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Abstract: Floods can change the physicochemical factors of the water body and the zooplankton
community. In the summer of 2020, Huayanghe Lake experienced floods. Here, eight cruises were
conducted in Huayanghe Lake from 2020 to 2022 to study the response of environmental factors
and the zooplankton community to the floods. The results demonstrated that floods increased
the concentrations of total nitrogen, total phosphorus and chlorophyll a. In addition, during the
floods, the number of rotifer species increased, while the number of cladoceran and copepod species
decreased. Floods also reduced the average density and biomass of zooplankton. The results of
Pearson correlation analysis and redundancy analysis showed that environmental factors, such as
water depth, water temperature, transparency, nitrogen and phosphorus concentration, conductivity,
coverage of aquatic vegetation and chlorophyll a, were closely related to the seasonal dynamics of
zooplankton in Huayanghe Lake. Our research emphasizes that zooplankton can quickly respond to
floods, providing data support for the ecological relationship between flooding and the zooplankton
community, which is crucial for the preservation and restoration of the lake water ecosystem.

Keywords: floods; zooplankton; Huayanghe Lake; environmental factors

1. Introduction

Anhui Province retains a relatively intact series of lakes connected to the Yangtze
River. These lakes constitute the ecological barrier of the economically developed areas of
the Yangtze River Delta and are an important ecological functional area in China. On the
one hand, they play an important role in flood storage and drought prevention, climate
regulation and soil and water conservation [1]; on the other hand, their periodic hydro-
logical variation characteristics result in more types of wetland habitats. These not only
provide migration and breeding sites for fish, but also important habitats for migratory
birds, which are essential for maintaining the balance of the ecosystem and the conservation
of biodiversity [2,3].

Huayanghe Lake is located in the middle and lower reaches of the Yangtze River, with
obvious periodic hydrological fluctuation. Due to the long-term influence of the Asian
monsoon climate and the interaction of river and lake patterns, the lake has a relatively
stable pattern of water level fluctuations, i.e., high water period, receding water period and
low water period [4,5]. In this paper, we refer to this relatively stable water level fluctuation
pattern as the regular water level fluctuation (RWF). Depending on the season, water levels
fluctuate with the water level of the Yangtze River. Sometimes, the inflow of the Yangtze
River in summer and the increase in rainfall make the water level of Huayanghe Lake rise,
forming a flood period [6]. This is an extreme water level fluctuation (EWF). In July 2020,
Huayanghe Lake suffered from floods, and it continued to exceed the 15 m warning level
for 116 days from July 10 to November 2, reaching a maximum of 16.42 m.
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Some studies have found that zooplankton density decreases with the increase in lake
water level during the flood period [7]. In addition to the rapid rise in water level, rainfall
washes a large amount of pesticides, sediment and other pollutants from agricultural
fields into the lakes [8], leading to an increase in the concentration of nutrients, such as
nitrogen and phosphorus in the water column, and an increase in turbidity [9–11]. Some
scholars have shown that fluctuations in lake levels due to floods can also cause changes in
the zooplankton community structure [12]; more and more studies have since confirmed
the importance of water level stability on the zooplankton community structure and
dynamics [13]. For example, water level fluctuations can disturb the plankton community
and affect the plankton biomass and species composition [14]. Additionally, it has been
found that the hydrological regime of floodplains is crucial for zooplankton biomass
patterns and succession and that flood events and high water levels reset the community to
an early successional phase [15].

Zooplankton are primary consumers of aquatic ecosystems and are one of the unique
life forms in aquatic ecosystems due to their small size, large numbers and strong metabolic
capacity [16]. They are also responsive to environmental changes and are important
indicators of changes in the aquatic environment [17].

In this study, we selected the Huayanghe Lake as our study area and focused on
zooplankton. This study aimed to: (1) explore how floods affect environmental factors
including water depth, transparency, pH, dissolved oxygen, turbidity, conductivity, aquatic
vegetation coverage, chlorophyll a, nitrogen and phosphorus concentration; (2) study
what changes will happen to the community structure of zooplankton under the flood
background; and (3) analyze which environmental factors are closely related to these
changes. This study provides necessary data support for water quality assessment and
ecological restoration of lakes by comparing zooplankton and environmental factors in
different years with and without floods.

2. Materials and Methods
2.1. Study Area

Huayanghe Lake (116◦00′′ E–116◦33′′ E, 29◦52′′ N–30◦58′′ N) lies on the north bank of
the Yangtze River in Anhui Province, China, with a surface area of 580 ± 115.8 km2. With
the aim of scientific management, it is divided into three parts: Longgan Lake in the west,
Huangda Lake in the middle and Po Lake in the north (Figure 1). It is a north subtropical
monsoon humid climate, with four distinct seasons, long sunshine, more rainfall and a
short frost period. The average temperature throughout the year is about 17 ◦C, with
the lowest temperature in winter and the highest temperature in summer. The average
annual rainfall is about 1307 mm, and the rainfall fluctuates greatly from season to season,
especially from June to July, which is commonly known as the plum rain season and is a
major climatic feature of the middle and lower reaches of the Yangtze River [18].

