K15 TP BIEAME(0.621), 5 SD £ 7 C
(-0.536) 42 5 TOC IEAHF (0. 124) , A&, 5
BOD, £ T (-0.307) ; Rk BB A 1 54 1 A
KRR s FE R g A v o B IEAH G Oy
NH,*-N(0.281) .SD(0.264) M4% (0.254) ,5 TOC
BUAH G (0. 702) ; 4 245 PR 5 R 52 i 45 5k 2
Z 5 HrP#l 1 32 NH,*-N TN T . DO S0 %5 K,
5 NH,"-N #{1E# 56 (0.831), 5 DO £ i #H %
(-0.572) %12 5 SD 2I1EAHE (0.693),5 TN &
T (-0.273) .
2.4 EHFTEHBESAER TR
KRS Yot B & E TR A E R R B R
REEA AR BERT R SR H BRI R R
GRUR Y y  PA -5 L S Sl b - S L il =S
e AHATRE UK ) W SR L, ST
RS BRI Y BEE ZE T 1 R I R I —E
FE ARE E AT L R i A A R A BR S
B SRR A PRSI 1 TP TN\ SD | T, 3 AT R
WIEE ST HE S X R TR (K 4,
x7).

Tab.5 Summary statistics for the first two axes of CCA performed on Cyanophyta at Dianshan Lake

Axis 1 Axis 2
s HZE &S L= T oS &S K
HEAE 0.295 0. 143 0.17 0.31 0.075 0.093 0. 068 0.081
A 0.995 1. 000 0.956 0.952 0.987 0.998 0.953 0. 946
FROE(E BT E 4 18.85 22.38 18. 66 18.53 28.31 31.65 27.32 25.32
J5 22 BT ok | o 55.2 68.2 43.9 48.4 64. 1 70.3 47.1 55.3
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Tab.6 Correlation coefficients of nine environmental factors with the first two axes of CCA

EAS Axis 1 Axis 2
BE HE e X HE FES hE X
pH -0. 387 0.120 0. 127 -0.220 -0. 444 -0.073 -0. 266 0.513
DO 0. 137 0. 190 -0. 439 -0.572 -0. 125 0. 044 -0.019 -0.021
0. 696 -0.179 0. 164 0. 636 0. 163 0.074 -0. 325 0. 090
SD -0. 056 -0.536 0. 264 0. 009 -0. 196 0.024 -0.027 0. 693
BOD, -0.515 0. 208 -0.020 -0. 446 -0. 067 -0. 307 -0. 057 -0.027
TOC 0.416 -0. 002 -0.702 -0. 489 -0. 459 0.124 -0. 266 -0.031
TP -0.012 0. 621 -0. 459 0. 456 -0. 506 -0. 363 -0. 045 -0. 102
NH, *-N 0.224 0.074 0. 281 0. 831 -0.176 -0.209 -0.230 -0. 044
TN 0.242 -0.113 0.254 0.761 0. 160 -0.213 -0.243 -0.273
1.0 1.0 T
A 56 H
#E ) 4% a
SD
i s3
A
T
TNs7
. 1 .
Axis2 ‘/S-\ An &4 Axis2f
BOD, 5 %0
SD H,-N
- PH 4, TOC
-1.0 L L -1.0 L L
-1.0 Axisl 1. -1.0 Axisl 1.0
1.0 1.0
S8
E <10 £
A
sl
r - A
SZAII
. DO_ s4f .
Axis2 ‘VI&’A s N Axis2
sl NH,-N s6
TOC P N
T
I i s3
A
513
—1o0l_2s7 7 . ~1.0 . .
-1.0 Axisl 1.0 -1.0 Axisl 1.0
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Fig.3 CCA biplot of Cyanophyta species and environmental variables in Dianshan Lake in four seasons

sl ~s16 [Al#& 4,
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K, HARAFENHAMARE, BHEFEEAEE R
2 AR KR S e, A S R B OE A G
(0. 658) , M 57K 52 0 3 HAHOC (-0. 338) , Bk Z Al
HEAREEEHX, HX 2 5T bRAC T
NS

ANT) 251 W R R & AR TR EEM N
X A PRI )T T8 LA B B AR V5 5% i) AN S A ]

HEEEFTEENERRRINN . FL2 TR
2 R S TR A S e A ok W, LY B
FIZE(P<0.05) , 705 -0. 724 F1-0. 674, 1% A] GE S
A 2T ARDUT A ) L A S I 3 o ) PR
T BB R 2 BB AL AR, SR R U e
(-0.348) , 5J5# 2 EA (0. 348) , U 3E LU A
ST WA AR TE 0 B OR FE R Y T S B l EE
FR i K7, 754 Sivonen (1990) BFE 45 3 | Bl AE — &
LY, A S B SR K2 —E MR,



T A 10655 - 9 10 40 80 2 1 3 25 MR i A

2483

—A— B/ (C) —0—FHE (cm)
—— 5B (mg L) —— B % (mg - L)
—Oo— BEEAXEE (%) —— 15 B2 U (10%cells - L)
—A— BIEHEYIFE (10%ells - L) R
60 "9 T_l
L 18 "
50 ]2
5 40 165
@ 30 15 %
14
Ay 13 %
104 f %
1" &
0 o 0 M

= HZE ®ZE XF
= E

M4 SSERRESREETHEL

Fig.4 Analysis on Cyanobacteria succession and changes

in environmental factors
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Tab.7 Correlation coefficients of environmental factors
with Cyanobacteria community in seasons

N PRI RN BN R

L Fe=s -0. 644 -0.724* -0. 664
CES -0.175 -0.220 -0.338*
= 0.501 * -0.133 -0.354
& 0. 164 -0.674" " 0.331
EWE A -0.202 -0.209 0.074
ES 0.383* 0.327 0.161
hZE -0.248 —0.471" -0.278
X7 -0.075 0.220 0.155
s HZ 0.223 0. 144 0.265
ES -0.318 —0.348"* -0.292
B -0.036 -0. 105 -0.019
A7 -0.132 0.268 0.342
A k% -0.238 -0.251 -0.330
B 0.413* 0.384" 0.658**
& -0.352 0.410 0.470*
A7 -0. 110 0.330 0.129

* *% P<0.01; * P<0.05,

T P A KX 1 75 SR B LU R /INS 22, DR e o
SRR A 28 R Y S PR 22 KR i e i R A7
KR E M B E, 5 SD 2 BB E AKX
(-0.471)

3 4t i
3.1 WEEEFEE AL T CCA 43 Hr

G CCA AR B 1) 5 35 78 0 22 v 1 A0 58 R4
ST X, AN (] 1 g P AN (] A X B 45 PR
FRINE St AN TR] . Moss (1988 ) TA Ky 7% 1if Fil 1) 22 R
LK B IR 5% , #2832 7K 5 7= A ) B 4 R A
FH A i 37 2 7 25 78 B 7 N BB 454, O L
2 SR SE Yo 7 B Hodsl ~s6 2 Fdt
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