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Seasonal variations of zooplankton community structure and their relationships with both environmental 
factors and phytoplankton biomass are investigated in Lake Nansihu. A total of 76 zooplankton species 
were identified in the lake, including 17 protozoa, 36 rotifera, 12 cladocera and 11 copepods species, 
respectively. Zooplankton species richness changed slightly in the four seasons but varied a lot in different 
positions. Protozoa was absolutely dominated in zooplankton abundance and its mean value ranged from 
2710.2 ind./L in winter to 4259.5 ind./L in spring. Annual average biomasses of protozoa, rotifera, cladocera 
and copepods were 0.13 mg/L, 0.11 mg/L, 0.63 mg/L and 0.34 mg/L, respectively. The lowest values of 
zooplankton species richness, abundance and biomass appeared at the site which provides the maximum 
concentrations of nutrients. Zooplankton communities were more correlated to phytoplankton community 
biomass than environmental factors. Results of canonical correspondence analysis (CCA) revealed that 
water temperature, Secchi disk depth (SD), total phosphorus and phytoplankton biomass were the most 
significant factors that influenced zooplankton. Strong correlations between SD and Brachionus leydigi, 
Chrysophyta and Diaphanosoma leuchtenbergianum, Cryptophyta and Theopilium, Ascomorpha ovalis, 
Hexarthra mira were observed during the CCA. These zooplankton species may be used as indicators 
of relevant variables. Results in this research are very useful in guaranteeing ecological security in Lake 
Nansihu.

INTRODUCTION

Zooplankton is the intermediate link in aquatic food 
webs and it plays pivotal roles in maintaining the 

productivity and stabilization of aquatic ecosystems (Ware 
and Thomson, 2005; Svensen et al., 2011; Mozetič et 
al., 2012; Lacerot et al., 2013). Recently, more and more 
lakes face eutrophication caused by human activities and 
as a result, algae blooms or species extinction is common 
(Anderson et al., 2002; Heisler et al., 2008). Zooplankton 
is the main predator on phytoplankton and it is sensitively 
influenced by the fluctuations of environmental factors 
(Carter and Schindler, 2012; Shurin et al., 2012; Yang et 
al., 2012; Mozetič et al., 2012; Beaugrand et al., 2013; 
Eisner et al., 2014). Sustaining appropriate biomass of 
zooplankton community in changeable environments is 
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essential to support a healthy and productive aquatic eco-
system (Jeppesen et al., 2011; Lacerot et al., 2013).

The physical and chemical variables of water, biomass 
of phytoplankton and the density of planktivorous fish are 
the main factors that influence zooplankton community 
(Yang et al., 2012; Carter and Schindler, 2012; Mozetič et 
al., 2012; Lacerot et al., 2013). Physicochemical conditions 
such as water temperature (WT) and dissolved oxygen 
(DO) of an aquatic ecosystem are affecting zooplankton 
communities through their growth rates, reproduction and 
metabolic rates (Mahar et al., 2008; Jeppesen et al., 2011; 
Carter and Schindler, 2012; Shurin et al., 2012; Olson and 
Daly, 2013). Besides, factors such as WT and nutrients can 
also impact zooplankton community indirectly through 
influencing phytoplankton biomass (Saba et al., 2011; 
Özen et al., 2013). Predator-prey interaction between 
phytoplankton and zooplankton is a widely analyzed topic 
in ecology (Grover, 2002; Prowe et al., 2012; Ye et al., 
2013). Top-down control of zooplankton can determine 
the composition of phytoplankton assemblage (Vardi et 
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al., 2002). Predation can be responsible for the breakdown 
of bacterioplankton blooms and the temporal changes in 
phytoplankton structure in a mesotrophic lake (Hennes and 
Simon, 1995). The intensity of predator-prey interaction 
between phytoplankton and zooplankton is greatly 
influenced by the trophic states of a lake (Carney and 
Elser, 1990; Elser and Goldman, 1991). In oligotrophic 
lakes, zooplankton is dominated by small-sized individuals 
whose predation ability is weak due to low food density 
(Carney and Elser, 1990; Elser and Goldman, 1991). 
In mesotrophic lakes, zooplankton is dominated by the 
efficient grazer Daphnia (Carney and Elser, 1990; Elser and 
Goldman, 1991; Hennes and Simon, 1995). In eutrophic 
lakes, phytoplankton is dominated by cyanobacteria, which 
is grazing-resistant species, and the growth of zooplankton 
is limited (Carney and Elser, 1990; Elser and Goldman, 
1991). R-P-Z (Resource- Phytoplankton- Zooplankton) 
model can simply represent the relationships among the 
three trophic groups in aquatic ecosystems (Grover, 2002; 
Prowe et al., 2012; Ye et al., 2013). However, situations are 
more complicated in field lakes since both phytoplankton 
and zooplankton are complex in taxonomic composition 
and each of the group has its own ecophysiological traits 
(Litchman and Klausmeier, 2008; Schwaderer et al., 2011; 
Ciros-Pérez et al., 2015).

