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Distribution and succession pattern of phytoplankton communities in a small

urban lake, Sand Lake in Wuhan City, China
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Abstract: Small urban lakes are highly sensitive to changes in their environment and are closely associated with the
surrounding urban systems. The distribution and succession pattern of phytoplankton can significantly influence the entire
ecosystem in a small urban lake. From March to December 2015, phytoplankton and water quality were monitored in Sand
Lake, Wuhan (city, China. In total, 312 species were detected representing 10 phyla, with Chlorophyta, Bacillariophyta,
and Cyanophyta being the major phyla represented. Biodiversity indices were calculated using the methods of Shannon-
Wiener, Simpson, Pielou, and Whittaker. The biodiversity indices and environmental factors were subjected to correlation
analysis, principal component analysis, and cluster analysis. Three interspecific association indices and the calibrated
coefficients of X test were calculated. The results showed that the phytoplankton reached a stable state in summer and
autumn, during which the environmental factors were the main influence; the effect of constant ion concentration was greater
than that of temperature, particularly those of sodium and magnesium. Analysis of the data for the dominant species showed

that Chlorophyta and Cyanophyta were significantly correlated, whereas Bacillariophyta showed no significant correlation
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with other phyla. A significant correlation occurred between summer and autumn dominant species, while dominant species
in winter and spring showed no significant correlation with those in other seasons, which could be attributed to the low

stability of the phytoplankton during this period.
Key Words: urban lake; phytoplankton; dominant species; a diversity; constant ion; inter-specific association
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Fig.1 Sample location of area under study
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J& , T s A 0. 1mL THEHE 324k

i BB I i [R] B 2015 4F 5—12 F . BHES T 2D E 6 1 EP-600 A 45 20 1 (35X, B2 1k
34 . Thermo scientific Dionex TonPac™ CG12A RFIC™ Guard 4x50 mm , PHE 38 #e4E : Thermo scientific Dionex
TonPac™ CG12A RFIC™ Analytical 4x250 mm , i 8h4H : 18mmol/L FBEAf AR .

®1 RS

Table 1 Coordinates of sample location

SRFE Sample site 1 2 3 4 5 6
2] Longitude/ (°E) 114.320 114.329 114.339 114.335 114.327 114.319
Zi[F Altitude/ (°N) 30.570 30.573 30.574 30.567 30.565 30.562

1.3 ZHEREOTR
4 A ZREESREC, 43500 Shannon-Wiener 7845, Simpson $5 44 Pielou ¥4 BE 8 %" Il Whittaker 454"
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Shannon-Wiener 84X . H=- 2 P,In P, (1)

P, o /N (2)
Simpson $E%4 D=1- Z P (3)
Pielou B2 FEHR%K . J= H/ll=nIS (4)
Whittaker F5% B=S/A~1 (5)
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HR B Matlab2014a , 2550 HE 8] K- (B AT, SR 2K Originlab 8.5,
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Fig.3 Relative abundance of phytoplankton in different sampling
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Fig.4 « and B diversity indexes of phytoplankton in Sand Lake from March to December
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Table 2 Centers of « diversity clusters

rhue 2 AR Coordinates L 15 2 HeF% Coordinates

Center points of clusters x y z Center points of clusters x y z
Z50) 1 clusterl 1.353 0.915 0.327 241 3 cluster3 1.479 0.941 0.344
252 cluster2 1.215 0.876 0.301 2% 4 clusterd 0.927 0.748 0.236
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x3 DEFHEMETE o SHMEREER
Table 3 Cluster results of a diversity of phytoplankton in Sand Lake
KA, Sample site

A 1> Month

1 2 3 4 5 6
3 2 3 2 2 4 4
4 2 3 2 2 2 2
5 1 3 2 2 1 2
6 4 2 2 2 1 2
7 1 1 1 1 1 3
8 3 3 3 1 1 3
9 1 3 1 1 1 1
10 1 1 1 1 1 1
11 1 2 1 2 2 1
12 1 1 2 2 2 4

