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Abstract

In recent years, the Yitong River in Changchun City has been polluted by human activities
to a certain extent, and therefore, it is necessary to monitor its water quality. Phytoplankton
are sensitive to environmental changes and are an ideal biological indicator for environmental
monitoring. This study studied the phytoplankton distribution in eight sampling sites of the Changchun
section of the Yitong River from April to September 2019. The aim was to investigate the relationships
between phytoplankton community structure’s temporal and spatial distribution characteristics and
water quality in the Changchun section of the Yitong River. Environmental factors such as the total
nitrogen (TN), total phosphorus (TP), water temperature (WT), ammonia nitrogen (NH,-N), chemical
oxygen demand (COD_), permanganate index (COD,, ), and chl-a were measured and assessed.
The results identified 161 species of phytoplankton belonging to eight phyla among eight
sampling sites of the Changchun section of the Yitong River, including 67 species of Chlorophyta,
11 species of Cyanobacteria, and 51 species of Bacillariophyta. The percentage of Cyanobacteria
phytoplankton abundance in the urban area was higher than that in the reservoir and the wet regions.
From the temporal perspective, the total phytoplankton density and biomass peaked in summer, with
the highest values recorded in June, followed by July. The study showed that TN, TP, and chl-a were
the main environmental factors affecting the phytoplankton community structure in the Changchun
section of the Yitong River.

Keywords: Changchun section of the Yitong River, phytoplankton, spatial and temporal distribution,
community structure, environmental factor
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Introduction

Phytoplankton are primary producers in rivers
sensitive to changes in the external environment.
They have the characteristics of wide distribution and
short life cycles [1-3]. Therefore, phytoplankton are
an excellent biological indicator for environmental
monitoring and are widely used in the biological
monitoring of lakes, oceans, and rivers [4]. Since
phytoplankton's spatial and temporal variations are
closely related to environmental factors, it is essential
to study the spatiotemporal phytoplankton community
changes to understand the ecological function of the
water environment [5, 6].

Studies have been conducted on the response
relationships among phytoplankton and environmental
factors; phytoplankton have been used for biological
water quality evaluations [7-10]. Changes in the
phytoplankton community can directly affect the
structure and function of a water ecosystem. At the
same time, the community structure of phytoplankton
also experiences a noticeable characteristic change
when the water trophic status fluctuates [11]. In actual
water quality monitoring, phytoplankton can be used
to evaluate trophic levels [12, 13]. However, in many
studies, there are still some differences between the
biological assessment of water quality and the results of
water quality assessment, thereby leaving a gap in the
comprehensive understanding of biological assessment
[14]. This is because the structure of the phytoplankton
community is affected by the trophic status of the
water body and biological factors such as zooplankton,
filter-feeding fish, and benthos [15]. In addition, when
phytoplankton community biodiversity is used for water
quality evaluation, there are no apparent boundaries
among different water quality levels, and it is impossible
to define water quality classes accurately[16]. Therefore,
it is necessary to combine other water environmental

factors for a comprehensive evaluation, which can act
as a supplement to the biodiversity evaluation results.
As shown in Fig. 1, the Yitong River is located in
Jilin Province in the northeast of China, with a total
length of 342.5 km and a drainage area of 8440 km?
and it flows into the Songhua River. The Yitong River is
the most crucial in Changchun City. However, in recent
years, due to the economic and social development of
the Yitong River Basin, the water quality of the river
has been deteriorating [17]. The Changchun section
of the Yitong River is located in the middle reaches
of the Yitong River. However, due to the need for
flood control, the upstream section, the Xinlicheng
Reservoir, controls the water discharged. Therefore,
the Yitong River is short of water supply, leading to an
interruption in the urban reach and severe tendencies
for rivers to turn into lakes and reservoirs. The primary
source of river water replenishment is from the sewage
treatment plant. However, because the municipal
sewage treatment plant does not reach the entire city,
some sewage is discharged directly, thus causing
water body pollution in the basin since the sewage is
not treated. The river receives industrial and domestic
wastewater from the whole city all year round, and the
pollution is particularly severe. The monitoring data of
the Yitong River over the years have shown that the
water quality of the Changchun section of the Yitong
River was Class V in 1999, in which class the river
water was primarily suitable for agricultural and areas
with general landscape requirements, and it continued
to deteriorate. The water quality evaluation result in
2008 was inferior to Class V, black and odorous [18].
At present, there are few studies on the Yitong River
in China, most of which have focused on water quality
and sediment [19-21]. Therefore, there is a lack of
studies on the phytoplankton community structure in
the Changchun section of the Yitong River. This study
analysed the phytoplankton community structure and
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Fig. 1. Distribution of the experimental sampling (research) sites in the Changchun section of the Yitong River.
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distribution characteristics of eight sampling sites in the
Changchun section of the Yitong River from April to
September 2019 to understand the background data of
phytoplankton in the Yitong River Basin. In addition,
the environmental factors were monitored to provide a
theoretical basis and data support for the comprehensive
management of the Yitong River in Changchun City.

