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Multivariate analysis of the relations between phytoplankton assemblages and

environmental factors in Chagan Lake Wetland
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China
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Abstract: This study investigated the biodiversity and community structures of phytoplankton and their relations with
environmental factors in Chagan Lake during the intermediate (May) and rainy season ( September) in 2012. Combining
field investigations with cluster analysis, multi-dimensional scaling (MDS) analysis and redundancy analysis (RDA) , and
applying Shannon, Pielou and Margalef indices, the study identified a total of 127 phytoplankton species ( belonging to 53
genera and 5 phyla). Among these species, 52 were members of Bacillariophyta, 46 Chlorophyta, and 25 Cyanophyia,
accounting for 40.94% , 36.22% , and 19.69% of the total phytoplankton species, respectively. In terms of algal population
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distribution, in the intermediate season Cyanophyta was the most abundant phylum of planktonic algae (accounting for 39.
85% of algal population) , followed by Bacillariophyta (36.193% ) and Chlorophyta (21.33% ), whereas in the rainy
season Chlorophyta (70.84%) was the dominant phylum. Consisting of two connected parts (the main lake body and
Xinmiao wetland) , Chagan lake was found to sustain significant temporal-spatial variations of phytoplankton populations.
The abundance of phytoplankton in the intermediate season ( averaging 658.0x 10" cells/L) was considerably higher than
that in the rainy season ( averaging 459.3 x 10" cells/L). In both seasons, phytoplankton abundance was found to be
positively correlated with water salinity (i.e. greater salinity coinciding with higher phytoplankton populations), and
negatively affected by pH and phosphate (PO} ) concentration in the intermediate season. In either season, the abundance
of phytoplankton in the main lake was 8—10 times of that in Xinmiao wetland. In the intermediate season, such discrepancy
was caused by different salinity and nutrients in these two water bodies; salinity in the main lake (52.0 mg/L) was 3.3
times of that in Xinmiao wetland (16.0 mg/L), whilst PO} in the main lake (0.045 mg/L) was 3.8 times of its
concentration in Xinmiao wetland. In the rainy season, there was no significant difference in nutrient levels in the whole
lake, so water salinity was the main factors affecting the distribution of phytoplankton. In addition to field investigation
results, cluster and MDS analyses based on Bray-Curtis measures of similarity also illustrated significant discrepancy
between the main lake and Xinmiao wetland in terms of phytoplankton abundance. RDA results indicated that in the
intermediate season the key environmental factors influencing the phytoplankton assemblages were pH, total nitrogen (TN )
and phosphate (PO} ), whereas salinity, phosphate (PO} ) and 5-day biological oxygen demand ( BOD,) were the key
factors in the rainy season. In the intermediate season, dominant phytoplankton genera were those favoring low alkalinity,
low phosphorus and high nitrogen levels. Rainy season benefitted genera that were more tolerant alkalinity, salinity,
phosphorus and BOD,. Most dominant genera indentified in this study were micro-phytoplankton, common in temperate
climate and capable of rapid multiplying and fast growing through nutrient assimilation, could form a higher abundance in
rich nutrients. When phytoplankton was used as a bio-indicator in water quality evaluation, the results revealed that water

quality in Chagan Lake was in (3-moderately-polluted category.

Key Words: environmental factors; phytoplankton; redundancy analysis; Chagan Lake wetland
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Table 1 Environmental parameters in the intermediate and rainy season in Chagan Lake wetland

Ik Intermediate season

FK Rainy season

S50 ¢ K3 t-test
Parameters A Foh SN T B SN P {H P value
Mean Min Max Mean Min Max

7K Temperature/ °C 17.34 15.77 18.63 21.07 19.8 22.42 -12.060 "
ER B Salinity / (mg/L) 442 140 600 396 190 490 0.807
pH 8.2 7.8 8.8 7.6 7.1 8.0 6.336""
%4, Dissolved oxygen/ (mg/L) 10.5 6.4 12.5 6.6 4.6 7.9 7.836""
PA T e L
PRI (me/L) 9.7 33 14.6 12.5 6.9 16.1 ~2.204°
Chemical oxygen demand

IS m=N
EAFAR/ (mg/L) 3.64 1.80 4.65 1.95 0.69 2.65 53627
5-day biochemical oxygen demand
S Total nitrogen/ (mg/L) 1.74 1.02 3.61 1.94 1.36 3.21 -0.849
NO3-N/ (mg/L) 0.05 0.02 0.15 0.05 0.01 0.18 -0.148
S8 Total phosphorus/ (mg/L) 0.11 0.07 0.15 0.11 0.05 0.19 0.287
POi_ -P / (mg/L) 0.02 0.01 0.05 0.01 0.01 0.02 0.878
Si03"-Si / (mg/L) 7.01 4.79 16.92 9.61 8.36 12.07 -2.617"

# x PRI TAE 0.01 K EAFAER R 25, « FR G T1E 0.05 KF EAAE R E 2R
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Fig.2 Phytoplankton composition in Chagan Lake wetland
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Table 2 Appendix list of dominant genus of phytoplankton in Chagan Lake wetland

%15 Code 1] Phylum J& Genus ﬁlTig fEFHE Dominance
Latin names S K HH Intermediate season ki Rainy season
nl BEHET] FF Synedra 0.140 -
n2 FEHED] FHE Navicula 0.109 -
n3 B WEAT Fragilaria 0.048 -
nd BEFEI] JERGR Melosira 0.022 0.025
n5 A Ry Aphanizomenon 0.216 0.074
n6 B JB Phormidium 0.132 -
n7 BB B Oscillatoria 0.023 0.045
n8 R LA i e Anabaenopsis - 0.020
n9 LR Mz 5 Scenedesmus 0.140 0.354
nl0 GRPE] R Crucigenia 0.020 0.050
nll LRFE] E R Ankistrodesmus 0.021 0.020
nl2 LR FLRBE Pediastrum 0.020 0.071
nl3 LRPEL] SCRR Pandorina - 0.050
nl4 g S BRI Coelastum - 0.036
nl5 BREET] PR Euglena 0.022 0.051
Tk FokH
2.63% 5.12% 6.54%

17.51%
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LRz A
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m R
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Fig.3 Relative abundance of phytoplankton in the intermediate and rainy season
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Fig.4 Density and biomass of phytoplankton in each site, Chagan Lake wetland
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Table 3 Summary of redundancy analysis (RDA) of phytoplankton community for the first two axes
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