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Abstract Wetlands support unique biodiversity and
play a key role in carbon cycles, but have dramatically
declined in extent worldwide. Restoration is imperative
yet often challenging to counteract loss of functions.
Nature-based solutions such as the creation of novel
ecosystems may be an alternative restoration approach.
Targeted restoration strategies that account for the
effects of vegetation on greenhouse gas (GHG) fluxes
can accelerate the carbon sink function of such sys-
tems. We studied the relationships between vegetation,
bare soil, and GHG dynamics on Marker Wadden in the
Netherlands, a newly-created 700-ha freshwater wetland
archipelago created for nature and recreation. We meas-
ured CO, and CH, fluxes, and soil microbial activity,
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in three-year-old soils on vegetated, with distinct spe-
cies, and adjacent bare plots. Our results show that CH,
fluxes positively related to organic matter and interacted
between organic matter and water table in bare soils,
while CH, fluxes positively related to plant cover in
vegetated plots. Similarly, R, in bare plots negatively
related to water table, but only related positively to plant
cover in vegetated plots, without differences between
vegetation types. Soil microbial activity was higher in
vegetated soils than bare ones, but was unaffected by
substrate type. We conclude that GHG exchange of this
newly-created wetland is controlled by water table and
organic matter on bare soils, but the effect of vegetation
is more important yet not species-specific. Our results
highlight that the soil and its microbial community are
still young and no functional differentiation has taken
place yet and warrants longer-term monitoring.
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Introduction

Wetlands are iconic and important ecosystems that
support unique biodiversity (Denny 1994; Wiegleb
et al. 2017) and play a crucial role in the global car-
bon and water cycle (Battin et al. 2009; Oertel et al.
2016; Temmink et al. 2022a; Vorosmarty and Saha-
gian 2000). However, natural wetlands and the eco-
system services they provide have been degrading at
a rapid pace (Gupta et al. 2020; Yang et al. 2020).
Recent estimates suggest a loss of ¢. 20% of the
global inland wetland area over 300 years. Moreover,
the highest losses have been for the USA and China
(40-50%) and in Europe (70-90%) (Fluet-Chouinard
et al. 2023). As such, restoration is an important tool
to counteract the loss of biodiversity (Erwin 2009;
Meli et al. 2014). However, ecological restoration
of wetlands, which hitherto largely has focused on
returning degraded wetlands to pre-human-impact
conditions, is often challenging (Higgs et al. 2018).
To overcome this challenge, forward-looking restora-
tion approaches such as the creation of new ecosys-
tems in a human-influenced landscape are nowadays
often adopted (Hobbs et al. 2009, 2006; Kentula
1996; Temmink et al. 2022b; van Leeuwen et al.
2021).

An important aim of wetland restoration is to bring
back the ability of these ecosystems to store carbon in
biomass and the soil (Temmink et al. 2022a). In natu-
ral wetlands, anoxic soil conditions related to a high
water table slow down the decomposition of organic
matter, which can result in long-term carbon storage
(Kayranli et al. 2010). However, wetlands can emit
carbon in the form of methane (CH,), which is a more
potent GHG than carbon dioxide (CO,) especially
in the short-term (GHG) than carbon dioxide (CO,)
(IPCC 2021). Next to water table dynamics, vegeta-
tion can strongly control carbon dynamics (Hobbs
et al. 2006; Temmink et al. 2022b; Whiting and
Chanton 1993). For example, species showing much
aerenchyma such as Phragmites australis and Typha
latifolia can act as a chimney for CH,, bypassing the
oxygen-rich top layer of the sediment where CH, oxi-
dation takes place, leading to direct CH, release from
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the soil to the atmosphere (Dingemans et al. 2011;
Vroom et al. 2022). Similarly, oxygen transport by
aerenchymous plants can increase CH, oxidation and
thus reduce CH, emission (Armstrong 1980; Colmer
2003). Furthermore, vegetation can affect the micro-
bial composition of the soil via radial oxygen loss
(Armstrong et al. 1999; Sasikala et al. 2009) and input
of root exudates (Panchal et al. 2022). The dominant
microbial community, shaped by oxygen levels in the
soil, determines the balance in CO, and CH, pro-
duction (Sutton-Grier and Megonigal 2011). There-
fore, the development of both vegetation and micro-
bial community is strongly linked to GHG fluxes in
wetlands (Robroek et al. 2015; Turner et al. 2020).
In light of climate change, it is therefore important
to define clear goals with respect to water level and
vegetation type when creating new ecosystems (IPCC
Report 2022), as it can determine whether a new eco-
system turns into a carbon source or sink (Audet et al.
2013; Erwin 2009).

