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Spatial-Temporal Characteristics of Phytoplanktons and the Relationship with
Environmental Factors in the Gonghu Bay

WANG Zhen, ZOU Hua", YANG Guijun, XU Huiping

(School of Environment and Civil Engineering , Jiangnan University , Wuxi 214122, China )

Abstract: The spatial-temporal characteristics of phytoplanktons and its relationship with
environmental factors were studied to understand the ecological environment characteristics, using
multivariate statistical analysis based on the monitoring data recorded from March 2013 to February
2014 in the Gonghu Bay. Gonghu Bay was generally in a eutrophic state; however,the nearby
sampling sites were in a relative better condition. The significant spatial-temporal characteristics was
observed for the transparency,suspended substance,chlorophyll a,nitrite and the total nitrogen
during cyanobacteria bloom (ANOVA,p <0.05). A comparatively high spatial heterogeneity was
indicated in the phytoplankton community composition (ANOVA,p <<0.05 ). The maximum cell
density was found in the 2nd sampling site,while the minimum in the 5th sampling site. Pearson
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correlation analysis was performed to illustrate the relationship between algae density and
environmental variables. Significant positive correlations were found between algae density and the
total nitrogen,total phosphorus,permanganate index,suspended substance,and chlorophyll a. But
the correlations between algae density and dissolved oxygen were highly negative. Relationship
between phytoplankton community composition and environmental factors were analyzed by
(RDA). The results indicated that nutrients
phosphorus and ammonia nitrogen), permanganate index,water temperature ,suspended substance,

redundancy analysis (i.e.,the total nitrogen,total
and pH made a major contribution to the composition of phytoplankton community. There was a
remarkable spatial heterogeneity of ecological environmental in Gonghu Bay. The phytoplankton
community composition was substantially and cooperatively affected by the environmental

characteristics and adjacent sampling sites.

Keywords: drinking water source, phytoplankton , environmental factors, correlation
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M ATES K G 0.5 m IR G KEE; SREMKEE 24 h
WHEAT & bR i 2 . RIEE FSROK 88 R4E 1 LK
FE IR 10 mL 455 QW [ KA F T IR A 4
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Fig. 1 Sampling sites in the Gonghu Bay of Taihu Lake
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Ty T WSO 25 K G A I BT R R S ) i 2255 5 MEF A R 4 4L (OECD ) % 7K 448 77 28 A1 K]
JAy M, TP & A2 A6 Ve F 8 (0.1222 + 0.0873)~ I3 BRUENS ST KA AR AR T E SR AR MK
(1.1647 + 2.3723) mg/L , & RIEER TR FZR, K URHB BRI (#1 #4 #6) K FRBDIR DU L4
x1 AHERBERARESH(ETFHE L REE)
Table 1 Variability of environmental parameters(mean + sd )in Gonghu Bay
I- o ou | o
18.49+ 839+ 10.56x  0.42+ 57.33+ 7.30+ 21.08+ 0.009+ 1.030+ 0.280+ 2573+ 0.0479+ 0.2270+
9.90 0.70 2.61 0.35 41.77 1.88 17.24 0.008 0.946 0.339 1.778  0.0304  0.1227
20.66+ 821+ 8.60+ 0.28+ 192.08+  63.70+ 281.50+ 0.011x 0.861+x 0331+ 15.784+ 0.0448+ 1.1647+

#2
9.58 0.61 4.24 0.16 310.87 135.88 54849  0.009 0.853 0354  29.668 0.0248 2.3723
#3 2077+ 835+ 10.19+  0.30% 20.46+ 8.35+ 36.99+  0.015+ 0.858+ 0.341+ 2.245+ 0.0550+ 0.2104+
9.35 0.56 3.87 0.09 16.01 3.35 27.35 0.010 0.690  0.391 1.240  0.0438 0.1514
44 2032+ 839+  9.17x  0.36% 23.10+ 6.05+ 1996+ 0.016+ 1.008+ 0.220+ 2.184+ 0.0570+ 0.1592+
8.56 0.29 1.81 0.08 23.84 1.83 17.48 0.012 0.811 0.149 1.018  0.0519 0.0412
45 2128+ 821+ 834+  0.34+ 27.75+ 5.96+ 14.57+  0.026+ 1.025+= 0295+ 2475+ 0.0350+ 0.1843+
8.49 0.38 1.37 0.09 19.76 1.38 8.08 0.016 0.752 0.157 1.110  0.0278  0.0652
46 1748+ 835+ 1090+ 031+ 46.22+ 6.72+ 2730+ 0.016+ 1.047+ 0.158+ 2340+ 0.0461+ 0.2220+
9.41 0.67 2.63 0.24 41.76 1.73 17.95 0.014 1.005 0.087 1.379  0.0348  0.1279
w7 2097+  7.88% 8.15+  0.61% 14.20+ 717+ 11.84+x  0.041= 1.138+x 0.255+ 2431+ 0.0200+ 0.1222+
8.78 0.29 2.51 0.34 17.38 3.14 9.07 0.058 1.127 0.244 1.919  0.0291 0.0873
43 17.75+ 838+ 10.89+  0.34+ 45.35+ 7.01+ 16.51+  0.007+ 0992+ 0.148+ 1.985+ 0.0755+ 0.3352+