Material and Methods
Sampling Sites

The research area of this study is located in
Changchun City. The Yitong River originates from
Yitong County, Jilin Province, with a total length of
383 km, and flows through Changchun City. It includes
the upstream of the Xinlicheng Reservoir of the
Yidan River and the downstream of the Xinkai River.
The eight sampling sites were selected and sampled
once a month regarding the ecological environment
characteristics of the Yitong River in Changchun City.
Sampling site 1 (SI) was located under the reservoir
dam upstream of Changchun City; sampling sites S2-S7
were located in the urban area, while sampling site S8
was near the North Lake wetland, as shown in Fig. 1.

Sample Collection and Determination

Water quality samples were collected, preserved,
and water quality indicators were determined according
to the Water and Wastewater Monitoring Methods
(Fourth Edition) [22]. After collecting the water
samples, they were kept in foam boxes with ice to
avoid light and keep them cold. The COD_, NH,-N,
TP, and chl-a were determined using a 721E visible
spectrophotometer (Shanghai Spectrumins instruments
Co., Ltd, Shanghai, China); TN was determined using
an ultraviolet spectrophotometer (SPEC ORD 200
PLUS, Analytik Jena AG, Jena, Germany); COD,,
was determined by recording the consumption of
potassium permanganate solution. The sampling and
treatment methods of phytoplankton mainly refer to the
“Technical specifications for investigating freshwater
biology” (DB43/T432-2009). A one-litre water sample
from the river at a depth of 0-0.5 m was stored in a
bottle, fixed by adding 1.5% Lugol’s solution and 4%
formaldehyde solution. After 48-hour precipitation in
the laboratory, it was condensed into 50 ml and stored in
the bottle. According to the “Freshwater Algae of China,
Systematics, Taxonomy, and Ecology”, an Algacount
S300 intelligent identification counter (Hangzhou
Xunshu Science and Technology Co., Ltd., Hangzhou,
China) was used to identify the phytoplankton
species [23, 24]. The volume of the phytoplankton
was measured using an optical, biological microscope
according to the body type of phytoplankton, following
the most approximate geometric figure to measure its
length, height, diameter to obtain the average value

according to the product formula to calculate the
volume. The irregular-shaped phytoplankton were
decomposed into several regular parts, measured, and
the calculated volume and the total phytoplankton
volume were obtained. The phytoplankton biomass was
calculated based on the conversion relationship of fresh
algae weight of 10° pm*~1 mg [25, 26].

Data Analysis and Processing

The data analysis was performed with MS Excel
(Microsoft, Redmond, USA). The measurement of
phytoplankton density was conducted according to the
“Technical code of phytoplankton monitoring in inland
waters (SL733-2016). The number of phytoplankton was
determined under the optical, biological microscope
(Olympus Corporation, Tokyo, Japan) to calculate the
phytoplankton density.

The Shannon-Wiener (H’) diversity index was
used to characterise the phytoplankton community,
and the McNaughton (Y) was calculated to determine
the dominant species of phytoplankton [27, 28].
The calculation formula is as follows:

H' = =%E) xIn () "

Y=(EhxE o

where N is the total number of individuals in the same
sample and Ni is the number of species, i.

The evaluation criteria for the H' value were: 0-1
for heavy pollution, 1-2 is a-medium pollution, 2-3 is
B-medium pollution, and >3 is clean; Y>0.02 is the
dominant species [29, 30].

SPSS 20.0 was used to analyse the Spearman
correlation between density, biomass, and environmental
factors. CANOCOS was used for redundancy analysis
(RDA) of the monthly dominant phytoplankton species
and environmental factors.

Results and Discussion
Water Quality Parameters

The water quality parameters of the Changchun
section of the Yitong River are shown in Fig. 2.
The highest variability was found in the COD_
concentration throughout the study period; the annual
average value was 48.61420.19 mg/L. The monthly
average concentration varied from 26.90+15.92 mg/L
(April) to 112.88+£55.47 mg/L (August). The yearly
average values of TN and TP were 1.82+1.30 mg/L
and 0.29+0.21 mg/L, respectively, which exceeded the
class III standard of surface water functional zone in
the basin. The maximum values of COD,, and chl-a
were 10.15 mg/L+£3.86 mg/L and 1.39 mg/L+0.73
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Fig. 2. Environmental parameters of the Changchun section of the Yitong River (mean+SD).

in June, and the minimum values were 4.66+2.67 mg/L
in September and 0.20£0.09 mg/L in August,
respectively. The concentration of NH,-N increased
from 0.35+£0.44 mg/L in April to 1.064+1.30 mg/L in June
and then decreased to 0.29+0.23 mg/L in September.

