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Canonical Correspondence Analysis of Algae Community and Its Environmental Factors in the Lake Chaohu,
China

YANG Li-biao", HAN Xiao—yong? SUN Pu?, YAN Wei—jin!, LI Yu—cheng®

(1.Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of Sciences, Beijing 100101, China; 2.Anhui
Province Hydrological Bureau, Hefei 230022, China; 3.School of Resources and Environmental Engineering, Anhui University, Hefei
230039, China; 4.Graduate University of the Chinese Academy of Sciences, Beijing 100049, China )

Abstract; This research was performed during May 2008 and May 2009 at the Lake Chaohu, aiming to investigate the seasonal variations of
algal species and water quality. A total of 48 kinds of algal species belonging to 6 phyla and 31 genera were identified, among which, the
species in Chlorophyta accounted for about 47.9% of the total species. The dominant specie was the Microcystic aeruginosa, the frequency of
which was 90.9%. No significant difference was found on algal species across three sampling sites. Overall, Margalef values varied from 0.10
to 1.84, while algal density varying from 12.65 to 825.00x10° cell L™, both showing lower values during winter season. The Chl-a concentra—
tions varied from 1.30 to 41.10 pg+ L™ and TP concentrations varied from 0.06 to 0.48 mg- L, both having a significant higher values in au—
tumn and summer. CCA analysis showed that the spatial distribution of algae was greatly affected by the aquatic environmental factors and TP
could be the major one.

Keywords: Lake Chaohu; algae composition; aquatic environmental factors; canonical correspondence analysis( CCA ); seasonal variations
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Figure 1 Map of sampling sites
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Sy ) (BRI RSO ¥ S8 (DO) I 5 SR FH 8 5
RV EA I E B RE ; Chla £ 20 SR FZOEER L
S WL A R AR s K A& A B2 (SD )
R B HEEIRGNE
1.3 ¥R

AT =L S B AR T B M 404 100

Margalef ¥8 803158 ¥ :d=(s— 1)/1InN
T s AFPRE N SRR AR

¥ H Canoco for Windows 4.5 3R {245+ 4 Fh B0 98 A1
WERAESAT CCA 43h7 . HA TR B Wi
AT - KRN TE A FE 3 BRI AR >30% , i WA TE
F/O—AES AN E = 1%, BEMTEERLE
13 DRSBTS NI EEE F (pH. TN, TP,
DO.CODy,), YFHEREZ T 1g(x+1 )50, FEEF
BARER pH ST HEAT 1g(a+ 1) CCA 73HrEs R
PR35 7R R BUF B R, B PR 5E -+
AT ERNERBRRRN, MERERRIHEEHT
BIVERT; KBTS BRARIAE R T 5 HEFr a1
EEfARER,
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2.1 FEEBERAERM

2008 4 5 A 2 2009 4E 5 A ,3 M REESEER
WRIL6I3 48 F, HIPBEBRIISE TR, &
14.6% (3 1); 50817 14 J& 23 Fh, 5 47.9%; BEBE] 7
JB 13 F, 15 27.1%; BT 2 B 2 Fb, 5 4.2%; ¥
12/ @2, i 4.2%; Bl 1B, RA 1R 1/,
2.1%, ZS[A) B, 3 R R R S5 BRI
5o BEIRE |, &3] BN ER EMER I
B, Bk b, BRI FREN WS A4 o (A i
(Microcystic aeruginosa), H BLAT A 90.9% ; W AK; #
T Ry o B ] A9 38 /N ERBE ( Chlorella vulgaris ) FIiE %
ITE9/NEREE (Cyclotella sp.) , H BUS BE 43 5 2 78.7%
F1 80.2%