Lake Nansihu is an important water delivery channel 
and storage lake of the great South-to-North Water 
Diversion Project in China. The lake was in a healthy state 
in the early 1980s (Shu et al., 2012). Mean concentrations 
of total nitrogen (TN) and total phosphorus (TP) were 
0.825 mg/L and 0.018 mg/L, respectively (Shu et al., 
2012). There were 116 phytoplankton genera and 249 
zooplankton species in the lake in the early 1980s (Zhang 
et al., 2007; Gong et al., 2010). The next few decades have 
seen the rapid industrial and economic developments in this 
area. A large amount of internal pollution from aquaculture 
and external untreated domestic wastewater, industrial 
wastewaters, and agricultural runoff were flowing into the 
lake (Zhang et al., 2007). Mean TN and TP concentrations 
reached 3.7 mg/L and 0.15 mg/L, respectively in 2000 
(Shu et al., 2012). The lake had only 36 phytoplankton 
species and 28 zooplankton species in 2002 (Gong et al., 
2010). It was thus classified as eutrophic and ecological 
fragile region. Situations were getting better since the 
construction of the great South-to-North Water Diversion 
Project in 2002. A series of measures for environmental 
managements and ecological restoration in the lake were 
taken by the government. Annual average concentrations 
of TN and TP were 1.01 mg/L and 0.09 mg/L in 2010 (Wu 
et al., 2012). There were 86 phytoplankton species and 
52 zooplankton species in 2007 (Gong et al., 2010). The 
lake is now in a recovering state and the main risk in the 

lake is algae bloom. Due to the key roles of zooplankton 
community in water ecosystems, analyzing the responses 
of zooplankton community to the environmental factors 
and phytoplankton biomass is important in guaranteeing 
water quality and ecological security in the lake.

In this study, physicochemical values or concentrations 
of WT, DO, pH, Secchi disk depth (SD), TN, TP, ammonia 
nitrogen (NH4

+-N), as well as the composition and structure 
of both phytoplankton and zooplankton communities were 
measured in Lake Nansihu. Seasonal shifts in zooplankton 
community structure at taxonomic, abundance and biomass 
were also recorded. The influence of environmental factors 
and phytoplankton biomass on zooplankton community 
was analyzed through linear Pearson correlation and 
canonical correspondence analysis (CCA). The purpose 
of this research is to find the main factors that influence 
zooplankton in the lake.

METHODS

Study area
Lake Nansihu (116°34′E~117°21′E, 34°27′N~ 

35°20′N) is located in the north of Huai River Basin and it 
is the second largest freshwater lake in North China (Fig. 
1). The lake has an area of 1266 km2 and a mean water 
depth of 1.5 m. The capacity of the lake is about 6.37×109 

m3 with 54 rivers draining radially into it. Lake Nansihu is 
categorized as a shallow, open and plain grassland lake and 
it is part of the Beijing-Hangzhou Grand Canal. In summer, 
the water in the lake flows into Huaihe River from north to 
south (Gong et al., 2010). The climate of the lake is warm 
temperate monsoon with an annual average temperature of 
13.7°C. The annual average rainfall of the lake is 550 mm 
to 720 mm and about 60% of the precipitation is in summer.

Sampling and measurements
Twelve sample sites were set according to the 

distribution of the lake (Fig. 1). Field investigations were 
conducted in July 2012, April, September and November 
2013 to represent situations in different seasons. 