2.2 IR YR IE TR SR B
2.2.1 B IINEE R

AMF 5T R PR BT L RG IR BE B A BE S A BH B VR B BRUR SR AR ER BT R I  FRD A 5—12 H
H Il 6 AIAT, KBS RUEh oA 5 WA i 2 vk | AR 1o 3—7 H Bl R, 9—12 H iz, 8 A i %
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Fig.6 The results of water quality factors of Sand Lake from March to December
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Table 4 Correlation analysis results of biodiversity indexes and water quality factors

HIX R4 Piclon £951 Simpson o' Whinsker  @ET  WET  GET  BET W
R HEFS R SH *;fgr 180 Na K Mg Ca  Temperature
Pielou Y57 484k 1 — — — — — — — -
Simpson F5%L 0.882 1 — — — — — — -
Shannon-Wiener 8% 0.796 0.913 1 — — — — — —
Whittaker 5 %1 -0.319 -0.475 -0.729 1 — — — — -
BT Na 0.663 0.771 0.811 -0.785 1 — — — -
P F K 0.176 0.357 0.585 -0.932 0.718 1 — = -
BEET Mg 0.781 0.819 0.744 -0.555 0.943 0.471 1 | -
BT Ca 0.376 0.470 0.599 -0.885 0.878 0.882 0.744 1 -
I Temp. 0.085 0.379 0.640 -0.893 0.579 0.907 0.302 0.681 1

(2) EWH T

TR AT R R TS o« ZFEHARECS 5
7, A3 EI0 R, a5 1 a5 2 FF a5 3
A3 BE 8 % FE 60.01% . 24. 44% F 11.28% ( & 1
95.73% ) BRI B (36 5) o MRk M DU Rk s X vz 3 A4S 3
B3 o] A AR (i EA T SRS el mT 15 3 28 51 X 3
KGRI AT LR 6, F WA AT REERILIE 7,

FE G5BT SR AR AE AE A DG 9 25 1 43 B B
o RTREAN B 56 2R METE R 1) LA HEA T A el 2
H3E 5 AT, B4 1 SR A HEHR ; Ao 2 B4R
BOR FER A FS 3 PR U IR EO RE T,

% 6 BB nl A, 285 3 FaRkism 1 S REH
2N o ZFREMERIAE N B B 285 2 4b
T3 MBI G IR, L% ZE i o ZREPERIEREE R T
B AR 200 1 EMA L A2 R EER R, T 1
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Fig.7 Cluster results of principal component analysis of
biodiversity indexes and water quality factors from March
to December

RS 3 %08 17 RSB A IS B 25 e/ M, LA s P98 A 2 fiiE
i) ; B O RS 1, SO OS] 2, 206 5 3

B T RUERAR . 3R 6 53 I W A R A ALK, 6

H¥905 2 28,710 H¥10y 3 28, IS Be N VR IR 25 Wt A2 B3R 558 (R 1 (0 B3l , R BN 35 i B 35— 205
11,12 H REMOCRFER N 128, UL Lt BE N, B 1 3058 1 A9 s2 i Sb, Al BEA7 A8 HABAE A i s mi P 2R
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Table 5 Factors of principal component
Fr Shannon- Simpson  Pielou %] e T e T BET BT L
Principal component  Wiener $§ %X B FEFE K Na K Mg Ca Temperature
T4 1 PCl 0.364 0.329 0.298 0.416 0.347 0.375 0.375 0.309
FHG 2 PC2 0.349 0.450 0.511 -0.138 -0.399 0.00806 -0.340 -0.347
F 4 3 PC3 -0.328 -0.171 0.00974 0.344 -0.273 0.577 0.202 -0.545
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Table 6 Results of principal component analysis cluster

SRAE L Sample site

A1y Month

1 2 3 4 5 6
5 1 1 1 1 1
6 2 2 2 2 2 2
7 3 3 3 3 3 3
8 3 3 3 3 3 3
9 3 3 3 3 3 3
10 3 3 3 3 3 3
11 1 1 1 1 1 1
12 1 1 1 1 1 2

BT 2 1(-1.642,1.154,0.227) , 255 2(-2.384,-1.847,-0.678) , 2551 3(1.889,-0.154,0.0745)

