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Classification of phytoplankton community in spring and summer in wetland of cold
regions: a case study of Anbanghe wetland, Sanjiang Plain, China
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Abstract: Investigations on the phytoplankton were carried out at 10 stations in Anbanghe wetland, a type of cold regions swamp, in
summer 2005 and spring 2006. Phytoplankton community classification was undertaken by multivariate analyses, such as cluster
analysis and metric multidimensional scaling analysis (MDS). 92 common species occurred in both seasons, and 37 taxa and 82 taxa
were identified in spring and summer, respectively. In spring the average abundance was 95.26x10* ind./L, and in summer was
268.45x10* ind./L. Based on the calculation of Bray-Cartis similarity matrix according to species abundance compositions of each
station, cluster and MDS analysis showed that three communities can be distinguished in both seasons: (i) the central community, in
spring, was Tabellaria flocculosa-Pediastrum tetras community, and in summer was P. tetras community, (ii) the margin community,
in spring, was Cyclotella meneghiniana-Synedra acus community, and in summer was Anabaena sp.-Microcystis aeruginosa-C.
meneghiniana community, (iii) the lotus flower pond community and Raphidiopsis mediterranea community in spring, and
Merismopedia glauce community in summer. Phytoplankton composition, abundance, and diversity of each community were
different between spring and summer, and positively correlated to the change of environmental factors between seasons.
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1 AREESFHE

1.1 ARRIFER
LI A 7R 22 131°06'-131°32', 1b4i 46°53'-47°03", [fifH 10295 x 10*m?, JEiH BT, &=
VL 0 ) B 2 2 R 40 AR R R M Z XA, AR 2.5°C, 1 A & fik(-19°C), 7 Hix
E(23°C); KRB SE 4600.5MI/m?, H IR 2613h; 4E[EKE 560mm, £ T 4-9 A, H44ER
85.1%; M 3.9m/s, JCARMH 145d. MEBL LK AW R 3, D0 EFP A SEK AR B 1Y 2 %5 (Phragmites
communis) . M7 (Typha latifolia) . 7 =% (Scripus yagaar), ¥#/KAE4) 1 M2 %5 (Nuphar pumilum).
7% ¥ (Lemna minor) . #f M- # (Salvinia natans), /K% i HR 7 3% (Potamogeton distinctus) . IR B2 3
(Myriophyllum spicatum)%.
1.2 HEGRRESHH
121 FHEMHES TR AR RN, R0 58 A IS B, RS RE, 4 10
ASSKAES(F 1), FE Z2(2005 4F 7 A)F1#%(2006 4F 5
H)RFE. RAEKE R A 334 x 10'm?, KIEHE F
1.00-1.68m, %7 1.00-1.34m. JRIFHIYIFESHH 2,50
AP IS RKASF/KE T 0.5m AbER 4 JokkE, Lt
10L, VRAJEHC 2L I 1L.5%MUK e, TIVE 48h, Wik
30ml PRAFTERS:. P2 %o E A HECIE W T kAT, %
TEARHE SCHR5].
1.2.2 AF JKIR(WT)HR BB E; pH HfE
#53X pH/ORP 11Ul 5E ;37 W] )3 (SD) I 2 a [R5 7 .
NH,-N F7KA% R - SR 86 HE A I 7€, NO5-N
AN R E, NO,-N HZE -2 it ik
ME; NH4-N, NO3-N. NO,-N Z FFK K ml %5 o To
o RFHELT BLA(DIN); 7T ¥ Pk W W2 5 (DIP), ED PO,-P, JI4H
M1 AR R RO,
Fig.1 Sampling stations of phytoplankton in 1.3 HimsbaE
Anbanghe wetland 1.3.1 #FEX 2 NARIESPMEZYEE bR (MDS)
HATHERE K4, 7 SPSS 13.0 41 LizdT. adriLd
Bray-Cartis FH{UTE R AL Sg WAERIPEATIHIA, O 1 B0 R ARAT R0 BN R RO, Sl i
BRHEAT 4 I, FHE S