Measurements and sampling were all carried out 
between 8:00 AM and 11:00 AM along the same route. WT 
(°C), TDS (us/cm), pH and DO (mg/L) were measured in 
situ using YSI in the lake. The values of SD were measured 
by Secchi disk. Water quality samples were taken with 
Tygon tube water sampler from the 12 sites. The samples 
were then kept in acid-cleaned glass bottles and stored 
at 4°C before analyses. TN (mg/L) was measured by 
potassium persulfate digestion-UV spectrophotometry 
method, NH4

+-N (mg/L) was determined by Nessler’s 
reagent spectrophotometry method and TP (mg/L) was 
determined by Mo-Sb Anti-spectrophotometry method.

W. Tian et al.
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Fig. 1. Location of Lake Nansihu and sample sites in the lake. The figure was made by ArcGIS version 10.0.

Phytoplankton samples were taken 1 L under the water 
surface in each sample site, then preserved with acidified 
Lugol’s solution for 24 h and condensed to 30 mL. 0.1 
mL of the condensed sample was taken on phytoplankton 
counting box to identify the species and count the cells of 
each species. The biomass of phytoplankton species was 
calculated by the cell volume of each species (Sun et al., 
1999).

Zooplankton samples were taken using a 64µm 
mesh size net with a diameter of 12 cm. The samples 
were preserved in a formaldehyde solution (4%) buffered 
with calcium carbonate before analyses. The species were 
identified using specialised method (Lansac-Tôha et al., 
2009). For quantitative research, 1 L mixed water was 
collected in 0.5 m and 1.0 m under the water surface and 
samples were preserved with acidified Lugol’s solution for 
24 h. The samples were condensed to 50 mL. 0.1 mL of 
the condensed sample was used to count the individuals 
of protozoa and 1 mL was used to count the number of 
rotifera, cladocera and copepods under microscope. 
Zooplankton biomass was estimated from biovolume by 
comparing the body shape with approximate geometric 
shapes.

Statistical analysis
The correlation coefficients between zooplankton 

community and environmental factors or phytoplankton 
biomass were calculated by linear Pearson correlation. 
The influence of different factors on zooplankton is 
analyzed using CCA. The environmental matrix in CCA 
was consisted of environmental factors and biomasses of 

different phytoplankton communities. The species matrix 
was formed at two different scales: (1) the densities and 
biomasses of different zooplankton communities, (2) the 
densities of different zooplankton species. In the second 
case, species is selected when its frequency appeared 
is higher than 30%. All the variables are transformed 
by log10(x+1) except for pH. The calculation of CCA is 
conducted through Canoco for Windows 4.5 and the 
figures are drawn through Canodraw for Windows.

RESULTS

Seasonal variations of environmental factors and 
phytoplankton biomass

In spring, WT ranged from 15.5± to 18.6°C in the 
12 sites and its mean value was 17.47°C (Fig. 2). In 
summer, mean WT was significantly higher than that in 
other seasons (p<0.01) and its value was 32.07±0.78°C 
(mean ± SD, Fig. 2). Mean WT reached 26.8°C in autumn 
and it was much higher than that in spring. The standard 
deviations of WT in the four seasons were low. There was 
no significant difference among the mean concentrations 
of DO in spring, summer and autumn (p>0.05). Their 
values were 8.13, 8.76 and 7.85 mg/L, respectively. Mean 
DO concentration reached its maximum value in winter 
and it was significantly higher than that in other seasons 
(p<0.05).

Most of the sites in the lake showed weak alkaline 
and pH value in summer was significantly higher than that 
in winter (p<0.05). However, there was no statistically 
significant difference among the pH values in other seasons

Effect of Environmental Factors on Zooplankton Community 495
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Fig. 2. Mean values of environmental factors of Lake Nansihu in different seasons.

   (p>0.05). Average values of SD in the four seasons 
were 73.1, 56.8, 43.8 and 63.4 cm, respectively and there 
was no apparent difference among them (p>0.05). Values 
of SD in most of the sites were lower than 1 m during the 
sampling time. There were apparent seasonal variations in 
TDS (Fig. 2). Mean TDS in summer was 4090.4 μs/cm, 
which was higher than that in other seasons (p<0.01).

