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Exploration of Relationships Between Phytoplankton and Related Environmental

Factors in the Daning River During Sensitive Period of Algal Blooms

ZHENG Bing-hui' ZHANG Jiadei' > WANG Li§ing' WANG Li-ping' HUANG Min-sheng® CAO Cheng-in'’
WU Guang-ying’

(1. River and Coastal Environmental Research Center Chinese Research Academy of Environmental Sciences Beijing 100012 China;
2. School of Resource and Environmental Sciences East China Normal University Shanghai 200062 China; 3. Environmental
Monitoring Station of Wushan Chongging 404700 China)

Abstract: To elucidate relationships between phytoplankton and related environmental factors phytoplankton and environmental
parameters of water quality in the Daning River were conducted using multivariate statistical analysis. Most of the investigated physico
chemical parameters water temperature total nitrogen nitrate-N(NO, N) pH and dissolved oxygen concentration(DO) in Daning
River are significantly different among those sampling sites (ANOVA p < 0.05). The results indicate that the Daning River has a
comparatively high spatial and temporal heterogeneity in the phytoplankton community composition(ANOVA p <0.05). The maximum
cell density was recorded in Dachang and the minimum density was found at Wuxia—kou sites. Multi-algal species blooms were observed
in the same time and place with the maximum density appeared. Correlation analysis was performed to illuminate the relationships
between algae density and environmental variables TN (r = -0.789 p <0.05) NO; N(r= -0.825 p <0.05)and NO, N
(r=-0.803 p<0.05) were negatively correlated with algae density. The results indicate that nitrogen soluble nutrients are key
regulatory factors for phytoplankton abundance. The results of redundancy analysis (RDA) indicate that main soluble nutrients (TN
TP NO,; N and NO, N ) suspended substance (SS) and transparency contributed significantly to phytoplankton community
composition. Phytoplankton growth could enhance the pH value. The environmental characterizations and sample sites adjacency
contributed significantly to phytoplankton community composition.
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RDA) (7.12 +0.58) mg/L( ) ~ (11.73
£1.998)( )mg/L DO
lg(x +1) " (75.23 £7.86)% ~ (138.49 +1 489.57)% (
2 ).
(5 10~16 ).
2.1 (ANOVA F =5.30 p <0.001)
1 N N 4 DO
(ANOVA F=3.31 p< N .
0.05) (20.98 +1.31)C ( ) ~ pH  (8.11 £0.08) ~ (8. 60 +0.38)
(24. 14 £2.56) °C ( Y 7 pH
(18 ~25°C) .DO ( )
1 D( + )
Table 1 Variability of environmental parameters (mean + sd ) during sensitive period of algal blooms in the Daning River
/C 26 £2.45 27 £2.22 25.5£2.78 25.5+3.49
/°C 24.1 £1.67 23.1£1.597 22.83 £2.07 24.14 £2.56
/m 1.22 +0. 31 2.38 £1.08 1.65 £0.82 2.38 £0.94
pH 8.35 +0.081 8.58 +0.27 8.60 +0.38 8.47 £0.32
1% 134.98 +185.71 136. 69 £716. 90 138.49 +£1489.57 132.77 £809. 96
a/mgeL ™! 6.41 £4.20 16.03 £13.48 23.22 £33.98 26.40 £47.21
/mgeL.~" 1.01 0. 189 1.36 £0.077 1.45£0.22 1.95 +£0.63
/ mgel.~! 0.02 +0.003 0.04 +0. 025 0.053 £0.026 0.11 £0. 16
/mgeL~! 0.85+0.11 1.19 £0. 123 1.18 £0.21 1.23 £0.42
/mgeL~! 0.01 £0. 001 0.02 £0.001 4 0.018 £0. 002 0.02 +£0.01
/mgeL.~! 0.10 +0. 007 0.12 +0.011 0.11 +0.012 0.11 £0.01
/mge1.”! 3.44 1. 12 3.4 +0.62 3.82 +0.98 3.63+0.70
/mge L~ 1.76 £0. 09 2.21£0.35 2.45+1.43 2.20 +0.33
F(df)
/°C 22 +3.53 22 £2.99 26.83 £2.54 0.58(23)
/°C 23.19 +2.58 23.71 £2.12 20.98 +1. 31 3.31(31)°
/m 2.2+0.58 2.43 £0. 82 1.86 £0.39 1.49(31)
pH 8.34 +£0.27 8.33+0.23 8.11 +0. 08 3.72(31) " *
/% 98. 60 +842.42 102. 34 £477. 87 75.23 +7. 86 5.30(36) ™"
a/mg*L " 7.05 +£6.75 13.35 +16. 61 1.39 £0.39 1.09(42)
/mge1.”! 1.87 +0.37 1.98 £0.46 1.98 +0. 40 6.71(42) ™
/ mgeL~" 0.068 £0.01 0.08 +0.02 0.07 £0.02 1.14(42)
/mgeL~! 1.50 £0. 49 1.49 +£0.48 1.56 +0.52 2.66(42)°
/mgeL~! 0.03 £0.019 0.019 £0.01 0. 022 £0. 009 0.99(6)
/mgeL~! 0.12 £0.01 0.11 £0. 04 0. 098 £0. 009 1.13(42)
/mgeL~! 3.13+0.16 3.09 £0.70 3.24 +£0.49 0.91(37)
/mgeL~! 2.25+0.39 2.27 +0.47 2.03 +£0.21 0.57(28)
DF ; (p<0.05);* p<0.05; % = p <0.01; % = = P

