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Abstract: The Yitong River Basin is the main northern urban river basin in China, and its ecological
health has become an important issue of public interest. In 2021, the plankton community and main
water quality parameters of the Yitong River were monitored quarterly. An evaluation system was
established based on the Planktonic Index of Biotic Integrity (P–IBI) to assess the spatial and temporal
variability in river health. To verify the feasibility of the P–IBI, its assessment results were compared
with those of the water quality index (WQI), and the main factors affecting the P–IBI in different
seasons were analyzed using correlation analysis between P–IBI metrics and environmental factors.
Seasonal comparisons showed that most sampling sites exceeded the “moderate” level in spring
and autumn, followed by winter. The worst assessment results occurred in summer. Urban river
reaches were more polluted than reaches in rural areas. Regarding driving factors, hydraulic effects
on the P–IBI in spring and autumn were significantly stronger than other environmental factors.
In summer and winter, special attention should be paid to the input of nitrogen compounds and
organic pollutants. Trends based on the P–IBI and the WQI differed in winter, but site patterns were
consistent between both indices. The results provide a theoretical basis and data support for the
health maintenance of the Yitong River.

Keywords: Planktonic Index of Biotic Integrity (P–IBI); ecological health assessment; urban rivers;
Yitong River

1. Introduction

Due to rapid industrial and urban development, river ecosystems face serious prob-
lems such as pollution and hydromorphological alterations [1]. Among freshwater ecosys-
tems, urban rivers have the most significant interactions with human activities. Especially
in the past decades, river systems in and around the cities have suffered from varying
degrees of urban and rural disturbance [2–4]. Many human activities, such as industrial
sewage discharge, agricultural production, and excessive utilization of riparian vegetation
not only affect the natural flow of the river but also change its original hydrological cy-
cle, resulting in a series of issues including water pollution, eutrophication, habitat loss,
and biodiversity reduction that have attracted widespread attention from local environ-
mental protection agencies and researchers [5–8]. As the basis for river management, it
is particularly important to study the health assessment of aquatic ecosystems such as
urban rivers.

As primary producers, phytoplankton can exhibit the most sensitive response to
changes in the river environment [9–11]. In addition to providing an energy source for
waterfowl and fish, zooplankton is also a predator of algae and bacteria, and it plays a
linking role in the food chain of aquatic environments [12–14]. Coupled with environ-
mentally sensitive characteristics, it is also considered an ideal biological indicator for
environmental monitoring [15,16]. Among the many ecological health assessment methods
for aquatic ecosystems, the Index of Biotic Integrity (IBI) is one of the most widely used and
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effective methods [17]. As a multi-level indicator, it can objectively measure and express
the ecological status by integrating various biological parameters [18], overcoming the
limitations of using a single biological index for ecological health evaluation [19]. The
concept of the IBI was first proposed by Karr in 1981 [20], and it has been widely used
since then because its evaluation of the water body status is more scientifically sound and
accurate than commonly used chemical methods [21]. Compared with the traditional water
quality monitoring methods, the IBI can explore the response relationships among biologi-
cal indicators by integrating multiple levels, and help with understanding the response
of the IBI to dynamic changes in the environment. Furthermore, from the perspective of
the composition, structure and function of biological communities, the IBI can help envi-
ronmental managers to carry out more accurate and comprehensive health evaluations of
aquatic ecosystems [22,23]. In recent years, the IBI based on fish, macroinvertebrates [24,25],
and microorganisms [26] has become the most widely used tool for the health evaluation of
aquatic ecosystems due to the in-depth exploration of the IBI evaluation system in various
countries. However, the application of the IBI based on phytoplankton (Phyto–IBI) or
zooplankton (Z–IBI) to river ecological health assessment is still in its infancy. Compared
with fish and macroinvertebrates, plankton is more sensitive to dynamic changes in the
environment, and the sampling process is relatively straightforward [27]. Furthermore,
Zhang, et al. [28] suggested that simply comparing the scores of the Phyto–IBI and Z–IBI
across different hydrological periods cannot accurately assess aquatic ecosystem health.
Since the plankton evaluation method is still developing, practical experience is needed to
verify its accuracy and applicability. Therefore, it has become urgent to study the Planktonic
IBI (P–IBI) for the comprehensive evaluation of the ecological health of rivers based on
phytoplankton and zooplankton.