JEVE X L BRI X B —K ) BOK A 3 M
SRR B R B (Margalef (B ) 192810V Fil 73
31k 0.14~0.97.0.10~0.94 .0.31~1.84 (& 2), ¥M&F
3,80 3 MR UK B SR AL T a5 RS M,
— KT UK BB R Margalef SF-318 18 2 5 T Y574
I8 DX R LR X (@=0.05, P<0.05 ), R B —7K )~
BUK D RFE SUK R BRI AT E & 31
FE A2 Margalef (ISR T HA TR, RIL TR
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cell 'L, ¥{H 414.18x10°cell-L?) 5 7o B[ ¥A X
(69.27x10~401.33x10¢ cell - L, #J{E 268.25x10°cell - L)
PR EENRIEREEERARE (a=005,P=
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OV RS KB, 4E NBUK D KSR A RPh RS A i 4
TRFEBE, 5K [ BEIN SIS AT TR B[]
AR , S5 R REH , 2001—2005 4F SLI B SR aE
RIS BE TSR BE, HUCON S RIS 4 R
R FREEAVNABE . APPSR IR R , 2008 4R 5L
i R By ey e L S L TES S € - 3 I A v ) S e S
BT/ NER AR SR T A /NIR B, X R i
SRR R R B B Ak, AN, AR

A AR EH IR T HALZE X T RE R B T
ZFSIRBAR, INZ AREKZET, Hok SCR e s
AFFEEZE 0 A B TE B,
22 3INEERKBRFELEL

W ZE SRR, VG E P XA UK B4R b
FVE BEA DA BB .CODy, fH4¢ &K apH. i
BH ) JR AR B 4 1 M 8.74+1.82 mg - L™ .3.60+1.53
mg-L7.0.25£0.16 mg-L™".6.62+1.29 mg-L™" 14.53+
18.15 pg-L™".8.0+0.2.0.19+0.11 m(3& 2), + . H 3
XRAE SUK B RSNV, Hoft =K B V

R13IREAEMEBITEL

Table 1 Seasonal variations of algae species at three sampling sites

Rl (4R ) RAE S SRBE) W] REFET] BB KRB ] A1
2008.5 WP X 8 3 3 1 15
T+ FL R X 9 3 3 2 17
—KJ BUKO 7 2 8 17
2008.7 YEVG X 5 3 2 1 2 13
T A BB 7 1 4 1 13
—K)TBUKE 7 2 2 11
2008.8 WP X 1 1
T BT A X 2 1 3
—KJ BUKO 11 6 7 3 1 28
2008.9 FEPEH X 2 2 1 1 6
T+ FL R X 1 2 3 1 7
—K)TBUKE 13 4 4 1 1 23
2008.10 WP X 2 4 1 7
T A BB 2 1 1 4
—KJ BUKO 5 3 8
2008.11 EVEI X 2 2 4
TR BR#X 2 1 3
—K)TBUKE 2 4 1 7
2008.12 WP X 1 3 3 7
T A BB 1 3 3 7
—KJ BUKO 6 2 2 1 11
2009.2 WP X 3 2 1 1 7
T+ FL R X 1 6 2 1 1 11
—K) BUkH 4 2 5 1 12
2009.3 FEPEH X 2 4 3 9
T A BB 5 4 4 13
—KJ BUKO 3 2 5 1 11
2009.4 WP X 5 2 6 1 1 1 16
T+ FL R X 9 1 4 1 1 16
—KJ BUKH 6 1 8 1 16
2009.5 FEPEH X 7 5 5 1 18
+F B X 5 4 4 1 14
—KJ BUKO 8 4 4 16
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Figure 2 Species richness of algae in Lake Chaohu
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Figure 3 Seasonal variation of algae density

KK VAMRE R M CODy, 442 a pH. BB
BB FEAEXIE S 91K 9.59+2.99 mg -L.3.50+1.11
mg-L".0.23+0.08 mg-L".6.68+0.98 mg-L".9.71+7.65
pg-L1.8.1£0.3.0.2120.08 m, WM, & KEH—Kk
JBUK B s K SR 238 20K, K B A F 75 2 180
B SRAE s, AR A B A BB .CODy, 43K a,
pH. %P B R AESME 4> B 8.73+2.01 mg-L7,0.90+
0.22 mg-L".0.10+£0.03 mg-L" . 4.85+0.53 mg-L".1.65+
0.13 pg-L1.7.740.1,0.35£0.05 m, PEFEHIX 5+ FHHE
T X BRI S R i o T R, T S
BIER R . MK B A B R 2817
IR bR R AR BRI 22 5 R EL(CV) A TF 1.84%~
124.96% 2 ], H & 7K e tn A1 EHE AR 7 R E =
B, HREa AR R, RPTEHE
TAREHANTE VR . TR KT, TR a
AR 55 R B, 358 70.51%,

