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Fig.1 Sketch map of sampling points
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eHa W) E B o3 . F 25 5 R AR M 7E K 1K
0.3~0.5mAiE“w "R EHES) 5 min, ITETFE
WA=y W R i 9 Hk 48 28 100 mL, il A 3 mL &
B RBBG E E , T R e v
BB 10 x40 £548.0. 1 mL 3+ 5HE#EAT,
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H1 2009 4R EL AT AL A T, SESIE RO L R
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F1 SEEFHREEMAE
Tab.1 Density and size of silver and bighead carps

i) fif silver carp # bighead carp
time M/ specification #pPE/(g/m®)  abundance HHE/ g specification #HE/(g/m®)  abundance
2009 4E[12] - 6.43 - 5.44
2014 4§ 14 3.06 4 2.70
1.4 HiEsiE TFHIMHR R RHAITICR 291 (RDA) , 4% iz Yy

WIEREEFE S (V)" Shannon-Wiener £
PEVERS B (H') "™ | Pielous #75) BEFE % ()™
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Y=(N/N) xf, ()
H = - 5 (N/N) logy (N./N) (2)
J=H'/InS (3)
D=(S-1)/log,N (4)
P=c¢/(a+b-c) (5)
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14 J8 7 Fho AT Jaccard FhAARMMETS LR 0.62, ML
s, B K i Ui W0 B Fh 28 A8 o044 48 Rk
®2 FREHFHFEMHREARTTEL
Tab.2 Seasonal changes of phytoplankton composition in Yangcheng Lake %
R ] LRI WEET] RET] BRI £ Il Gib BBl W]
time Chlorophyta Cyanophyta  Bacillariophyta Euglenophyta Chrysophyta  Dinophyta  Cryptophyta Xanthophyta
B 78 summer 52.59 11.21 12.93 12.07 3.45 3.45 2.59 1.72
F#kZ& autumn 45.12 15.85 14.63 8.54 4.88 4.88 3.66 2.44
2.2 HEABF /PR FHBE (0. 18) ERKZ=(0.41) H

PAPESBESRRLY > 0. 02 5 ML Fh, 2014 4
7 - 11 H 1% P9 B A 2 3t B PR e
HIHEN 6 1713 J& 18 i B LALRIE T EERE I TAN
FRBEMT N E(R3) . WNFEBE LR, BF(16
OB TFRE3 F) . HpRELAMES
R4 B, o Bk T E BB AR IS T B
MEZFGES M) " T/E &2 ), KA

LT EAREEERE B KT 6. 22 1
RIBFRBEEKF NG A K, (B4 2% B
BE EHFEK TR 26.21 5, GPRRARFF
TP LEBRE TN, KEEEE NS T E
BEIFBEEZA I T, B4 B &
B R 15.38% ,imitm T RZ(0.43% ) .

x3 HEBHABMABE
Tab.3 The species and dominance of the dominant phytoplankton in Yangcheng Lake

HZ summer FkZE autumn
PR . 2 0 2 . 21 2% B
dominant species dzﬁni?ja?ce cell abundance dzﬁnfaie cell abundance
( x10%cell/L) ( x10%cell/L)

N2 8 Merismopedia tenuissima Lemm 0.18 46.90 0.41 7.54
S ITE 2B Merismopedia punctata Meyen 0.04 27.26 0.03 1.04
I B Phormidium tenue (Menegh) Gom 0.03 3.77 - -
W iE 8 I 3% Anabaena spiroides Kleb 0.02 0.65 - -
HERAB A B BE Pseudanabaena catenata Lauterb 0.12 4.81 - -
JNER#E Chlorella vulgaris Beij 0.03 0.62 - -
T B4 Chlamydomonas simplex Pasch 0.10 1.99 0.08 1.61
BIIE A Chlamydomonas ovalis Pasch 0.03 0.88 0.05 0.98
FRACHE Chlamydomonas globosa Snow 0.03 0.85 0.06 1.14
R WL Chroomonas acuta Uterm 0.06 3.07 0.05 6.70
LK Cryptomonas ovata Her 0.19 0.65 0.34 0.78
Wl B Cryptomonas erosa Her 0.05 0.73 0.04 1.68
HFJE/NR3E Cyclotella meneghiniana Kiitz 0.07 7.66 0.08 0.42
B0k H 4% Melosira granulata var 0.22 0.76 0.07 0.44
LIESHE ¥ Navicula graciloides A. May 0.03 0.71 - -
AT HERE Ochromonas mutabilis Klebs 0.03 0.44 0.13 2.43
HE 1% Mallomonas caudata Ivanov em. Krieger - - 0.02 0.54
N 24 3 Tribonema minue (Wille) Haz - - 0.03 1.09

i - FRAE R

Note: —indicates it was not dominant species.