An iconic example of a novel ecosystem with a
forward-looking approach is Marker Wadden archi-
pelago in a freshwater lake (Lake Markermeer) in the
Netherlands that formed after closing off a marine
estuary (van Leeuwen et al. 2021) (Fig. 1). As a con-
sequence of cutting of the marine connection, the
ecological value of the newly formed Lake Marker-
meer declined rapidly. Wind driven sediment resus-
pension in the closed lake resulted in very turbid
water, leading to low productivity and biodiversity. A
classical ecological restoration approach was not fea-
sible from a socio-economical perspective (Gulati and
Donk 2002; van Leeuwen et al. 2021). Alternatively,
a large wetland archipelago was designed to improve
water clarity and biodiversity, and increase the het-
erogeneity of the lake (van Leeuwen et al. 2021; Ver-
schoor and Rijsdorp 2012). In such novel wetlands, it
however remains unclear what the effect of develop-
ing vegetation and soil microbial community are on
GHG dynamics.

This study aims to unravel the effect of the
developing vegetation and microbial community
on GHG fluxes in the newly created 700-ha Marker
Wadden wetland archipelago. We performed a field
study to quantify GHG fluxes and soil microbial
activity in plots dominated by various wetland veg-
etation and compared these to adjacent bare soil.
We hypothesized that (i) net ecosystem exchange
(NEE) would be reduced (i.e., net carbon uptake)



Wetlands Ecol Manage (2023) 31:583-594

585

in vegetated soil compared to bare soil, due to
photosynthesis being higher than respiration, (ii)
some species, characterized by aerenchyma tis-
sue, like Phragmites australis and Typha latifolia,
have higher CH, emission compared to other spe-
cies, (iii) that the microbial activity of the soil dif-
fers per species, because of the supply of readily-
decomposable carbon (dead organic material and
root exudates) that can be used as a carbon sub-
strate for microbes, and (iv) increased soil activity
results in enhanced GHG fluxes. The outcome will
be discussed in relation to the functioning of novel
wetlands with respect to their carbon sequestration
capacity and GHG dynamics.

Materials and methods
Study site

Our study site was located in Lake Markermeer in the
Netherlands, which was formerly part of the inland
sea Zuiderzee, but was closed off from the Wadden
Sea by the construction of two dykes (Afsluitdijk and
Houtribdijk) [Fig. 1A, for more information, see van
Leeuwen et al. (2022)]. This converted the system
from a marine estuary to a shallow and turbid fresh-
water lake. Ecological values including biodiver-
sity have gradually declined over time (Cremer et al.
2009; Noordhuis 2014; van Leeuwen et al. 2022). To
improve the ecological state of Lake Markermeer,
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S~ i Lake Markermeer
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(1932) = DE Sand dunes
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e Stone dike O—— Planned island
Houtribdijk
(197) \‘\\\Q— IJsselmeer
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Fig. 1 The Marker Wadden archipelago. a Its location (red
box) in the Netherlands (inset, blue) with the two major dykes
shaping the current system (Afsluitdijk and Houtribdijk); b the
newly constructed archipelago Marker Wadden with soft-sedi-

ment wetlands (green); ¢ locations of the sampled plots. Maps
were created with Natural Earth (a) and with OpenStreetMap
(b-¢)
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the Dutch Society for Nature Conservation (‘Natuur-
monumenten’) started a forward-looking restoration
project. A 700-ha human-made archipelago named
Marker Wadden was constructed between 2016 and
2020 to create shelter and gradual land-to-water tran-
sitions (Fig. 1B, 52°35'30"N 5°22'43"E). The wet-
lands were created by first constructing ring dikes
of sand, which were filled up with Holocene marine
clay and silt that was pumped from the bottom of
the lake up to a depth of —20 m (Saaltink et al. 2016;
van Leeuwen et al. 2021). The elevation of Marker
Wadden lies between c. 0 (marsh) and 1.5 m (sandy
walking paths) N.A.P (c. mean sea level). Soil forma-
tion started after construction and typically entailed
enrichment with organic matter, and, depending on
vegetation type, a thick organic layer. The water level
of Lake Markermeer is managed and protected from
future sea level rise by the Afsluitdijk (i.e., a dam
between the sea—both Wadden and indirectly the
North Sea and the freshwater lakes). For more infor-
mation regarding the aims and ecological concept of
Marker Wadden, the effects of herbivory, shelter, or
primary production in the aquatic system, see van
Leeuwen et al. (2021); Saaltink et al. (2019), Jin et al.
(2022), and Temmink et al. (2022b).