2.2. Sampling Points and Sampling Time

A total of 26 sampling points were set up in Huayanghe Lake (Figure 1), including
9 sampling points in Huangda Lake, 7 sampling points in Po Lake and 10 sampling points
in Longgan Lake. According to the actual situation, the zooplankton community structure
and main environmental factors of Huayanghe Lake were investigated in May, August and
November 2020; February, May, August and November 2021; and February 2022. We used
the precise calculation and positioning of GPS to determine the location of sampling points
to ensure our samples came from the exact same location every time [19].
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Figure 1. Sampling points of Huayanghe Lake.

2.3. Sample Collection and Processing

We employed the sample collection methods as found in “Zooplankton methodology,
collection and identification—A field manual” to collect the zooplankton samples [20]. The
collection of zooplankton included rotifers, cladocerans and copepods, and the samples
were divided into qualitative and quantitative. When the depth of the lake water was not
more than 3 m, samples can be taken at 0.5 m below the water surface. For lake with a depth
of 3–10 m, two water samples were taken from the surface layer (0.5 m) and the bottom layer
(0.5 m from the bottom of the lake), and then the samples of each layer were mixed evenly
to take quantitative samples. Qualitative samples of rotifers were collected with a 25#
(mesh size = 64 µm) plankton net at the water depth of 0.3 m that was towed in the shape
of “∞” for 3~5 min (the speed was 20–30 cm per second). Then, the water was concentrated
into 50 mL bottles and fixed by adding 1 mL of Lugol’s solution on site. The quantitative
samples of rotifers were created by collecting 1 L water sample, putting into 1 L sample
bottles, and then fixing by adding 10 mL of Lugol’s solution on site. After being brought
back to the laboratory and left to stand for 24 h, the supernatant was carefully and slowly
removed with a siphon (with an inner diameter of 3–5 mm), and the remaining 30 mL
was put into a quantified bottle. Qualitative samples of cladocerans and copepods were
collected with a 13# (mesh size = 112 = µm) plankton net. When sampling, we rotated the
net at a water depth of 0.3 m in the shape of “∞” for 3–5 min (the speed was 20–30 cm per
second), then the net was slowly lifted to make the zooplankton concentrate. The sample
was poured into the 50 mL quantification bottles and fixed by adding a 4% formaldehyde
solution 1 mL on site. The quantitative samples of cladocerans and copepods were collected
with a plexiglass water sampler (the volume was 10 L), and 10 L of water were collected,
filtered through a 25# (mesh size = 64 µm) plankton net, and concentrated into 50 mL
quantified bottles. A 1 mL of 4% formaldehyde was added for fixation, and the samples
were taken back to the laboratory, where we let them stand for 24 h before fixing the volume
to 30 mL. The rotifer biomass was calculated using the volumetric method [21], and the
planktonic crustacean biomass was calculated using the body length weight regression
equation [22]. Zooplankton were classified and identified according to their morphological
characteristics and size [23]. The species were identified under the light microscope with
reference to “Chinese Freshwater Rotifers” [24], “Index of Common Freshwater Cladoceran
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in China” [25] and “Fauna of China Arthropoda Crustacea Freshwater Copepoda” [26].
The nomenclature of the recorded species refers to the Rotifer World Catalog [27], the List
of Available Names (LAN) part Rotifera [28], the cladoceran checklist [29] and the World
Register of Marine Species (WoRMS).

While collecting zooplankton samples, we measured water temperature (WT), pH,
dissolved oxygen (DO) and electrical conductivity (EC) using a multi-parameter water
quality analysis meter (HI9828). Water depth (WD) was measured with a sounding hammer.
Transparency (SD) was measured with a Secchi disk. Turbidity (Turb) was measured with
a Hach 2100Q portable turbidimeter. Another 1 L water sample was taken and brought
back to the laboratory for determination of various nutrients. Total nitrogen (TN) was
determined by the UV spectrophotometric method utilizing alkaline potassium persulfate
elimination [30], ammonia nitrogen (NH4

+-N) was ascertained by the spectrophotometric
method using Nessler reagent [31], total phosphorus (TP) was measured by ammonium
molybdate spectrophotometry [32], and chlorophyll a (Chl-a) was determined by 90%
acetone extraction [33]. The aquatic vegetation monitoring was carried out simultaneously
with the collection of zooplankton samples. The survey of aquatic vegetation in Huayanghe
Lake was carried out by the line–point combination method, and the coverage of aquatic
vegetation (Cov) was calculated by the visual observation method. We defined the period
from May 2020 to February 2021 as the extreme water level fluctuation period (EWF),
and the period from May 2021 to February 2022 as the regular water level fluctuation
period (RWF).

The distribution of sampling points was mapped using Arc GIS 10.6 software and
Ovi Interactive Map software. Arc GIS 10.6 software was also employed to insert the
density of zooplankton at each sampling point into the base map of the study area by using
ordinary Kriging interpolation method, and then we charted the spatial distribution map of
zooplankton density [34], and we used this software to chart the distribution map of aquatic
vegetation combined with the field survey results. Using SPSS 26 software, we calculated
the Pearson correlation analysis of zooplankton density, biomass, Shannon-Wiener diversity
index and environmental factors. SPSS 26 software was also utilized for cluster analysis
of zooplankton. The square Euclidean distance was utilized for the distance between
indicators, and the cluster method of inter group connection was used. Because of the large
degree of variability in the raw data for the zooplankton and environmental factors, the
raw data were transformed by Log (x + 1) to meet the normality required for ANOVA,
and Canoco 5 software was used to perform the detrended fluctuation analysis (DCA) of
zooplankton dominant species density data, yielding the first axis length as less than 3.
Therefore, redundancy analysis (RDA) was selected, and the Monte Carlo permutation test
was utilized to screen environmental factors and draw an RDA analysis ranking diagram
to analyze the relationship between environmental factors and dominant species.