9.64 0.78 2.32 2491 35.32 1.81 9.04 0.006 0936  0.109 1.353  0.1027 0.4166
Fdf) 044(95) 1.13(94) 1.63(72) 2.7(92)" 3.09(95)" 1.92(87) 2.7(95)" 2(95)" 0.3(95) 1(95) 244(95) 1.5(95) 1.93(95)

TE o F (B R 20 (8] 45 J7 5 20 P 48 07 B HU AL 5 R B S 3 R 22 SR T SR TR 3R T 22 00 T (p < 0.05) 5 %7 RIR p < 0.05; %" IR
p <0.01,

22 FiFEYNS RIS WEAE Y 8 171 39 J& , B A RAKFRWeAEY 7 1] 48 J& ,
T A AR LA I TR A 8 1] 53 8 (55 2), KR AR FRUAHE DY) 7 1] 46 J&, & RTFUHEY
Hrh gV MaEE /2, 08 20 )& 15 & 8 11 31 J&d , #5 R AFE 20 i 2% FE A 32 22 e S 2 i B
WHETETT O JB BT 3 8 H e I B 13 AT AL WL 3,
2R VEEEITM& SR EE 18, FFERIKT

® 2 REKIREMIFREYER
Table 2 List of phytoplankton in the drinking water resource of Gonghu Bay

L L

e ¢ Tl 0 v )R Microcystis aeruginosa
2 TR AT ) M. flos—aquae - + + =
3 E N E #35 M. wesenbergii - + + -
4 He e i )s Microcystis spp. + + + +
T 5 U2 e 5 ) Spirulina sp. - + + -
6 iR Oscillatoria spp. - + + -
7 AR Merismopedia sp. - + + -
8 Fi] £G4 £ 1 Anabaenopsis arnoldii + + + +
9 B R R 2T 4 i R Dactylococcopsis acicularis + + + -
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] i 65 35 S Cryptomonas erosa
11 BRI [ I Cryptomonas ovala - - - +
12 WO T4 ik Aulacoseira granulata - - - +
13 N Cyclotella spp. + + + +
14 FHAT ) Synedra sp. + - + +
15 e AT B Jm Fragilaria spp. + + + +
16 B AT AR B R Tabellaria fenestrata - + - -
17 FHE R Navicula spp. + + + +
18 PO s Pinnularia sp. + + + +
FEBET] 19 i SR Gyrosigma sp. + + + -
20 WS Cymbella sp. + + + +
21 S W Gomphonema sp. + + + +
22 it [ B T 4 e Cocconeis placentula + + + +
23 /N 7 R Achnanthes exigua + + + -
24 HEH: WS e Surirella robusta + + + +
25 R Asterionella sp. + + + +
26 A R Diatoma vulgare - + - -
B 27 WL HER Heterotrichales sp. + + + +
BB 28 A S Dinobryon sertularia + - - +
29 PRUE R FEuglena spp. + + + +
BB 30 i B R Phacus spp. + + + +
31 ERER Trachelomonas spp. + + + +
ST 32 5 ¥R Peridin.iu.m sp. + + + +
33 i Gymnodinium sp. - + - -
34 A M ) Scenedesmus obliquus + + + +
3B AR Pediastrum duplex + + + +
36 LIPS s Y Crucigenia quadrata + + + +
37 U A R Closteriopsis longissima - + + -
38 =R U £ Tetraedron trigonum + + + -
39 fll 5 I8 5 Schroederia robusta + + + +
40 23R Plancionema sp. + + + +
41 B A R Clostrium spp. + + + +
42 fETEE Staurastrum sp. + + + -
S 43 WAEERE R Actinastrum fluviatile - + + +
44 B DR SRR Oocystis solitaria + + + -
45 INEREE R Chlorella vulgaris + + + +
46 PR BEE Tetrastrum spp. - + + -
47 2 BRI R Eudorina elegans - — + -
48 SERR R Pandorina morum + + + -
49 VY ] T e S Chodatella quadriseta + + - -
50 AF#E Selenastrum spp. + + + +
51 T H: B e ) Kirchneriella obesa + + + +
52 ] G I R 8 ) Quadrigula chodatii - - + -
53 B ER Chlamydomonas stellata + + + +
T B - R B
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®3 BERESNZFHEYEHFLE
Table 3  Distribution features of phytoplanktons at
different sampling sites
20 i 2 B2/
(x10° ind/L)