2.3 TRUREYIRETE R IR S
2.3.1 BRI

B H LR R, 3—12 A IR IE AR IE 40 Rl (£ 7) L] 21 Fh RESET] 10 B 85
PEI] 4 P TR T 4% 2 B, A uE T TR T4 L Ab L iR T MRG0 B A A SRR RO S B £ P
LR B RAE R 9 H L IRE) 17 A B/ 3 A A S Bl HAd A H AR B R I T AR E T ] e B
FHAHFG 54, N S9.810,817 823 .S33, BEEHFE h RS ME S | HI ek,

F7 BENMEDHEARBMHCEER

Table 7 Total results of dominant species in different monitoring months in Sand Lake

% I 4 4 HH B ]
Species number Species name in Chinese Species name in Latin Appearance time

81 B £l An@baena circinalis Rab. 6,7

S2 IR AT 2 Ankistrodesmus acicularis (A. Braun) Korschikoff 4

S3 % Hh £ Yk i Ankistrodesmus convolutus Corda 9

S4 VU B Arthrodesmus convergens Ehrenberg ex Ralfs 9—11

S5 B e T DU Arthrodesmus incus (Breb.) Hassall ex Ralfs 10,11

S6 2 [C Y s Attheya Zachariasi J.Brun. 12

S7 IR Botrydiopsis arhiza Borzi 5

S8 SLLCACHE Chlamydomonas Ehrenbergii Gorosch. 12

S9 o6 [5R1/ INgoke o = Chlorella ellipsoidea Gerneck 3—12
S10 R/ NER Chlorella pyrenoidosa Chick 3—8,10—12
S11 Eactssse Chlorococcum humicola (Nag.) Rabenhorst 11

SI2 EEE U Chromulina elegans Doflein 12

S13 bR 7S L Coelastrum reticulatum ( Dang. ) 9

S14 FEIUARR B Colacium vesiculosum Ehrenberg 4,10
S15 XOLHIR 55 38 Cosmarium bioculatum Brebisson 9,12
S16 TR o Cosmarium obsoletum ( Hanizsch) Reinsch 11

S17 ST Cosmocladium pulchellum Breb. 6—8,10
S18 AL/ NER Cyclotella hubeiana Chen & Zhu 3—5,8,10,11
S19 Hii/NAE Cyclotella operculata (A.g.) 9

S20 BTN Cyclotella stelligera Cl. et Grun. 9

S21 ycEive S Euglenopsis vorax Klebs. 9

S22 SREAT I Fragilaria virescens Ralfs 8

S23 R A U s Geminella crenulatocollis Prescott 3,6,10—12
S24 FUIRBEE e Kirchneriella lunaris ( Kirchner) 9

http ; //www.ecologica.cn



18 # BRSNS R IR T 9 A5 A R SR A —— LA s S ] 6001
5 T4 e X4 HEEAnN
Species number Species name in Chinese  Species name in Latin Appearance time

S25 A BT Kirchneriella obesa (W. West) Schmidle 9
$26 TR 4 Melosira ambigua ( Grun.) 12
827 o L Melosira granulata (Ehr.) Ralfs 4,9
S28 BRI BB Melosira italica (Ehr.) Kutzing 4
$29 T B Melosira listans ( Ehr.) 9
S30 5 5 EL B Melosira varians Agardh 9
S31 o [T 243 Merismopedia marssonii Lemm. 5—11
S32 /N2 Merismopedia minima G. Beck 5,7—11
33 Rk Palmellococcus miniatus (Kutz.) Chodat 7,8
S34 VitE Ak Peridinium bipes Stein 3

S35 H ¥ Selenastrum bibraianum Reinsch 6,10,11
S36 /NE R T Selenastrum minutum (Nag.) Collinus 10,11
S37 sl B Staurastrum muticum ( Breb.) Ralfs 7,10
S38 HETE ) SR Staurodesmus subulatus ( Kutz.) Croasdale 5,7
$39 =AU Tetraedron trigonum ( Nag.) Harnsgirg 9,10
5S40 W 3 Tribonema vulgare Pasch. 9