As one of the main representatives of urban rivers in northern China, the Yitong
River flows through the urban area of Changchun from south to north and is strongly
influenced by human activities. It receives the treated wastewater from several sewage
treatment plants. Because the upstream and downstream catchments of the river are mostly
rural and suburban areas with aquaculture development and farmland, there are risks of
high nitrogen and phosphorus loading and the resulting eutrophication of water bodies.
Previous studies have shown that the middle and lower reaches of the Yitong River are
often below the national water body standards [29]. Therefore, the current deterioration
of water quality in the Yitong River Basin caused by point source and non-point source
pollution cannot be ignored. In recent years, the local government has paid more attention
to the development of water treatment projects, and the water quality of the Yitong River
has gradually improved. However, no report has objectively evaluated the river’s ecological
health to date. Therefore, it is important to carry out research on the evaluation of the
ecological health of the Yitong River based on the P–IBI. Here, we explore the ecological
health status of the Yitong River and the feasibility of the P–IBI in different seasons based
on the P–IBI evaluation system in order to provide a reference for the establishment of
suitable biological integrity evaluation methods in the region and provide data supporting
river health maintenance and management.

2. Materials and Methods
2.1. Study Area and Sampling Sites

The Yitong River is in the central part of the Jilin Province. As the largest tributary on
the left bank of the Songhua River, it originates in the Yitong Manchu Autonomous County
in the Jilin Province. It flows through five cities, including Changchun, and finally joins
the Second Songhua River. The Yitong River basin belongs to the temperate continental
monsoon climate with seasonal rainfall changes. The regional average annual rainfall
is 400–900 mm, and 80% of annual rainfall is in summer [30]. The total length of the
Yitong River is 343.5 km, while the catchment area is 7515 km2. The annual runoff is
3.5 × 108–6 × 108 m3 [31]. In 2021, sampling in the Yitong River was carried out quarterly,
in April (spring), June/August (summer), October (fall), and December (winter), and the
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frequency was once a month. Seven sampling points were established along the river, in the
Xingguang section (S1), in the Xinlicheng Reservoir dam section (S2), in front of the south
gate of the South Third Ring Road (S3), in front of the Free Gate (S4), in the Yangjiaweizi
Bridge section (S5), the Baolong Bridge section (S6), and the Kaoshan Bridge Section (S7)
(Figure 1). The sampling points S1, S2, and S5–S7 belong to national and provincial water
quality monitoring sections. As an important water source for Changchun City, S2 reflects
the water quality state before the river enters the urban area. The sampling points S1
and S6/S7 are in the upper and lower sections of the Yitong River, respectively, and the
surrounding areas are mostly villages and farmland. Sampling points S3–S5 are affected by
human activities in the surrounding urban landscape and, thus, fully reflect the pollution
status of the Yitong River.
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2.2. Sampling and Laboratory Analysis

Values of pH, dissolved oxygen (DO), and water temperature (WT) were measured at
the sampling sites in situ using portable probes (Multi 3320, WTW, Weilheim, Germany and
JPBJ–608, INESA, Shanghai, China). Water transparency was determined as Secchi depth
(SD). Samples were collected 0.5 m below the water surface and stored at 0–4 ◦C before
laboratory analyses, and analyses were completed within 24 h. Determinations of total
nitrogen (TN), ammonium–nitrogen (NH4

+–N), nitrate–nitrogen (NO3
−–N), total phos-

phorus (TP), chemical oxygen demand (CODCr), and the permanganate index (CODMn)
were performed according to the Method of Water and Wastewater Monitoring (fourth
edition) [32].

A water sample was collected from each sampling site and stored it in a 1 L polyethy-
lene bottle, and then was immediately fixed by adding Lugol’s solution and 4% formalde-
hyde solution. The 1 L sample was concentrated to 30 mL using the siphon method after
being stored in the laboratory for 48 h. This sample was used for the detection of the
phytoplankton Rotifera and Protozoa. Another 20 L water sample was collected from each
sampling site, filtered through a No. 25 (pore size 64 µm) plankton net, concentrated to
100 mL, and fixed by adding 4% formaldehyde solution immediately. This sample was used
for the detection of Cladocera and Copepoda. Phytoplankton and zooplankton concentrated
samples were identified and counted under an Olympus CX23 microscope using 0.1 mL
and 1 mL counting chambers, respectively. The phytoplankton and zooplankton species
were identified utilizing manuals [33,34].