Nutrient concentrations in the lake were enriched and 
there were apparent seasonal differences. In spring, TN 
ranged from 0.63 mg/L to 1.23 mg/L, with an average of 
0.94 mg/L and a standard deviation of 0.18 in the 12 sample 
sites (Fig. 2). TN reached its highest value in summer with 
an average value of 1.98 ± 1.77 mg/L. Mean concentration 
of TN was significantly higher than that in spring (p<0.01). 
The maximum value of TN appeared at Site 8 (Fig. 1) and 
its value reached 5.96 mg/L. In autumn and winter, mean 
TN concentrations reached 1.41 ± 0.53 mg/L and 1.00 ± 
0.45 mg/L, respectively (Fig. 2). TP concentration varied 
from 0.04 mg/L to 0.14 mg/L in spring and its mean value 
was 0.07 mg/L. In summer, TP pollution was serious and 
its mean value reached 0.38 ± 0.27 mg/L (Fig. 2). The 
maximum value of TP also appeared at Site 8 (Fig. 1) and 
its value was 0.89 mg/L. Mean concentration of NH4

+-N 
in spring was lower than that in autumn (p<0.01) and 
winter (p<0.05). NH4

+-N reached its maximum value in 
autumn with an average of 0.79 mg/L (Fig. 2). There was 
no significant difference between the mean concentrations 

of NH4
+-N in summer and winter.

Fig. 3. Mean biomasses of phytoplankton communities in 
different seasons.

Phytoplankton biomass was dominated by 
Cyanophyta, Chlorophyta, Bacillariophyta and 
Euglenophyta (Fig. 3). Mean biomasses of these four 
groups in spring were 0.08 ± 0.04 mg/L, 0.29 ± 0.08 mg/L, 
0.32±0.06 mg/L and 0.30 ± 0.12 mg/L, respectively. In 
summer, phytoplankton biomass reached its maximum 
value, with an average of 5.06 mg/L. Chlorophyta 
was the dominant community and its biomass ranged 
between 1.50 mg/L and 2.83 mg/L. Mean biomasses 
of Cyanophyta, Bacillariophyta, Euglenophyta and 

W. Tian et al.
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Xanthophyta were 0.47 mg/L, 0.95 mg/L, 0.81 mg/L and 
0.80 mg/L, respectively (Fig. 3). In autumn, the biomass 
of Chlorophyta was still high and its value was 0.91 ± 0.41 
mg/L (Fig. 3). It was significantly greater than that of other 
communities (p<0.01). In winter, phytoplankton biomass 
was dominated by Bacillariophyta and its mean value was 
0.19 mg/L. There were substantial seasonal changes in the 
dominant phytoplankton communities, from Cyanophyta, 
Chlorophyta and Bacillariophyta in spring, Chlorophyta in 
summer and autumn to Bacillariophyta in winter (Fig. 3).

Seasonal variations of zooplankton community
A total of 76 zooplankton species were identified 

in the lake, including 17 protozoa species, 36 rotifera 
species, 12 cladocera species and 11 copepods species, 
respectively. Zooplankton species richness in the four 
seasons was nearly in the same level. However, there 
were apparent differences in species richness among the 
12 sites. The minimum number of zooplankton species 
was 15 and it appeared at Site 8 (Fig. 1), where the 
concentrations of TN and TP both reached the maximum 
values. The largest value of zooplankton species richness 
was 55 and it appeared at Site 9 (Fig. 1), where the values 
of environmental factors were in medium levels.

Fig. 4. Zooplankton community abundance of different 
sample sites in different seasons.

In spring, protozoa abundance ranged from 3021 
ind./L to 5781 ind./L in the 12 sites (Fig. 4). The lowest 
abundance appeared at Site 8 where zooplankton species 
richness was the lowest and nutrients were the most 
enriched. Site 9 has the maximum value of protozoa 

abundance. It also has the maximum species richness and 
medium level of nutrients in the 12 sites. Abundance of 
Rotifera ranged between 16 ind./L and 196 ind./L (Fig. 
4). Cladocera abundance varied from 13 ind./L to 126 
ind./L in the 12 sites and that of copepods ranged between 
10 ind./L and 117 ind./L (Fig. 4). Mean abundance of 
cladocera was considerably higher than that of rotifera and 
copepods (Fig. 4). In summer, protozoa abundance ranged 
from 1710 ind./L to 5135 ind./L in the 12 sites (Fig. 4). 
The minimum and maximum values also appeared at Site 
8 and 9, respectively (Fig. 4). Mean abundance of rotifera 
and cladocera was lower than that in spring. In autumn and 
winter, all community abundance was apparently lower 
than that in spring and summer (Fig. 4). Mean abundance 
of protozoa, rotifera, cladocera and copepods was 3845 
ind./L, 44 ind./L, 57 ind./L and 49 ind./L, respectively 
in autumn. In winter, zooplankton abundance reached 
its minimum value and mean values of the four groups 
were 2710 ind./L, 37 ind./L, 44 ind./L and 39 ind./L, 
respectively.