2.4. Data Processing

The Margalef richness index (D) [35], the Pielou evenness index (J) [36] and the
Shannon–Wiener diversity index (H′) [37] were chosen to analyze the structural character-
istics of zooplankton diversity, and were calculated following Equations (1)–(5)

Margalef richness index (D) D = (S− 1)/log2 N (1)

Pielou evenness index (J) J = H′/log2 S (2)

Shannon–Wiener diversity index (H′)

H′ = −
S
∑

i=1
(ni/N) log 2(ni/N)

(3)

Species dominance (Y) Y =
ni
N

fi (4)
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Species density (Ni) Ni =
C ∗V1

V2 ∗V3
(5)

where ni is the density of the i species, N is the total density of all species in the sample,
fi is the frequency of occurrence of the i species, S is the total number of all species at
the sampling site, Ni is the number of zooplankton per liter of water, C is the number of
individuals counted, V1 is the volume of the concentrated sample (mL), V2 is the counting
volume (mL) and V3 is the volume of sampling volume (L). Y ≥ 0.02 means that the
zooplankton is a dominant species [38].

The calculation of water body trophic level index adopts the method of mean and
standard deviation, selects SD, TN, TP and Chl.a 4 indicators, and evaluates them with
the following comprehensive trophic level index: TLI(∑) < 30 indicates oligotrophic;
30 ≤ TLI(∑) ≤ 50 signifies mesotrophic; 50 < TLI(∑) ≤ 60 points to mildly eutrophic;
60 < TLI(∑) ≤ 70 means moderately eutrophic; TLI(∑) > 70 signals hypertrophic. The
calculation formula is [39]:

TLI(∑) =
m

∑
j=1

wj ∗ TLI(j)

wj = r2
ij/

m

∑
j=1

r2
ij

In the formula, TLI(∑) represents the comprehensive trophic level index; Wj is the
relative weight of the trophic level index of the jth parameter; rij is the jth index and the
reference parameter; m is the number of evaluation parameters; TLI(j) is the trophic index
representing the first parameter. They are calculated by the following formulas [40]:

TLI(Chl.a) = 10(2.5 + 1.086lnChl.a)

TLI(TP) = 10(9.436 + 1.624lnTP)

TLI(TN) = 10(5.453 + 1.694lnTN)

TLI(SD) = 10(5.118− 1.94lnSD)

In the formula, Chl.a is the concentration of chlorophyll a (ug/L), TP is the concentra-
tion of total phosphorus in water (mg/L), TN is the concentration of total nitrogen in water
(mg/L) and SD is the transparency of lake water (m).

3. Results
3.1. Environmental Parameters of Huayanghe Lake

The changes of two different water level fluctuation cycles from May 2020 to February
2022 were compared by monitoring the main environmental parameters of Huayanghe
Lake. The results revealed that in the extreme water level fluctuation period, the water
depth of the lake increased from May 2020 and gradually rose to 6.77 m. The water
temperature and transparency in both different water level fluctuation cycles exhibited a
trend of first increasing and then decreasing, reaching the maximum in summer and the
minimum in winter. The pH was greater than 7 in both regular and extreme water level
fluctuation periods, indicating that the water is alkaline most of the time. The turbidity
was the lowest in summer. The concentrations of total nitrogen, total phosphorus and
chlorophyll a in the extreme water level fluctuation period were higher than that in regular
water level fluctuation period. The coverage of aquatic vegetation was the highest in
summer and the lowest in winter. Sunshine duration was the shortest in winter and the
longest in summer (Table 1). The average values of the comprehensive trophic level index
(TLI) in the extreme water level fluctuation period and the regular water level fluctuation
period were 53.17 and 48.66, respectively. It can be seen that during the extreme water level
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fluctuation period, the water body was mildly eutrophic, while during the regular water
level fluctuation period, the water body was mesotrophic.

Table 1. Environmental parameters during the survey period.

Environmental
Factors/Times

EWF RWF

Spring
May 2020

Summer
Aug. 2020

Autumn
Nov. 2020

Winter
Feb. 2021

Spring
May 2021

Summer
Aug. 2021

Autumn
Nov. 2021

Winter
Feb. 2022

WT/(◦C) 24.57 ± 0.39 32.47 ± 0.65 23.82 ± 1.21 9.33 ± 0.19 18.26 ± 0.43 33.26 ± 1.89 19.90 ± 0.58 11.79 ± 0.98
pH 7.09 ± 0.16 9.06 ± 0.52 8.64 ± 0.51 8.30 ± 0.25 8.94 ± 0.22 8.65 ± 0.41 8.72 ± 0.40 7.56 ± 0.13

DO/(mg/L) 8.94 ± 0.72 10.38 ± 2.33 9.16 ± 0.87 11.51 ± 0.05 9.34 ± 0.20 9.21 ± 2.12 10.05 ± 0.31 11.27 ± 0.42
EC/(µs/cm) 240.20 ± 53.70 188.07 ± 30.39 181.08 ± 18.86 141.6 ± 15.19 229.55 ± 26.72 237.50 ± 36.78 141.33 ± 29.03 148.68 ± 30.14