2.3. Application of the P–IBI
2.3.1. Reference Sites and Impaired Sites

The selection of reference and impaired sites is the basis for the application of the P–IBI.
Reference sites usually refer to the sampling sites not disturbed by human activities [35].
However, most of the world’s freshwater ecosystems are disturbed by human activities to
varying degrees. In theory, there are no sampling sites completely unaffected by humans.
Based on the actual habitat conditions in the study area, the sampling sites with the best
physical, chemical, and biological conditions were selected as reference sites through field
visits. Sampling sites with relatively frequent human activities and relatively low seasonal
average water quality were selected as impaired sites.

Field investigations showed that the river segment S2 was dominated by forest, partly
grassland and dry land, and relatively little farmland. S1 and S2 were located in the upper
reaches of the Yitong River. Both were on higher terrain compared to other sites. The
population density of S1 surroundings was higher than that of S2 surroundings. The
Xinlicheng Reservoir, where S2 was located, opens flood gates to the middle and lower
reaches during the flood season in high water years, becoming one of the main water
sources in the Yitong River. The basic water quality of the Yitong River was preserved.
The concentrations of nutrients and organic pollutants at S2 were relatively low, the WQI
was better than at other sites, and the river was relatively clean at S2 (Figure 2). S1, S6,
and S7 had mostly villages and suburbs near the river, and the surrounding areas were
covered by farmland. Sampling points S3–S5 were in the urban area of Changchun, where
the population density was high, and the riverbanks were mostly surrounded by the ring
roads, causing traffic pollution. Therefore, S2 was selected as a reference site, and other
sites (S1, S3–S7) were selected as impaired sites.



Water 2022, 14, 3191 5 of 15Water 2022, 14, x FOR PEER REVIEW 5 of 15 
 

 

 

Figure 2. Comparison of WQI between sampling sites in different seasons. 

2.3.2. Determination and Screening of Candidate Metrics 

Considering the four plankton community characteristics (i) biomass, (ii) abundance, 

(iii) diversity, (iv) and trophic status, 22 candidate metrics were selected for phytoplank-

ton indices of biotic integrity (Phyto–IBI) (Table S1), and 21 candidate metrics for zoo-

plankton indices of biotic integrity (Z–IBI) (Table S2), while protozoa data were supple-

mented [21,28]. All candidate metrics were subjected to interference response, distribution 

range tests, discrimination power, and redundancy tests, and the biological metrics used 

to calculate P–IBI were screened out. We eliminated metrics with too many zero values 

and narrow distribution ranges, and then used the boxplot method to test the discrimina-

tion power of the candidate metrics. We eliminated the candidate metric when the 25–

75% percentile range of impaired sites overlapped with the reference site to achieve a good 

distinction between the reference site and the impaired sites. The reserved candidate met-

rics were further analyzed with Pearson correlations. A correlation metric value between 

the two parameters of |r| ≥ 0.75 indicated that the information expressed by the two had 

a large overlap. One was reserved for establishing the P–IBI evaluation system [17]. 

2.3.3. Calculation of P–IBI Scores and the Establishment of Evaluation Criteria 

The selected indicators needed to be converted to unify parameter dimensions. We 

referred to the methods of Zhu, et al. [17] for the calculation of P–IBI scores and evaluation 

criteria for the Yitong River. The P–IBI in different seasons were obtained by calculating 

the average of the Phyto–IBI and Z–IBI for each season [28]. We defined five criteria for 

evaluating the ecological health of the Yitong River: excellent, good, moderate, low, and 

bad. 

2.4. Data Processing and Analysis 

The water quality index (WQI) was used to objectively evaluate the water quality of 

the Yitong River based on water quality parameters. On the one hand, it was compared 

with the P–IBI evaluation results to assess differences between them. On the other hand, 

the feasibility of the P–IBI evaluation system was judged using the evaluation results of 

the WQI. According to previous research [36,37], combined with the “Environmental 

quality standards for surface water” (GB 3838–2002), the corresponding normalized val-

ues and weights of each index are listed in Table S3. The specific formula of WQI is: 

Figure 2. Comparison of WQI between sampling sites in different seasons.