S ‘Xij _Xik‘
Sy =100q1- 2
(Xij + Xik)
A, xi 2 0 ANTE LT BEICR, Xa® | FIHE K AL B
G MDS 45 50735 FH TP o8 22 55 (Stress) K3, Stress < 0.20 A, A MDS “ 4k iRk R, BRA
—SE N {F B, Stress < 0.10 i, E—MFHIHERE, Stress < 0.05, EAFREF AL ZpEN
1.3.2 #7A  SERNELLRE T PSRBT 73 L K T500%0, 5 iR R 5 R el
133 H M HUTARkHE:
y="fip
X, y OB, ;oA 0 FE SRR b B, pi oA i R AR P A, y > 0.02 B, 2 A HRR Y,
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2.1 TIEAR
WA R BRI 8 1] 92 Fp(HZ: 37 fh . 2= 82 Fh), Hirp4tyls 45 Fb, WA 21 Fh, fEE 15 Fh,
HE 11 REFEZRT A LLE ZEG 2, [BSRERINE 2GR 1).
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Tab.1 Phytoplankton composition on Anbanghe wetland
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S WBKEC R FhEE R
1311 (Cyanophyta) 4116 Ry n/0.102
a1 /2 3 (Anabaena sp.)
JKHE TR 2235 (Aphanizomenon flos-aguae) 0/14 Ry n/n
/IR 5k 5 (Chroococcus minor) 0/11 n/n
JEz Bk % (Coelosphaerium sp.) 0/8 n/n
A= B £k 5 (Gloeocapsa limnetica) 0/9 n/n
JKeER % (Gloeocapsa sp.) 0/10 n/n
A FT 5 (Gloeothece sp.) 0/9 n/n
14 PR ER T (Gomphosphaeria lacustris) 0/11 n/n
72 [ 22 3 (Lyngbya birgei) 8/0 n/n
W12 9 2238 (L. limnetica) 0/13 n/n
It 3624 3 (Merismopedia elegans) 0/16 n/n
HRRF- 245 (M. glauca) 5/13 RI n/0.069
B S0 B (Microcystis aeruginosa) 0/12 Ry n/0.091
AEBERE(M. incerta) 0/6 n/n
S & Bk ¥ (Nostoc planctonicum) 0/4 n/n
S B (Oscillatoria formosa) 0/12 n/n
E B3 (0. princes) 9/14 Dy n/n
SS4NEHEE (O. tenuis) 0/6 nin
I 3 (Phormidium foveolarum) 0/12 n/n
I /NS 3k 38 (Raphidiopsis curvata) 0/4 n/n
Hi1FR 23k % (R, mediterranea) 16/0 DI 0.031/n
4 %171 (Chrysophyta) 4/6 RI n/n
¥ 4> 3 (Chromulina pascheri)
[ 727 J 4k 4% 355 (Dinobryon cylindricum) 6/0 n/n
eIk E S (D. divergens) 4/12 DI n/n
o ¥ [] (Xanthophyta) 0/14 n/n
7N £ 2% 35 (Goniochloris brevispinosa)
#2743 (Tribonema sp.) 5/6 n/n
FeE5: 1] (Bacillariophyta) 11/12 n/n
SETN AL T3 (Asterionella formosa)
4 2 AT# (A gracillima) 12/7 DI n/n
HH1R1 9% 2% 3 (Cymatopleura elliptica) 12/0 n/n
)8 /N (Cyclotella meneghiniana) 15/14 Dy Ry 0.029/0.074




532 J. Lake Sci.(#174 45, 2008, 20(4)

ik 1
Mk HEREC FER R B e

LS S0 (Epithemia zebra) 12/0 n/n
e A% (Fragilaria capucina) 17/16 0.047/0.063
4 2% S % (Gomphonema intricatum) 0/12 n/n
Wk 5575 (Melosira granulata) 6/5 Dy n/n
FFARFHE B (Navicula bacillum) 4/0 nin
TS 3 (N. radiosa) 5/8 n/n
KB L EE(Pinnularia major) 12/10 DI n/n
% FT9%: (Synedra acus) 14/20 Dy Ry 0.028/n
LA FFE(S. affinis) 12/19 Dy n/n
JEPARET T3 (S. ulna) 12/3 n/n
A (Tabellaria flocculosa) 15/6 Dh DI 0.024/n