H 20 tt4d 80 4FAALKR, HBIEYLH #INE , K
SEEFIN BRI, ORI T i X R i & B 5

Az —, EIRESNEWBKRAE BN,
2000—2007 4F &% TN . TP.CODy, Y& B #4251k 38
43 B 1.18~4.16.0.1~0.36.3.81~7.37 mg -L'; &
2003 4F W EEE BRSNS, HMSm R E
BB, BT (2008 4E)H TN, TP,CODy, HIAE
AL T R 43 3K 0.76~5.75.0.06~0.34,4.29~8.55 mg -1,
5TREEM RS FA RS B2 WL, KA BER
AR U T S HE T T R E A5 YA TAE (B
WK AT A2 SR, B9 Y5 Y I BT 2 Mo R A M
B2 —
23 BEBESNERTFXRN CCA
FRYEEEIS HH BT FOAR T 2% B, HRER T 13 Fpie
KT CCA 43#T, RIS 3, B 4 /el T3k
WIS 5 FAREFEPRR. FRETFHE—. "5
[ AR R B R 0, RIS R AT E™, B —RhHET
5 TP IEAH26(0.08) , 5 HAMIF R FHAHRK 25 5
HeF 5 pH(0.36).DO(0.14) #1 TP(0.38) IEAH %, 5
TN(-0.11)F1 COD(-0.47)fii%, [, BWREFS
IR TH CCA /Mg BT B T B 554
IERIAESEME . G5 RBIR, 13 PSRBT 4> R 4 4H.,
Fhel T RAFFRLLEE 1 A, 305 TP WRE fAER, =
TP 2R MR 22 A K MR G4, Md T aE&H
SIRBEBEAUK AL AESE, 5 pH Al DO BAEGRM A
XM, 5 TP AREIMIEMR, RAFERER R
pH.DO 1 TP {8, R AL &5 TP ¥ IEASE
B DR FEBE T KRR 2B HfYBEE
B AN IV A 35 0 A 2 B R BR AR 8E | Ea /h Bk
BN BRACHE 5 F s /NARE TN IR ERAER S
COD ¥k B IEAHOE , Har B34 5 pH 1 COD IEAHR
ok b TP ok B2 5 i SIS B R BE o A A SR 1 =
ERE,
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R2 BELKRETEL