2.3.2. Determination and Screening of Candidate Metrics

Considering the four plankton community characteristics (i) biomass, (ii) abundance,
(iii) diversity, (iv) and trophic status, 22 candidate metrics were selected for phytoplankton
indices of biotic integrity (Phyto–IBI) (Table S1), and 21 candidate metrics for zooplankton
indices of biotic integrity (Z–IBI) (Table S2), while protozoa data were supplemented [21,28].
All candidate metrics were subjected to interference response, distribution range tests,
discrimination power, and redundancy tests, and the biological metrics used to calculate
P–IBI were screened out. We eliminated metrics with too many zero values and narrow
distribution ranges, and then used the boxplot method to test the discrimination power
of the candidate metrics. We eliminated the candidate metric when the 25–75% percentile
range of impaired sites overlapped with the reference site to achieve a good distinction
between the reference site and the impaired sites. The reserved candidate metrics were
further analyzed with Pearson correlations. A correlation metric value between the two
parameters of |r| ≥ 0.75 indicated that the information expressed by the two had a large
overlap. One was reserved for establishing the P–IBI evaluation system [17].

2.3.3. Calculation of P–IBI Scores and the Establishment of Evaluation Criteria

The selected indicators needed to be converted to unify parameter dimensions. We
referred to the methods of Zhu, et al. [17] for the calculation of P–IBI scores and evaluation
criteria for the Yitong River. The P–IBI in different seasons were obtained by calculating
the average of the Phyto–IBI and Z–IBI for each season [28]. We defined five criteria
for evaluating the ecological health of the Yitong River: excellent, good, moderate, low,
and bad.

2.4. Data Processing and Analysis

The water quality index (WQI) was used to objectively evaluate the water quality of
the Yitong River based on water quality parameters. On the one hand, it was compared
with the P–IBI evaluation results to assess differences between them. On the other hand,
the feasibility of the P–IBI evaluation system was judged using the evaluation results of the
WQI. According to previous research [36,37], combined with the “Environmental quality
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standards for surface water” (GB 3838–2002), the corresponding normalized values and
weights of each index are listed in Table S3. The specific formula of WQI is:

WQI =∑n
i=1 CiPi/ ∑n

i=1 Pi (1)

where n is the total number of water quality parameters, Ci is the normalized value
assigned to parameter i, and Pi is the relative weight assigned to parameter i. Using the
WQI, the water quality status can be divided into five levels: excellent (91–100), good
(71–90), moderate (51–70), low (26–50), and bad (0–25) [38].

We calculated P–IBI scores and metrics using Excel 2019. The discrimination power test
and the temporal and spatial trend statistics of P–IBI scores were calculated using Origin
2021. SPSS 26.0 was used to perform Pearson correlations between candidate metrics. We
used R–4.1.2 to draw a Pearson correlation heat map of environmental parameters and the
P–IBI metrics in different seasons and the fitting curves of the WQI and P–IBI. A sampling
site map and a P–IBI spatial distribution map were produced with ArcGIS 10.6.

3. Results
3.1. Development of the P–IBI

Taking the Phyto–IBI in spring as an example, the screening process of each metric
was as follows. First, two metrics (P3 and P10) were eliminated due to excessive zero
values and a narrow distribution range. Fifteen metrics were selected from the remaining
20 phytoplankton candidate metrics using the discrimination power test (Figure S1). The
remaining five metrics (P6, P7, P11, P12, and P21) were excluded due to the low degree of
separation between the reference site and the impaired sites. Second, a Pearson correlation
analysis was performed among the selected 15 candidate metrics to test the independence
of the information reflected by each metric and avoid redundancy. When |r| ≥ 0.75, the
degree of overlap between metric information was considered high. For example, P2 and P5
were highly correlated (r = 0.990, p < 0.01) (Table S4), but compared with P5, P2 could retain
more information. Therefore, P2 was reserved for the elaboration of the Phyto–IBI. The final
Phyto–IBI in spring consisted of the metrics P2, P13, P15, and P16, and its score was the sum
of the four metrics. The Phyto–IBI and Z–IBI of other seasons were calculated following
the same procedure. By calculating the average of the Phyto–IBI and the Z–IBI, the final
P–IBI score for each sampling site in each season was obtained. Finally, the ecological
health status of each sampling site in different seasons was obtained according to the health
evaluation standard described previously. The P–IBI metrics screened out in each season
are shown in Table 1, and the P–IBI evaluation criteria are shown in Table 2.

Table 1. Selected metrics for the P–IBI in different seasons.