#4351 ] (Chlorophyta) 0/5 n/n
£E B ¥ (Actinastrum hantzschii)
AR #: (Chlamydomonas olifanii) 0/6 Ry n/n
/NER#: (Chlorella vulgaris) 3/12 n/n
G 3 (C. chodati) 0/4 n/n
H 7 H #(Closterium cynthia) 0/5 n/n
2140351 H #(C. gracile) 0/12 RI n/n
5535 A #%:(C. nematodes) 0/4 n/n
31 F % (C. subscoticum) 11/5 n/n
I8 k387 A ¥ (C. tumidum) 0/7 n/n
7N H #(C. venus) 0/14 n/n
7% B ¥ (Coelastrum sphaericum) o7 n/n
Y4 (Cosmarium sp.) 0/12 RI n/n
PO £ -1 7% (Crucigenia quadrata) 0/14 n/n
£ 2255 3 (Desmidium sp.) 12/14 Dh n/n
Z3 £k ¥ (Eudorina elegans) 0/13 n/n
LRI 55 5 (Gonatozygon kinahani) 0/12 n/n
FETE 85 (G. monotaenium) 0/16 Dh n/n
Z4TF |5 #2555 (Hyalotheca dissiliens) 0/14 RI n/n
25k % (Onychonema sp.) 0/5 n/n
T A2 B 423 (Oocystis lacustris) 0/7 n/n
PO AE#E (Palmella sp.) 0/2 n/n
A 3R (Palmellococcus sp.) 0/14 n/n
#% 5L ¥ (Pediastrum biradiatum) 0/6 RI n/n
S 45 2L 3 (P. boryanum) 0/7 Rh n/n
R P (P, integrum) 0/9 n/n
PO £ 435 AL (P. tetras) 19/20 Dh Rh 0.023/0.095
IFEK#: (Planktosphaeria gelatinosa) 0/12 n/n

Tt 5% ¥ (Plearotaenium sp.) 0/13 n/n
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25 1 #i# 5 (Scenedesmus arcuatus) 0/5 Ry n/n

B FR AL (S. armatus) 4/3 n/n
X (S. bijuga) 1217 Ry 0.025/n
Je-E M (S. carinatus) 0/7 n/n
I (S. dimorphus) 12/0 n/n
BHE MR (S. obliquus) 0/6 n/n
Ji 255 (S. platydiscus) 0/8 n/n
VU M (S. quadricauda) 0/4 n/n
2140 A 7% (Selenastrum gracile) 2/4 n/n
Yo B4 3 (Sphaerozoma sp.) 0/9 n/n
Gl 147 £ B 998 (Staurastrum crenulatum) 0/15 Rh n/n
T B 10 2 5% 9% (Spondylosium moniliforme) 0/7 n/n
HLIU| P £y 4 (Tetraedron regulare) 0/9 n/n
PUEk#Es (Tetrachlorella alternans) 0/3 n/n
PO H ¥ (Tetrallantos lagerkeimii) 0/5 n/n
MABRT W7 (Westella botryoides) 0/14 n/n
2 B (Xanthidium sp.) 10/15 Rh nin

#3177 (Euglenophyta) 0/5 n/n
43 (A3 (Euglena viridis)
Ji B 5 (Phacus sp.) 12/0 n/n
1 £E #4515 (Trachelomonas lacustris) 8/0 n/n

[ 317 (Cryphophyta) 213 Dy n/n
L [T 35 (Cryptomonas marssonii)
BRI B3 (C. ovata) 2/5 n/n

H 317 ] (Pyrrophyta) 3/0 n/n

#H FH1 3% (Ceratium sp.)
* 4P AR, AN EZE, nFR AR R

2.2 FEYHEMKELETF

B NR I P R AR F O E S TR, ARk B0 . KR, DIP
TEMZE R G X (00 5%, 9*45) & TA%.L X (U0 4%, 6*45), pH (EHA 42 ; DIN HZE A FHES DIP A, B
ZMAA R ; 325 I BE 2 (B AR AL A S 0 Sl A R AR P (3% 2).
2.3 BEEN
231 REpN WESGWRY, F ELIWAIT 530 3 AR (K 2), RITHILALE 5 4r 2 A0 X
AR Dh, K Rh), 1% X4#(F Dy. H Ry)FEA ARG DI, E RI).
2.3.2 %% FARAH(MDS) [l 3 9453 MDS 4k 5 B Ch BRI, 2R A4 BRI FH R 20 Mrh AL
i), PiZ=T5 Stress {432 0.039. 0.019, ¥/NT 0.05, BLIASEIAY MDS K2 —AMRIGRIHER, T LRLIE
A Sl N VR AL E R,
233 BEM 4 SABNEAMILE 1 SEEAAEEF S 0 XAR, FEERFA
PEBAFIIAT GEE TR S DU A B, TR 44 o B T — DU 25 2L SR (RTRR TPX); [RIEE, L h
VU AR £ B PR (RTFR PPX); M4 IX AR, HENMR/ NS R (TR CSX), HF N MR
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— LRI e/ NIRRT (R PR AMC); EFEMALRE, B b ISR REE (R RRX), E30H
PO ZLBEREVE (R FR MMX).