On the whole, the peak of each parameter occurred
during summer, with an apparent spatial difference.
The pollution sources in the region were complex,
and there was a risk that the domestic sewage from
the upstream and the drainage from the sewage
treatment plant would directly enter the Yitong River.
Therefore, the response relationship between the water
environment quality and environmental capacity's
spatial and temporal distribution had significant
complexity and uncertainty.

Phytoplankton
Phytoplankton Species Composition

A total of 161 species (including varieties) belonging
to eight phyla of phytoplankton were detected in the
Changchun section of the Yitong River; 139 species and
22 genera were identified (see Appendix 1). The most
abundant species belonged to the phyla Chlorophyta,

followed by Bacillariophyta and Euglenophyta.
In addition, 25 species of phytoplankton were repeatedly
detected every month, including eight species of
Bacillariophyta, seven species of Chlorophyta, and four
species of Cryptophyta (see Table 1). Pseudoanabaena
sp. and Merismopedia minima in Cyanobacteria,
Cyclotella sp. in Bacillariophyta, Chlamydomonas
globosa and Ankistrodesmus acicularis of Chlorophyta,
Komma caudata of Cryptophyta, and Euglena viridis
of Euglenophyta were dominant in phytoplankton
communities at different stages (see Table 2).

Distribution Characteristics of Dominant
Species of Phytoplankton

The monthly variations of dominant species (genera)
at S1-S8 sampling sites in the Changchun section of
the Yitong River are shown in Fig. 3. The degree of
conspicuity of colours in the figure represents the density
of dominant phytoplankton species in the sampling sites
(red represents the maximum density, blue represents
the minimum density). It can be seen from Fig. 3 that
the dominant phytoplankton species in the Changchun
section of the Yitong River differed slightly with the
seasons. The dominant species were diatoms that

Table 1. Common species of phytoplankton in the Changchun section of the Yitong River.

Phyla

Species

Chlorophyta

Chlamydomonas globosa, Chlamydomonas komma, Ankistrodesmus acicularis, Ankistrodesmus spiralis,
Ankistrodesmus falcatus, Ocystis sp., Golenkinia, Scenedesmus quadricauda

Bacillariophyta

Cyclotella sp., Navicula exigua, Gomphonemaceae, Achnanthaceae, Gyrosigma, Cocconeis placentula var.
euglypta, Synedra acusvar

Cryptophyta Komma caudata, Cryptomons erosa Ehr, Cryptomonas marssonii, Cryptococcus Retroflexus
Cyanobacteria Pseudoanabaena sp., Merismopedia minima

Pyrrophyta Peridiniumpusillum
Euglenophyta Trachelomonas, Euglena viridis

Chrysophyta

Dinobryon
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Table 2. Order of dominant species (genus) in the Changchun section of the Yitong River.
Serial .
number April May June July August September
Stephanodiscus Pseudanabaena s Pseudanabaena Leptoiyngbya Merismopedia
1 astraes var. Cyclotella sp. 3*>%7 123467 p- 13 P y3;g7 4 L 5,56 7
. P e sp. " sp. minima>*>%
minutula >
. Pseudanabaena sp. | Aphanizomenon sp. | Merismopedia | Pseudanabaena | Chlamydomonas
2 Surirella ovata * 34567 23567 minima 2557 sp. 24367 globosa '
Chlamydomonas Cyclotella sp. Merismopedia Pseudanabaena
3 globosa 375 Komma caudata ** Cyclotella sp.*’ 34567 minima 258 sp. 1438
4 Cyclotella sp. *7 Ankls.trodes.n[ms Anabaena sp.’ Anabaena sp. * Oscillatoria’ Cyclotella ®
acicularis
s e 4 . Melosira
5 Komma caudata Euglena viridis Komma caudata * | Cyclotella sp. p
granulate
6 Platymonas Cryptomonas Melosira
subcordiformis * marssonii ® granulate ®

Note: The order of dominance was sorted from higher to lower, and the maximum value ranked the same species at different
sampling sites. The superscript indicates the sampling sites where the dominant species were in a given month.

preferred to live in relatively low-temperature water
in spring. On the other hand, Cyanobacteria that
preferred to live in nutrient-enriched water in summer
and early autumn were dominant. The dominant
species overlapped without obvious alternations. This
was related to the early autumn weather in Changchun
City. There were many sunny days, a significant
temperature difference between day and night, and a
high temperature during the day [31]. The average water
temperature at each sampling site on September 24
was 17.2°C, and the weather was very suitable for the

Surirella ovata
Chlamydomonas globosa
Komma caudata
Cryptomenas marssonii
Cyclotella sp.
Pseudoanabaena sp
Ankistrodesmus acicularis
Anabeana sp.
Aphanizomenon sp
Navicula dicephala
Euglena viridis
Merismopedia minima
Melosira granulata
Leptoiyngbya sp.