<0.001
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(ANOVA F=3.72 p<0.01). NOJN (N 63.08% ~87.5%). TP
4 (0.02+0.003) () ~(0.11
mg/L v +0.16) mg/L( )
(1.76 £0.09) ~ (2.45 +1.43) mg/L (ANOVA p <0.05).
(3.09 £0.70) mg/L( ) ~ (3.82 +0.98) (
(ANOVA p <0.05). Ymg /L. (SD)
08D (1.22£0.31) ~(2.43£0.8) m.
SD
2.2
N 1 7
N (ANOVA F = 5 43 68
6.71 p <0.001). TN (1.01 = 23 22 16
0.189)mg/L( ) ~ (1.98 +0.40) mg/L ( 5 2
) TN 2.
2
Table 2 Distribution features of phytoplankton during sensitive period of algal blooms in the Daning River
x 10°
fcells* L ™"
2.444 ~166. 192 - — - —
0.611 ~24.44 - — - o - -
5 10
0.611~47.658 5013
- - 5 16
3.055~16.407 T 7
o.611~31.772 T~ 77
5010
1.222 ~39.71 R 513
-7 5 16
1.222 ~5.499
3
M
N N (3) Jaccard
) 0.65.0.56  0.54
21
(F 0. 16 ~0. 40
2.65 2.48 ANOVA p <0.05). 0.17 ~0. 31
5 10 ~ 16

0.54
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0.34 0.2 TN.
2.3
2.3.1 TP
Chla  pH
22
8 23
pH Wang Bernard
3 D
Table 3 Correlation coefficients between phytoplankton and environmental factors
pH a
1
-0.334 1
-0.369 0.094 1
pH 0.141 0.488 0.135 1
0.312 0.660 -0.178  0.880" 1
a 0.059 0.483 0.330 0.810° 0.701 1
-0.453 -0.302 0.672 -0.437 -0.686 0.013 1
-0.336  0.024 0.670 -0.143 -0.308 0.398 0.885" 1
-0.460 -0.556 0.597 -0.500 -0.836" -0.263  0.892* 0.593 1
-0.459 -0.349 0.604 -0.169 -0.540 -0.114 0.685 0.484 0.796" 1
-0.385 0.295 0.647 0.592 0.260 0.373 0.088 0.111 0.174 0.577 1
0.536 0.170 -0.348 0.673 0.744 0.715 -0.414 -0.062 -0.599 -0.420 -0.087 1
-0.351 -0.063 0.546 0.517 0.087 0.606 0.414 0.433 0.436 0.513 0.620 0.223 1
0.116  0.542 -0.697 0.069 0.471 -0.163 -0.789" -0.661 -0.825" -0.803" -0.377 0.143 -0.669 1
1) * p<0.05; % = p <0.01
2.3.2 RDA 0. 867 2 0. 437 1. 2
7 7
RDA 4 2. 4 49 RDA 2
RDA 4 2 NO, N.SD  TP;
100% Ss. .pH.DO  Chla;
. NO, N.
1 ; TP.
4 RDA
Table 4 Summary of redundancy analysis (RDA) for the first two axes between environmental factors and phytoplankton biomass

in sensitive periods in the Daning River

1 2 3 4
0.713 0.010 0. 000 0. 000 1. 000
0. 867 0. 437 0.573 0.378
1% 71.3 72.2 72.3 72.3
1% 98. 6 100. 0 100.0 100.0
1. 000
0.723
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