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1. Introduction
Coastal salt marshes are areas vegetated by herbs, grasses, or low shrubs, which are subject to periodic
flooding by saline water (Odum, 1988; Adam, 1990). They reach their greatest extent along low-energy coasts
where wave action is limited and mud can accumulate (Allen & Pye, 1992; Balke et al., 2016). In the Wadden
Sea, salt marshes form the upper part of the intertidal zone and extend vertically from well below the mean
high-tide level up to the highest water mark. Various human activities have a direct or indirect impact on salt
marshes, such as land claim, coastal defence, land use, pollution, and eutrophication. In addition, they can be
vulnerable to an accelerated sea-level rise caused by global warming (Kirwan et al., 2010), whereas elevated
atmospheric CO2-concentrations and rising temperatures also affect ecological processes within salt marshes
(Drake, 2014).

According to the EU Habitat Directive, salt marshes include the habitat types 1310 (Salicornia and other
annuals colonising mud and sand), 1320 (Spartina swards), and 1330 (Atlantic salt meadows), for which
national conservation objectives have been elaborated.

Trilateral policy and management

Almost all salt marshes in the Wadden Sea area are part of Natura 2000 sites. In addition to the national
legislation and nature protection regulations in the Netherlands, Germany, and Denmark, the trilateral 2010
Wadden Sea Plan (WSP) provides the framework for the management of the entire area (CWSS, 2010).

To assess the targets defined in the WSP (see section 3.1 in this report), the following topics will be discussed:

Present status and trends of the Wadden Sea salt marshes;
Artificial drainage and vegetation management;
Marsh surface elevation change in relation to sea-level rise;
Ecological restoration, expansion, and construction of salt marshes;
An assessment of the status and a Wadden Sea Plan Target evaluation with recommendations.
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2. Status and trends

2.1 Types and total area

Salt marshes form the upper part of the intertidal zone, the interface between land and sea, and are strongly
controlled by geomorphological, physical, and biological processes, such as sedimentation in interaction with
the vegetation, tidal regime, and wind-wave pattern. They constitute a habitat for a wide range of organisms.

During the most recent monitoring period between 2015 and 2021, salt marshes in the Wadden Sea were
reported to cover more than 42,000 ha (Table 1). This area represents about 20% of the total area of coastal
salt marshes in Europe (Doody, 2008). Although the extent of salt marshes in the Wadden Sea is considerable,
it is notable that these areas were more extensive in the past than they are today (Wiersma et al., 2009; Vos &
Knol, 2015). The major cause of their decline during historical times was land-acquisition for agriculture and,
more recently, coastal-protection measures. In the Wadden Sea, loss of salt-marsh area through human
intervention continued throughout the twentieth century until the paradigm shift from exploitation to
conservation in the 1970s and following decades.

In terms of geomorphology, five types of salt marsh can be distinguished in the Wadden Sea (Figure 1): (i)
back-barrier marshes, (ii) green beaches, (iii) chenier-protected marshes, (iv) foreland-type marshes, and (v)
Hallig salt marshes. The here reported extent of salt marshes and their zonation are based on vegetation and
habitat mapping using the TMAP typology (Petersen et al., 2014).

Back-barrier salt marshes are in principle natural marshes. They develop in the lee of a barrier or dune system
(Olff et al., 1997; Bakker et al., 2023), and usually have coarse-grained soils (Oost et al., 2021). The
construction of artificial dune ridges in the past has stimulated the development of back-barrier salt marshes,
such as the Boschplaat salt marsh on Terschelling (Netherlands) and the salt marsh of the Skallingen
peninsula (Denmark). The presence of extensive artificial dune ridges explains why the extent of back-barrier
marshes in the Dutch Wadden Sea today is much larger than their historic reference values (Dijkema, 1987a).
On some German islands, such as Norderney and Juist, parts of the back-barrier salt marshes have been
artificially drained. A side effect of both the artificial ridges and the draining is that natural dynamics are
reduced, and vegetation succession is accelerated (Esselink et al., 2009; de Groot et al., 2016).

Green beaches may develop in the seaward area of a dune ridge (Bakker et al., 2023). In terms of vegetation,
green beaches cannot be considered entirely as salt marsh, because they mostly form a mosaic of salt marsh
and dune vegetation (van Puijenbroek et al., 2021). Therefore, at the landscape level, they are a transition
between the beach, the dune system, and salt marshes. Since green beaches are not distinguished as a
landform, halophytic vegetation of green beaches is merged with back-barrier marshes into one group, viz.:
barrier-connected salt marshes (see, e.g., Table 1).