Table 2 Seasonal variation of water quality

DO TN TP

CODy, Chla/ Sp/

AR S gL ngeL ! pH m KBt
ET I X =S 8.83a 331a 0.15b 5.93a 4.43b 8.0a 0.20b A4
BE 9.65a 5.75a 0.48a 8.55a 41.10a 8.3a 0.10b v
k2 6.16a 2.12a 0.14b 6.13a 11.03b 8.1a 0.13b v
RE 10.30a 3.21a 0.21b 5.85a 1.55b 7.8a 0.34a v
ALY 8.74+0.82 3.6+£1.53 0.25+0.16 6.62+1.29 14.53+18.15 8.0+0.2 0.19+0.11
CV/% 20.82 42.61 65.18 19.58 124.96 2.58 55.53
+h B F-==4 7.97a 3.68a 0.20b 6.60a 8.33b 8.0a 0.19b A4
BE 13.15a 4.64 a 0.34a 8.05a 19.85a 8.5a 0.13b v
= 6.43a 198 a 0.14b 577a 9.37b 7.9a 0.19b I\
R 10.80a 371 a 022 b 6.30a 1.30b 8.0a 0.32a A4
ALY 9.59+2.99 3.5+1.11 0.23+0.08 6.68+0.98 9.71£7.65 8.1+0.3 0.21+0.08
CV/% 31.14 31.64 37.27 14.61 78.76 3.34 38.63
—KJBUK D F-==4 8.32a 1.22a 0.12a 4.29a 1.60a 7.7a 0.29a I
oES 6.91a 0.77a 0.10a 4.65a 1.63a 7.6a 0.38a m
= 8.08a 0.76a 0.11a 5.54a 1.83a 7.6a 0.34a I
R 11.59a 0.84a 0.06a 4.90a 1.53a 7.9a 0.40a 11}
AR 8.73+2.01 0.9+0.22 0.1+0.03 4.85+0.53 1.65+0.13 7.7+0.1 0.35+0.05
CV/% 23 24.28 26.97 10.87 7.81 1.84 13.78
AR CV/% 24.99 32.85 43.14 15.02 70.51 35.98 34.87
1 B{E2SD, F—FIEHE A R FRF R ERIZR B2 (a=0.05),
PSS AMT(CCA ) RE S 2 LR WL 5 R0 10p Fra 1 B
[T AR S 3R, A AR Y2 o PR T 7K o Lz, Han .
KRR ST A TE AR ROTIIE . WIS SRR S
CCA 4HHT R IR K P4 e S 5 3 Py, X e
TR TR AR, TR ] po REDNED I
LRSI EERRANPI, WS P S
SR WIS S T CCA AT R R, Wk N A 0
B IL SR AN B LI, E 2V SR W 0
A IEEE R 5K IREE IR 19 CCA 4Mir&Bi , pH 00D g
Je TP ¥k BE 2 il K AR BER W b o A b SR R EE 2L A _1'91.0 I A 1 I 11()

R, ERERIRER 7, A R AR 5 B
BT REAK CCA M HAZ I ABFFEH CCA 73
PrEEREN, Kk TP Al pH 2 R0 SL1EE2E 5 A Y
FEER. R EREENR, 5B A
MR R R FHTHE pH AL, THBRAREL b2 F
BN R BI BRI B P fb, IO a PR A
Yrid B . HATRE &R, pH 58094
FEHREIERR, Ik, FA AN A SCHBIEFRE
g 5K pH B R HE S FT BE 2 B T AR RIK 3R 35
ZAF TR A R BT R BOK K pH HAZ
RS

4 B3 M RERBELXSMERETH CCA HFE
Figure 4 CCA analyses between algae species and

environmental factors
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HRRIGREE T S 14 8 23 B, RN 47.9%, 3
MRS ERE SN E AR ER R EEE
155 (Margalef B ) F1 75 4H i 5% B 14 25 £k 3 Bl 4371
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Table 3 Code of phytoplankton species for CCA

Ekd S £k 2k
1 IR TR Microcystic aeruginosa 8 KR 22 F Aphanizomenon flos—aquae
2 KA ERE Anabaena flos—aquae 9 L5E/NRER Chlorella vulgaris
3 UM ERE Pediastrum tetras 10 INEREE Cyclotella sp.
4 AR S. bijuga 11 HAEE Navicula directa
5 A D Qocystis lacustis Chod 12 BRAK BE Chlamydomonas sp.
6 +FEE Crucugenia apiculata 13 TR Synedra sp.
7 e Stichococcus bacillaris

L AT EENR. —/K) BUKH Margalef {5
RS A Ry N e R R e = R [

(2) 3 76 00 X+ o B 080 X 7 /K R A
FVE,—K)BOKAKB M, 3 MERHSRE
(1.30~41.10 pg- L) FLEHE(0.06~0.48 mg- L) & B4
FIERKE AR 25 25 1 T HA Y, HoAoK Bide b
AR R .

(3)CCA srMrds R B , BEBEVE 0 A7 K IR BE
AR B . Bk b, TP 2R S 5
Fior Ak R EER R,
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