Image: The Coorong’s North Lagoon (from Parnka Point)
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Methane in coastal wetlands

e Methane (CH,) is a greenhouse gas with
60% | 40% Mostly ~28 times the warming potential of CO,
Human  [Naturaly \ “vetlands e Wetlands: up to 33% of emissions
(Jackson et al 2020)
e Coastal wetlands are considered to have
minimal emissions (Poffenbarger et al

20711)
| e Promising 'Blue Carbon' sink, but
> Agriculture, . .
biomass burning requires more UnderStandlng of
and fossil fuels
processes

o Often dependent on freshwater flows

Image: Met Office UK



Relevance of microbes

e Microbial ecology
underpins carbon
cycling

e Coastal methanogens
compete with sulfate
reducing bacteria for
Acetate and H,

e Methylotrophic
methanogens use non-
compatible solutes,
including osmolytes:

o Methylamines
(Betaine)
o Methyl sulfonium

e Methanotrophs
metabolise methane

Methylated
compounds

‘ Sulfate Acetate

|\ Acetoclastic
methanogens

H-

co, \

Hydrogenotrophs

Methylotrophs

Sulfate-reducing

Meth
bacteria (SRB) ethanogens

H,S Methanotrophs | CH,




Study Site: The Coorong Lagoon

e Ramsar-listed wetland

e Estuary of Murray-
Darling Basin

e Important habitat for
migratory birds

e Decrease in biodiversity
since 1980s

e Degraded due to high
salinity, nutrients,
organic matter, and
reduced freshwater
flushing

e Drought, water
extractions, land uses
upstream




Study Site: The Coorong Lagoon

e South Lagoon: heavily
degraded

e Max depth: 2 metres

e Fine monosulfidic black
ooze at 'depositional
zones' (DZ) where
sediment focusing
occurs

e High methane readings
observed in sediment
resuspension plumes
during pilot study
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e What drives this
N s mysterious methane?
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Study Design

5 Barrages
regulate
freshwater
851 flows to
Lagoon &

Southern

Ocean

Murray-Darling Basin I

North Lagoon ™\

Brackish
flow into
Hypersaline

South Lagoon
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@ Sampling Sites

Depositional
zone

e Twelve sites

o (3 transects)

o Bank and centre on
either side of island
chain

o Replication over 3
days

e Capture range of
sediments
e West-East salinity
gradient
= 70 g/L - 859g/L
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Methods

Field sampling with small dinghy

| Clean lab

® @ © ® Simplified

Water column CH. & S0,* Sediment DNA}:.;&:I conceptu al
dana .
Ty sampling ‘33%’:‘: i comed model_of field
sampling

DNA

campaign &
methods.
16S gene: total
prokaryotes,
mcrA gene:
total
methanogens.

_—» Community?

qPCR —» Abundance?




Results

Environmental factors & Methane

&/
Aim _I o Sites Sediment organic content
Sand %
7 B Mud% 3.9 % 231 %
— pastline

Methane was highly
correlated (>0.6) with:

e Organic content
e Salinity
e Water depth

These factors are all
significantly increased
in the DZ




Aim 2

Increased in the DZ:
e Taxa richness
e Phylogenetic diversity a-
diversity indicies

Methanogen orders in DZ
Methylotrophs
e Methanofastidiosales r++
e Methanomassiliicoccales

Acetoclastic/Hydrogenotrophic
e Methanosarcinales ¢

Depositional «

Results

Who's there- Archaea?
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Results

Who's there - Bacteria?

Chao 1 Faith PD
Aim 2 -
T—I.
1500- .t_
Decreased in the DZ: 100 .
e Taxa richness 1200- o
e Phylogenetic diversity 80 - _-'[:_
900 -
Methanotrophs v in DZ 600- 60- ) o oepostions
 Methyloacidiphilaceae . . E3 Other
 Methyloligellaceae

[ ]
SO' I le SRB 1* In DZ . Spirochaetia . Oxyphotobacteria . Gammaprotecbacteria . Dehalococcoidia . Bacteroidia . Actinobacteria

Bacterial Class Rhodothermia  [J] Other Bacterial Classes (<0.5%) Deltaproteobacteria M Calditrichia Anaerolineae B :cidimicrobiia
. p_ Latescibacteria . Mitriliruptoria Deinococci . BD2-11 terrestrial group . Alphaproteobacteria

e Desulfarculales
Overall, SRBs not
significantly different
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Results
What are they doing?

Acetoclastic
(pathways)
Sulfate Acetate Methylated

compounds

dPCR Results

H,
+ mcrA:16S ratio in DZ

e Increased methanogenic functional
potential

T~

CO, Hydrogenotroph
(pathways)

Methylotrophic
PICRUSt Results (Pathways)

Predicted increases in methylotrophic
pathways within the DZ

CO2 + H2 & acetate pathways ¢« in DZ,

indicating that methylotrophs ma .
R Y P Y Sulfate-reducing Methanogens
drive increased methane

bacteria (dsrAB) (qPCR - mcrA)
Methanotrophs ¢ in the DZ, may

indicate methane can bypass

methanotrophy in surface sediments ¢
Methanotrophs
(pmoA) CH,
® @ ® o
® ® -

H,S
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Key Findings




Significance

Freshwater flushing, Climate change Hypersalinity may offset
and reduction in projected to drive + in  Carbon sequestration in
nutrients integral for extent hypersaline coastal wetlands
healthy coastal conditions
wetlands More research required

to improve modelling
and management


https://en.wikipedia.org/wiki/%E2%86%91

Thank you

Questions?
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