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Abstract: Lakes are important sources of atmospheric CHy, yet large uncertainties remain in estimating lake CHy4 emissions, largely
because biological CH4 production pathways are not fully understood. Surface water CH,4 supersaturation, often referred to as the
"methane paradox,” challenges the traditional view that biological CH,4 production occurs only under strictly anaerobic conditions and
implies the existence of oxic CHy production. This study examined the drivers of surface CH4 supersaturation in eutrophic Lake
Gaoyang, Three Gorges Reservoir. We combined field observations with incubation experiments to investigate the spatiotemporal
variations of CH, in the water column and their controlling mechanisms. Field observations confirmed clear summer "methane paradox"
events. Surface water CH, was supersaturated at about 496 times the atmospheric concentration and was 58% higher than CHy levels
in bottom water. Incubation experiments verified that methylphosphonate (MPn) degradation serves as a key biological source of CHy4

in the lake. First, MPn addition increased CHy4 production rates by 68.6% relative to the control. Second, inorganic phosphorus (Pi)
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regulated MPn degradation, and Pi addition suppressed both MPn degradation and CH4 production. Third, Pi addition to aerobic lake
water reduced CH4 yield by 28% compared with the control. A significant negative correlation was found between surface CH4 and
soluble reactive phosphorus (SRP) (r = -0.87, P < 0.05), indicating that lower SRP concentrations favor surface CH4 accumulation.
These results further support that microbial MPn metabolism drives surface CHy4 supersaturation. In summer, SRP depletion in surface
water, together with thermal stratification that limits vertical nutrient exchange, creates favorable conditions for MPn-dependent CHy
production. This study clarifies the regulatory role of phosphonate metabolism in CH4 cycling in eutrophic lakes and provides new
evidence and theoretical basis for understanding CHy4 sources in lakes. Our findings contribute to improving global lake greenhouse
gas emission models and to better predicting aquatic ecosystem responses to climate change.
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Fig. 2 Spatiotemporal distribution of dissolved oxygen and temperature in Lake Gaoyang
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Fig. 3 Spatiotemporal distribution of nutrients in Lake Gaoyang
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Fig.4 Spatiotemporal distribution of CH, and §'*C-CHy in the water column

R SPC-CHaETERT ] L RIH “HEmBEAR” 1458, REUGEFERE CHa 1 13C A £ 8.
M4 L, HERAWIKE CHaikEETEREZ, HH SBC-CHiHAERIKZEMZEREE (Kruskal-Wallis 48
3%, P<0.0D ; HADEWNE, CHiKEL §BC-CHa HMRITER#E—H9 K, Uil CHa ¥ HUd 2
A E R R, EFESEY §PC-CH B o i 5FEFMKR, RIWNEE SPC-CHERKTIRE, #
BRRERMZEZERAESE; MEEZRAH, RIRZERM SBC-CHEEZRESE, RZE §PC-CHaEE/.
BeAh, o E R §13C-CHa {8 B B TR A 1.
2.3 IKFIB LB Sk CH, B9 XM 4R

Pearson M/ HT 4R (B 6) BIR, REMIKEZM CH IR ERIERE T H B X THRZKIE,
CH4 K JE 5K (r=0.57,p>0.05) FEMRSE (r=-0.55,p>0.05) ZAIFTCEEH M, 15 DOC (r=0.91,
P<0.05) . Chla (r=0.94, P<0.05) F DIN/SRP (r=0.78, P<0.05) 2REZFIFM>*, 5 SRP (r=-0.87,
P<0.05 RERFHAMHR, I Chla 5 DOC Z[HH BFMIEMERME (r=091,P<0.05) , REFFIHEY
72 DOC MEFRIF. KBRS, CHOIKRENSEMRE (r=-0.78, P<0.05) ERFEHNMHX, 5DTP (r
=0.85,P<0.05) 2EFEIFH-K.




CH/(uM) b CH /(M)
a s I 030 O os I 0.40
€ E
2 020 %3 021
2 2

I 0.10 10 I 0.02

fif i s Al
CH/(uM) d CH/(uM)
c I 0.23 0.5 I 0.10
B B
= o1s % S 0.06
® ®

I 0.06 10

kit s filt K s ti
Pl 5 EZKEE CHy IKREE /M AT RRAIE

Fig.5 Distribution of CH4 concentrations in summer water column
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Fig. 7 Changes in methane production rate (a), SRP (b), and MPn (c) concentrations during MPn degradation
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