Study design

To study the effect of vegetation type (vegetation
for brevity) on GHG fluxes, 32 vegetated and 32
bare plots of approximately 1 m? were sampled. All
vegetated plots consisted of one (=19 plots) or
two (n=2 plots) dominant plant species. The domi-
nant species were Cotula coronopifolia, Epilobium
hirsutum, Phragmites australis, Rumex hydrolapa-
thum, Rumex maritimus, and Typha latifolia (n="17
for R. maritimus and n=>5 for the other species). At
0.5-1 m distance from a vegetated plot, a bare plot
with visually similar abiotic conditions was selected.
To minimize differences in soil type and time since
construction (3 years), all plots were selected on the
same island (Fig. 1C) and were sampled between July
21st and 23rd in 2020. The days (09.00-17.00 h) were
comparable in temperature (average temperature day
1: 18.5 °C, day 2: 17.75 °C, day 3: 21.25 °C), and
precipitation (0.0 mm on all days). All measure-
ments were conducted in full sunlight with a clear sky
(day 1: 09.00-17.00 h, day 2: 08.00-15.00 h, day 3:
09.00-12.00 h and 14.00-17.00 h).
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Greenhouse gas measurements

We measured CO, and CH, fluxes in all plots using
closed transparent and opaque PVC chambers (diam-
eter 50 cm, height depending on the vegetation:
25-200 cm, fitted with a circulating fan), which were
placed on the sediment as such that an airtight seal
was established. Chamber height could be adjusted by
opaque open top rings where the closed top chambers
could sit on. All connections were airtight. The cham-
ber was connected to a LI-7810 Trace Gas Analyzer
(LI-COR Biosciences GmbH, Bad Homburg, Ger-
many) with TPE-U(PU) tubes (4 cm inner diameter)
via two gas-tight ports in a closed loop. For inundated
plots, a floating chamber (30 cm diameter, height
17 cm) was used. Measurements lasted for ¢. 180 s
and included only diffusive fluxes (i.e., no ebullition)
(Oliveira Junior et al. 2019). Gas fluxes in each plot
were first measured with the transparent chamber to
determine Net ecosystem CO, exchange (NEE) and
then with an opaque chamber to calculate ecosystem
respiration (R,.). Light and dark measurements of
CH, fluxes were averaged, since they did not differ
significantly. In the rare case of an abrupt increase in
gas concentration, indicating ebullition, we removed
the chamber, vented and replaced it (van Bergen
et al. 2019). The differences in CO, and CH, fluxes
between the vegetated plots and the corresponding
bare plots were used to calculate the effect of the veg-
etation on the fluxes.

Vegetation, soil, and water table measurements

We determined total coverage of vegetation (%), spe-
cies, cover per species (%), and maximum species
height (cm) in each vegetated plot. After GHG meas-
urements, we collected a soil sample in all plots from
the top 10 cm, to assess organic matter content and
soil microbial activity. Samples were stored in the
dark at 4 °C until further analysis. To measure the
groundwater level, we dug a 10-40 cm hole and let
the water table stabilize for 30 min, after which we
measured the water level relative to the soil surface
with a ruler. In case the soil was inundated, we meas-
ured the depth from the sediment to the water surface.
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Chemical analyses and ecophysiological profiling of
the microbial community

