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Studies on Relationship of Phytoplankton and Water Environmental Factors in

Shahu Lake

QIU Xiao-cong'*, ZHAO Hong-xue’, SUN Xiao-xue’

(1. College of Civil and Conservancy Engineering, Ningxia University, Yinchuan 750021, China; 2. College of Life Science, Ningxia
University, Yinchuan 750021 ,China)

Abstract: Analysis approaches of correlation, multiple stepwise regression and canonical correspondence analysis were employed
between phytoplankton and water environmental factors in ShaHu Lake based on the data from Apr. 2009 to Jan. 2010. The results
showed that the correlation between phytoplankton density, phytoplankton biomass, chlorophyll-a and water temperature (WT) , total
nitrogen (TN) , total phosphorus(TP) , potassium permanganate index,5 days biochemical oxygen demand(BOD,) was positive, and
phytoplankton density, phytoplankton biomass, chlorophyll-a and Secchi-depth ( SD) was negatively correlated. Followed by the
importance of environmental factors which affected phytoplankton density in Shahu Lake ranged as follows: WT, potassium
permanganate index, SD, BOD;, TP, TN. Those affected phytoplankton biomass ranged as follows: WT, TP, potassium permanganate
index,SD,TN. Those affected on chlorophyll-a ranged as follows: potassium permanganate index, WT,SD,TP, TN, BOD,. CCA result
showed that 16 species of phytoplankton were divided into 3 groups which had the obvious seasonal distribution characteristics in Shahu
Lake. SD, potassium permanganate index, WT', TN, TP were the main water environmental factors correlated with the distribution of
phytoplankton community of Shahu Lake.

Key words: Shahu Lake; phytoplankton density; phytoplankton biomass; chlorophyll-a; correlation analysis; multiple stepwise

regression analysis; canonical correspondence analysis
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Fig. 1 Locations of sampling sites in Shahu Lake
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Table 1  Seasonal variation of density, biomass of phytoplankton and chlorophyll-a, and the main water environmental factors in Shahu Lake
- W % 10* EEt7/hy MR a ht wT SD TN
=¥ /cells+ L1 /mg-L~! /gLt /C pH /cm /mg-L~!
T 589.44 £99.30 3.73 £1.05 9.94+1.13 13.4+0.3 8.60 +0.20 59.4+15.2 1.638 0. 129
HE 1708.92 +258.67 5.84 +1.36 23.03 +4.58 22.5+0.4 8.67 0. 12 29.0+7.4 1.412 +0. 145
B 1278.22 £275.85 5.19+1.24 17.33 £3.73 14.7 £0.7 8.63 +0.09 25.0+8.4 1.602 +0. 169
A% 159. 68 +19.85 1.64 £0. 12 5.32+0.97 1.2£0.1 8.75+0. 11 66.4 +9.6 1.262 +0. 188
ey TP y NH, -N NO; -N NO; -N E}%ﬁﬁ&ﬁﬁi‘?ﬁ BOD57 NP
/mg-L /mg-L'l /mg-L_] /mg-L'l /mg-L /mg-L !
B 0.236 +0. 024 0.623 +0.090  0.229 +0.031  0.038 +0. 003 9.98 +1. 862 4.92£1.11 6.96 +0.35
" 0.222 +0. 022 0.574 £0.054  0.196 £0.034 0. 029 +0. 006 12.78 +2. 80 6.41 +1.62 6.37 +£0.43
& 0.207 +0. 021 0.658 +0.043  0.247 £0.021 0. 040 +0. 006 14.85 +3.26 7.08 +1.79 7.75 +£0.56
K75 0. 171 =0. 029 0.539 +0.074  0.196 £0.027  0.029 +0. 004 10.63 +1.85 4.91 £0. 86 7.41 £0.54
F2 FiFEY5KREETFHEXRBER"
Table 2 Correlation coefficients between phytoplankton and environmental factors in Shahu Lake
D B Chl-a WT pH SD TN TP NH;/-N  NO;-N  NO, -N i'j‘gi?( BODs  N/P
D 1
B 0.969 ™ 1
Chl-a 0.981 ™ 0.950* 1
WT 0.939 0.905* 0.878" 1
pH -0.298 -0.338 -0.250 -0.357 1
SD -0.780 " -0.746 " -0.820 " -0.630 0.222 1
TN 0.493*  0.594* 0.454* 0.536  -0.605 -0.343 1
TP 0.607 " 0.694* 0.575™ 0.676 -0.549 -0.243 0.820 1
NH," -N 0.399 0.431 0. 360 0.397 -0.662 -0.379 0.7% 0.571 1
NO; -N 0.247 0.302 0.202 0.261 -0.601 -0.1785 0.723 0.476 0.901 1
NO; -N 0.250 0.336 0.206 0.313  -0.441 -0.046 0. 740 0.569 0.738 0.904 1
FERERIES. 0.519%  0.574™ 0.572 0.286 -0.049 -0.599  0.431  0.275 0.310 0.259  0.18 1
BOD; 0.565™ 0.624™ 0.608** 0.360 -0.131 -0.649  0.478  0.372  0.302  0.188  0.1265 0.952 1
N/P -0.287 -0.281 -0.291 -0.340 -0.001 -0.126 0.129  -0.461 0.262 0.304 0.1581  0.187 0.097 1
1) D TR % FE (density) 5 B: A4 (biomass) , T [
2.2 VHIFHEY) S K IR A T 5938 0 [l 23 A Xof H B 7K R e PR . AR i 02 4D ] 7 AR Y

