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Summary of Deliverable

Database in Excel format summarizing management trade-offs in wetland restoration
at the European scale. The database synthesizes field-based evidence on
management practices that minimize trade-offs among improvement of biodiversity in
wetlands/peatlands, mitigating emissions and enhancing C sequestration under
climate action, and other relevant ecosystem services related to water and nutrient
regulation. Important trade-offs included are reflooding to minimize CO2 emissions vs
enhanced methane emissions; net carbon accumulation vs biodiversity; reduced CO:2
emissions vs nutrient retention (especially P mobilization); and differing hydrologies
suitable for biodiversity of different taxonomic groups. The revised version of the
deliverable describes how the database has been made publicly available with an
accompanying web application that can summarise the data in the database based on
wetland type and restoration status, as well as how users can add their own data to
the database.
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1 Introduction

Rewetting peatlands and restoring wetlands are important management tools for mitigating climate
change and improving biodiversity values in the landscape. Revitalizing lost ecosystem services
requires setting priorities: which ecosystem services and ecosystem functions should be at the core of
measures and which sites should be prioritised for restoration to minimalize possible negative effects.
Many ecosystem services can only be restored at the expense of other functions and values, and these
conflicting management goals are what are termed trade-offs or management dilemmas. Trade-offs can
also occur within desired ecosystem services (e.g., climate mitigation by rewetting drained peatlands
can greatly reduce carbon dioxide emissions due to peat oxidation and re-establish carbon
sequestration, but this could be offset by methane production in wet anoxic soils). Compromises and
differential planning are therefore necessary.

The decision-making process related to wetland restoration is frequently hampered by putting the
existence of trade-offs between restoration goals and undesirable side-effects as an argument to avoid
necessary action. ‘As we can'’t restore all lost ecosystem functions without some undesirable side-
effects, we’d better not do anything at all.’ Wetland practitioners are aware of many of these issues but
lack tools that help them quantify trade-offs and allow them to confidently undertake restoration actions
that lead to an overall positive outcome despite the trade-offs.

The trade-off database built in T4.1 of Wet Horizons supports the decision-making process. With the
help of the database stakeholders can access information to appraise important management dilemmas
and trade-offs. Data collected in the database allows decisions to prioritize management actions towards
goals on a quantitative base. Users of the database are enabled to assess the impact of important trade-
offs that may jeopardize the overall goal of wetland rewetting and restoration.

In addition, the existence of the database invites practitioners to extend the compilation of existing trade-
off data with their own site-specific or regionally specific management dilemmas and trade-offs. The
database is publicly available as a google sheet, which can be accessed via a link on the Wet Horizons
webpage (https://www.wethorizons.eu/resources/#database). The webpage also includes a link to the
web application that can be used to procure summaries of ecosystem services from the wetland types
included in the database based on restoration status (e.g. restored or drained). Both the google sheet
and the application can be accessed freely and by anyone. The database can subsequently be
disseminated to a wide spectrum of potential users, including managers, policy makers, and
landowners. Using the database increases the likelihood that potential management dilemmas are dealt
with early in the planning and decision-making process and can be mitigated to the extent that they need
not be an obstacle to a restoration plan. Using the database will help convey background information
necessary for approving restoration actions by local communities and regional stakeholders. Addition of
data to the database can happen as per the instructions on the Wet Horizons webpage.

Based on some early-stage exploration via a questionnaire with restoration practitioners and high-level
data end-users (a group identified in Deliverable D1.1), we have confirmed that stakeholders are aware
of many trade-offs (or dilemmas), however they hardly ever have information to quantify them, assess
their impact, or do any actions to mitigate them. Therefore, the development of the database can bring
us a step forward, as it will allow end-users to summarise ecosystem services for different types of
wetlands with different management status and thus, which services will increase and decrease for their
specific project,

2 Definition, and shortlisting

The workflow for the task process can be seen in Figure 1. We began by consulting the literature (Aryal
et al.,, 2022; Deng et al., 2016; Howe et al., 2014), after which we developed a working trade-off
definition:

“Trade-offs in ecosystems occur when management decisions lead to a reduction in one ecosystem
service and an increase in another ecosystem service. Trade-offs occur because multiple ecosystem
traits can affect one ecosystem services and one ecosystem trait can affect multiple ecosystem services,
with positive and negative feedbacks as a result.”

