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Abstract

Rivers play critical roles in providing water resources, maintaining biodiversity, ensuring ecologi-
cal stability, and supporting social development. Urban rivers, in particular, are key areas for bio-
diversity conservation and water quality purification. Compared to general rivers, those in north-
ern coastal cities of China are characterized by their “short length and swift flow,” which renders
their ecosystems more vulnerable. These systems face challenges such as altered habitat heteroge-
neity and diminished self-purification capacity due to combined pressures of tidal influences and
urban pollution. This study conducted field surveys and divided the study area into different habitat
zones based on in-situ habitat conditions and urbanization levels. Sampling was carried out over
three seasons to analyze spatial variations in water quality across river sections, investigate the
structural characteristics of benthic macroinvertebrate communities, and perform a biological as-
sessment of water quality. Furthermore, the structure and properties of microbial communities
were analyzed. The aim is to establish a zoning-based assessment framework to provide targeted sup-
port for ecological restoration. This study was carried out in the Neijia River and Liuzi River basins,
Yantai City, China. Twenty-four sampling sites, covering tidal, urban, and semi-natural reaches, were
established. Water and benthic macroinvertebrate samples (comprising 48 species from 4 phyla)
were collected seasonally in summer, autumn, and winter of 2022. Habitat types were first classi-
fied based on hydrodynamic gradients. Water quality was assessed using a comprehensive pollu-
tion index. For analyzing the benthic community structure, the Margalef richness index, Shannon-
Wiener diversity index, and the Biotic Index (BI) were integrated. Furthermore, Pearson correla-
tion analysis was employed to elucidate the influences of environmental factors. The assessment
revealed severe overall pollution in the study area (comprehensive pollution index, P > 1.0). Pollu-
tion was more pronounced in the Liuzi River compared to the Neijia River, with urban reaches ex-
hibiting the highest pollution levels, particularly during winter. Spatiotemporal heterogeneity was
evident in the benthic macroinvertebrate community. The highest diversity (Margalef richness in-
dex: 1.53) was recorded in semi-natural reaches, where arthropods constituted the dominant group.
In contrast, urban reaches were dominated by pollution-tolerant species (Biotic Index, BI: 8.26),
with a peak habitat density of 4104 individuals per square meter (ind/m2) in winter.
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Figure 1. Sampling area and sampling sites
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Table 1. Classification of comprehensive pollution index
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Table 2. Criteria for Shannon diversity rating
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Table 3. Criteria for BI index rating
% 3. Bl £ ¥R BT RAT

BI W44 BI<3.5 3.5<BI<5.5 5.5<BI<8.5 BI>8.5
PR B — M 15 4% I E G YL

3. ERESH
3.1, EBRSEEEREER

AHIFUIE L SIS I, RN VEA A R RSN RKIABERFAE, KA #L5 AR AE B SR A
SCFF

SRR B LA S 8 R e T BUER R R Z B s s R TR B A A UK YRR S R IR SR 5 5
2 SR B AR A i R 7 3 (> 60%) AR BT i . B AR B A 48 SRR L 4.

DOI: 10.12677/aep.2026.164057 583 N RI R Y


https://doi.org/10.12677/aep.2026.164057

N, R

Table 4. Habitat classification and characteristics of the study area
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Figure 2. Distribution of the comprehensive pollution index
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Figure 3. Spatiotemporal distribution of species number ((a): Species composition and distribution in summer; (b): Species
composition and distribution in autumn; (c): Species composition and distribution in winter)
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Figure 4. Benthic organism abundance ((a): Abundance composition in summer; (b): Abundance composition in autumn; (c):
Abundance composition in winter)
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Figure 5. (a) Margalef richness index, (b) Shannon diversity index, (c) BI index
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Figure 6. Redundancy analysis (RDA) biplot of biodiversity indices and environmental factors(Env1: Total nitrogen; Env2:
Nitrite nitrogen; Env3: Ammonia nitrogen; Env4: Total phosphorus; Env5: Chemical oxygen demand; Env6: Dissolved oxygen;
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