Wet bulk density was determined by filling aluminum
cups with soil and dividing the soil weight by the vol-
ume of the cups (38.8 ml). To determine water con-
tent and organic matter content of the soil, subsam-
ples were first dried at 70 °C to constant weight, after
which the dried samples were ignited at 450 °C for
six hours, and remeasured afterward. The soil micro-
bial activity and physiological soil profile were deter-
mined with MicroResp™ following Campbell et al.
(2003) and Renault et al. (2013). First, all soils were
acclimated to room temperature for 3-5 days. We
ascertained that the water content of the soils (dry-
weight/fresh-weight ratio) fell within the 30-60%
moisture range, following prior analysis (see above).
To remove stones and large pieces of organic mat-
ter, all samples were sieved with a 2 mm sieve, after
which deep-well plates were filled with approxi-
mately 400 pl soil per well. To assess the physiologi-
cal profile of the soil, either demineralized water or
30 mg substrate per gram of soil water with differ-
ent complexities was added. We added, in increasing
order of complexity, fructose, glucose, and trehalose,
and as a control demineralized water (n=4 replicates
per combination of soil and substrate) (Creamer et al.
2016). The amount of added substrate was standard-
ized to 30 mg per gram of soil water. After substrate
addition, colorimetric gel detection plates were filled
with a combination of agar and a cresol red indicator
solution (cresol red (18.5 mg 171, potassium chloride
(17 g I"1), and sodium bicarbonate (0.315 g I7!). The
plates were stored in a dark desiccator for at least two
days before the addition of soils and substrates, with
self-indicating soda lime that absorbs carbon dioxide
(CO,) from the air and changes color as it becomes
saturated, and a beaker of water to prevent the agar
from drying out.

Soil was added to the deep-well plates the day
before the actual incubation and stored at room tem-
perature with an airtight seal to avoid evaporation of
soil moisture. At the start of the incubation (t=0),
detection plates were read with a Spark® Multimode
Microplate Reader (TECAN, Switzerland) at 570 nm.
Only plates with less than a 5% Coefficient of Vari-
ance (%CoV) between the wells were used for analy-
ses. Then, the carbon substrate solutions were added
to the soil in the deep-well plates using a syringe.

Immediately, the filled deep-well and detection plates
were placed on top of each other and sealed airtight
using a MicroResp™ rubber seal and clamp. After
incubating the plates at 25 °C for 6 h, the detec-
tion plates were measured again with the Micro-
plate Reader. The CO, respiration rates (pg g 'hh
were calculated using the difference in light absorp-
tion between the two measurements (Campbell et al.
2003; Creamer et al. 2016; Renault et al. 2013).

Statistical analyses

All statistical analyses were performed with RStudio
version 4.0.3. Prior to analyses, variables CH, fluxes,
plant cover percentage, soil OM content, and CO,
production rate were log-transformed and R, and
CO, production rates (MicroResp™) were square-
root transformed to meet model assumptions (nor-
mality of model residuals and variance homogeneity,
visually assessed using residual plots). To assess the
effect of vegetation presence, we performed paired
samples t-tests for CH, fluxes, R..,, OM content, and
CO, production rate and a Wilcoxon signed rank test
for NEE. To test the effect of environmental vari-
ables, data from bare plots and vegetated plots were
separated. Then, linear models were created with
CH, fluxes, NEE, or R, as a dependent variable,
water table and OM content, and their interaction as
independent variables. For vegetated plots, dominant
plant species and plant cover percentage were added
as additional independent variables. CO, produc-
tion rates (i.e., MicroResp analyses) were compared
in a linear model using only substrate for bare soils,
and adding dominant plant species and their interac-
tion with vegetated soils, as independent variables.
Optimal models were chosen using backward selec-
tion based on lowest AIC value. Pair-wise differ-
ences between dominant plant species were tested
using Tukey post-hoc tests if the main effect was sig-
nificant. Values are reported as mean + standard error
and differences were deemed significant at p <0.05.
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Fig. 2 Impacts of vegetation type on NEE, R, and CH,
fluxes. A-C NEE, R, and CH, fluxes for bare and vag-
etated plots (n=32) and D-F the calculated impact (difference
between bare and vegetated soils) of dominant vegetation on
GHG fluxes (n=16). A negative NEE denotes carbon uptake.

Results

Effects of OM and water table on GHG exchange
overruled by plant presence

Soil OM content ranged between 0.5 and 28.7%
(average 5.1+0.1%) and did not differ between bare
and vegetated plots (t=0.24, p=0.809). The water
table across all plots ranged from — 35 to 25 cm. NEE
was positive in bare plots (i.e., emission to the atmos-
phere, 18.3+0.8 g CO, m~2 d~!) and negative—and
much lower (V=528, p<0.001)—in vegetated plots
(= 54.3+1.5gCO, m%d™") due to plant CO, uptake
(Fig. 2A). In bare plots, NEE was negatively related
to the water table (t=— 4.78, p<0.001) (Fig. 3A).
Contrastingly, there was no effect of water table on
NEE in vegetated plots (t=1.23, p=0.230) (Fig. 3B).
However, T. latifolia had a significantly lower NEE
(= 115.8+15.7 g CO, m~2 d7!) than all other domi-
nant species (t=2.51, p=0.02), with a significant
effect of cover percentage (t=-— 3.25, p=0.004),
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Boxplots show the median (middle line), quartiles (boxes), 1.5
times the interquartile range (IQR) (whiskers), and the individ-
ual data values (dots). Dots outside the whiskers are extreme
values. Significance: *** is p<0.001; ** is p=0.001-0.05;
species did not show significance pairwise differences

indicating that higher cover percentages lead to lower
NEE for T. latifolia only.