P–IBI Metrics Spring Summer Autumn Winter

Phyto–IBI metrics P2, P13, P15, P16 P4, P7, P13, P16 P2, P4, P18, P21 P1, P9, P20
Z–IBI metrics Z1, Z9, Z11,

Z15, Z16
Z3, Z14, Z17,

Z18, Z20
Z14, Z15, Z17 Z3, Z16

Table 2. Assessment criteria for the P–IBI in the Yitong River Basin.

Season Excellent Good Moderate Low Bad

Spring ≥3.54 2.66–3.54 1.77–2.66 0.89–1.77 ≤1.77
Summer ≥3.69 2.77–3.69 1.85–2.77 0.92–1.85 ≤0.92
Autumn ≥2.72 2.04–2.72 1.36–2.04 0.68–1.36 ≤0.68
Winter ≥1.96 1.47–1.96 0.98–1.47 0.49–0.98 ≤0.49

Season mean ≥2.82 2.11–2.82 1.41–2.11 0.70–1.41 ≤0.70
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3.2. Temporal and Spatial Variation of the P–IBI

The health status of the Yitong River showed obvious seasonal changes. The health
status was best in spring and autumn and worst in summer. In spring and fall, 57% of
the sites showed evaluation results above “moderate”, in winter (43%), and in summer
there were only 28% (Figure 3a). However, S3 and S5 were rated as “low” in winter,
accounting for 29% of the sampling sites. The variation trend of the P–IBI among the
sampling sites showed high consistency in different seasons, and the health status of S2
was at the “excellent” or “good” level throughout the year. From the upper reaches of the
Yitong River to the urban middle reaches (S1–S5), the P–IBI value showed a clear downward
trend. This trend reversed at S6 in the lower reaches (Figure 3b), which indicated that
human activities strongly influenced the water body of the Yitong River flowing through
the urban area of Changchun. The S5 sampling point in the lower reaches of the urban
area was only “low” in summer and winter. According to the seasonal average P–IBI value
of each sampling site, the health evaluation result of S2 was “excellent”. S1, S6, and S7
were classified as “good”, and the points S3–S5 as “moderate” (Figure 4). P–IBI could
discriminate effectively between reference and impaired sites on all time scales (Figure 5).
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3.3. Correlations between P–IBI and Environmental Factors

P–IBI values showed negative correlations with most environmental factors in dif-
ferent seasons (Figure 6). In spring and autumn, when the water body health level was
the highest, few environmental factors were significantly related to P–IBI values. The
environmental factors were mainly significantly correlated with Z–IBI metrics and not
significantly correlated with Phyto–IBI metrics. The environmental factor that significantly
affected the P–IBI value in spring was DO, and in autumn it was NO3

−–N. However, the
Phyto–IBI and Z–IBI metrics were significantly correlated with most environmental factors
in summer and winter. The P–IBI was highly significantly negatively correlated with TN
and WT and significantly correlated with CODMn and DO in summer. In winter, the P–IBI
was highly significantly correlated with CODCr and significantly correlated with CODMn
and DO.
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3.4. Comparison between P–IBI and WQI

On a seasonal scale, the trends in the P–IBI and WQI evaluation results showed
consistency, except for winter (Figure 7a). Based on seasonal average values, the percentage
of sampling sites with P–IBI evaluation results exceeding the “moderate” level (% P–IBI) and
WQI evaluation results showed an apparent synchronization regarding the distribution of
sampling sites (Figure 7b). Furthermore, there was a highly significant positive correlation
between % P–IBI and WQI (R2 = 0.8594, p < 0.01) (Figure 8). Except for the same evaluation
results of points S3–S5, the evaluation results based on the P–IBI had a relatively higher
evaluation level than those of the WQI. For example, the evaluation of S2 based on the
WQI showed a “good” classification, and the evaluations of other sampling points were all
“moderate”. However, based on the P–IBI, S2 was in the “excellent” category, and S1, S6,
and S7 were in the “good” state.
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Figure 7. Comparison of % P–IBI and WQI evaluation results. (A) Comparison of % P–IBI and
WQI evaluation results in different seasons. (B) Comparison of % P–IBI and WQI evaluation results
at different sites. % P–IBI indicates the percentage of sampling sites with P–IBI evaluation results
exceeding the “moderate” level.
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4. Discussion
4.1. Spatial and Temporal Differences and Feasibility Analysis of P–IBI Assessment