SD/m 0.39 ± 0.19 0.93 ± 0.43 0.73 ± 0.15 0.06 ± 0.03 0.37 ± 0.07 0.63 ± 0.37 0.57 ± 0.10 0.21 ± 0.10
WD/m 1.98 ± 0.41 5.96 ± 0.87 6.77 ± 0.93 1.30 ± 0.14 2.32 ± 0.19 3.05 ± 0.49 3.26 ± 0.49 3.21 ± 0.58

Turb/(NTU) 54.81 ± 44.32 11.20 ± 7.99 12.64 ± 5.29 35.49 ± 10.32 25.94 ± 6.32 10.23 ± 2.31 46.52 ± 19.52 23.39 ± 13.31
TN/(mg/L) 1.81 ± 0.51 2.39 ± 1.45 1.41 ± 0.30 1.24 ± 0.38 2.36 ± 0.54 0.47 ± 0.05 0.33 ± 0.18 0.31 ± 0.04

NH4+-N/(mg/L) 0.07 ± 0.05 0.02 ± 0.01 0.03 ± 0.01 0.06 ± 0.01 0.10 ± 0.05 0.04 ± 0 0.05 ± 0.02 0.01 ± 0
TP/(mg/L) 0.03 ± 0.07 0.05 ± 0.02 0.04 ± 0.02 0.13 ± 0.05 0.05 ± 0.10 0.02 ± 0.09 0.03 ± 0.03 0.06 ± 0.06

Chl.a/(µg/L) 4.32 ± 4.82 3.25 ± 2.65 3.74 ± 3.82 7.25 ± 5.83 2.64 ± 2.03 2.77 ± 3.02 3.01 ± 0.97 5.35 ± 3.95
Cov/(%) 5 35 2 1 10 40 2 1
Sunshine

duration/(h) 6.93 7.83 5.72 1.43 6.93 7.83 5.72 1.43

3.2. Zooplankton Species Composition and Dominant Species

A total of 52 species of zooplankton in 19 families and 31 genera were detected in the
two periods, including 26 species of rotifers, 15 species of cladocerans and 11 species of
copepods (Table S1). In the period of extreme water level fluctuation, there were 26 species
of rotifers, 6 species of cladocerans and 8 species of copepods; in the period of regular water
level fluctuation, there were 20 species of rotifers, 15 species of cladocerans and 11 species
of copepods. It can be seen that the number of rotifer species in the period of extreme water
level fluctuation increased by six species compared with the period of regular water level
fluctuation, while the number of cladoceran and copepod species decreased by nine and
three species, respectively.

During the survey, we found a total of 16 dominant species, mainly rotifers. There
were more dominant species in the regular water level fluctuation period, among which
were Brachionus budapestinensis, Polyarthra euryptera and Brachionus urceolaris. The species
with the highest dominance was Polyarthra trigla, which had the highest dominance in
autumn, with a value of 0.241. There were significant seasonal differences in dominant
species, with dominant species present in spring and summer and fewer dominant species
found in autumn and winter (Table 2).

Table 2. Dominant species and dominance of zooplankton.

Species
Species Dominance (Y)

May 2020 Aug. 2020 Nov. 2020 Feb. 2021 May 2021 Aug. 2021 Nov. 2021 Feb. 2022

Trichocerca capucina 0.045 0.031 - - - 0.020 - -
Trichocerca stylata 0.030 - - - 0.022 0.026 0.020 -

Trichocerca rousseleti - - 0.091 0.068 - 0.047 - -
Brachionus budapestinensis - - - - 0.034 0.077 - -

Brachionus urceolaris - - - - 0.022 0.050 0.033 -
Keratella cochlearis 0.121 0.100 0.041 0.094 0.215 - 0.058 0.026

Keratella valga - 0.055 - - 0.028 0.056 0.061 0.035
Notholca labis - 0.020 - - - 0.185 0.023 0.180

Polyarthra euryptera - - - - - 0.032 - -
Polyarthra trigla 0.081 - 0.241 - 0.090 - 0.112 0.155

Lecane bulla - - 0.024 - 0.024 - - 0.061
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Table 2. Cont.

Species
Species Dominance (Y)

May 2020 Aug. 2020 Nov. 2020 Feb. 2021 May 2021 Aug. 2021 Nov. 2021 Feb. 2022

Bosmina longirostris 0.059 - - 0.020 0.022 - -
Bosmina fatalis 0.025 - - 0.024 - 0.027 - -

Bosminopsis deitersi - - 0.037 0.031 - - 0.095
Sinocalanus doerrii 0.025 - 0.028 - - 0.023 - -

Thermocyclops hyalinus - 0.022 - - 0.021 0.060 0.030 0.020

Note: “-” means dominance Y < 0.02.

