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Abstract: Lake Nanhu is a typical shallow urban lake in the middle and lower Yangtze River basin. Long-term intensive human
activities have driven its ecological evolution toward urban eutrophication. To investigate the long-term ecological responses of
the lake to ongoing restoration efforts, this study combined historical literature data from 1991 to 2022 with systematic field
monitoring data from February 2023 to January 2025. We analyzed the trends, current status, and influencing factors of water

quality and phytoplankton communities. Long-term data showed that total nitrogen and total phosphorus concentrations changed
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in three distinct stages. First, concentrations fluctuated and increased from the 1990s onward. Second, concentrations remained
high from 2003 to 2020, consistently exceeding the Grade V limit of China’s Environmental Quality Standards for Surface Water
(GB 3838-2002). Third, concentrations showed a decreasing trend after 2020, indicating early positive effects of implemented
water management measures. Phytoplankton abundance peaked at 1191.94 x 10¢ cells/L in the summer of 2017-2018 and de-
creased markedly during 2023-2025. However, the annual mean chlorophyll-a concentration remained high at 61.08 ng/L, sug-
gesting a persistent risk of algal blooms. Recent monitoring revealed that the phytoplankton community was dominated by Cya-
nobacteria, with Pseudoanabaena and Microcystis prevalent in summer and autumn. Potentially toxigenic algae accounted for up
to 81% of total phytoplankton abundance. In winter and spring, the community was mainly composed of Bacillariophyta, repre-
sented by Cyclotella. Pearson correlation and redundancy analysis (RDA) both confirmed that total phosphorus and water tem-
perature were the core environmental factors affecting phytoplankton biomass and the dynamics of potentially toxigenic cyano-
bacteria. Overall, the results indicate that long-term ecological management has effectively reduced nitrogen and phosphorus
concentrations. Nevertheless, external phosphorus loading and its synergistic interaction with water temperature still control algal
biomass and sustain the competitive dominance of toxigenic cyanobacteria. Therefore, future management should further
strengthen control of external phosphorus inputs and inhibit internal phosphorus release in the lake.
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Fig.1 Sampling sites in Lake Nanhu,Wuhan
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Fig. 2 Variations in nutrient concentrations in Lake Nanhu,1991-2025
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Fig. 3 Water physicochemical characteristics in Lake Nanhu, 2023-2025
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Fig. 4 Temporal variations in phytoplankton abundance and biomass in Lake Nanhu during the 2003-2025 period
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R 12023-2025 A IHE B A 200 AP 41 ¢ Tab. 1 Dominant phytoplankton species in Lake Nanhu, 2023-2025
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Fig. 5 Variations of phytoplankton abundance and biomass in Lake Nanhu,2023-2025
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Fig. 7 Correlation analysis between phytoplankton abundance, biomass and environmental factors in Lake Nanhu ,2023-2025
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