R.., was nearly twice as high in vegetated
(34.0+£0.7 g CO, m2 d!) as compared to
bare plots (18.3+0.8 g CO, m™2 d7!) (t=4.48,
p<0.001) (Fig. 2B). Similar to NEE, R_, was
negatively related to water table in bare plots
(t=—17.47, p<0.001) (Fig. 3C). In vegetated plots,
we did not find a relationship between R, and
water table. Instead, R, ., was positively related to
plant cover (F=19.69, p<0.001) (Fig. 3D), and
while we observed an effect of dominant plant spe-
cies (F=6.44, p<0.001) there were no clear pair-
wise differences between plant species.

CH, fluxes were highly variable and ranged
from 0.2 to 699.7 mg CH, m~2 d~'. On aver-
age, CH, fluxes were twice as high in vegetated
plots (55.1+4.1 mg CH, m~2 d~!) as compared to
bare plots (25.8+1.8 mg CH, m~2 d7!) (t=3.59,
p=0.001) (Fig. 2C). In bare plots, we found a
positive relationship between OM content and
CH, fluxes (t=2.66, p=0.013); the effect of OM
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Fig. 3 Relationships between OM, water table and plant
cover, and GHG fluxes. A Relation between NEE (g CO,
m~2 d7!) and water level (cm) in bare plots (n=32) and B in

vegetated plots (n=32); C relation between R
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Fig. 4 Impacts of substrate type and vegetation type on soil
activity. The CO, production rates for different vegetation
types or bare soil with added substrate of increasing complexi-
ties (fructose, glucose, and trehalose; water acted as a control)
were measured with the MicroResp™ method. Boxplots show

content seemed to depend on water table (t=— 2.86,
p=0.008) (Fig. 3E). In vegetated plots, CH, fluxes
were only positively related to plant cover percent-
age (t=2.51, p=0.018) (Fig. 3F).

The effect of vegetation on soil microbial activity

CO, production rates measured in the MicroResp anal-
yses were on average slightly higher in soils from veg-
etated plots (0.465+0.003 ug g~! h™!) than from bare
soils (0.387+0.003 pg g~' h™") (t=2.02, p=0.045)
(Fig. 4). We found no differences in CO, production
between different substrates in bare soils (F=1.595,
p=0.193) or in vegetated soils (F=1.42, p=0.240). In
vegetated soils, dominant plant species affected CO,
production (F=2.93, p=0.007); specifically soils veg-
etated by 7. latifolia had higher CO, production than
soil with C. coronopifolia (p=0.035) or P. australis
(p=0.015).
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the median (middle line), quartiles (boxes), 1.5 times the inter-
quartile range (IQR) (whiskers), and the individual data values
(dots). Different letters show significant differences between
vegetation

Discussion
Vegetation, but not OM, alters CO, exchange

Our results reveal that NEE and R, were negatively
related to water level, while plant cover overruled this
relationship for R,.,. While R, , was also determined
by the dominant plant species, this was not the case
for NEE. The negative relationship between NEE
and water level on bare soils is in line with results
obtained in a mesocosm experiment using soils from
the same site (Temmink et al. 2021). Indeed, it is
known that higher water levels decrease oxygen avail-
ability in the soil, which limits soil respiration, result-
ing in lower CO, fluxes to the atmosphere (Evans
et al. 2021; Schaufler et al. 2010). Furthermore, we
expected that higher OM content of the soil would
positively relate to R..,, because of higher substrate
availability for decomposition (Battin et al. 2009;
Langevelda et al. 1997; Schaufler et al. 2010). How-
ever, we have not found such a relationship, which
may be explained by a non-developed microbial
community (see below) or the recalcitrant nature of
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the organic matter (Inglett et al. 2011). Additionally,
we found no difference in soil OM content between
bare and vegetated plots, which can be explained by
the limited age of the vegetation, limiting the avail-
ability of dead organic material input. Therefore, the
increase in R, in vegetated plots is likely explained

by the respiration of the plants themselves (and no
increase in soil respiration).