3.3. Zooplankton Density, Biomass and Species Diversity

The independent sample t-test demonstrated that there was no significant difference
in the density and biomass of zooplankton in the two periods. The average density of
zooplankton during the period of extreme water level fluctuation was 213.60 ind./L, of
which 153.34 ind./L were rotifers, 25.59 ind./L were cladocerans and 34.67 ind./L were
copepods; the average density of zooplankton during the period of regular water level
fluctuation was 291.07 ind./L, of which 273.33 ind./L were rotifers, 8.50 ind./L were
cladocerans and 9.24 ind./L were copepods (Figure 2a). During the extreme water level
fluctuation, the average biomass of zooplankton was 1.54 mg/L, with rotifers accounting for
0.54 mg/L, cladocerans accounting for 0.19 mg/L and copepods accounting for 0.81 mg/L;
the average biomass of zooplankton during the regular water level fluctuation period was
2.75 mg/L, of which rotifers were 1.20 mg/L, cladocerans were 0.28 mg/L and copepods
were 1.27 mg/L. This shows that the average density and biomass of zooplankton in the
period of regular water level fluctuation were higher than that in the period of extreme
water level fluctuation (Figure 2b).
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In terms of the seasonal distribution of density and biomass, the density in autumn
(347.17 ind./L) was much higher than that in the other three seasons, and the density in
spring (201.11 ind./L) was the lowest (Figure 3a). Biomass was the highest in autumn
(3.20 mg/L) and the lowest in winter (1.35 mg/L) (Figure 3b).

In terms of the spatial distribution, the density of zooplankton in the period of extreme
water level fluctuation illustrated a higher density in Longgan Lake, with the western part
being higher than the eastern part, while the density in the middle of Huangda Lake was
lower, and the density in the western part was higher than the eastern part of Po Lake
(Figure 4a). The zooplankton in the period of regular water level fluctuation also revealed
a higher density in Longgan Lake, which was the same as that in the period of extreme
water level fluctuation. The density of Huangda Lake demonstrated a decreasing trend
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from west to east, and the density of Po Lake indicated an increasing trend from south to
north (Figure 4b).
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Figure 4. Spatial distribution of zooplankton density in the period of extreme water level fluctuation
(a) and in the period of regular water level fluctuation (b).

The Shannon–Wiener diversity index (H′) was 2.14 (1.78–2.35), the Margalef richness
index (D) was 1.53 (0.94–2.11) and the Pielou evenness index (J) was 0.63 (0.56–0.72) in the
period of extreme water level fluctuation. In the period of regular water level fluctuation
the Shannon–Wiener diversity index (H′) was 2.25 (1.80–2.65), the Margalef richness index
(D) was 3.01 (2.03–3.59) and the Pielou evenness index (J) was 0.64 (0.62–0.66). The richness
index (D) was significantly higher in the period of regular water level fluctuation than in
the period of extreme water level fluctuation, while the diversity index (H′) and evenness
index (J) were not significantly different in the two water level fluctuation periods; however,
they were slightly higher in the period of regular water level fluctuation (Figure 5). The
pollution degree of the water body is inversely proportional to the richness index (D):
0 < D ≤ 1 indicates heavy pollution; 1 < D ≤ 3 indicates medium pollution; D > 3 indicates
light pollution. Using the richness index (D) to evaluate the water body, it can be seen that
the degree of water pollution was aggravated during the floods.



Diversity 2023, 15, 250 9 of 17

Diversity 2023, 15, x FOR PEER REVIEW 9 of 17 
 

 

indicates light pollution. Using the richness index (D) to evaluate the water body, it can 
be seen that the degree of water pollution was aggravated during the floods. 

 
Figure 5. Zooplankton diversity index. Abbreviations used in the diagram: H′, Shannon–Wiener 
diversity index; D, Margalef richness index; J, Pielou evenness index. 

3.4. Relationship between the Zooplankton Community Structure and Environmental Parameters 
Pearson correlation analysis showed that in the extreme water level fluctuation 

period, zooplankton density was positively correlated with water temperature, 
transparency, water depth and sunshine duration, and negatively correlated with 
turbidity, ammonia nitrogen concentration and chlorophyll a concentration. Zooplankton 
biomass was positively correlated with water temperature, transparency and water depth, 
negatively correlated with turbidity, ammonia nitrogen and chlorophyll a concentration 
(Table 3). In the regular water level fluctuation period, zooplankton density was positively 
correlated with water temperature, pH, transparency and sunshine duration, negatively 
correlated with total phosphorus and chlorophyll a concentrations, and zooplankton 
biomass was positively correlated with water temperature and transparency, and 
negatively correlated with total phosphorus concentration (Table 4). 

Table 3. Correlation analysis between zooplankton and environmental factors in the period of 
extreme water level fluctuation. 

 
Density Biomass 

r p r p 
WT 0.80 0.016 0.74 0.037 
pH 0.53 0.175 0.70 0.056 
DO −0.49 0.220 −0.29 0.489 
EC 0.30 0.469 0.13 0.756 
SD 0.92 0.001 0.86 0.006 
WD 0.99 <0.001 1.00 <0.001 
Turb −0.84 0.010 −0.93 0.001 

NH4+-N −0.82 0.012 −0.92 0.001 
TN 0.45 0.264 0.46 0.248 
TP −0.60 0.118 −0.43 0.287 

Chl.a −0.91 0.002 −0.86 0.006 
Cov 0.49 0.216 0.53 0.174 

Sunshine duration 0.75 0.032 0.65 0.078 

Figure 5. Zooplankton diversity index. Abbreviations used in the diagram: H′, Shannon–Wiener
diversity index; D, Margalef richness index; J, Pielou evenness index.