The established P–IBI evaluation system integrated the structural characteristics of
plankton along the Yitong River in different seasons. The Yitong River had the best health
classifications in spring and autumn, with 57% of the sites with an evaluation level higher
than “moderate”, followed by winter (43%) and summer (28%) (Figure 3a). However,
the P–IBI and the WQI results did not show complete consistency on the seasonal scale
(Figure 7a). According to the evaluation results of WQI, the season with the highest health
evaluation was winter. This result was consistent with Wu et al.’s [39] study of the Taihu
Lake Basin, i.e., the reason for the large difference in evaluation results in winter was likely
due to the parameters selected by the two methods. The evaluation system based on the
P–IBI was mainly established by the discrimination power test and correlations between
candidate metrics, while the WQI is based on detected environmental parameters and
their weights. Plankton growth in temperate rivers showed strong seasonality, especially
in phytoplankton [40]. Due to low temperatures in winter, it was difficult for plankton
to grow normally [41], and a single species could be observed in most locations, which
led to the deviation of P–IBI evaluation results in winter. However, the DO concentration
was an important indicator determining its numerical value in the WQI method. The
relative weight assigned to it was 4, and the DO concentration in the Yitong River Basin
was high in winter. The DO concentrations of all sampling points exceeded 7.5 mg/L
and the assignment results for most water quality parameters were higher in winter than
in other seasons, which increased the WQI value in winter to a certain extent (Table S5).
The P–IBI evaluation of the health of the Yitong River in summer was consistent with
the WQI method, i.e., the water quality was worst in summer. This was linked to an
increase in cyanobacteria due to warmer summer temperatures as well as higher nutrient
concentrations in the water, which further confirmed the accuracy of P–IBI in evaluating
the ecological health of the Yitong River.

As for the spatial distribution, the health evaluations of S2 were all “excellent” or
“good” throughout the year, while S3 and S5 were mostly in the “moderate” or lower
level in all seasons. On the one hand, the S3–S5 sampling points were in the urban area
of Changchun. Compared with other sites, the population density of S3–S5 surroundings
was high with frequent human activities, causing serious disturbances to the river. Besides,
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tributaries of S3–S5 were also flowing through the urban area, which may have further
magnified the impact of allochthonous pollution [42]. The rapid development of the urban
economy and urbanization, the development of river banks, excessive utilization of water
resources, and domestic sewage have caused apparent effects on the river water quality
and ecology [43]. On the other hand, there were large sewage treatment plants in urban
areas near S3 and S5. The treated sewage was directly discharged into the river, which had
a certain impact on the integrity of the plankton. The P–IBI values had obvious seasonal
patterns in the basin, but in autumn, the longitudinal trend of P–IBI values was relatively
stable compared with other seasons, and the reference site S2 showed a significant decrease
compared with the trend in S1 (Figure 3b), which did not appear in the seasonal trends of
other points. The main reason for this was that in October 2021, the Xinlicheng Reservoir,
where S2 was located, was carrying out flood discharge work. The higher flow led to a
decrease in the abundance of plankton communities. The dilution and rapid flow affected
the growth of plankton [42,44] and adversely affected plankton integrity characteristics,
resulting in lower P–IBI values. According to seasonal average P–IBI values (Figure 4), the
annual health evaluation of S2 was “excellent”, and those of the points S1, S6, and S7 with
rural and suburban land use were “good”. The evaluation results of S3–S5 in the urban
reach were “moderate”, indicating that the impact of human activities on the P–IBI was
significantly stronger here than in farmland river sections.

To prove the accuracy and feasibility of the evaluation system established for the
Yitong River based on the P–IBI, P–IBI and WQI results were linearly fitted and analyzed.
Moreover, the separation ability of the P–IBI between the reference site and impaired
sites was verified. Comparing the % P–IBI and WQI scores of the sampling sites, the
dynamic trend of the two throughout the year was completely synchronized (Figure 7b).
The % P–IBI and WQI also showed a highly significant positive correlation (Figure 8),
indicating excellent consistency in the evaluation methods. The separation ability between
the reference site and the impaired site groups was apparent (Figure 5). Although the
separation ability between the reference site and the impaired site groups was low due
to the external force of the reservoir flood discharge regime in autumn, according to the
evaluation results of the whole year, the evaluation system based on the P–IBI can still be
used as a scientifically sound and objective method to evaluate the ecological health of the
Yitong River Basin.