Oscillatoria sp

Fig. 3. Monthly variation of the density of dominant species (genera).

growth and propagation of thermophilic Cyanobacteria
[32]. Cyanobacteria, Chlorophyta, and diatoms were the
dominant species in the reservoir and wetland sites, and
Cryptophyta was dominant occasionally.

In contrast, the dominant species in the urban
section were mainly composed of Cyanobacteria, in
which the Pseudoanabaena sp. was the most frequently
detected. Moreover, the Pseudoanabaena sp. was the
dominant species in competition under the condition of
sufficient nitrogen [33], which was in good agreement
with the detection results of total nitrogen exceeding

-10.29

Note: Abscissa 4S1 indicates the S1 sampling site in April, and the ordinate is the dominant species (genus)
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the standard in the Changchun section of the Yitong
River. At the same time, in summer, the season of
frequent rainfall, the water body was disturbed,
and some tiny unicellular algaec were hard to gather.
Meanwhile, filamentous algae such as Anabaena pseudo
Anabaena and Leptoiyngbya sp. had a robust anti-
interference ability, quickly becoming an advantage.

Cyclotella sp. was found every month during the
investigation period, which was the most common
diatom in the Changchun section of the Yitong River.
The reason was that although the Changchun section of
the Yitong River was polluted in B-medium, because
of the solid adaptability for different environments of
diatoms, Cyclotella sp. could still exist universally in
the Yitong River, see Section 3.2.5. Therefore, the water
flow in the river was relatively slow except for August
in 2019, which led to conditions for the enrichment of
the Cyclotella sp. community. In addition, this
month, the average density of phytoplankton reached
5.12 x 10° cells/L. Thus, the river was rich in nutrients,
which provided a suitable habitat for the formation of
Cyclotella sp. [34].

Phytoplankton Density

The phytoplankton density in the Changchun
section of the Yitong River was mainly composed of
Cyanobacteria, Bacillariophyta, and Chlorophyta,
accounting for 36.13%, 28.71%, and 27.22% of the
total phytoplankton density, respectively. The other
phytoplankton were less (Fig. 4), such as Xanthophyta,
Chrysophyta, Gymnophyta, Cryptophyta, and
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Pyrrophyta. Cyanobacteria accounted for the most
significant proportion, and this phytoplankton density
composition was relatively common in eutrophic water
bodies, such as Taihu Lake and Chaohu Lake [35, 36].

The density of phytoplankton varied significantly
at the sites. The wetland under the reservoir dam
and Beihu Lake was lower density than other sites.
The maximum value was 32.19 x 10° cells/L (S7
sampling site in July), and the minimum value was
0.12 x 10° cells/L (S1 sampling site in September),
with a difference of nearly 270 times between the
minimum value and the maximum value. The average
total density of phytoplankton was 6.16 x 10° cells/L,
suggesting eutrophication due to the enrichment in
nutrients of the water body [37]. Cyanobacteria’s
density peaked in summer and was higher in summer
and early autumn than in spring (Fig. 5). This was
mainly because the water temperature in summer (15°C)
and September of early autumn (11°C) was significantly
higher than that in spring (8.3°C), and these conditions
are suitable for Cyanobacteria reproduction and growth,
thereby increasing Cyanobacteria density [38].

Phytoplankton Biomass

The temporal and spatial variations of phytoplankton
biomass in the Changchun section of the Yitong
River were prominent. The total phytoplankton
biomass ranged from 0.06 mg C/L to 8.77 mg C/L,
with an average of 1.93 mg C/L. The maximum value
of phytoplankton biomass was 8.77 mg C/L at the
S7 sampling site in July, and the minimum value of
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Fig. 4. Relative density percentage of phytoplankton.
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Fig. 5. Density and total density of phytoplankton Cyanobacteria.

0.06 mg C/L appeared at the Sl sampling site in
September. After a significant change of water flow
in August, the total biomass of phytoplankton at other
sites, except the S1 sampling site, reached its peak in
summer and then decreased significantly in August

(Fig. 6).

During the study period, the average contribution
rates of Bacillariophyta, Chlorophyta, Cyanobacteria,
and FEuglenophyta to total phytoplankton biomass
were 46.23%, 27.80%, 2.96%, and 8.95%, respectively.
In spring, summer, and autumn, the total biomass of
phytoplankton in the urban area was higher than that
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Fig. 6. Phytoplankton biomass in the Changchun section of the Yitong River.
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under reservoir dams and wetland (Fig. 6), consistent
with phytoplankton density.