3.4. Relationship between the Zooplankton Community Structure and Environmental Parameters

Pearson correlation analysis showed that in the extreme water level fluctuation period,
zooplankton density was positively correlated with water temperature, transparency, water
depth and sunshine duration, and negatively correlated with turbidity, ammonia nitro-
gen concentration and chlorophyll a concentration. Zooplankton biomass was positively
correlated with water temperature, transparency and water depth, negatively correlated
with turbidity, ammonia nitrogen and chlorophyll a concentration (Table 3). In the regular
water level fluctuation period, zooplankton density was positively correlated with water
temperature, pH, transparency and sunshine duration, negatively correlated with total
phosphorus and chlorophyll a concentrations, and zooplankton biomass was positively
correlated with water temperature and transparency, and negatively correlated with total
phosphorus concentration (Table 4).

Table 3. Correlation analysis between zooplankton and environmental factors in the period of extreme
water level fluctuation.

Density Biomass

r p r p

WT 0.80 0.016 0.74 0.037
pH 0.53 0.175 0.70 0.056
DO −0.49 0.220 −0.29 0.489
EC 0.30 0.469 0.13 0.756
SD 0.92 0.001 0.86 0.006
WD 0.99 <0.001 1.00 <0.001
Turb −0.84 0.010 −0.93 0.001

NH4
+-N −0.82 0.012 −0.92 0.001

TN 0.45 0.264 0.46 0.248
TP −0.60 0.118 −0.43 0.287

Chl.a −0.91 0.002 −0.86 0.006
Cov 0.49 0.216 0.53 0.174

Sunshine duration 0.75 0.032 0.65 0.078
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Table 4. Correlation analysis between zooplankton and environmental factors in the period of regular
water level fluctuation.

Density Biomass

r p r p

WT 0.80 0.016 0.82 0.013
pH 0.72 0.045 0.62 0.105
DO −0.63 0.098 −0.56 0.146
EC 0.13 0.766 0.10 0.817
SD 0.97 <0.001 0.95 <0.001
WD 0.18 0.664 0.31 0.458
Turb 0.03 0.944 −0.06 0.887

NH4
+-N 0.53 0.180 0.39 0.334

TN −0.17 0.692 −0.30 0.477
TP −0.88 0.004 −0.93 0.001

Chl.a −0.71 0.048 −0.62 0.102
Cov 0.45 0.268 0.44 0.274

Sunshine duration 0.77 0.025 0.70 0.055

The RDA results showed that during the extreme water level fluctuation period, the
eigenvalues of the first and second sort axes were 0.544 and 0.289, respectively. The species
interpretation rates were 54.44% and 28.90%, respectively, and the cumulative interpretation
rate of the two axes was 83.34%. During the regular water level fluctuation period, the
eigenvalues of the first and second sort axes were 0.477 and 0.283, respectively. The species
interpretation rates were 47.77% and 28.33%, respectively, and the cumulative interpretation
rate of two axes was 76.10%.

The results of RDA analysis in the period of extreme water level fluctuation established
that Turb was negatively correlated with Keratella cochlearis, Keratella valga and Polyarthra
trigla; TP was positively correlated with Trichocerca rousseleti and Sinocalanus doerrii; and
EC and Cov were positively correlated with Thermocyclops hyalinus and Bosminopsis deitersi
(Figure 6a). The results of RDA analysis in the period of regular water level fluctuation
revealed that TP was negatively correlated with Keratella valga, Lecane bulla and Bosmina
longirostris; pH was negatively correlated with Sinocalanus doerrii and Trichocerca stylata;
WD and SD were negatively correlated with Trichocerca rousseleti, Trichocerca capucina and
Brachionus urceolaris; EC was positively correlated with Bosmina fatalis and Notholca labis; and
NH4

+-N, and Cov and TN were negatively correlated with Keratella cochlearis (Figure 6b).
The results showed that zooplankton in the extreme water level fluctuation period can

be roughly divided into three community types—group 1: points 1, 26; group 2: point 21;
and group 3: other sampling points (Figure 7a). Zooplankton can be roughly divided into
four community types during the regular water level fluctuation period, including group 1:
point 16; group 2: points 2, 7; group 3: points 5, 6, 14, 17, 18, 19, 20, 22, 26; and other
sampling points were in group 4 (Figure 7b). The similarity of zooplankton during the
regular water level fluctuation period was generally poor in comparison with the extreme
water level fluctuation period, which also indicated that the zooplankton community type
during the regular water level fluctuation period was more complex.
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Figure 6. RDA analysis ranking of the zooplankton dominant species density and environmen-
tal factors in the period of extreme water level fluctuation (a) and in the period of regular water
level fluctuation (b). Tc: Trichocerca capucina; Tr: Trichocerca rousseleti; Kc: Keratella cochlearis; Kv:
Keratella valga; Pt: Polyarthra trigla; Bl: Bosmina longirostris; Bd: Bosminopsis deitersi; Sd: Sinocalanus
doerrii; Th: Thermocyclops hyalinus; Ts: Trichocerca stylata; Nl: Notholca labis; Bu: Brachionus urceolaris;
Bb: Brachionus budapestinensis; Lb: Lecane bulla; Pe: Polyarthra euryptera; Bf: Bosmina fatalis.
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4. Discussion
4.1. Effects of Floods on Environmental Parameters