According to the WQI evaluation results, except for the reference site S2, all sites were
rated as “medium”. Unlike the P–IBI, the WQI could not distinguish between urban and
rural reaches. The P–IBI is dependent on the high sensitivity of plankton to the inorganic
salts in the river water and it can reflect a series of external environmental changes such
as climate and river flow as well [44,45]. These characteristics cannot be assessed by the
WQI [21]. Therefore, the P–IBI is more suitable for the ecological health evaluation of urban
waterbodies with seasonal climate changes.

4.2. Correlations between the P–IBI and Environmental Factors

In spring and autumn, with higher health levels, there was no significant correlation
between environmental factors and Phyto–IBI metrics. The main reason for this may have
been that the complex external environment in spring and autumn more strongly promoted
dynamic changes in biological integrity. During spring, the water body underwent a
thawing process that caused seasonal changes in river flow, affecting the Phyto–IBI [46].
In autumn, the most obvious external change was the flood discharge work carried out
by the reservoir in the sampling month. As a result, the zooplankton could have become
relatively stable due to these external environmental changes, while phytoplankton is more
mobile and easily carried away to other areas by external factors such as wind, waves,
or currents [17,47]. Therefore, the impact of external forces on Phyto–IBI metrics was
significantly greater than that of environmental factors, resulting in fewer environmental
factors significantly correlated with the P–IBI. The Yitong River Basin was hot and rainy in
summer, and the environment with high WT likely led to the formation of cyanobacterial
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blooms and related effects on the aquatic ecosystem [48]. In addition, rainfall can erode
riverbanks and wash nutrients from the soil into water bodies, which can affect the integrity
of plankton, resulting in highly significant negative correlations between TN as well as
WT and the P–IBI in summer. In winter, both CODCr and CODMn showed a significant
negative correlation with the P–IBI. Thus, we should be alert to the negative impact of
organic pollutants on the Yitong River in winter.

4.3. Implications for River Health Management

Our results are of great significance to the ecological health evaluation of the Yitong
River and its management and maintenance. First, compared with the WQI method, the
ecological health evaluation of the Yitong River based on the P–IBI is scientifically sound
and objective. Therefore, while monitoring the water quality of the river, its biological
integrity should also receive sufficient attention. Second, the ecological assessment should
fully consider seasonal changes in rivers. According to our results, there were obvious
seasonal differences in the health status of the Yitong River. According to correlations
between environmental parameters and the P–IBI, the main environmental factors affecting
the biological integrity in different seasons were identified, which is an effective measure
for managing aquatic ecosystem health. It is worth noting that the difference between the
P–IBI and WQI in winter can also provide theoretical support for river managers, that is,
health evaluation from a biological perspective should not be ignored in seasons with good
water quality. Finally, according to the spatial distribution of the P–IBI evaluation results,
urban river sections showed relatively high pollution levels. Therefore, local managers
should pay special attention to the effects of human activities and sewage control in urban
areas. Improving river water quality and creating a river basin environment where man
and nature can coexist in harmony should be a priority.

5. Conclusions

(1) The P–IBI evaluation system established in this study assessed the ecological health
of the Yitong River at different temporal and spatial scales. The ecological health of the
Yitong River was the best in spring and autumn, followed by winter and then in summer,
in which it was worst. According to average seasonal data, urban river reaches were
significantly more polluted than rural reaches.

(2) According to correlation analyses between the P–IBI and environmental factors,
external hydraulic effects on the Yitong River in spring and autumn were stronger than envi-
ronmental factors. However, when the biological integrity is relatively poor in summer and
winter, we should be alert to external inputs of nitrogen compounds and organic pollutants.

(3) In comparative analyses of the P–IBI and WQI based on average seasonal data,
the evaluation results of the two in urban river sections were consistent, but the scores
of other sampling sites based on the P–IBI were significantly higher than those based on
the WQI. The trends of two methods in winter were significantly different but showed
significant spatial synchronicity. Compared with the WQI, the P–IBI can classify the
ecological health of urban rivers based on the integration of climate, flow changes, and
influences of human activities.

(4) Except for the strong hydraulic influence in autumn, the P–IBI evaluation results of
the reference site and impaired sites showed a strong separation ability, suggesting that the
ecological health evaluation of the Yitong River based on the P–IBI was completely feasible.
Our research results provide a theoretical basis and data support for local managers in the
Yitong River Basin.
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