2.3 MMREEMEYE

4 FE 2 FiR,2014 4£7 - 11 ARG
P FH v 7Y I 7 0 AE ) 4H M B AR Bh i B R
(1.35+0.09) x 10° ~ (8.17 £0.58) x 10° cell/
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L,F-¥4(3.99 +4.00) x10° cel/L, HHEHFZFH
TR IEAE ) 40 25 B 2k (5. 35 +£3.38) x 10°
cell/L, 5B TR (4.17 £2.70) x10° cell/L; k2
4% (1.94 £5.09) x 10° cell/L, @3 1TH
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(0.62 +0.88) x10° cell/L, ¥ YA Y &4
FEEEHR(0.74 £0.11) ~ (2.27 £0.19) mg/L,
2309141 £1.05) mg/L; Horp B Z IR HE Y A4
YWEE¥ R (1.71 £0.62) mg/L, & FT#*K
[(0.96 +0.15)mg/L],

A o g R AR R R E R
P25 BEAS SR BE A (1.19 £0.91) x10° ~ (7.25 =
8.94) x 10° cell/L, -7/ (3.99 +4.00) x 10°
cell/L; e vp 3 7K O V2 3if A8 W) 40 B 2% B2 F- 381
(3.72 £ 3.79) x 10° cell/L, #5 7k 0 F ¥ K

(4.05 £3.89) x10° cell/L, 4% W ThT 3 25 4 iy 2%
HEGAFERIAMELT >NV>T> 1. &
KA SR AE W AR ) B A8 B R BE Dl (0. 58 £
0.21) ~ (2.05 +1.18) mg/L, E¥H (1. 41 =
1.05) mg/L; Hr it /K O VR AE Y A W &3 8
(1.50 £0.69) mg/L, B FH/KO[ (1.37 £1.09)
mg/ L], 2% W T 35 208 AR ) i 25 (6] 43 A REAE R By
WrE IV > 10 > 1 > I, 540 0% B 25 18] 4 A R AR
A=,

x4 RENFHEVARZTEFTEL

Tab.4 Seasonal changes of phytoplankton abundance in Yangcheng Lake %
B time R W fﬁi%l‘] BT ] ?ﬁﬂ Ko W]
Chlorophyta  Cyanophyta Bacillariophyta Euglenophyta ~ Chrysophyta Dinophyta Cryptophyta  Xanthophyta
H 75 summer 14.15 65.69 5.40 0.90 0.22 0.44 10.30 2.90
#kZ& autumn 18.11 15.76 16.51 0.26 10. 86 0.01 33.25 5.24
§ 25 . 4y s B abundance o /EHyEtbiomass g _ 3B B8 VY % R B A Shanmon-
°§ 3 20 . ég Wiener M85 ShTEE N 2.43 ~3.41, H
X5 N HEK P32 2,90, WEART /K 11(2. 93) , & i
2z P85 T Shannon-Wiener £ LB WA HE
g 0 0 PMMTEIV > 1 > 1M > 11 ; Pielous #4] BEHg$As
i ShYEE M 0.60 ~0. 72, HAp /K OS24 0. 65,
@ B Foumer WG T th 7k 11 (0. 66) , 4% BT T Pielous 157 4
§ 101 e 413 % Fabundance o 44 & biomass ig _ BB mBEER I EN >T >M=1;
3s 3.5 §°£ Margalef £ 5 FEFSBUAS Sh G 0. 68 ~ 1. 38, K
X2 20 mf  BHPKOIFH 104, BEE T K 1 (1.00) 45
a: Lo B5 T Margalef o BEHEHCE UM HHE R I
g o ml>V>M>1,

KFER site
(b) #ZFautumn

B2 PREWIFFEY AR EMEYE S H S HEHE
Fig.2 Spatial distribution of algae abundance

and biomass in Yangcheng Lake

2.4 BESHMIZEM

WFELRER(RS), HEMZIFEY
Shannon-Wiener 22 £ M35 50 2 shG B N 2. 41 ~
3.71, 730 2. 97 , i rp HZ 4408 2. 44 , Bk
7% 3. 33 ; Pielous ¥4 8 5025 3h 76 Bl 250. 51 ~
0.77,F¥37 0. 66, Hrp B2 F-3 0. 55, Bk F=F
¥ 0. 73 ; Margalef = & B 98 % 7% 3h V5 B N
0.86 ~1.41,FHH 1. 11, LA EHEFEH 4 1.02,
K10y 1.18,