Floods generally affect the environmental parameters of aquatic ecosystems, which
usually play a synergistic role in maintaining the lake community structure, notably af-
fecting the limnological parameters of lakes when their water levels are too high [41]. In
July 2020, Huayanghe Lake experienced extreme rainfall and the water level rose rapidly,
flooding large areas of agricultural land around the lake and causing Huayanghe Lake to
be fully connected to the surrounding rivers. This made Huayanghe Lake highly homo-
geneous. The concentrations of total nitrogen, total phosphorus and chlorophyll a were
all higher during the extreme water level fluctuation period than they were during the
regular water level fluctuation period. In his analysis of Huayanghe Lake during the 2016
mega-floods, Kun Zhang [42] came to the same result. Different aquatic vegetation has
been found to absorb nitrogen, phosphorus and other nutrients from the water body in
various ways, and the cultivation of aquatic vegetation can clean up contaminated water
bodies [43]. The concentrations of total nitrogen, total phosphorus and chlorophyll a during
the extreme water level fluctuation period in our study were lower than in 2016 [42] due
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to the rapid recovery of aquatic vegetation after the culture purse removal and uptake of
nutrients in early 2018 [44]. The allelopathy of aquatic vegetation inhibited the growth of
phytoplankton, which led to a decrease in chlorophyll a concentration [45].

The concentrations of total nitrogen, total phosphorus and chlorophyll a were higher
in the period of extreme water level fluctuation than in the period of regular water level
fluctuation. There are several possible reasons for this: First, it may be due to the rise
of water level caused by rainfall, which flooded the surrounding farmland and caused
nutrients, such as fertilizers in the farmland, to flow into the lake, resulting in a rise in
nutrients, such as nitrogen and phosphorus. Second, because the water level of the lake
rose, which made the lake more connected to the surrounding rivers or small ponds, a
large amount of domestic sewage flowed into the lake. Finally, extreme rainfall could cause
damage to the emerged vegetation, such as Zizania latifolia, and floating vegetation, such
as Euryale ferox, in the lakeshore areas. This outcome was consistent with the study that
used two methods (surveying and remote sensing image data) to determine the changes
in aquatic vegetation before and after the floods in Shengjin Lake, and uncovered that
the coverage of aquatic vegetation decreased sharply after the floods [46], in part because
the aquatic vegetation itself can absorb nutrient salts. This resulted in an increase in the
concentration of nutrients, such as nitrogen and phosphorus, during the period of extreme
water level fluctuation. A study has found that the coastal waters of the South China
Sea are affected by the Pearl River’s fresh water and coastal upwelling. The nutrient
supplement rate is fast, and the phytoplankton biomass is also high. This demonstrates
that nutrient salts are essential for the growth and reproduction of phytoplankton [47]. In
our study, chlorophyll a concentration was higher in the extreme water level fluctuation
period because the elevation in nutrient salts caused an increase in the abundance of
phytoplankton. Floods also affect transparency of the water body. At the beginning
of the floods, the water body was violently stirred, the suspension of the water body
sediment mushroomed, and the transparency of the water body decreased. This was
followed by a rise in the water level, a reduction in the extent of wind and wave effects
on the water column circulation in the deeper parts of the lake, a sinking of suspended
water column sediments, and an increase in transparency in the absence of resuspended
sediments [48]. One study pointed out that the water body’s change in pH value is
significantly affected by precipitation and river sediment concentration [49]. In this study,
during the extreme water level fluctuation period in summer, precipitation increased, the
water body of Huayanghe Lake fluctuated violently, and the sediment concentration in
the water body changed significantly. During this period, the pH value of the water body
increased significantly—up to 9.06. However, there were no significant changes in water
temperature, dissolved oxygen, conductivity and turbidity between the extreme water level
fluctuation period and the regular water level fluctuation period.

4.2. Effects of Floods on the Zooplankton Community Structure

In the period of extreme water level fluctuation, the intense rainfall at the beginning
of the floods caused a violent stirring of the water column. This led to an increase in the
suspension of sediments in the water column. According to a study, more than half of
the zooplankton will perish when the concentration of suspended particles in the water
body hits 60.17 mg/L [50]. Because the filtering apparatus of cladocerans and copepods are
easily clogged [51], as a result, the deterioration of the food conditions for cladocerans and
copepods, as well as the clogging of their feeding filters, causes mortality. The decrease in
the number of cladocerans and copepods also made rotifers get rid of competition. These
conditions may have triggered the rise in the number of rotifer species and the decline in
the number of cladoceran and copepod species compared with the period of regular water
level fluctuation. At the same time, the upsurge in nutrients in the water column caused
the rapid growth of algae and a proliferation of small zooplankton with short life cycles,
such as rotifers [52].
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Additionally, there are some variations in zooplankton densities and biomass between
the two periods. The density and biomass of zooplankton were lower in the period of
extreme water level fluctuation. There are a number of potential causes for this: First, it
may be due to the dilution effect brought about by increased rainfall, which resulted in
lower zooplankton density and biomass. This was consistent with the study of Gazonato
Neto et al. [53], who collected zooplankton samples from eight locations in two reservoirs
during the dry and rainy seasons. Their results showed that zooplankton densities in
reservoirs were lower at seven of the eight sites sampled during the rainy season, which
they believed was caused by dilution. Second, intense rainfall can cause some of the
zooplankton to be washed to the shore, which can bring about a decrease in zooplankton
density and biomass [54]. In addition, the rapid water movement and high velocity caused
by floods can cause physical damage to zooplankton and reduce their ability to catch
food [55]. Finally, floods can affect the growth and community distribution of aquatic
vegetation, prompting a partial loss of aquatic vegetation [56], depriving zooplankton of
shelter and habitat, increasing the probability of predation by fish, and leading to damage
to the zooplankton community structure [57]. In terms of the seasonal distribution of
density and biomass, we found that the density and biomass were higher in autumn. The
study of Huayanghe Lake from 2015 to 2016 also concluded that the density and biomass
in autumn were much higher than in other seasons [58].