*  FERIFN
232 NIKB b

P FhEg: A oA pBR g T8 25 5 WL 3% 8., Ochiai (DiceyJaceard 385U € 19 5€ 48 6 M Fh 4351k S4
A1 83,520 A1 S19 ,S21 F1 S19 821 F1 S20,S25 Fil S24 . S30°F11 829 ;31X 6 X}y [a] Hf AV A Af #4Fh H BRLAG s B 4 9
A, BB EITE 0.02-0.04 Hrla] A2 F 2, Jaccard $5BORAHIC MR 7351 4 89 Fi S10, 532 Fil
S31; Dice 5 EGRAAC AU FIAG 5 XF, 403k S9.F1'S10,S32 1 S31, LA Kz S27 F1 28 ,S33 F1 S31.,S39 F1 S40;
Ochiai T8EGRAEAYIFA 8 X, 43510 SOl S10,S32 1 S31.,S27 F1 $28 S33 Fi1 S31.,S39 F1 S40, LA K S33

F1S32 . S11 Fi1 S9,S29 #1827,

=8 N RATHEBRE IS EREITER
Table 8 Half matrixes results of association indexes of the dominant species in Sand Lake from March to December
e
if;ﬁf:fie fioionts 0—0:2 0.2—0.4 0.4—0.6 0.6—0.8 0.8—1.0 1
Y54 Z 8 Ochiai 28.72% 46.54% 19.23% 3.72% 1.02% 0.77%
T R %L Dice 33.72% 47.82% 14.10% 2.95% 0.64% 0.77%
AR A F L Jaccard 70.00% 25.26% 2.82% 0.90% 0.26% 0.77%

AR XK AE T WL 9, XK Ia 4 5 rh 35 IEBRZS A 6 X, 4331k S22 i S19,S28 il S27 529 Al
S27.S30 F1'S27 . S33 1 S31,S40 F1 S39; i i IEBLZSE IR A 7 X, 4390120 S4 Rl S3,S20 1 S19.,S21 H1S19
S21 il S20,S25 F1 S24 S30 F1 S29 LUK S32 il S31; AAHIKIWLE R, S9 15 45 76 H 5 L A A G, 2
XA B0 43 3R S26 il S22 .S39 1 S35,

F9 LNRERBMKE CRIGEERSTER

Table 9 Half matrixes calibrated coefficients results of X* test to the dominant species in Sand Lake from March to December
gk i, B3 1E, R NPV NTE S WNTES \

. o i - . ANFHG

Coefficient Positive,, Positive , Positive,, Negative,
o . e - o Uncorrelated

results significant highly significant nonsignificant nonsignificant

X2 0.77% 0.90% 70.38% 23.72% 4.23%
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G A HE = DU R I 300 B 22 SR BRI (B /NEROE s S DA 0 1D DI 3 f 35 A OG , AL A BRI 2
ol V- 2243 s fEE i 1 R At A S I R , SR DA IR J  w AH G . XA S 45 SR AN 45 V45 BT 3 45 SR 3k
AR — B AH XCRIR A5 ARG Wyl | (L 5 AR LS 88 N S AT 388 L = 0 D 7 S R ) 2 9, G o G
Hr Rl /NER S AR R AR DG AR

SRR, 9 A RERAL T W i B As e A, 4 A1 9 F L # A et , B 2= MRk Z=I 34 M AR Sk
B IRAER SR 6 MR 3 45—, U W R W0 A 4 b 1) 56 S P Xk S8k 23 3 U0 T A P e v RO A2
SRR —RE DTk ;S A 11 SRR 2 Bl (S31,832) 5 7.8 A LR S33 A 5 AHSCHE, HoAth PUS Bl R BN
H AT R A A (SO F1 S10) FIA G HAt IS BepE 35 MAR S A5 00, 12 A AL iR ABDL 3Rl AH S
Tt A, B R R IR AP Bh 245 R 5 3R 6 45 R — 2 U 511 12 H PRI A e s 2 h v
Wb AP B S