Fig. 5. Zooplankton community biomass of different 
sample sites in different seasons.

In spring, autumn and winter, zooplankton biomass 
was dominated by cladocera while in summer both 
cladocera and copepods were the dominant communities 
(Fig. 5). Mean biomasses of protozoa, rotifera, cladocera 
and copepods were 0.15 mg/L, 0.15 mg/L, 0.81 mg/L 
and 0.42 mg/L, respectively. Zooplankton community 
composition varied a lot in the 12 sites (Fig. 5). In summer, 
mean biomasses of protozoa, rotifera and cladocera were 
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a little lower than that in spring and there values were 
0.14 mg/L, 0.11 mg/L and 0.72 mg/L. Mean biomass of 
copepods was higher than that in spring and its value was 
0.51 mg/L. The biomass of rotifera was low and negligible 
in some sites (Fig. 5). In autumn and winter, zooplankton 
biomass was smaller than that in spring and summer (Fig. 
5). Mean biomasses of protozoa, rotifera, cladocera and 
copepods in autumn were 0.13 mg/L, 0.11 mg/L, 0.56 
mg/L and 0.34 mg/L, respectively. In winter, zooplankton 
biomass was the lowest and mean values of the four groups 
were 0.10 mg/L, 0.08 mg/L, 0.44 mg/L and 0.10 mg/L, 
respectively. Mean cladocera biomass were accounting for 
52.9%, 48.4%, 49.5% and 61.2% of the total zooplankton 
biomass in the four seasons.

Correlations between zooplankton community and 
environmental factors or phytoplankton

The linear Pearson correlations between 
environmental factors and zooplankton community were 
listed in Table I. From Table I, we can conclude that the 
abundance of copepods was significantly correlated with 

WT (p<0.01), TDS (p<0.05) and TP (p<0.01). Both WT 
(p<0.01) and TN (p<0.01) were highly correlated with 
the biomass of copepods (p<0.01). Besides, a positive 
relationship between the biomass of protozoa and TN was 
observed (p<0.05). The correlation coefficients among 
other variables were not significant (p>0.05) (Table I).

Significant positive correlations between the 
abundance of protozoa and the biomasses of both 
Euglenophyta (p<0.05) and Cryptophyta (p<0.05) were 
observed. However, the biomass of protozoa was only 
statistically correlated with Cryptophyta (p<0.01). 
Both the abundance and biomass of Rotifera were not 
correlated with the phytoplankton communities (p>0.05) 
as shown in Table II. There was a positive correlation 
between cladocera abundance and Euglenophyta biomass 
(p<0.01). Cladocera biomass was highly correlated 
with Bacillariophyta (p<0.05), Euglenophyta (p<0.01), 
Chrysophyta (p<0.05) and Xanthophyta (p<0.05). Both 
the biomass and abundance of copepods were significantly 
correlated with most of the phytoplankton communities 
(Table II).

Table I.- Correlation coefficients between environmental factors and zooplankton community.

Variables WT DO pH SD TDS TN TP NH4
+-N

Abundance Protozoa 0.25 -0.13 0.10 0.01 -0.09 -0.01 0.06 -0.11
Rotifera 0.04 -0.21 0.04 0.23 -0.09 0.08 -0.13 -0.02
Cladocera 0.22 0.02 0.22 -0.05 0.11 -0.03 0.20 -0.24
Copepods 0.39** 0.07 0.23 -0.13 0.32* -0.02 0.39** -0.10

Biomass Protozoa 0.27 -0.24 0.23 -0.01 0.03 0.33* 0.03 -0.22
Rotifera 0.06 -0.11 0.17 0.24 0.01 -0.21 -0.16 -0.14
Cladocera 0.25 -0.12 0.18 0.18 0.07 -0.21 -0.03 -0.21
Copepods 0.44** -0.22 0.28 0.09 0.22 0.38** 0.20 -0.03

* Denotes p<0.05, ** denotes p<0.01.

Table II.- Correlation coefficients between phytoplankton biomass and zooplankton community. Cyan: Cyanophyta, 
Chlo: Chlorophyta, Baci: Bacillariophyta, Eugl: Euglenophyta, Cryp: Cryptophyta, Pyrr: Pyrrophyta, Chry: 
Chrysophyta, Xant: Xanthophyta.