Hereafter, short-listing of trade-offs was achieved after discussions and consensus among WP4
participants in a two-stage longlist and shortlist process. Longlisting involved a compiling a broad
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selection of all the possible trade-offs of which participants were aware. The short-listing aimed at
focusing on trade-offs for which we were confident there are good data (e.g., greenhouse gas fluxes),
or which are critical for wetland biodiversity values (e.g., hydrological niches). We expect that these are
the the trade-offs that are likely to be most important for stakeholders such as water or nature managers,
end-users of data products, and policy makers. In this way, the longlist was reduced to a shortlist of the
four most important and well-documented trade-offs (Table 2). During the on-going consultation (in
progress) we will continue adding further dilemmas that these end-users highlight.

3 Structure

We have successfully created a Google sheet comprising information about ecosystem properties and
services from a range of wetland types and from several European countries. We searched for primary
scientific literature by using combinations of the keywords: WETLAND, PEAT*, BOG, FEN, TRADE-
OFF, ECOSYSTEM SERVICE, REWETTED, RESTORED, WTD. Additionally, we found papers from
the reference list of other papers we found. We acquired literature from Germany, Denmark, Scotland,
Finland, Sweden, England, Netherlands, Ireland, Iceland, Norway, Poland, Slovenia, Estonia, Czech
Republic, and Russia. We have found that whilst much literature exists on GHG emissions and floral
biodiversity, less so exists on the topics of nutrient retention and hydrological properties. Our database
aims to provide structured information about the drivers of the trade-offs that occur following wetland
rewetting. The information in the database has been compiled from primary scientific literature and
additional monitoring data available from a variety of agencies. The database is restricted to European
entries only to ensure that conclusions are made from a regional context. The list of data sources can
be found in Table 1. Each entry is categorized by the type of wetland it pertains to, as well as containing
geographic coordinates for the wetland, the WTD and as much auxiliary data as possible (e.g., mean
annual temperature, precipitation, soil chemistry, etc.), dependent on availability from each study.
Where possible, wetland type is further divided into sub-types (e.g. main type: Bog, sub-type: Blanket
bog). Focal results from each study are included and presented as grouped ecosystem services. In this
manner, the end user should be able to tabulate and summarize the ecosystem services yielded by
each wetland type and the drivers for those services.

The database currently consists of 1063 entries from 133 references (Table 1). In total 198 columns are
used to accommodate data entries for parameters resulting in a matrix (1063 X 198). As most studies
and literature sources do not report all relevant parameters, some of the database consists of blank
fields (74 565 out of 211 266 data entries). Parameters are clustered in 18 sets namely: Summary, Site Info,
Site Classification, Catchment soil type, Restoration actions, Auxiliary Data for GHG fluxes, GHG flux data,
Soil properties, Surface water properties, Storage capacity, Biotic properties, Period data collection followed
by information on ecosystem services such as Regulating services (climate, water supply), Supporting
(nutrient cycling, biodiversity), Provisioning (food, water, fuel), Species diversity, Ecosystem diversity and
Biocoenosis diversity. The last three parameters follow a classification suggested by Hammerich et al. 2022.

Each set subdivides into parameters on the level of actual data collection (e.g. annual methane emission; pH
of the surface water or biodiversity evenness of Pielou). Variables based on quantitative data are entered as
integers often with two decimals. Basic data analysis tools (e.g. filter function, search function) allow for direct
access to the data compiled. Users can adjust the database to their needs.

