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High temporal and spatial variability 

Rosentreter et al., 2021

• Lack of continuous and long-term data 

Introduction

Mean: 1.46 Tg CH4 yr-1 



Objectives 

1. Quantify air-sea CH4 flux in mangrove 

2. Potential drivers of CH4 fluxes (groundwater?) 

3. Importance of CH4 oxidation in surface water

Introduction



Methodology: Tidal mangrove
Study Site: Brazil 

Meso-tidal (Paraty)
• Pristine 
• Larger tidal range (1.6 m)
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Micro-tidal (Florianópolis)
• Near the city
• Small tidal range (0.9 m)



Continuous  measurements 

- CH4, CO2, 222Rn, DO, Temp, Salinity, depth, 

current

Discrete samples (Spring & neap tide)
- CH4, δ¹³C-CH4 

High tide

Low tide

GC/MS → [CH4]  

Pump
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Seeps
- CH4, δ¹³C-CH4

Sediment core
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CH4 fluxes to the atmosphere 

Meso-tidal 
Paraty

Micro-tidal 
Floripa

Air-sea CH4 flux (µmol m-2 d-1) 68 179

CH4 (nM) 20.2 ± 13 31.6 ± 35.1

Mostly freshwater mangrove 
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Flux

Al-Haj and Fulweiler et al., 2020 

Global complied dataset: 



Tidal trend - daily and biweekly
Tidal trend 
High tide: 
- High DO sat, salinity 
- Low CH4 and 222Rn 
Low tide: 
- High CH4 (58 nM) 
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Spring: 3 times 
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Tidal pumping drives CH4

• Groundwater positively correlated with CH4

• [CH4] seeps : 70 times > surface water 

 

Proxy for groundwater 

CH4 Paraty Floripa

Seep (µM) 4.5 ± 10.8 0.6 ± 0.4

Sediment 

core  (µM)

66.2 ± 86.8 28.4 ± 53.2
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Source of CH4 : Groundwater 

Seeps 

Sediments 

Sediments 

(-74.2 ± 3.5 ‰)

Meso-tidal (Paraty) Micro-tidal (Floripa) 

Ocean 
Creek 
(-64.8 ± 5.0‰)

Seep 
(-63.5 ± 4.8‰)

Creek
(-66.9 ± 4.2‰) 

Method

Flux

Introduction

Drivers



Oxidation in surface water using isotopes
• Methanotrophs prefer lighter 12C 

• Oxidation → Residual CH4 become more enriched δ¹³C-CH4 

(Bastviken et al., 2002; Whiticar, 1999)
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Oxidation in surface water 

25 – 31 % of CH4 

is oxidized

Seeps 
(-74.2 ± 3.5)

15 – 17 % of CH4 is oxidized 
(only high tide) 

Creek Seeps 

Creek
(-66.9 ± 4.2) 

Enriched 

Light 

Paraty (meso-tidal) Floripa (micro-tidal) 
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Drivers for oxidation: water depth and DO 

↑ water depth ↑ CH4 being oxidized ↑ DO↑ CH4 being oxidized 

Paraty
(meso-tidal) 

Floripa 
(micro-tidal) 
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Oxidation controls CH4 fluxes

Paraty Floripa

Air-sea flux (µmol m-2 d-1) 68 179

Oxidation (µmol m-2 d-1) 13 - 18 3-4  

↑ CH4 being oxidized 

↓ CH4 flux to the atmosphere  

↑ CH4 Oxidation lower the CH4 fluxes 
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Conclusion 

• Tidal mangrove emits 68 – 179 µmol CH4 m-2 d-1 

• Tidal pumping controls CH4 dyanmics in mangrove in daily 

and biweekly time scale 

• CH4 oxidation could reduce CH4 emissions to atmosphere



Questions Yvonne Yau 
Contact: Department of Marine Science, University of Gothenburg, 
Sweden 
Email: yvonne.yau@gu.se
Twitter: yvonneyauu 
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