Variables Cyan Chlor Baci Eugl Cryp Pyrr Chry Xant
Abundance Protozoa -0.05 0.10 0.28 0.30* 0.49* 0.06 -0.09 0.14

Rotifera 0.00 0.04 0.16 0.16 0.01 0.04 0.55 0.06
Cladocera 0.12 0.18 0.27 0.38** 0.31 0.14 -0.41 0.22
Copepods 0.29* 0.36* 0.45** 0.50** 0.50* -0.22 -0.59 0.50**

Biomass Protozoa 0.13 0.23 0.26 0.24 0.74** -0.16 -0.14 0.14
Rotifera 0.01 -0.06 0.04 0.21 0.04 -0.22 0.73 0.21
Cladocera 0.15 0.11 0.35* 0.45** -0.12 -0.13 0.87* 0.35*
Copepods 0.37* 0.48** 0.49** 0.40** 0.64** 0.03 0.19 0.28

* Denotes p<0.05, ** denotes p<0.01.
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Table III.- Eigenvalues for CCA axis and species environment correlation.

AX1 AX2 AX3 AX4 Total inertia
Community Eigenvalues 0.005 0.003 0.002 0.001 0.025

Species-environment correlations 0.707 0.729 0.641 0.471
Species Eigenvalues 0.076 0.040 0.020 0.019 0.515

Species-environment correlations 0.780 0.744 0.617 0.598

Fig. 6. CCA biplot of environmental factors, phytoplankton 
and zooplankton communities.

The influence of environmental factors and phytoplankton 
on zooplankton community

The influence of environmental factors and 
phytoplankton biomass on zooplankton community are 
shown in Table III and Figure 6. Results revealed that the 
first two environmental factors axes were vertical with 
each other. The correlation coefficient between the first two 
species axes was 0.06 and they were nearly perpendicular 
with each other. Thus the results of CCA were credible. 
The eigenvalues of the first two axes were 0.005 and 
0.003 (Table III). The correlation coefficients between 
the first two environmental axes and species axis were 
0.707 and 0.729, indicating a close relationship between 
environmental factors, phytoplankton and zooplankton 
community.

Species axis 1 was positively correlated with SD 
and Chrysophyta biomass but negatively correlated with 
TP (Fig. 6). Species axis 2 was positively related to WT, 
TN and the biomasses of Cyanophyta, Chlorophyta, 
Bacillariophyta, Euglenophyta, Cryptophyta, and 

Xanthophyta (Fig. 6). From Figure 6, we can conclude that 
the abundance and biomass of protozoa were distributed 
near the original point. Protozoa biomass was influenced 
by many phytoplankton communities, but its abundance 
was only slightly influenced (Fig. 6). Both the abundance 
and biomass of rotifera were in the positive direction of 
the first axis and they were strongly influenced by SD and 
Chrysophyta biomass (Fig. 6). Cladocera abundance was 
distributed in the negative direction of the first axis and it 
was mainly influenced by DO and TP (Fig. 6). However, 
its biomass was influenced by SD and Pyrrophyta (Fig. 
6). There was a strong correlation between the biomass 
of copepods and many factors such as WT, TN and 
phytoplankton communities (Fig. 6). Unexpectedly, 
copepods abundance was slightly influenced by the 
environmental factors and phytoplankton.

Zooplankton species which were chosen in the CCA 
are listed in Table IV. Among all these species, Z1-Z11 are 
belonging to protozoa and species Z12-Z28 to rotifera. 
Nine cladocera species are selected and coded from Z29 to 
Z37. Species Z38 to Z43 belong to copepods. The first two 
environmental factors axes were vertical with each other 
and the first two species axes were nearly perpendicular. 
Eigenvalues of the first two axes were 0.076 and 0.040 
respectively. The correlation coefficients between the first 
two environmental axes and species axis were 0.780 and 
0.744. Thus the results of CCA were credible and thereas 
a close relationship between environmental factors, 
phytoplankton and zooplankton species.