OM, water table, and vegetation control CH,
emissions

In our study, CH, emissions from the soil were
highly variable in both the bare and vegetated plots
and ranged from 0.01 and 699 mg m~2 d~!. Further-
more, CH, fluxes were positively related to OM and
its interaction with water table in bare soils, but CH,
fluxes were only related to plant cover and were an
order of magnitude higher in vegetated plots. At the
same site, Temmink et al. (2022b) found higher CH,
fluxes in plots dominated by P. australis than on bare
soils (~150 mg CH, m~2d~! compared to~1 mg m~>
d~! on bare soil). It is known that P. australis can
both enhance or decrease CH, emission depending
on the balance between O, transport to the soil, aer-
enchymous CH, transport to the atmosphere, and the
contribution of additional easily degradable organic
material (e.g., root exudates) (Armstrong et al. 1992;
van den Berg et al. 2020; Vroom et al. 2022). Further-
more, in our study water level alone had no relation-
ship with CH, emissions, but showed an interaction
with OM in bare soils, which is in line with the meso-
cosm experiment using soil from our study site (Tem-
mink et al. 2021). In general, they measured CH,
emissions of 6.9+ 6 mg m~> d~! and found a positive
effect of water level on CH, emission. High water lev-
els are known to stimulate CH, emissions provided
that sufficient labile OM is available for methano-
genesis (Battin et al. 2009). However, the presence of
sulphate as a more favorable terminal electron accep-
tor is known to inhibit CH, production and emission
(Badiou et al. 2011). In our study area, sulphate is
readily available due to the marine origin of the soil
(Saaltink et al. 2019), and can thus lower CH, pro-
duction and ultimately emission.

Non-developed microbial soil community

Soil productivity measured with MicroResp™
showed that CO, production from vegetated plots
was higher than from bare soils, which is in line with
the R, results. However, there were no differences
in CO, production between substrates in bare soils
or vegetated soil, suggesting that the higher R, was
related to direct vegetation effects including plant res-
piration or ROL. In vegetated soils, T. latifolia had
higher CO, production than C. coronopifolia and P.
australis. Similar soil activities in soils with differ-
ing vegetation may be explained by the age of the
soil of this newly-created wetland. In relatively young
soils, the microbial communities are often not well-
developed or specialized (Urakawa and Bernhard
2017). Interestingly, the addition of carbon substrates
with increasing complexity did not affect the produc-
tion of CO,, which can indicate that (i) the soils had
abundant carbon and that the activity of the soil was
not limited by the available organic carbon in the soil
(Schaufler et al. 2010) or (ii) that the young micro-
bial community, due to the recent construction of the
wetland, was not able to utilize the added substrate
(Inglett et al. 2011). We expect that the microbial
community will develop and diversify during the suc-
cession of the newly established wetlands (Yu et al.
2017). In this light, we expect that the further accu-
mulation of plant material and the loss of the exu-
dates will increase and will shape microbial commu-
nities (Morrién et al. 2017; Yang et al. 2020).

Conclusions and implications

Overall, this research shows that vegetation type and
water table play an important role in carbon dynam-
ics in the newly constructed wetland Marker Wad-
den and may determine whether such a soft-sediment
wetland develops into a carbon source or a sink in
the long term. Specifically, we found that water level
is the main driver of CO, emission in bare soils and
plant cover strongly influenced R,.,. Furthermore,
soil microbial activity of these relatively youngly-
developed soils was unaffected by the addition of sub-
strate of increasing complexity. Our results highlight
that GHG fluxes are related to vegetation, OM, and
water table. To determine whether the Marker Wad-
den can become a carbon sink annual or multi-annual
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GHG time series or repeated soil inventories are
needed. Therefore, it shows the importance of the
management regarding e.g. hydrology and vegeta-
tion state, which we showed can have a large effect
on the carbon balance of such newly-created wet-
lands. However, it remains unknown how manage-
ment choices can control the vegetation to create a
landscape that functions as a carbon sink in the long
term. Such knowledge can aid to minimize global cli-
mate change and wetland degradation as described by
the United Nations Decade on Ecosystem Restora-
tion (2021-2030) and the European Green Deal. To
design a management plan to do so, it is key to under-
stand the relationship between vegetation, soil activ-
ity, and GHG emissions in a well-developed novel
wetland.
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