* 2 TR R JOK B SR

Tab.2 Phytoplankton abundance and the physicochemical parameters

i WT DIN DIP SD
DA (x10%ind./L) (‘C) (mg/L) (mg/L) (m) PH
= = ' H £ = £ = # H H =
1 130.34 37568 125 236 047 078 0059 0069 148 134 678 6.68
2* 111.18 37846 120 234 036 0.85 0045 0047 111 113 715 7.38
3* 90.33 250.48 118 229 035 0.80 0041 0051 1.18 130 7.10 7.00
4* 88.26 239.37 11.8 227 034 1.09 0038 0047 168 119 711 7.19
5* 126.32 38845 125 236 039 0.66 0049 0079 118 127 675 6.78
6" 7019 207.02 118 228 034 108 0032 0052 110 113 7.14 7.12
7" 67.07 186.96 120 231 033 0.87 004 0047 100 100 7.24 7.23
8" 4828 16343 119 229 032 111 0044 0049 123 111 712 7.45
9* 17853 39657 12.6 236 040 0.84 0057 0083 117 112 645 6.56

10* 4212 98.04 119 220 021 123 0034 0053 115 121 7.12 756
E¥fE 9526 26845 121 231 035 093 0.044 0.058 110 1.18 7.00 7.16

CASE 0 5 10 15 20 25 CASE 0 5 10 15 20 25
Label Num+ ——+——+——+——+——+  Label Num+ y —t—

5#

o# Dh
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CES

P 2 wfifr SR SO HB BRI A

Fig.2 Cluster dendrogram of sampling stations and their geographical distribution

234 BERAL  MAERERA ARG AR ORI . B . ZHEE(Shannon-Veaner £5%0) F14 %) &
(Pielou 15%), 4 RE AR SRR AL W (1A 4).
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Fig.3 MDS ordinal configuration of sampling stations in 2-dimensions
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Fig.4 Species, abundance, diversity and evenness of phytoplankton communities in spring and summer
3 itig
31 AmHMAMAEER