4 Potential application of the database

The database can be used to support statements on the trade-offs from the short-list. The content of
the database currently supports the following interpretations for each of the shortlisted trade-offs:

4.1 Carbon dioxide versus methane

The principle that reflooding drained soils and restoring wetland ecosystems leads to reduced CO:
emissions from the soils and enhanced carbon burial, but also leads to increased CH4 emissions, is
confirmed in the database. From the data gathered in our database we can extract mean values of
emissions from both drained and rewetted soils. Drained soils have a mean efflux of CO2 gas of 1225 g
m-2 yr', while rewetted soils have a mean influx (i.e., uptake) of 26 g m=2 yr-'. Paludiculture soils have a

Rl Funded by
LA the European Union 8



Open-access database for trade-offs associated

with wetland restoration W ET H é R I ZO N S

small mean efflux of 9 g m2 yr'. For CH4 emissions, drained soils have a mean efflux of 41 g CO2-eq
m-2 yr, rewetted soils have a mean efflux of 608 g CO2-eq m2 yr', while natural wetland soils have a
mean efflux of 291 g CO2-eq m2 yr'. It is worth noting that although the CH4 emissions do increase with
rewetting, the total climate benefit of rewetting is still substantial as the drained soils emit a very large
amount of COsz.

4.2 GHG versus biodiversity

We see evidence that rewetted areas do not attain the same biodiversity as natural systems, as they
often become dominated by tall helophytes, supporting this particular trade-off. This is probably a legacy
effect of eutrophication. Our data on this mostly comes from fens however, so further information is
required on other wetland types to draw further conclusions. In our database we can see that Shannon
diversity metrics from rewetted areas averages to 1.50, while the average for natural areas is 1.76.
Mean tall helophyte cover for the areas are 37.5 % and 20 %, respectively. Mean Shannon diversity for
drained soils is 3.52, while there is no tall helophyte score. The mean value for drained soils does not
represent the true average, as many of the sites included has no Shannon score due to them being just
fields. The true average is thus bound to be lower.

4.3 GHG versus nutrient retention

There is some evidence for this trade-off, although more information is needed to draw a strong
conclusion. Additionally, the evidence procured seems to suggest that there is a large difference in
retention potential for the different kinds of nutrients. Nitrogen seems to be retained, while phosphorous
is released. Thus, the trade-off is especially relevant for nitrogen compounds. The database currently
supports a mean total N retention for rewetted soils of 98 kg ha-' yr-' while total phosphorous is released
with a mean of 0.34 kg ha™' yr-'. We note here that the data comes from primarily riparian wetlands, and
so it might be different for standalone bogs or fens. We aim to include further studies of nutrient cycling
to better elucidate this trade-off.

4.4 Hydrology requirements for biodiversity

The hydrological niches of target species for conservation have been widely studied in the scientific
literature, but few authors have presented data in such a way as to directly inform trade-offs between
e.g., fish habitat and bird habitat. Additional data in the future will help resolve this trade-off further. This
trade-off is included as, despite the limited amount of easily-available data, we regard it as a
fundamental aspect of wetland functions and values that cannot be omitted.

5 Further development

The database is to be further developed by inclusion of additional entries to strengthen the conclusions
for all trade-offs. Collaboration with other major EU funded projects (e.g. LIFE projects) is ongoing and
will further improve the knowledge base. The database is currently dominated by peer reviewed studies,
but we are expanding the scope with greater input from other data sources, such as regional
governments. We also expect the number of trade-offs to increase as the database grows. Especially,
we aim to further investigate hydrological properties of restored wetlands. It is expected that there is a
benefit to ecosystem services related to hydrology from rewetting. However, quantifying these services
is complicated and considerably less research exists on this subject compared to GHG emissions. We
also aim to include more biodiversity metrics.

