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Abstract: Algal blooms can significantly alter biogeochemical cycles and greenhouse gas (GHG) fluxes in reservoir ecosystems. This
study examined how an algal bloom influenced the spatial and temporal variability of GHGs and their exchange across the water-air
interface. We conducted high-resolution field measurements of dissolved CO2, CHa4, and N2O concentrations and their fluxes in the
Gaobazhou Reservoir during a bloom event. Dissolved concentrations ranged from 0.12 to 215.82 umol/L for CO: (saturation: 1.8% to
1332.9%), 0.01 to 0.41 pmol/L for CHa (saturation: 1198.2% to 12789.5%), and 17.83 to 48.78 nmol/L for N-O (saturation: 221.8% to

538.5%). All monitored gases were highly supersaturated, except for CO: in the bloom zone. Floating chamber measurements showed that
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in non-bloom areas, COz, CHa4, and N>O fluxes were (204.39+170.93) mg/(m?-h), (0.36+0.42) mg/(m*h), and (0.01£0.01) mg/(m?-h),
respectively. In bloom areas, the corresponding fluxes were (-88.42+39.20) mg/(m?-h) for CO:, (0.55+0.51) mg/(m?-h) for CHa, and
0.07+0.05 mg/(m?-h) for N-O. Intense photosynthesis in the bloom zone turned the surface water from a CO: source into a net CO: sink
compared with non-bloom areas. In contrast, CHs and N2O emissions increased by 54% and 342%, respectively. Flux estimates differed
markedly between the floating chamber method and the thin boundary layer method. The floating chamber gave values 3 to 10 times
higher than those from the thin boundary layer method, with the largest divergence (~10x) observed in bloom regions. Algal blooms
changed the composition of dissolved gases and caused total dissolved gas (TDG) supersaturation ranging from 111.6% to 136.4%. This
TDG supersaturation promoted the generation of microbubbles. As a result, the dominant gas transfer pathway shifted to a combined
process of molecular diffusion and microbubble-mediated emission, which substantially increased CHa and N>O emissions. Our results
indicate that algal blooms enhance GHG emissions by fundamentally altering interfacial gas transfer pathways. These findings provide a
new basis for improving carbon budget assessments and eco-hydraulic management in reservoirs.
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Fig. 1 Sampling site distribution map in Gaobazhou Reservoir
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Fig. 2 Spatial variation of surface water characteristics in Gaobazhou Reservoir
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Tab. 1 Water quality indices of surface water in Gaobazhou Reservoir

XA COD(mg/L) TN(mg/L) TP(mg/L) NO;3(mg/L) NH;*(mg/L) PO (mg/L)
GBZ01 227 2.34 0.012 1.93 0.06 0.008
GBZ02 2.34 2.58 0.010 2.09 0.08 0.010
GBZ03 12.16 1.30 0.047 0.98 0.28 0.033
GBZ04 10.62 1.42 0.038 0.94 0.29 0.031
GBZ05 9.11 1.55 0.039 0.90 0.44 0.029
GBZ06 5.76 1.61 0.027 0.99 0.32 0.020
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Fig.3 Distribution of TLI(Z) in surface water of Gaobazhou Reservoir
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Fig. 5 Dissolved greenhouse gas concentrations in surface water of Gaobazhou Reservoir
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Fig. 6 Vertical variation of dissolved greenhouse gas concentrations in Gaobazhou Reservoir
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Tab.2 Dissolved gases saturations in Gaoba Zhou Reservoir surface water
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GBZ01 100.11 69.3 930.3 1198.2 278.5 932
GBZ02 100.05 70.1 910.6 67125 285.4 94.8
GBZ03 99.83 270.8 25 68452 256.1 136.4
GBZ04 99.73 233.6 2.7 3936.2 265.6 128.3
GBZ05 99.69 180.7 1.8 3481.2 263.9 117.7
GBZ06 99.77 155.5 21.3 2461.5 221.8 111.6
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