Species axis 1 was positively correlated with 
Cyanophyta but negatively correlated with Cryptophyta 
and Chrysophyta (Fig. 7). There was significantly positive 
correlation between species axis 2 and SD (Fig. 7). 
Zooplankton species can be generally divided into three 
groups according to their distribution in the biplot. Group 
1 was mainly distributed in the positive direction of axis 
1 and consisted of Protozoa species Z3, Z5, Z6, Z11, 
Rotifera species Z14, Z16, Z26, Cladocera species Z30, 
Z31, Z34, Z36, Z37 and copepod species Z39, Z40, Z42, 
Z43. Their distribution in the lake was mainly influenced 
by Cyanophyta biomass, DO, TP and TDS (Fig. 7). Group 
2 was mainly distributed in the second quadrant and most
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Table IV.- Codes of zooplankton species for CCA.

Code Latin name Code Latin name Code Latin name
Z1 Carchesium Z2 Difflugia Z3 Amoeba
Z4 Theopilium Z5 Vorticella Z6 Ciliophora
Z7 Holomastigotoides Z8 Teleogryllus Z9 Holophrya
Z10 Cercomonas Z11 Stentor Z12 Asplanchna priodonala
Z13 Asplanchna Z14 Brachionus calyciflorus Z15 Brachionus quadridentatus
Z16 Keratella cochlearis Z17 Brachionus budapestiensis Z18 Brachionus diversicornis
Z19 Brachionus forficula Z20 Ascomorpha Z21 Brachionus leydigi
Z22 Ascomorpha ovalis Z23 Pompholyx complanata Z24 Hexarthra mira
Z25 Filinia longiseta Z26 Brachionus forcatus Z27 Keratella valga
Z28 Brachionus angularis Z29 Diaphanosoma leuchtenbergianum Z30 Diaphanosoma brachyurum
Z31 Simocephalus vetulus Z32 Moina rectirostris Z33 Moina affinis
Z34 Bosmina longirostris Z35 Daphnia longispina Z36 Chydorus sphaericus
Z37 Acroperus harpae Z38 Cyclops vicinus Z39 Eucyclops serrulatus
Z40 Mesocyclops leuckarti Z41 Sinocalanus tenellus Z42 Sinocalanus dorrii
Z43 Nauplius

of the species were belonging to Rotifera. Protozoa species 
Z7, Z8, Z10 and Cladocera species Z29 were also in group 
2. Chrysophyta and SD were the main factors that influ-
enced the zooplankton species in this group (Fig. 7). The 
remaining species were belonging to Group 3 and mainly 
distributed in the third quadrant (Fig. 7). Their distribution 
was primarily influenced by Cryptophyta (Fig. 7).

Fig. 7. CCA biplot of environmental factors, phytoplankton 
and zooplankton species.

We have observed a strong correlation between 
the values of SD and B. leydigi abundance (Fig. 7). It 
indicated that rotifera species B. leydigi could be used 
as an indicator of water SD. Similar phenomenon was 
found in the correlation between cladocera species D. 
leuchtenbergianum and Chrysophyta biomass. Protozoa 
species Theopilium, Rotifera species A. ovalis and H. mira 
were highly correlated to the biomass of Cryptophyta (Fig. 
7). These zooplankton species may be used as indicators of 
relevant environmental changes.

DISCUSSION

Lake Nansihu is experiencing from pollution to 
restoration in the past few decades. Annual average 
concentration of TN ranged from 0.825 mg/L in the early 
1980s, 3.70 mg/L in 2000 to 1.01 mg/L in 2010 (Shu 
et al., 2012; Wu et al., 2012). In this study, mean TN 
concentrations were 0.94 mg/L, 1.98 mg/L, 1.41 mg/L and 
1.00 mg/L in the four seasons. TN concentration was lower 
than that in 2000 but still higher than that in 1980s (Shu et 
al., 2012). Mean concentrations of TP were ranging from 
0.06 mg/L to 0.38 mg/L seasonally in this research. TP 
concentrations in spring, autumn and winter were lower 
than that in 2000, but in summer it was much higher (Shu 
et al., 2012). From the concentrations of TN and TP, we can 
conclude that water quality is gradually getting better now 
but situations in summer are still serious. In Lake Nansihu, 
phytoplankton community was dominated by Cryptophyta 
and Bacillariophyta in 1983 (Zhang et al., 2007). In this 
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research, phytoplankton was dominated by Chlorophyta 
and Bacillariophyta. These changes in phytoplankton 
community were mainly due to the degradation of water 
quality in the lake. Zooplankton species was ranging 
from 249 species in the early 1980s to 28 species in 2002 
(Zhang et al., 2007; Gong et al., 2010). In this research, 
there were 76 zooplankton species in 2013. The number of 
zooplankton was gradually recovering with the changes of 
water quality in the lake.