2.5 Pearson M9

55 AR W [R50 T T K AR BRI
fHILF 6, Pearson AXMEMHTRAPHE TR S
BRI E S pH KR NO, -N 24K 13 EAH
*(r=0.653,r=0.513,r=0.480;P <0.01) ; #
FHELEMMEES DIN 2R EFEMRX(r =
0.473,P<0.05), 5 DTP E B FH AKX (r =
-0.456,P<0.05), EZHALEYE S pH. K
&.NO, -N 2 B ZIFAX(r=0.413,r =0. 339,
r=0.424; P <0.05); # % 4 ¥ & 5 NO, -N,
COD,, 2B ZEEM L (r =0.507,r =0. 495; P <
0.05) . 255K WIRH 791 E I 40 &
25 pH KR .NO, -N 2 IEAHKE, BkEN F 8
NO; -N.COD,,, .DTN I DTP %,
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x5 MHESZHFEYSEEERSEEN
Tab.5 Dynamic changes of phytoplankton diversity in Yangcheng Lake
VA Shannon-Wiener ZFEEHEEL Pielous ¥4 FF 4555 Margalef & & BE 551
site H Z= summer FkZ autumn K Z summer FkZ= autumn K Z summer FkZE autumn
S1 2.77 3.85 0.58 0.78 1.23 1.60
S2 2.84 3.55 0.57 0.75 1.39 1.31
S3 2.81 2.81 0.59 0.62 1.19 0.97
4 2.24 2.72 0.54 0.76 0.76 0.56
S5 2.45 3.22 0.68 0.72 0.81 1.20
S6 2.87 3.41 0.61 0.77 1.11 1.17
S7 2.96 2.94 0.63 0.69 1.17 0.90
S8 3.01 2.87 0.59 0.66 1.48 1.02
S9 3.06 2.61 0.68 0.62 1.04 0.92
S10 3.39 3.45 0.70 0.73 1.30 1.19
S11 3.33 3.34 0.70 0.76 1.25 1.00
S12 2.63 2.93 0.59 0.68 1.04 0.93
*6 MREHRRBEMEMESKREREFIHEXE
Tab.6 Correlation between phytoplankton abundance, biomass density and
environmental factors in Yangcheng Lake
AT X Z summer FkZE autumn
environmental factors KR . Ty -~ KR . Ty T
water quality water quality
pH 7.58 +0.37 0.653** 0.413* 7.79 £0.68 -0.334 -0.262
DO/ (mg/L) 5.63 +0.56 -0.117 -0.207 7.58 £0.75 0.374 0.200
1RJE/°C tempertature 26.86 +1.56 0.513** 0.339* 17.66 +2.96 -0.29% -0.184
SD/cem 58.17 +18.62 0.141 -0.093 53.00 +13.08 -0.039 -0.160
JK%/m depth 2.31+0.05 0.061 0.151 2.28 +0.01 0.170 0.202
TP/ (mg/L) 0.23 £0.05 0.284 0.055 0.20 +0.03 -0.189 -0.177
DTP/(mg/L) 0.17 £0.04 -0.010 -0.137 0.09 £0.02 -0.456* -0.389
PO,%~/(mg/L) 0.14 +0.02 0.070 0.040 0.06 +0.03 -0.395 -0.345
TN/ (mg/L) 1.51+0.35 0.307 0.240 2.06 +0.94 0.279 0.158
DTN/ (mg/L) 1.27 £0.41 0.191 0.022 1.52 £0.30 0.473* 0.316
NH;-N/(mg/L) 1.05 +0.27 0.245 0.083 0.44 +£0.02 -0.056 -0.032
NO, -N/(mg/L) 0.66 +0.12 0.480* * 0.424* 0.88 +0.22 0.382 0.507*
CODy,/ (mg/L) 3.64 +0.56 0.076 0.007 2.33+0.02 0.356 0.495*

" " FORAE 0. 01 K LAFFER BE S, * FURTE 0.05 /K EAFFE BE RS

* %

Note ;

2.6 FHEYMSKAPEERFHEHXXREHTRS
W

XF Gt e R 18 FrEpiiEta Y (£ 7) & 13 4~
WA 7 4T DCA 20 M, T4 R R B ZE
Lengths of gradient 2F —#¥/NF 3.0, i& & 47
RDA (BRUEIERY) 73#fr, B3R 8 Al B ZEHh [ #
B I A RPAEMELS 51 R 0. 144.0. 118, Bk ZE 4351
0.191 F10. 098 ; i ik i) 13 FhERIE K 7 FL BB Sk
HZ63.2% FkZE 61.2% KRG E &, WEH
PIHEF SlAH O R - 0. 1608 0. 1575, 3%
AR HEF L ERE; MR TS
Wi HEr B 2 [ B AR R BE ZFE R 0. 736,
0.831,%Z 0.892.0. 743, Wi Z=FH N EHE P
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indicates the difference was extremely significant, * indicates the difference was significant.