A5 K BRI [ 5 oF 7 1 AL ) R AR R

Mg a

IS4
7

Wi A 25 AN H TR 32 A5 18103 7 n]

VAR e 1 5 P7 i A ) W AR AR R a

W, 50 32 VD I 64 FF i A R AR
ZRFR a HOKINEL N T /938 28 ] 03 0 A 45 2R

3.

x3 ZHFEYSXMEEFHESEESE
Table 3 Stepwise multiple regression between phytoplankton and environmental factors in Shahu Lake
e ZICIH T R F
. R InD =8.1509 +0.5299 In(WT) -0.6089 In(SD) -1.5637 In(TN) +
CRE R 1.488 1 In(TP) +1. 641 8 In( Bi4ERAERIEAD) —0.943 6 In(BOD;) 0.9946 197.762
sz gy InB=1.7738 +0.260 0 In(WT) -0.2115 In(SD) -0.5265 In(TN) +
PR 0.961 1 In(TP) +0.591 5 In( Fi4ERELHSHO) 0.9730 49776
In(Chl-a) =5.0662 +0.234 6 In(WT) -0.5346 In(SD) - 1.528 8 In( TN
M4 a n(Chl-2) iy 2 (W) a(SD) n(TN) + 0.9610 53.333

1.567 1 In(TP) +1.370 6 In( Z % ARELFEE0) - 0. 8302 In(BOD; )
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Table 4  Path coefficient analysis between phytoplankton and environmental factors in Shahu Lake

TiH wT SD TP TR R Eh R AL BODj

IF WAL 2 0. 665 4 -0.3192 -0.2435 0.2621 0.4233 -0.2659

TF AR A ) 0.578 6 -0.196 4 -0.1453 0.3000 0.2702

M4k a 0.4726 —0.449 5 -0.3819 0.4428 0.5669 -0.3753
SD TP TN ,BOD;. o

2.3 IR S K FREE IR B S B A AT
R I i AR ) 0 A0 R X6 % B R T 16
FPRIFEYIHF CCA o Fr (WLER 5).
RS CCASHPFHFENFHER
Table 5 Codes of phytoplankton species for CCA
Nz b

sl EIRBE Chroococcus sp.

s2 JINFE S Phormidium tenus

s3 SR LT 4EEE Dactylococopsis rhaphidioides
s4 IR EELF HEBE Dactylococopsis acicularis
85 BIEIRKL B Raphidiopsis curvata

s6 R MRTEREE Spirulina princeps

s7 IKAETR 24 5 Aphanizomenon flosaquae
s8 RIEBWFREE Chroomonas acuta

9 REFFTHE Synedra acus

s10 ESEEHTIE Fragilaria construens

sl WIE BB Pinnularia undulata

s12 ST AL FF#EE Asterionella formosa

s13 /NEREE Chlorella pyrenoidosa

sl4 FEAK DU % Tetraedron tumidelum

s15 U A EE Scenedesmus quadricauda

s16 A< Chlamydomonas sp.

CCA HEF () 4 3B AF (B M B T VR Ui A 4 BE %
A SRR 92.3% (& 2) , B 2 AN HEFE Sl B R E (L
4390k 0. 148 F1 0. 118, Mo B T 77 s sh W e g A2
SRR 89. 8% . Y FhHET 41 5 7K PR EE A -l =2 [7)
(A 250 R 0. 976 F10. 990,2 AN rHE it AH X6
FH0N0. 003 0,2 AN K FREE B 7 HE T il 18] (9 4H 6 &=
A 0, T B HE e fE 0% AR 1 S W v i 4 4 b
WEE T AR HEP 25 B ml {5 i 1

S —HE B I R R L A OG, M SE R
0.627 9,5 w4 PR L4541 . BOD, 35 FAH G, A ¢
FETAHN -0.5108, —0.439 2. 5 —HEF 55
B 52 0 3 IE A G, MG R 4100607 5, 5K

-L.o WT
-0.6 -1.0

B2 EEiEEN TS EX RS CCA HIFE
Fig. 2 CCA biplot of phytoplankton species and

environmental variables in Shahu Lake
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