Furthermore, the task will investigate applying GIS derived auxiliary data and modelled parameters to
the sites in the database. Geographical coordinates exist for every entry in the database and so it would
be beneficial to be able to utilize this by extracting data from large scale datasets. The data will have to
be validated before we can safely include this in the database, and this could be done in combination
with the model validation in task 4.3.

The database will be made publicly available, which users will be able to visit and, from this, procure
summaries of ecosystem services of different types of wetlands with different restoration actions and
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different management regimes. Users will also be able to add entries to the database and we thus hope
that the database will continue growing, following the structure set in place by this task.
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Table 2 — Shortlist of trade-offs

Trade o

ff 1: CO2 vs CH4 after restoration

Between decrease of CO2 emissions but increasing CH4 emissions after rewetting
Occurring especially after rewetting of eutrophic sites, with (at least part of) an area
permanently flooded or flooded for a long time.

This is trade off ‘inside the GHG emissions space’. Net climate benefits might still be positive.
It is often pointed out when the discussion is about carbon, or carbon projects, that drastic
increase in CH4 emissions are used to argue against peatland restoration.

This can be well (or partly) mitigated by specific interventions combined with rewetting, or
more careful, precise, and slower rewetting (but this is more expensive). Harvesting and
removing above-ground biomass will also greatly reduce it.

The effect is temporary in relatively nutrient-poor sites (usually resets within 5-10 yr., often
sooner, depends on the site and on the interventions). May be a permanent trade-off in
eutrophic mineral wetlands (but can usually be justified by improvements in other wetland
values).

Trade o

ff 2: GHG vs Biodiversity

Between decrease of GHG emissions (due to effective rewetting) and creating areas with
relative low biodiversity values.

Occurring after rewetting of eutrophic and severely degraded areas, or when areas was
somewhat drained and this resulted in interesting biodiversity, but with full rewetting the
species are disappearing, or due to tall halophyte stands developing and forming uniform
stands, that do not change over time into more interesting habitat.

Possible in paludiculture.

Can be partly mitigated by specific interventions combined with rewetting, but this costs more
and is difficult.

The effect is moderate to long term (can take decades to develop interesting new
biodiversity)

Trade o

ff 3: GHG vs Nutrients mobilization

Between decrease of emissions (after rewetting) but increase of nutrients (P-mobilisation,
increased N to surface and groundwater).

Occurring after rewetting of eutrophic, fertilized systems, when due to anoxia, low Fe, Ca, P
is released and results in water eutrophication, with leaching of N from agricultural land, both
ending in the surface water bodies.

Paludiculture could mitigate this trade-off.

Mitigation is difficult if the area was heavily fertilized in the past (removal of topsoil not always
possible, not on a large scale), this also creates a risk if some patches of reasonably good
habitats are near-by and are affected, as habitat quality can decline.

In extreme situations, this may create problems with algae blooms, decline of aquatic
vegetation, lack of oxygen in water, etc.

The effect is often short to moderate (10yr) but can be long term as well.

Trade o

ff 4: Hydrology requirements for biodiversity

Dilemma or prioritizing between species, habitats, and its effect on the rewetting strategies:
creating open water or rewetting up to the surface, can come with a risk of temporary
drawdown of the water levels in dry periods (which will affect GHG emissions).

Dilemma when considering long term efforts into follow up management and realising
rewetting. Is the project targeting species vs general biodiversity or ecosystem processes.
Occurring when “just doing rewetting” results in e.g., large open water areas, good for some
birds, but not necessarily optimal for an entire system (shallow lake rather than mire-

* X %
* *
* *
* *

* ek
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complex), or when selecting cheaper options for future management (maintaining
biodiversity or developing peat-forming vegetation may need more effort in management).

* A species protection priority, instead of ecosystem processes priorities.

* A matter of choices and management considerations.

+ ‘Arranging’ a restoration area in a way that it is easier, cheaper, or feasible to do the standard
management with conventional machines.

* The effect is moderate to long term.
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