Ecologists have observed that zooplankton peaked 
in spring in many lakes due to environmental warming 
and nutrients loading (Feuchtmayr et al., 2010). In 
Lake Nansihu, zooplankton peaked in both spring and 
summer. Environmental conditions were widely variable 
in the four seasons with mean temperatures ranging from 
10.6°C in winter to 32.1°C in summer, as well as higher 
concentrations of both TN and TP in summer than that 
in other seasons. The seasonal phytoplankton biomass 
described in this research also suggested that food 
availability was low in spring and much higher in summer. 
Comparing with the result of Feuchtmayr et al. (2010), 
we can conclude that water temperature may be the main 
reason of zooplankton peak. Ecologists have found that 
temperature and phytoplankton have great influence on 
copepods community (Huntley and Lopez, 1992; Turner, 
2004; Mahar et al., 2007; Apaydın Yağcı, 2014). In this 
research, copepods community was significantly correlated 
with WT and the biomasses of Cyanophyta, Chlorophyta, 
Bacillariophyta, Euglenophyta and Cryptophyta, which 
is consisting with previous studies (Huntley and Lopez, 
1992; Turner, 2004).

Recent studies have revealed that the relative 
abundance of rotifers was significantly higher in non-
polluted region than polluted region (Al-Ghanim, 2012; 
Patrick et al., 2012). Copepods community was more 
tolerable in polluted water than other communities 
(Patrick et al., 2012). In this research, the minimum 
values of zooplankton species richness, abundance and 
biomass appeared at the site which provides the maximum 
concentrations of nutrients. The relative abundance of both 
cladocera and copepods in polluted region was higher than 
that in other sites. Comparing with the results of Patrick et 
al. (2012), we can conclude that large-size zooplankton is 
more adaptive than other communities in polluted water. 
Some researchers have revealed that in mesotrophic 
lakes, zooplankton is dominated by the efficient grazer 
Daphnia and the intensity of predator-prey interaction is 
the strongest (Carney and Elser, 1990; Elser and Goldman, 
1991). In this study, Lake Nansihu was meso-eutrophic 
and zooplankton biomass was dominated by Cladocera. 
Thus we can conclude that in both mesotrophic and slight 
eutrophic lakes, the intensity of predation was strong 

and zooplankton biomass was dominated by the efficient 
grazer Cladocera.

The recently proposed transparency regulator 
hypothesis revealed that SD was the main reason of diel 
vertical migration of zooplankton (Williamson et al., 
2011). Besides, some ecologists found that the increasing 
zooplankton grazing could contribute to improvements 
in water SD (Auer et al., 1990). Results of CCA in this 
research show that SD has significant influence on 
zooplankton. Comparing with previous studies, we can 
conclude that zooplankton and SD can mutually influence 
each other (Auer et al., 1990; Williamson et al., 2011). 
Zooplankton species were widely used as indicator to 
disturbance and water pollution in aquatic ecosystems 
(Attayde and Bozelli, 1998; Vandysh, 2004). Apaydın-
Yağcı et al. (2016) reported that Hexarthra mira was 
highly related to environmental changes according to CCA 
and it was found where the temperature was high in Lake 
Eğirdir from Turkey. In this work, strong correlations 
between B. leydigi and SD, Chrysophyta biomass and 
D. leuchtenbergianum, Cryptophyta and Theopilium, A. 
ovalis, H. mira were observed. These zooplankton species 
could be used as indicators of relevant environmental 
changes.

CONCLUSION

The main risk in Lake Nansihu is the outbreak of algae. 
Zooplankton community is important in guaranteeing the 
ecological security and water quality in lake ecosystems. 
Results in this study showed that zooplankton community 
is strongly correlated with phytoplankton biomass. In 
spring, zooplankton biomass reached its maximum value 
while the biomass of phytoplankton was pretty low. High 
values of zooplankton biomass may be the reason of the 
disappearance of phytoplankton spring bloom in Lake 
Nansihu. Results also showed that WT, SD, nutrients and 
phytoplankton biomass are the most significant factors that 
influence zooplankton community. Thus measures should 
be mainly focused on limiting anthropogenic import of 
nutrients, increasing SD values, protecting and restoring 
the habitats of zooplankton species in Lake Nansihu.
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