Phytoplankton Diversity

The Shannon-Wiener index ranged from 0.70 to 3.07,
with an annual average of 2.20 (Fig. 7). The maximum
value of 3.07 appeared at the S8 sampling site in June
and July, and the minimum value of 0.70 appeared at the
S3 sampling site at the end of August. In August, due to
abundant rains in the north and the even discharge of
upstream reservoirs, the river flow increased, causing
the overall water level of the Yitong River to rise,
affecting the diversity and abundance of phytoplankton.
As a result, the phytoplankton cluster state was
destroyed. Except for an increase in biodiversity under
the reservoir dam, the diversity index of the other sites
decreased from the previous month [39].

The biological assessment of water quality showed
that the Changchun section of the Yitong River was
B-medium pollution. Spatially, the average values of
the Shannon-Wiener index under the reservoir dam,
urban area, and wetland site were 2.53, 2.07, and 2.66,
respectively. Consequently, the biological evaluation of
water quality at reservoir sites and wet sites was better
than that in urban areas, which was in good agreement
with the results of water quality detection.

Correlation Analysis between Phytoplankton
and Environmental Factors

Correlation Analysis between River Algae Species
and Environmental Factors

The common dominant species selected were
phytoplankton species using environmental factors
including chl-a, TN, TP, WT, NH,-N, COD,,, and
COD,, as the correlation between phytoplankton species
and environmental factors were analysed from April to
September. The species data were analysed using the
detrended correspondence analysis (DCA). The gradient
length of the first axis was 0.42. Therefore, the RDA
analysis method was selected for correlation analysis.
Before analysis, lg(x + 1) transformation was carried
out so that the data presented a normal distribution.

The first and second axes accounted for 94.39%
of the relationship between the species and their
environment. From Table 3, based on the results of
RDA analysis, it was found that the three environmental
factors (TP, chl-a, and TN) had significant effects
on the dominant common species, and all of them
were positively correlated. From Fig. 8, except
Euglena viridis, environmental factors were positively
correlated with the most dominant common species.
All environmental factors and most common dominant
species were distributed on the right side of axis 1,
and only Euglena viridis was on the left side of axis 1.
On the upper side of axis 2, Pseudoanabaena sp. was
positively correlated with TN and WT. There was
a positive correlation between Merismopedia minima
and TP, WT, and chl-a. While S1, S2, and S8 sampling
sites were on the left side of axis 1, S3-S7 sampling
sites were on the right side of axis 1. S1, S2, and S8
sampling sites were closely distributed, demonstrating
that these three sampling sites had a similar ecological
characteristic to the phytoplankton community.

Correlation between Phytoplankton Density
and Environmental Factors

The Spearman correlation analysis of density
and environmental factors is shown in Table 4.
In this study, the total density of phytoplankton was
significantly positively correlated with chl-a and
COD,,, (r = 0.738, p<0.05 and r = 0.714, p<0.05).
The density of Cyanobacteria was significantly
positively correlated with TN and COD,, (r = 0.714,

Table 3. Redundancy analysis of phytoplankton species and environmental factors.

Axis Axis 1 Axis 2 Axis 3 Axis 4
Characteristic value 0.7719 0.1720 0.0460 0.0082
Cumulative percentagfe of spec1es-env1r0nment 7719 94.39 98.99 99.81
relationship
Pseudo-canonical correlation 0.9346 0.8362 0.5661 0.2441
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p<0.05 and r = 0.714, p<0.05). Chlorophyta density
was significantly positively correlated with NH,-N
and COD_, (r = 0.833, p<0.05 and r = 0.833, p<0.05),
and was highly significantly positively correlated with
chl-a (r = 0.857, p<0.01). The density of Bacillariophyta
was significantly positively correlated with NH,-N and
COD,, (r = 0.738, p<0.05 and r = 0.762, p<0.05), and
was highly significantly positively correlated with chl-a
(r = 0.905, p<0.01). The phytoplankton density was
positively correlated with TP and WT. The Spearman
correlation analysis showed that the correlation
between phytoplankton density and environmental

factors in the Changchun section of the Yitong River
basin was very significant.

Correlation between Phytoplankton Biomass
and Environmental Factors

The Spearman correlation analysis showed that
there were significant correlations between biomass and
environmental factors. The results are shown in Table 5.
According to the results of correlation analysis, the total
biomass of phytoplankton was positively correlated
with NH-N, chl-a, and COD_ (r = 0.810, p<0.05;
r = 0.976, p<0.01; and r = 0.881, p<0.01, respectively).
The biomass of Bacillariophyta had a significant
correlation with chl-a (r = 0.929, p<0.01). Chlorophyta
biomass was significantly positively correlated with
TN, chl-a, and COD,, (r = 0.762, p<0.05; r = 0.833,
p<0.05; and r = 0.762, p<0.05, respectively), and was
significantly positively correlated with TP, NH,-N,
and COD_, (r = 0.905, p<0.01; r = 0.905, p<0.01; and
r = 0.976, p<0.01, respectively).

