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Abstract: In the context of global climate change, extreme heat events (heatwaves) have increased in both frequency and intensity,
posing growing threats to the stability of lake ecosystems. To evaluate these impacts, this study simulated short-term heatwaves

using a Middle Universe Simulation System and employed integrated metagenomic and metatranscriptomic sequencing to

——*2025-08-06 Wt F: 2025-09-08 W& ik o
[ 5% SR THR(2022YFC3202004) [ 5K AR AR 8000 H (42371016 42220104010)8% & Bt
* W{EE#; E-mail: jmdeng@niglas.ac.cn



systematically analyze structural and functional responses of aquatic microbial communities. Results demonstrated that while
microbial community composition remained largely stable under short-term high-temperature stress, functional diversity
increased significantly, with 467 unique functions identified relative to the control. Gene expression levels also changed
considerably, particularly in metabolic and photosynthetic pathways. Bray—Curtis dissimilarity analysis revealed increases of 0.12
in community composition distance and 0.16 in functional distance after heatwave exposure. These findings suggest that
heatwaves mainly influence aquatic ecological processes by altering functional diversity rather than community structure. Overall,
lake microbial communities show a capacity for rapid acclimation to environmental fluctuations through functional adjustments,
whereas structural changes occur over longer timescales.
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Table 1. Physicochemical parameters of water under different treatments
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111 196 0.024 0.001 0.22 0.36 0.004 4.64 5.61

11/4 161  0.032 0.003 0.13 055 0.003 36 19.69

T 11/6 238 0.036 0.003 0.15 059 0.005 5.08 19.63
11/9 257 0.031 0.003 0.1 071 0.006 4.76 16.9

111 1.92 0.04 0.002 03 031 0.005 5.12 8.74

11/4 245  0.045 0.001 0.13 047 0.007 5.12 3212

w 11/6 252 0.042 0.003 0.14 057 0.011 5.36 33.59
11/9 2.98 0.04 0.002 0.12 0.79 0.006 5.37 24.31
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Fig 1. Water temperature variations under different treatments (red dashed lines indicate the start and end of the heatwave; blue

arrows represent the sampling time points)
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Fig 2. Composition of aquatic microbial communities under different treatments: (a) classification at the kingdom level; (b)

dominant taxa at the phylum level; (c) dominant taxa at the genus level.
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Fig 3. KEGG Level 1 functional annotation of aquatic microbial communities under different treatments.
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