RIS HTAIMDS AT A5 R o3 AL, R B H S, (HIFdEE 3. DIE B XAREN
fil, 755" 2F ARYBE M RN, 77557 2%, 4PH9Bray-Curtishf{l Z %053 470.2612, 0.5529., 0.4598,
JIT LABRAE ) BT I B 7P 5 2 R e R Ay, SRR R4, SR SR, NE2RT I, 7RE2% . AT[RINAT R,
S 55 HE, BARERE A BEVE M HAL KR, TR AT RIS, HobiA — B 5HERAR
KA, BAERIST A E M E S Tk, REERARS). %6 2" 547 28 57 Bray-CurtisHl Bl R 55351 A
0.6211, 0.5529, 2" 54" L REGE, CRAE &, W7 HREM2" 54 RIFME S, IR 1777546 %, &
R S5 R A B G. IESHT LIE T, MDSIIEL LT FF X 4 VAR Z I ELSE G R, R T EMZ
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) % SR S HORBR EE AR Ak, (BIF AR SE U, P 7" 5472 (Al iE B 477 5 27 2 6] o i 4, R IMD S /E7E
BefE. BUL Rl UL, PR R AE B, LA A R IR T My, A5 SR T DAAH EL X R, T ESE PR
32 BMEENER
321 FH£{ —RMBFEFERL. NG ARN S, HFRUHF M E/NFEEMISE AT, B8
REWE, BN @PREE . MRS BRI E /NI, A R M e NI, (H LRI R AN
W X A REFIE ALt A FF L S B2 DA BN G, PREL T ZEIX 4 o5, RIA7AE SRR Z Y 28k, 7 Hok e,
AR 2 L B AT N IS B A PR U R v ), — R . MR L SR R ST 25 S (1 4),
RS Z 7 WA (D/KIR. FOIRH LAE | SR30h (K . SRIE66T, 571.74%), ¥ . sEE iR B
7, KiRF(23.1°C), @AM . S EAIFREHK, MM E. QABFE T, TRIFEYIN, P
RO — 2 AT, — B 7.2:1, AREAI HLAs fi /N BT AT, NIPKT7.2, PERREIA-F, /NT
7.2, NERGIE T, 55TF7.2, PEAZREIKTF. FZEHDIN/DIPH7.95, fim T7.2, AILLA P E# 2
PRI sk, FZRADIN, DIPEREAAR. X E I EAAZ I, AR M. (3) pHIE. . ShiEs
WAE R K R AR TR0, B T pHIE 3 R 7.16, SEATE . SR K. (4)COD. MISERFTS R, i
HII B 5 COD S IE A CIS, 22 H5 i@ /K A (9 COD, 51 78(9.42ma/L) & T4 % (5.35mg/L), £ F|F i
KB, WA, BEROimETHESE, AR TEHIOCAEEN, HEHERZAK(P>0.05), 545ui(YiE
BIZIICAR DG, AT UL, BRI 738 A 8K E, S8 R B R8s, BARMAS RS, £
FEMERBEZ >, 2R . ISR S A ARIAEE AR A G, Rk, AR K, [ e 8 R
PR RAR TGN, FRHL PN | SNSRI, KRS FR S AR S, WK A S L — P 5
RE, BB, FERESWARCE, SRS ERRAL, FEEAAHR.
322 FEEF S5 ES SATER I BARSC. MR AT B 25 5 0 S BRSNS SRR AN
MMDSEI KR, 5°. SYEERmL%IXAR, HEEEBOXARMULH 73X —5. MR, FirEy
it 5DIN., DIPTERZIE B A E(r = 0.776, 0.890, P<0.01), #HIDIN. DIPHIE 7 Z: IR WAt i) B
FIBR G E TR, 5 ERIVHESIH—3; B2, SDINE B 7t (r=-0.688, P<0.05), 5DIPE R
EEAF(r=0.840, P<0.01), #— 01 &M, N/IPR16.06, Lk T7.2, Al I, HZ=DIP &It K1
B gR3h. A KB, E 25" o ulifi Y DIP & 4 4 0.079mg/L #10.083mg/L, G 5 T 4% .0 X 41 B¢
(0.049mg/L) FIHE AL b ZH HF(0.034mg/L), 5 EMTHEE AR HANLA Y X A 06 X AHSE, PN E ZEfEfN =R, it
M FRART TN TAA | AR AP DX A6 X SR E w0 E SR L. Ak, 222 i R 2, W%
ik, KR AT TS K HE R 9" i (0 v, o il AR AR K A AN IR SR I, AT AR B 1 R R A
HRENSEENM, 5, SN ARBIINEMEE SR, SH e —FE, ERYEIER D, DING B4
W0.39mg/L. 0.40mg/L, DIPE&435240.049mg/L. 0.057mg/L, F#%.0> X B F-34{E (DIN40.35mg/L .
DIP40.043mg/L)HZE AN UNE Z 0 . A B AUK DRl i 1k, T A 2000 [ 22300 (1978 9% 48, DINFN
DIP{/3%5 5 (0.47mg/L . 0.059mg/L). HFHh 12 SR H s SO AR, M S8R5, —
R T2, FERKERADGE. it REFEREEEE, O XK (12.05°C ., 22.97°C)HK
TFHZIX(12.50°C , 23.60°C), XAEF RMZLXAKEMBZ, WM AKS, KIBADGERE, MiEhZX
KARPAER D, FeAKEKR, KBFOGRRE. —JRAEYHEF, WiEFishy . etk aZ Kk Ery.
VAR R BN, 2R A 7 (4 I T S AN G Bk R 2 A W A P AT AR R, R AT IR B
AT LA, M AK AR 25, T E B . 0 KK AR ) AR 4 (T H3.53kg/m?) BH B i
T 1% 1X.(0.85kg/m?). 7K A A Y — 5 T -5 P I 5E S B SRR, 59— T i AR SR P I R
(a0 FERLO X AT B, IR IR R RN, S4B HIC, R 2 0 W fE
A W B ST, AR A T oA S A B ), SRR A 25 5

10* B i 0 TREAE M, . B X —2. B2 10°05 008 FREh Ak, V7 WA L2578 F5R 10 4 3 AT
W2, RHSH TR ST FERH. B2 107 SRS TR BUEH F 5O K AR AR, HS
Wt X B IR B (8] 3). — /KA B —, JL-F-4 2% (Nelumbo nucifera), A= 5%5 BrEAR, mik:
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DXL 25 B ARBE S bR, ISR A2 AR, TR (95% L L), & DL AIKIRAR,
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4 Fig
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