BE L N 0 2= 3

i

|

0.82 ~ 4119  H-EH W -BH W B -2k
#2204 ~ 234937 MW -G B T B Bk
#3 1.63 ~ 2400 1 HE— W S i — il B I -
#4 0.82 ~ 344 W E W E W -REE W R R
#5 1.12 ~ 252 ¥R B W - I R
#6 1.63 ~ 2947 1~k P W B> — Tl B ik i
#7 3.36 ~ 2298  HE-LRIE— UK —REWE I -RE I
#8 3.97 ~ 456 - B 5 —TE B - RE B

T T WA A A3 A BRI LR RAE

1) ST K A DL S e R i B —  DLIE BE ]
B K A,

2) HEISH AN B B R K A S R G T B RK T
WM EZES -2, A H - FoRE
1) 200 B 28 3 B A LR BRAE 5 5 A, 200 % B 19 e
EHEAE 2 F48,

3) KM Jaccard $& 5053 B AN [R5 I Uife A 4
FERIMIRIE, 25 R R .6 S0 8 T 1 S
Fb B AR AL 2R & R 0.767 ,0.756 ,0.674 , FE AR
KB ARRLAY K52 5 R H 3 5 A A AR AL

%4

FECH 0.761, [RIAE IR B AR B K 2 55
7 SR BRI R 0.469 1 35 25 h AR
AHARL
23 EFHEYEREEFHEXXER
231 ABRX oA KAEEE SRR IRIEE Y M A
Yy & 0 M s T O A R S R IR R R AR R
T K SR AR B A HIR T D %) 98 28 SR AR I J2
TR R Z — & RSN YR Hik
PR 7K A2 5% R 18 TR 1) O S st 02 2 43 T T JiFe AL ) A
ML B SRR F AR, MHXERILE 4,
SRR . FUHEY AR E S TN TP 24 W
FAHSE BV s R S A AR K B —
EREVEVE . X5 Jiang 2516 50 00 B 5% 45 SR 2
RN [ B VR U A ) A L e R R k4R 4SS
M Chla 2 8 FHH K, 5 DO B4 E#H A A
KR L B A S T A A AN R AR SRR
T R AT 0 1 2B A R B v T R SR BILD TR B 2k
FET A 25 K AR SR A HLY , 505 o R A6 48 B
W S ARG, PRI A B S DO S A 3 1
G, FERIMAEW I . — 2R AERKME =
UM —E R E, REERREEIFREEK
[T GRS =0

Chla 5 TN TP /& 5 F2 $h 5 4R SS L2 4% ) 3%
FHOC 55 77 T A 0 200 P 25 R BR IR - A A G G 3R

FHREYEREESTERFHEIXRSN

Table 4 Correlation coefficients between phytoplankton density and environmental factors

NO,-N 1
NO;-N 0.410” 1
NH,/~N 0241 0.147 1
T™N  -0.027 -0.039 0.057 1
PO  0.038 0200 0.061 0.010 1
TP -0.102 -0.168 -0.016 0.952" -0.026 1
SS -0.111 -0.115 0.017 0912 -0.046 0.935™ 1
CODy, -0.093 -0.161 -0.026 0.880" -0.009 0.933" 0.877" 1
Kik 0099 -0355" 0.386" 0.079 -0.127 0.119 0.113  0.080 1
pH  -0.255" -0.311" 0.066 -0.064 -0.066 0.059 0.004 0.066 0.399" 1
DO  -0251* 0.089 -0.302" -0.294" 0.064 -0.274" -0.225 -0.202 -0.683" -0.098 1
EBEE 0135 -0.023 0.126 -0203 -0.165 -0.162 -0.242° -0.190 0.252° 0.175 -0.199 1
Chla -0.085 -0.163 0.072 0.944" -0.007 0.956" 0.905~ 0.970° 0.133 0.073 -0.227 -0.203 1
;EE -0.049 -0.091 0.085 0.723" -0.029 0.587" 0.574" 0.331" 0.109 0.154 -0.307" -0.117 0.507" 1

P <0.05, W FAHC;

P < 0. 01, BFARL . (URKEE)
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AR 11 ' MR SR B R e L 3 I Y B K R B0k iR
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Fig. 2 Biplot of the first two axes of RDA analysis for the
environmental factors associated with
phytoplankton variation
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Fig. 3 Cluster analysis of aquatic environmental features
in the Gonghu Bay
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BERRIE 22 53 W35 s Jaccard $R BT R RIT, X
N RFERGF Y RS A5 22 57 B35 . 6 540 .8 5
M1 AR S IR AR AL, FUHE v A A AR AR B
FRARLER A | LTI i A ) O R T 2 A 32 31 1 AR 2
WERFERSE I 3 S5 4 SR 5 SR RAREA
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B o KRNI A =l JA2 XS 3 R T ) o WL 3] 2
AR BLR o T4 R W] ST AR AIK A 5 RS A
FAAE .35 1 23 8] S B | 30k 0k 20 BT STl v Ok A8 kA
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