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Abstract: Methane (CH,) emissions from eutrophic shallow lakes exhibit strong spatiotemporal variability, but the primary
controlling factors remain unclear. In this study, field surveys were conducted in Lake Taihu during the dry (February),
normal (May), and wet (August) hydrological periods of 2024. We measured surface-water CH4 concentration (cCH,),
air-water flux (FCH,), §*C-CH,, aC, physicochemical variables, and optical properties of dissolved organic matter (DOM).
Random forest and partial least squares (PLS) models were applied to evaluate spatiotemporal patterns and their drivers. Both
cCH, and FCHj, increased substantially in the wet period, from 0.023-0.028 umol/L and 13.4-16.7 mmol/(m? d) during the

dry and normal periods to 0.097 pmol/L and 84.4 mmol/(m?d), respectively. Spatially, the western and northern river-inflow
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zones acted as CH, emission hotspots, and these hotspots expanded markedly in the wet period compared with the other two
periods, indicating clear hydrological differences and river-inflow aggregation of CH, emissions in Lake Taihu. Across all
periods, 8**C-CH, values were relatively enriched, and mean oC ranged from 1.02 to 1.03 (1.016+0.009 in dry, 1.03240.008
in normal, and 1.03520.008 in wet), suggesting only minor shifts in methanogenic pathways among periods and a general
predominance of acetoclastic methanogenesis. The cCH, increased with water temperature, dissolved organic carbon (DOC),
pH, chlorophyll.a (Chl.a), and protein-like DOM fluorescence, but decreased with nitrate, dissolved oxygen, and humic-like
components. This pattern implies that warmer conditions and higher bioavailability of organic matter promote CH,
production, whereas more oxidizing conditions (higher nitrate) limit CH,accumulation. Nitrate, organic matter components,
and water temperature were the strongest predictors of cCH, variability. Together, spatial distribution, DOM optical
characteristics, isotopic evidence, and multivariate analyses suggest that terrestrial inputs of nutrients and organic matter may
enhance CH, emissions by increasing organic matter availability. Overall, CH, emissions in Lake Taihu are governed by
inflow conditions, organic matter supply, and redox constraints, providing field-based evidence for understanding CH,4
dynamics in eutrophic shallow lakes.
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Fig. 1 Location of the study area and distribution of sampling sites in Lake Taihu (a), Precipitation during
the mid-month sampling period and corresponding water level in February, May, and August 2024. (b)
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Fig. 2 Spatial distributions of cCHa (a-c) and FCH4 (d-f) in Lake Taihu during the dry, normal, and wet
seasons of 2024
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Fig. 6 Influence of environmental factors on cCHa:Pearson correlation analysis between cCH4 and DOM optical
as well as water quality parameters (P<0.05, P<0.01, P<0.001) (a); random forest analysis identifying the key
drivers of cCHj4 variability (b); regression between observed and predicted cCHa values (c); partial least squares
(PLS) modeling results linking cCH4 with environmental factors (d); and the relationship between cCHa4 and the
first PLS component scores (e)
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