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Abstract: Microorganisms respond rapidly to environmental changes, rendering them promising candidates as bioindicators for
ecological assessments. Nevertheless, their application in evaluating aquatic ecosystems remains relatively limited. This study

employed high-throughput sequencing to investigate bacterial community structures in both water and sediments across three
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distinct lake zones within Lake Poyang: the main lake area, dish-shaped lakes, and aquaculture lakes. A machine learning
framework was utilized to develop a Microbial Biotic Index (MBI) for assessing the ecological status of these habitats. Results
revealed significant disparities in nutrient levels between water and sediments across lake types, which in turn drove spatial
variations in bacterial community composition and dominant genera. Although community coalescence between water and
sediment bacterial assemblages was limited, elevated trophic state index (TSI) levels were associated with enhanced cross-habitat
connectivity, indicated by a significantly greater proportion of sediment-derived bacteria within the water column. Using quantile
regression and machine learning, Amplicon Sequence Variants (ASVs) from both water and sediment were classified into five
ecological groups. The resulting MBI demonstrated strong concordance with trophic state indices for both water and sediment
compartments. Ecological assessments based on the MBI indicated superior water quality in the main lake and aquaculture lakes
compared to dish-shaped lakes. In contrast, sediment ecological conditions were highest in aquaculture lakes, intermediate in
dish-shaped lakes, and poorest in the main lake area. Overall, water quality exceeded sediment conditions, suggesting that
sediments may act as internal nutrient sources contributing to eutrophication. These findings highlight the critical need to
incorporate sediment quality monitoring into future lake management strategies. This study proposes a novel microbiome-based
assessment index, constructed via machine learning, that provides a robust tool for evaluating aquatic ecological conditions across
varying trophic states.
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Fig.1 Distribution of sampling sites in Lake Poyang
The main lake area: PYH1, PYH2, and PYH3; the dish-shaped lakes: Lake Baisha (BSH), Lake Zhanbei e (ZBH), and Lake Chang
(CH); the aquaculture lakese: Lake Junshan (JSH), Lake Qinglan (QLH), and Lake Kangshan (KSH)
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Fig. 2. Principal component analysis (PCA) combined with PERMANOVA for physicochemical parameters in water (a) and sediment
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random forest classification model
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Fig. 4. Identification of TSI-associated indicator genera (Top 15) in water using random forest regression (a), with corresponding relative

abundance response patterns across 757 (b~p)
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Fig. 5. Identification of S-TSI-associated indicator genera (Top 15) in sediment using random forest regression (a), with corresponding
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