HHAIARSE R BN 0, L Z Monte Carlo B ik
B EHF Y B RERBE (P <0.05),
HE 745 5 BB AR 50 b 5 12 7K 358 7 e A 4 R 2R 8
HFHER,

it F Tk As B 447, 2 T.TN.PO,*"
1 DTP 4 A5 & FEAEH 1 320 iF WA Y ) 2
fio RERM/NFHEINEREITMERE]E
5T PO, BIFAHE, MiRESE T | FH 31 A0 pa
75 T,.TN,DTP £ fi ¢, £k Z pH.T.DO,
COD,, DTN 5 445 & E B R [ iy
WA e ] R BE )3 5 DTN pH #1 T
BIEM, R TMEREITEES DO 2IEMX,
5 COD,, .pH I T 2571 HH K ; G 3 T FREBE ] 2
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A L5 #, SP24 71 SP25 EEL 5 CODy, RIEAH  ATEEREM, RFIF Y 0 A ) EZR A 7
3,SP14 I SP21 )R Z,SP9 SP13 £ E 5 DIN ,pH & T.TN FI DTP, {fij pH,T DO Fl DTN Jy k% ¥
T RIEAE,SP9 SP22 #1 SP23 [ Z, RDA 43 KAk FEZ WA T (E 3),

%7 RDA SHithiyZ I EM AR
Tab.7 Codes of planktonic algae species for RDA

2] Yikh % Wkh

code species code species

SP1 /N2 Merismopedia tenuissima Lemm SP14 U A} Scenedesmus quadricauda (Turp) de Bréb
SP2 S IE V- Merismopedia punctata Meyen SP15 RIS Scenedesmus oblignus (Turp) Kutz

SP3 JNJEBE Phormidium tenue (Menegh) Gom SP16 UKL AR Scenedesmus granulatus

SP4 WUNMEERSEE Chroococcus minutes (Kiitz) Nig SP17 INE H 3 Selenastrum minutum Coll

SP5 R AT Chroomonas acuta Uterm SP18 A BN FESE Oocystis lacustris Chod

SP6 RFE B ¥ Cryptomonas ovata Her SP19 T RIS LT4E3E Dactylococcopsis rhaphiioides Hansg
SP7 Il B8 Cryptomonas erosa Her SP20 RESLFERE B Trachelomonas scabra Playf

SP8 PR ¥ Gymnodinium aeruginosum Stein SP21 U4 FF¥E Synedra acus Kiitzing

SP9 UK % ¥ Melosira granulata (Ehr. ) Ralfs SP22 i BAAK B Chlamydomonas simplex Pasch

SP10 HFJR/INERFE Cyclotella meneghiniana Kiitz SP23 RFE A Chlamydomonas ovalis Pasch

SP11 PELEFTEE Synedra amphicephala Kiitz SP24 3%+ %: Crucigenia lauterbornei Schm

SP12 PU /& +3 Crucigenia tetrapedia West SP25 e B M Scenedesmus cavinatus Chod

SP13 DU +73 Crucigenia quadrata Morr SP26 JINBU BT 44 % Tribonema minue (Wille) Haz

=8 PHEM RDA SHTET A E FIT4F1E
Tab.8 Statistical characteristics of the first two axes of the RDA analysis from Yangcheng Lake

fif 8] time il axes 1 2 3 4

¥FEE  eigenvalues 0.144 0.118 0.056 0.012

CES WY SIE N FRIAHEM:  Spec. -envi. correlations 0.736 0.831 0.664 0.474
summer YiFhAs 5 ZiF A% Cum. percentage variance of species data 14.4 26.2 31.8 33.0
Yifh - AR R BiF A% Cum. percentage variance of spec. -envi. relation 43.6 79.3 96.4 100.0

¥FEE  eigenvalues 0.191 0.098 0.068 0.037

*ZE WY SIE N FRIAHEM:  Spec. -envi. correlations 0.892 0.743 0.758 0.665
autumn YiFhAs 5 ZiF A% Cum. percentage variance of species data 19.1 29.0 35.7 39.5

Yifh - AR R BiF A% Cum. percentage variance of spec. -envi. relation 47.1 71.3 88.0 97.3