3 wWHgfngR

3.1 W/ WA PR VR I A A S v

VPR IR )R 05 S50 5 23 A A AR W S Y e 25 A8 AR, VB AL ) B SRR I, LY
R el - W B ( R FRAES LU IS 80% ) , WIFFE 5 i WA RS0 L Lo T LU T8 s A A9 75 Gtk
A REE AP AE TR (29 30% ) BIE 2 (fIKF20%) 7 B T R U6 B VD 32 05 e R B NS T B
TG 5 W5 e BRI RN EL b7 HUAE Ak TR B R RIVIVITE E A SR T & B FR AR RS . B e I i)
B 7—9 AT IR AR o ZAF IR I R B ZFEPE AR (BT 4) T AL TR i A B B, s B
PEARIUNT SRR F2E (R T) & RAE AR S 2 ZE R AR, o ZREMEEARK 3—7 H 1 9—12
R, 2R A e R 28 (0] 22 57 (R3) 5 5 sk i 2R M SR Ud /N, Rt /NS A= 1)
Z R B S R I 5 XA SR K A R RE S E ek 2 PR AL SE A AR S R S, 3 4 5 U N TR R
HEAK KA K BGD AT o R SRAE AU BN B B, $E7K TTAAE P X8 /NS I T I Wi A ) T v B S e 3/ 5 6
& RAEY Z R I R R T L 5 R 2R N R T R 1.2 .6 5 RAE RO LSS R T, /NI Y 1
TR VE RS PE S M AT IR B A AR OC R
32 TRUFFEYRE TR NS

SR ZS) ) A I i B B VR B IR A A IR IR -, AR5l ) BRI B B AR,
F A R ATAL,6—10 A o Z0E0E 5 35T K128 A I — B0, 1IN B N PR A ) T 7 £ 229K 80 g S b
9zl g B REJR R Z R R ) T—9 H PR IR IR AL TR RS W s 08 52, AR B O 1Y
PRI I8N  PREE TR 7 (R B Sl VR FAR X3S O s AR PRI 6 H PRIFAE I 75 A T BUBRIRAS | in =z /K 1A
PREFR KT FEIZ I BB > B8 1 1A A 0 A R BRI R 3% 3 3k T Ve A 0 B 9 22 R e R R e 1
THUAASCHE BT Al 40 BB IR SRS o ZAEMEAT SRR DG, EEE I A BB B B TR BRI S R
ML IC R 2 — H 5 S AR HE Y B G , BERE XTI S (R DO = R DG A VR F A A v il i > 3%
ZERL S HANBIIR 25 22 AT R B 5 7 Ui B2V 19 Shannon-Wiener $8 806 58 AH G, (1 5
Simpson FEEUHICHERAR , 55 Pielou HJ5] EEFEBSEA T M , 5K RS K PERF SR 45 R I R 25 57
FWI R B 5 /N LW P W AR A P TR S BIK Bh  PRR A AE 2 S, TRLBE S el R AT T B8 H T/ INBL I 2 )
TR RN DX B 24 AL AN I8 . Whittaker 8405 Shannon-Wiener 5 801 HAth PR 55 K 7267 58 A 2 &R
Wl I 1 A B8 N 22 R S 050 10 i B VR B AT R T B A TV R R AR RS

http ; //www.ecologica.cn



18 4 BAEAF /N RLIITE AR R R S R R A B R R —— DALY g 11 6003

3.3 PRI RO N KB

PR DL Ao o 28 R O X T P AR A v 4 1 O RS A T B ), AL AR P 0 22 HLAL 332
/N D REVE 28 R 2 AR 2T Vi A T DR 3R i A 1 3 W LR Vi R LA g oy AR B 158 25 1o
AR FE . IR I R Bk R 2 B 0 BRBE D 28 (i AP e ) i 2 5 277, iR B A K
RN 18] Bk B R4 3 BT AR A= 0y 384 I, A A R S50 B 5 5 B 0 e T R ey T BT R IR S
SR R AR R A TR T RE T 2015 4F 11 H BRI EERE R, H 0 B AR K TR ALY REER
A i) B 2 FBK 2 Sarmento ™) 4538 1 X6 TR K WA MBI A B , SN A DD K L AR A 2
Wy BB W] I v R T AR L E AR E | (H R A e LR L R e R W S R R T o
P SRR SRR B O 3R Y FOCHRME FT RE IR 511 H IR WAL W REVE S5 R TR 5 K R TR i
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