Analysis of Phytoplankton Community Structure
Characteristics at Different Sampling Sites
in the River

As shown in Fig. 6, the contribution of diatoms to
the total biomass of phytoplankton was the largest
during the study period. Diatoms usually have large
cell volumes, and compared with other algae species,
diatoms can obtain a competitive advantage under the
conditions of low temperature and weak light, which
is why diatoms become the dominant species [40].
However, green algae were very sensitive to most water
environmental factors, which may significantly differ
in the abundance of phytoplankton in green algae [41].
At the same time, the results showed that the total

Table 4. Spearman correlation analysis results for density and environmental factors.

Items ™ TP NH,-N chl-a COD, COD,,, WT

Total density .690 .667 .833" 738* .690 714* .500

Cyanobacteria density J714* 524 .690 595 .500 J714* .190

Chlorophyta density .619 .690 .833* 857%* .810% .595 .595

Bacillariophyta density 571 .643 J738* 905%* 762* .548 .500
Note: * Indicates that p < 0.05 is a significant correlation; ** indicates that p < 0.01 is a highly significant correlation.

Table 5. Spearman correlation analysis results of biomass and environmental factors.

Items ™ TP NH,-N chl-a COD, COD,,, WT

Total biomass .643 .810* .810% 976%* 881%* .667 405

Bacillariophyta biomass .500 524 .690 929%* .690 429 452

Chlorophyta biomass 762* 905%* 905%* .833* 976%* 762* 429

Note: * Indicates that p<0.05 is a significant correlation; ** indicates that p<0.01 is a very significant correlation.
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density of phytoplankton in the urban area was high, but
the Shannon-Wiener index was low. The phytoplankton
density of the S8 sampling site was much lower
than that of the S6 and S7 sampling sites, while
the Shannon-Wiener diversity index of the S8 sampling
site was higher than that of the S6 and S7 sampling
sites. This showed that a better ecological wetland
environment was more suitable for the survival of
phytoplankton than in the urban area. In recent years,
with the development of river treatment projects,
the water environment of the Yitong River has been
improved, and the ecological water supply has alleviated
the phenomenon of river cutoff. It was rainy in August
2019, and the river flow was massive. At each sampling
site in that month, the phytoplankton abundance was
significantly lower than in July and was scoured by the
upstream flow.

As a result, the proportion of Cyanobacteria
abundance at each sampling site in August was more
significant than in July. In Changchun City, higher
temperatures are expected during summer. Therefore,
during summer, the biomass of Cyanobacteria was
generally higher than that in other seasons, which
was related to the living habitat of Cyanobacteria in
a high-temperature environment. However, the TN
content in the Yitong River was high in summer, and
Cyanobacteria had nitrogen fixation, so it was easy to
bloom in summer [42].

At the S2 sampling site, which is a densely
populated area, and the direct discharge of sewage,
initial rainwater, and combined sewage flows into
the river, the abundance of nutrients and organic
matter leads to the river's high trophic level. Thus,
the organic matter and nutrients in the water caused
a large abundance of phytoplankton in the Changchun
section of the Yitong River. During the study period,
10 species of Cyanobacteria were detected, including
Pseudoanabaena sp., Anabaena sp., Merismopedia
minima, Merismopedia punctata, Aphanizomenon sp.,
Lyngbya, Leptoiyngbya sp., Microcystis, Oscillatoria,
and Raphidiopsis.

The most common species appeared in summer.
The total density of phytoplankton at the S1 sampling
site under the reservoir dam was low, while the
Shannon—Wiener index of phytoplankton was high.
The water body under the dam was mainly from the
Xinlicheng Reservoir, with good water quality, more
aquatic plants, far away from the urban area, and fewer
human activities. The abundance of Cyanobacteria,
which caused phytoplankton bloom, was the lowest,
and the Shannon—Wiener index of phytoplankton was
high at the S8 sampling site. Therefore, reducing the
intake of nutrients and controlling the proportion of
phytoplankton to Cyanobacteria in the urban area of
the Yitong River can significantly improve the water
quality and ecological environment in the urban area
of the Yitong River. This was located in the west of
Beihu Wetland in Changchun City and connected with
the Yitong River. The wetland connected with the

river played an indispensable role in river ecological
restoration and river water self-purification. Wetlands
abound with aquatic plants that effectively absorb toxins
and nutrients from the water. Therefore, maintaining
a certain amount of aquatic plants can inhibit the growth
of Cyanobacteria, which can cause a phytoplankton
bloom, and therefore improve the river biodiversity and
make the ecology more stable [43].