In August 2020, due to the increase in rainfall, the dominance of cladocerans and cope-
pods, such as Bosmina longirostris and Sinogalanus doerrii, decreased, while the dominance of
rotifers, such as Notholca labis, increased. This shows that different species of zooplankton
have different sensitivities to floods. Among them, rotifers have a short development time
and a strong ability to adapt to the environment. They can quickly resume reproduction,
and their dominance recovers rapidly. We also uncovered that Keratella cochlearis and
Polyarthra trigla were dominant in most studied months, similar to what was found in
Yixing Zhang’s [59] research on Huayanghe Lake. Cladocerans and copepods have a longer
growth cycle. Their dominance decreases as the water level rises quickly because they are
carried away by the water flow before they can mature [60].

Through cluster analysis, we discovered that in the extreme water level fluctuation
period, the zooplankton’s similarity was high, and the community type became simpler.
This can be explained by the “flood pulse concept”. The “flood pulse concept” states that a
flood pulse may create homogeneity in tropical lowland floodplain systems, which is also
known as flood homogenization [61]. Indeed, the literature illustrates that the heterogeneity
of plankton communities decreases when a flood pulse occurs [62–65]. Various studies in
the Amazonian floodplain system [66] and the Upper Parana River system [67] have also
confirmed that floods can reduce environmental heterogeneity and zooplankton diversity.

4.3. Relationship between Zooplankton and Environmental Factors

The Pearson correlation analysis and redundancy analysis (RDA) results showed that
environmental factors, such as water depth, water temperature, transparency, conductivity,
chlorophyll a, the coverage of aquatic vegetation, nitrogen and phosphorus concentra-
tion, were closely correlated with changes in the zooplankton community structure in
Huayanghe Lake, which was consistent with the results of previous studies [68,69].

Zooplankton are sensitive to changes in the water environment, and environmental
changes can contribute to the evolution of the zooplankton community structure [70].
For example, water temperature plays an important role in the seasonal succession of
zooplankton [71,72]. In this study area, the water temperature has clear seasonal features.
The low water temperature in winter is not conducive to the growth and reproduction of
zooplankton. Their density and biomass are low, with even the dominant species found
in winter appearing in low numbers. With the increase in water temperature, the winter
eggs continue to hatch, zooplankton density and biomass increase, and the density of
the rotifer rises markedly. In summer, the water temperature is too high, exceeding the
optimum temperature of some species, such as Bosmina longirostris, Bosmina fatalis and
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Bosminopsis deitersi, a large number of such species die, and the density and biomass of
zooplankton falls.

Nutrients, such as nitrogen and phosphorus, affect the community structure of zoo-
plankton mainly by affecting phytoplankton, the main food of zooplankton [73,74]. In
this study, in the period of extreme water level fluctuation, the concentrations of nitrogen
and phosphorus were higher than that of regular water level fluctuation. As a result,
phytoplankton biomass increased, which induced an increase in zooplankton species.

In aquatic ecosystems, aquatic vegetation plays an important role, mainly as a refuge
and habitat for zooplankton, providing a place for zooplankton growth and reproduction.
Because the floods in the summer of 2020 destroyed part of the aquatic vegetation, the
coverage was lower than in the summer of 2021. This resulted in a lower biomass of
zooplankton in the extreme water level fluctuation period.

Through the study of zooplankton in Wuhan East Lake, it was found that rotifers
were more susceptible to changes in chlorophyll a concentration [75]. Pearson correlation
analysis in this paper showed that zooplankton density and biomass were negatively
correlated with chlorophyll a concentration, which also confirms this point. This may
be because algae is the main food source of zooplankton. The increase in the number of
zooplankton will increase the predation of algae, resulting in a decrease in the concentration
of chlorophyll a.

5. Conclusions

Our study showed that floods can lead to an increase in the concentrations of total
nitrogen, total phosphorus and chlorophyll a. Compared with the regular water level
fluctuation period, the density and biomass of zooplankton decreased during the extreme
water level fluctuation period. The number of rotifer species monitored during the extreme
water level fluctuation period increased, while the number of cladoceran and copepod
species decreased. Our research provides important evidence for the ecological relationship
between floods and the zooplankton community, and helps us understand the impact of
floods on the composition change of the zooplankton community. However, extending our
results to other lake ecosystems should be performed with caution due to site-dependent
responses. Thus, we call for long-term and multi-point-filed monitoring for a better
understand of the influences of floods.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/d15020250/s1, Table S1: Zooplankton community composition
in the Huayanghe Lake.
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