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Europe has lost
50-80% of
historical wetlands

(Davidson, 2014;
Verhoeven, 2014)

Consequences:

* reduced carbon
and nitrogen
storage

more greenhouse
gases

poorer water
quality and
regulation

reduced
biodiversity

(Mander, Opik, Espenberg,
2025)
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What happens when wetlands are drained?

Dry soil — oxygen increases — decomposition
— GHG emissions

Healthy wetland

Wet soil — low oxygen — carbon/nitrogen stored
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Why microbes matter?

Microbes (bacteria, archaea, fungi) control how carbon and
nutrients move through wetlands.

They determine whether wetlands store carbon or release
greenhouse gases.
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Different microbial group

E New Phytologist

Tansley insight & Open Access

Global peatland greenhouse gas dynamics: state of the art,
processes, and perspectives

Ulo Mander p% Maarja Opik. Mikk Espenberg

First published, A< uary 2025 | h /10.1111/nph_204
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Key topics and research
perspectives

Methanogenesis vs
methanotrophy

Denitrification vs nitrification vs
DNRA

Impact of BVOCs on GHG fluxes in
peatlands

Integrated impact of soil moisture
changes and microbiome
dynamics on GHG fluxes in
peatlands

Impact of peat microbiome
diversity and mycorrhiza on GHG
fluxes in peatlands

Importance

Improved understanding of the

processes regulating CH, balances,
underpin strategies to reduce CH,
emissions as well as fluvial C losses

Improved understanding of the
processes regulating N,O balances,
underpin strategies to reduce
gaseous emissions as well as fluvial
N losses

Largely unknown, initial studies
indicate impact on CH, fluxes

Microbiome dynamics is a potential
indicator for modelling of peatlands
CandN

Largely unknown, the impact on
GHG fluxes yet to be fully analyzed

References

Gios et al. (2024);

Espenberg et al. (2024)

Bosch et al. (2023);
Espenberg

et al. (2024); Masta
etal. (2024)

Junninen et al. (2022)

Bahram et al. (2022)

Storer et al. (2018);
Wang et al. (2021);
Page et al. (2022)




Wetlands
Solutions

for the Future

Unraveling microbial processes involved in
carbon and nitrogen cycling and greenhouse
gas emissions in rewetted peatlands by
molecular biology
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CO, fixation (photo- and chemoautotrophy)
Heterotrophic respiration

1. Aerobic respiration

2. Denitrification

3. Manganese oxide reduction

4. Ferric iron reduction

5. Sulfate reduction
Fermentation
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Methanogenesis
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icrobial pathways controlling greenhouse gas fluxes are highly complex
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One soil — many players — What do not we know yet?

1) Interactions. Are cycles and microbial domains interconnected?
Carbon, nitrogen, and metals cycles — bacteria, archaea, and fungi.

2) Restoration effects. Can restoration restore microbial processes?
Rewetting changes soil conditions — and microbial communities respond.

3) European-scale patterns. Do responses differ across wetland types?
Most studies are site-specific, limiting generalisation across climates and land-use types.
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?o}bugc:ns Locations of the study sites.

. Background map: European Wetland Map
StUdy sites (Tegetmeyer et al., 2024). e

33 sites

6 countries (Spain, France, Belgium,
Latvia, Estonia, Finland)

8 wetland ecosystem types
« Unmanaged wetlands
* Rewetted wetlands
« Former peat extraction areas
* Grazed peatlands
» Reforested peatlands
« Continuous cover forestry S
» Drained peatland forests 100 year food ik
* Treatment wetlands it o

Actual riparian zone
Tidal flat
Estuaries
Lagoon :
Salt marsh foi e 4
Saline B

543 soil samples

Other wetlands

Peatlands
Study site
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Methods: One of the largest w }I%\I’H,:‘\

microbial studies across

Soil sampling from three depths:
* 0-10 cm
10-20 cm
« 20-40 cm

Soil physicochemical parameters:

 Soil pH, TC, TN, NH,, NO4
 Soil water content (SWC)

« K, Ca, Mg, Zn, Fe, Cr, Cd, Mn, Ni, P, Cu,

Pb, Co, B, Al, Na, S

Microbial communities: DNA extraction;
sequencing of bacterial, archaeal, and fungal

communities

GHG measurements: CO,, CH,, N,O

of 4
4

| Soll Samplmg “for. Mlcroblology
ssellaura Kuusemets
“ <2MPhD Student

) University of Tartu

Soil sampling.
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Microbial community diversity in Europe

Peat extraction reduces diversity.
Rewetting partially restores diversity.
Diversity alone is not enough.
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Panels show: (A) bacterial, (B)
archaeal, (C) fungal Shannon
diversity.
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Different management practices support different
prokaryotic (bacteria, archaea) functions

(A) (B)

- Natural and rewetted wetlands LK ﬁ_ﬁ s K e

support methane cycling = indicating | -
recovery of ecosystem functions

» Grazed peatlands stimulate nutrient [

cycling = driven by dung inputs. l] s e ype

; by
Qg&\* : Eo;%é:ésg’a%‘;:lz;gadion area
¢ B Draned posiana ot !

- Treatment wetlands and reforested P

sites = aligns with high microbial &

diversity. I Y

Heatmap of predicted functional profiles for bacterial (A) and archaeal (B)
communities based on functional annotation of prokaryotic taxa (FAPROTAX).
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Plant communities strongly influence fungal communities and
ecosystem functioning

* Highest decomposition in open and
grazed wetlands.

* Forested sites are
mycorrhizal-dominated - stronger
plant—fungal coupling.

* Grazed peatlands show dung
saprotroph dominance & high
methanogenesis - dung inputs can
boost CH, production.
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Relative abundance (%) of fungal trophic guilds assigned using the FungalTraits
database across the studied ecosystem types.
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Microbial networks reveal restoration success

(A) Unmanaged wetlands (B) Rewetted wetlands (C) Forests
s29 T
bioy A . ;::17,7714% o
* Rewetted wetlands i T
-3:3%\"% %;ﬁ
resemble natural wetlands ST RS

P N etW O r. k St r u Ct u r e r e C OV e r S (D) Abandoned f(:.rmer peat extraction areas  (E) Retletted former peat extraction ar::;erial i
after rewetting Moy, e |IEE

* Key microbial groups are linked ¥
with GHG fluxes

Networks of bacterial genera, soil properties, and GHG

Y MiCrObial groups Iinked With emissions across site types.

(A)  Depth0-10 cm

methane, nitrous oxide and T
carbon dioxide fluxes. ; -

Networks of bacterial genera, soil

properties, and GHG
emissions across soil depths.
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Metal availability strongly influences microbial communities and
greenhouse gas processes

(A) Unmanaged wetlands (B) Rewetted wetlands (C) Forests
o0 ,c"./‘..:. s . n n
L] : "}”‘( N » coz R Cha.
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: Copper (Cu)’ nICkeI (NI)’ and Networks of fungal genera, soil properties, and GHG emissions
manganese (Mn) show stronger across site types.

domain-specific associations with o omens @ e @ e
bacterial, archaeal, and fungal el e B
communities, respectively. RO TR TR

Networks of fungal genera, soil properties, and GHG emissions
across soil depths.
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Take-home message

* Rewetting restores microbial functioning
* Microbial networks indicate restoration success

» Metal availability influences greenhouse gas processes

16
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What does this mean for wetland restoration?

* Rewetting restores key ecosystem processes

» Monitoring microbial networks can improve restoration
assessment

17
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