Correlation Analysis between Phytoplankton
Community Structure and Environmental Factors
in the Changchun Section of the Yitong River

The abundance and biomass of phytoplankton
in the Yitong River followed the seasonal cycle. In
spring, phytoplankton experienced the freezing and
thawing process of the river, and its abundance and
biomass were at the lowest during the survey period
(Figs 5 and 6). The reason may be that the ice layer
above the surface of the Yitong River prevented the
inflow of nutrients in winter, which affected the uptake
of nutrients by phytoplankton. In addition, during the
thawing process of the Yitong River, the optimal living
conditions of phytoplankton could not be reached due
to the low temperature. As a result, the phytoplankton
abundance and biomass in summer were higher than in
other seasons, and Cyanobacteria were the dominant
species. In June, the abundance of Cyanobacteria in the
Changchun section of the Yitong River was higher than
that in other months. Considering the water temperature
rising in June, the growth rate of Cyanobacteria
was faster than that of other algae when the water
temperature was higher than 20°C [44].

Moreover, in the RDA analysis results (Fig. 8),
there was a significant positive correlation between
temperature and the dominant species of Cyanobacteria,
indicating that temperature was one of the main factors
affecting the growth of Cyanobacteria [45]. TN, TP, and
chl-a were the main environmental factors that played
a significant role in the phytoplankton community
structure in the Changchun section of the Yitong
River during the investigation period. The Spearman
correlation analysis between biomass and environmental
factors and between density and environmental factors
showed that TN had a significant positive correlation
with Cyanobacteria density. TP had a significant
correlation with total phytoplankton biomass, which
also significantly correlated with Chlorophyta biomass.
According to the simultaneously obtained experimental
results for water quality parameters, it can be seen that
the TN and TP contents in the Changchun section of
the Yitong River exceeded the water standard of the
surface water functional area (class I1I), indicating that
the nutrient salt content of nitrogen and phosphorus in
the basin was rich. It also demonstrated that TN, TP,
and phytoplankton density and biomass were positively
correlated. With the rapid development of industry and
agriculture in its surrounding areas, many external
pollutants such as nutrients and organic matter flow
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into the river, resulting in the deterioration of river
water quality [46]. This may be the main reason for the
eutrophication of the Changchun section of the Yitong
River, and this is consistent with Reed ML et al. [47]
that nutrients such as nitrogen and phosphorus can
significantly affect the growth of phytoplankton. At the
same time, as shown in Fig. 2, among the environmental
factors, the temporal and spatial difference of COD_,
was the most obvious, and it exceeded the standard
extensively. Therefore, attention should be paid to
controlling the intake of nitrogen, phosphorus, and
COD,, to prevent phytoplankton bloom in pollution
control of the Changchun section of the Yitong River.

Conclusions
This  study investigated the  distribution
characteristics of the phytoplankton community

structure in the Changchun section of the Yitong
River from April 2019 to September 2019. It showed
that, 161 species of phytoplankton were found in eight
phyla, among which were Chlorophyta>Bacillariophyta
>FEuglenophyta>Cyanobacteria>Cryptophyta>Pyrro
phyta>Chrysophyta>Xanthophyta. There were many
dominant species in the river. During the investigation,
the dominant phytoplankton species in different seasons
were consistent with their corresponding optimal
living environment, with diatoms in spring and
Cyanobacteria in summer. The density and biomass
of phytoplankton ranged from 0.12 x 10° cells/L
to 32.19 x 10° cells/L and from 0.06 mg C/L to
877 mg C/L, respectively. In terms of quantity,
phytoplankton density was the highest in June, followed
by July, and then in August and May. The Shannon-
Wiener diversity index of phytoplankton in the
Changchun section of the Yitong River and its variation
pattern was used to evaluate the water quality of the
investigated water area. According to the evaluation
standard for a water body, the Changchun section of
the Yitong River was classified as -medium pollution.
The RDA analysis and Spearman correlation analysis
showed that TN, TP, and chl-a were positively correlated
with most phytoplankton dominant species, biomass,
and phytoplankton density. The causes of the results
and possible water pollution problems were discussed.
This study provided reference data for evaluating
the Changchun section of the Yitong River. Therefore,
the conclusion offers a reference for managing
temperate rivers represented by the Changchun section
of the Yitong River.
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Appendix 1
Species of Phytoplankton Identified
in the 8 Research Sites of the Changchun Section of Yitong River

Number Species phytoplankton Number Species phytoplankton
1 Pseudoanabaena sp. 2 Tabellaria fenestrata
3 Microcystis sp. Tabellaria flocculosa
5 Anabaena sp. 6 Melosira granulata
7 Spirulina sp. 8 Melosira granulata var. angustissima
9 Raphidiopsis sp. 10 Melosira varians
11 Merismopedia punctata 12 Melosira islandica subsp. Helvetica
13 Merismopedia tenuissima 14 Cocconeis placentula
15 Aphanizomenon sp. 16 Diatoma vulgare
17 Cylingrospermum sp. 18 Fragilaria virescens
19 Lyngbya sp. 20 Fragilaria brevistriata