0.8 0.6
( S
1 SP12
SP1 S}\’Q SP10 i
-0.8 _ _ _ . . -0.6 _ i SP19
-0.4 1.0 -1.0 1.5
(a) EZ summer (b) #Z= autumn

B3 PREHZIFEDD-FEXRLY RDA —4HFE
Fig.3 RDA biplot of phytoplankton species and environmental variables inYangcheng Lake
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3 g

3.1 FFEYEEENETERESHTEN
WHIT 45 R0, PR PG 3L R B 142 Fh 72
Y, B M0 T E, B DS 3
PETRIEEBE ] 3, 31X 5 2008 - 2009 4 FH ¥ P4 i)
B NERBEEWBERA -, 5H%
YEREH M EL, 2008 4 [ 334 4R e BE O B A
155 (0.44) , A R PR R 2 o AR/ N 48 1R
PRI, B R R TE AR R, iR A g
2008 Ry 50% , F B BESEUE B X A
—ERERIER . AR SR P &
BAYETFER 1,41 mg/L, 73755 2008 4570
79% A5 2009 4E5 /> 46% | 3% B BESK k 37 % B
BE—E B E G e MR R e B e B,
WF9E & ILBEGETE 7.8 A MR IIEE 5%
TR REIEEIE(>20 pm) XS IFFE B TR
RT A EAR, 15 2 H 31, 3% BA 6 6 xF 32
AR F BRI KR SR B K
T’E%’Jm] o AN, Bk ZE Jaccard Fh 2 AH L) P35 %k
J70.62, RIFZEF IS A BAN A 62% FL, T X
KB A — B HIFR R EBETL,
FEA YA, BH 7 P9 i R S S &
WKEEEFHRM (Bams B) K&K TE
K0 ATRE SV B E AW O, B Ak A
BRESBEEA LR, BEREEKEEN
25 ~35 C, JAA I A B R HEF LLIEBE ] b e %t
PR, AR BE o O 5 0 B 40 2% B Y L
% 81.96% . T B T Rk ZE, K IR FEAK, B T &
A KRG R G, R b S B TR T IR R
WUk , T T K A Ts 7 Fh & 38 1T R B B T TR 4
B R ZEKERME TR ZE, 4620
TEHO KR BIEN AR 45 R 515 YL R AT
TR PG 25 SR A — 30, R PR P W L Bk 2
KB ER B A G G, P Ak K R AL T
HZ,
3.2 FHEYMSKFERFHXER
KREPFREREY, KR pH EFREEFINE
HED PRI K E AR K. HE
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Community characteristics of phytoplankton in Yangcheng Lake and
relationships with water environmental factors

DING Na', ZHOU Yanfeng'?, SONG Jiangteng', JIANG Shulun', GE You', JIN Bei', YOU Yang'?

(1. Wuxi Fisheries College, Nanjing Agriculture University, Wuxi 214081, Jiangsu, China; 2. Scientific Observing and
Experimental Station of Fishery Resources and Environment in the Lower Reaches of the Changjiang River, Ministry of Agriculture,
Freshwater Fisheries Research Center, Chinese Academy of Fishery Sciences,Wuxi 214081, Jiangsu ,China)

Abstract: An investigation was conducted in Yangcheng Lake from July to November, 2014, Pearson
correlation analysis and redundancy analysis ( RDA) were applied to analyze the relationship between the
phytoplankton community structure and water parameters. 142 species, 68 genera and 8 phyla were
identified, including Chlorophyta (63 species, accounting for 44. 37% ), Bacillariophyta ( 27 species) ,
Cyanophyta (22 species). The number of Chlorophyta was the highest in dominant species, while Cyanophyta
was with the highest density. 61.11% of the dominant species were indicating algae of rich nutritional water.
Abundance and biomass of phytoplankton during summer [ averaging (3. 99 +4.00) x 10° cell/L and
(1.41 £1.05) mg/L, respectively | were considerably higher than those during autumn. Besides, algal
density was mainly composed of Cyanophyta, while biomass was mainly composed of diatoms. The results
showed that the water quality in Yangcheng Lake was moderately-polluted and the water during autumn was
better than summer. The results of Pearson correlation analysis showed that the primary factors affecting the
structure of phytoplankton community were identified to be pH, Tem and NO, -N content during summer.
Contents of NO, -N, COD,,,, DTN and DTP were the main factors affecting the structure of phytoplankton
community during autumn. RDA results indicated that the key environmental factors influencing the
phytoplankton assemblages were Tem, TN and DTP, whereas pH, Tem, DO and DTN were the key factors
during autumn.

Key words: phytoplankton; community structure; numerical simulation; redundancy analysis; seasonal

changes
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