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Abstract: Abstract: Sediment dissolved organic matter (DOM) is a critical active component of lake carbon pools. The

chemodiversity of DOM molecular groups is essential for understanding lake carbon cycling and ecological functions. This study
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was conducted in the middle and lower reaches of the Yangtze River and Huaihe River basins. A total of 80 surface sediment
samples were collected from 38 lakes. Fourier transform ion cyclotron resonance mass spectrometry (FT-ICR MS) was used to
classify DOM into different molecular groups based on molecular compositional features. This study further examined the
chemodiversity of various DOM groups and their driving mechanisms under eutrophication stress. The results revealed distinct
differences in molecular richness and composition across DOM groups. Lignin-like (39.63%) and protein-like (31.63%)
compounds dominated the sediment DOM components. These two groups showed significantly higher a diversity (molecular
richness) than other groups (P < 0.05), with average values of 1125.75 and 783.73, respectively. Meanwhile, these groups had the
lowest B diversity based on Bray-Curtis dissimilarity, with mean values of 0.30 and 0.38, respectively, reflecting spatially uniform
DOM molecular composition. The molecular richness of most DOM groups was significantly correlated with sediment
physicochemical properties and land-use variables. However, neither molecular richness nor compositional variation showed
significant correlations with the trophic state index. Random forest analysis quantified the relative contribution of each variable
to DOM molecular richness. Sediment DOM content was the dominant factor regulating the molecular richness of seven DOM
groups. Sediment ammonium nitrogen (NH4+) primarily drove the variations in bioavailable DOM groups, including
carbohydrate-like and amino sugar-like compounds. These results demonstrate that sediment physicochemical factors are the
primary drivers of molecular richness for most sediment DOM groups. In addition, land-use variables such as cropland area
proportion (Cropland%) exerted stronger effects on lignin-like, tannin-like, and polycyclic aromatic hydrocarbon-like DOM
groups, indicating that agricultural activities facilitate the accumulation of recalcitrant molecules in lake sediments. Redundancy
analysis showed that the compositional variation of most DOM groups was mainly controlled by sediment physicochemical
factors. By contrast, tannin-like and polycyclic aromatic hydrocarbon-like compounds were also affected by land-use patterns
(e.g., Cropland%) and socioeconomic factors (e.g., gross domestic product). These findings suggest that natural and anthropogenic
factors jointly regulate the chemodiversity variations of sediment DOM molecular groups. This study improves the current
understanding of sediment DOM chemodiversity and its dominant drivers, providing molecular-scale scientific evidence for lake
carbon sink management and watershed-scale carbon pool stability assessment under eutrophication conditions.
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Fig. 1 Distribution of sampling sites in lakes
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Fig. 2 Molecular richness (a) and compositional differences (b) among DOM groups ((a) Molecular richness of each DOM group;
different lowercase letters indicate significant differences among groups based on Dunn’s test (P < 0.05). (b) Molecular compositional
differences among DOM groups characterized based on Bray-Curtis dissimilarity. Violin plots represent the kernel density distribution
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(Dashed lines indicate non-significant linear regression fitted lines (P > 0.05))
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Fig. 4 Correlation between molecular richness of DOM groups and driving factors
(The upper panel shows a Spearman rank correlation heatmap illustrating the correlations between molecular richness of different DOM
groups and driving factors. The driving factors are grouped into five categories: climate, land-use, socioeconomic development, water
physicochemical factors, and sediment physicochemical factors. Red and blue squares indicate positive and negative correlations,
respectively, and the color intensity and size of the squares represent the absolute values of Spearman correlation coefficients. The lower
panel shows linear regression scatter plots between key driving factors and molecular richness of different DOM groups. Different
colors represent different DOM groups. Only significant linear relationships are shown (P < 0.05), with solid lines indicating linear
fitted lines. The corresponding colors denote R? values and significance levels. Asterisks indicate significance levels:

**xp <0.001, **P <0.01, *P < 0.05)
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Fig. 5 Driving factor analysis of chemodiversity of DOM group (Panels a and ¢ show the main driving factors and their predictive
importance for the molecular richness of different DOM groups, as evaluated by the random forest model. Relative contributions are
expressed as the percentage increase in mean squared error (%IncMSE), with higher %IncMSE values indicating greater predictive
importance. Only driving factors with %IncMSE values higher than 2% are shown in the bar plots. Asterisks indicate significance levels:
***P < 0.001, ¥*P < 0.01, *P < 0.05. Panels b and d show RDA ordination plots of the molecular compositional structures of DOM
groups and their driving factors, reflecting the distribution of molecular composition in the RDA ordination space. Points represent
individual samples, and arrows represent driving factors. Arrow length indicates the explanatory power of each factor for variation in
DOM molecular composition. The percentages on the axes indicate the proportions of variation in DOM composition explained by
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