21 Leptoiyngbya sp. 22 Synedra acus

23 Scenedesmus quadricauda 24 Synedra amphicephala
25 Scenedesmus biguga 26 Synedra affinis
27 Scenedesmus dimorphus 28 Synedra ulna

29 Scenedesmus platydiscus 30 Cymatopleura solea
31 Scenedesmus ecornis 32 Navicula viridula
33 Pediastrum duplex 34 Navicula graciloides
35 Pediastrum tetras 36 Navicula dicephala
37 Pediastrum biradiatum var.longecornutum 38 Navicula gastrum
39 Chlorogonium elongatum 40 Navicula exigua
41 Chlorogonium elegans 42 Navicula carinifera
43 Mougeotia sp. 44 Navicula verecunda
45 Klebsormidium scopulinum 46 Navicula anglica
47 Kirchneriella sp.. 48 Navicula radiosa
49 Thorakomonas sp. 50 Navicula simples
51 Gonium sociale 52 Cymbella husteddtii
53 Dicloster acuatus 54 Cymbella cistula
55 Micractinium sp. 56 Cymbella delicatula
57 Characium sp. 58 Cymbella affinis
59 Golenkinia sp. 60 Cymbella perpusilla
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61 Nephrocytium agardhianum 62 Cymbella ventricosa
63 Ankistrodesmus acicularis 64 Stauroneis pygmaea Krieg
65 Ankistrodesmus falcatus 66 Gomphonema sp.

67 Ankistrodesmus spiralis 68 Gomphonema parvulum
69 Oocystis sp. 70 Gomphonema olivaceum
71 Actinastrum sp. 72 Nitzschia sigmoidea

73 Gloeoactinium limneticum 74 Nitzschia sublinearis
75 Coelastrum sp. 76 Nitzschia palea

77 Stigsoclonium sp. 78 Nitzschia stagnorum
79 Eudorina sp. 80 Achnanthes exigua

81 Pandorina morum 82 Achnanthes delicatula
83 Schroederia setigera 84 Nitzschia sigmoidea

85 Schroederia spiralis 86 Surirella ovata

87 Schroederia nitzschioides 88 Surirella robusta

89 Treubaria crassispina 90 Diploneis purlla

91 Chodatella wratislaviensis 92 Peridiniopsis cunningtonii
93 Chodatella quadriseta 94 Gyrosigma spencerii
95 Attheya zachariasi 96 Pinnularia borealis

97 Crucigenia quadrata 98 Rhopalodia gibba

99 Crucigenia fenestrata 100 Glenodinium pulvisculus
101 Crucigenia tetrapedia 102 Glenodinium gymnodinium
103 Crucigenia apiculata 104 Ceratium hirundinella
105 Tetrastrum staurogeniaeforme 106 Gymnodinium sp.

107 Tetrastum glabrum 108 Peridinium pusillum
109 Tetraedron minimum 110 Peridiniopsis cunningtonii
111 Tetraedron hastatum 112 Chroomonas caudata
113 Tetrastrum hastiferum 114 Chroomonas sp.

115 Tetraedron caudatum 116 Cryptomonas erosa
117 Tetraedron trigonum 118 Cryptomonas marssonii
119 Tetraedron trilobulatum 120 Cryptomonas reflexa
121 Carteria globosa 122 Chroomonas acuta Uterm
123 Chlamydomonas komma 124 Cryptomonas obovata
125 Chlamydomonas microsphaera 126 Trachelomonas sp.
127 Chlamydomonas reinhardi 128 Phacus pyrum

129 Chlamydomonas globosa 130 Phacus granum

131 Chlamydomonas braunii 132 Phacus anomatus

133 Chlamydomonas ovalis 134 Phacus longicauda
135 Chlamydomonas simplex Pasch 136 Euglena pisciformis
137 Dictyosphaerium ehrenbergianum 138 Euglena acus

139 Closteriopsis sp. 140 Euglena viridis

141 Closterium gracile 142 Euglena polymorpha
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143 Pteromonas angulosa 144 Euglena oxyuris

145 Pteromonas gelenkiniana var.subquadrata 146 Strombomonas sp.
147 Penium spirostriolatum 148 Strombomonas fluviatilis
149 Cosmarium bioculatum 150 Dinobryon sp.

151 Cosmarium subtumidum 152 Uroglena sp.

153 Schroederia setigera 154 Mallomonas producta
155 Chlorella vulgaris 156 Mallomonas elegans
157 Selenastrum bibraianum 158 Ophiocytium sp.

159 Cyclotella sp. 160 Chrysochromulina parva
161 Stephanodiscus astraes var. minutula