Chenier-protected salt marshes are located on chenier islands (Box 1). These marshes were recently defined
by Govers et al. (2021). In this report, we therefore added chenier-protected marshes as a new
geomorphological distinct salt-marsh type for the Wadden Sea, which was not included in previous QSRs.

Foreland-type salt marshes on the mainland are largely man-made, because their development has been
promoted by the construction of sedimentation fields and ditching, leading to usually fine-grained soils
(Dijkema, 1987b, Mueller et al., 2019, Oost et al., 2021). Despite their artificial origin, the man-made foreland-
type salt marshes are appreciated for their value for nature conservation. Natural foreland salt marshes are
relatively rare, although new natural salt marshes are developing in front of the sedimentation fields in
Germany (Hartmann & Stock, 2019, see also section 2.8).
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Figure 1. Photographic impression of the five characteristic salt marsh types of the Wadden Sea. Starting from the
upper left: (i) back-barrier coarse-grained salt marsh in the lee of a dune ridge, (ii) green beach in the seaward area of a
dune ridge, iii) a chenier-protected salt marsh, (iv) fine-grained foreland-type salt marsh mostly found on the mainland
and largely man-made and (v) Hallig salt marsh that developed on a remnant part of the historic mainland, and which
are not protected by a seawall. Photographs i, ii, and iv by Rijkswaterstaat (Joop van Houdt) and photographs iii and v by
Martin Stock / LKN-SH.

 

http://qsr.waddensea-worldheritage.org/sites/default/files/styles/lightbox/public/2024_QSR_saltmarsh_figure1.png?itok=kWtbslrx
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Box 1: Geomorphology of a chenier island in the Wadden Sea

Chenier-protected salt marshes are located on chenier islands that differ from barrier islands
in three ways (defined by Govers et al., 2021*, see Figure B1):

a chenier island is situated in the lee of the barrier system, and often surrounded by1.
intertidal flat
herewith, a chenier island is more sheltered and major morphological changes typically2.
only occur during extreme events such as spring tides combined with heavy storms
the development of the ‘chenier’ that drives the formation of these islands is next to3.
sand strongly dependent on a supply of biogenic material in the flood mark (shells, plant
material), while barrier islands are mostly fed by sand. Although extreme events are vital
for supplying flood mark, they also tend to erode the chenier on the exposed side. The
eroded material is mostly deposited on the sheltered side, allowing the chenier and the
salt marsh that forms in its wake to grow on this side. This process causes a chenier
island to move at an average pace of about 20 m per year.

Figure B1. A model chenier island with 1a) the chenier, 1b) washover complex, 2) chenier-
protected salt marsh, and 3) the ‘Zwin’ channel on the exposed side of the island. From: Govers
et al., 2021.

The following islands in the Wadden Sea are considered as Chenier islands in this QSR report
(from west to east): NL: Richel, Griend, and Zuiderduintjes, LS: Lütje Hörn, Memmert, and
Mellum.

*In contrast to Govers et al. (2021) we classify Trischen a barrier island. Scharhörn has merged
with Nigehörn, and this island complex now shows a closer resemblance to a barrier island.
Additionally, we changed ‘intertidal mudflat’ to ‘intertidal flat’ in point 1 and added ‘next to
sand’ to point 3.

 

http://qsr.waddensea-worldheritage.org/sites/default/files/styles/lightbox/public/2024_QSR_saltmarsh_figureB1.png?itok=XhDVjPhA
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A Hallig is a salt-marsh island, which had been part of the mainland in historical times and became
disconnected from the mainland by major flooding events. Hallig islands are not protected by a high seawall,
but by smaller revetments (Figure 1). Hallig salt marshes accreted on low-lying old land and are mostly found
in Germany. They show a greater resemblance with the fine-grained foreland salt marshes than with the
coarse-grained barrier-connected salt marshes. Marshes located on islands that did not fit the description of a
Hallig, barrier-connected, or a chenier-protected marsh were defined as 'other', for example, salt marshes on
the island Langli in Denmark (Table 1 and Figure 2).

Summer polders may be flooded by seawater during extreme storm tides. Strictly speaking, and contradictory
to the WSP (CWSS, 2010), most summer polders cannot be considered as salt marsh, because flooding by
seawater is too infrequent. Consequently, the area of halophytic vegetation in summer polders is very limited.
Because summer polders have a high potential for salt-marsh restoration (see, e.g., Koppenaal et al., 2022),
their 2,200 ha were added as an extra category to Table 1.

 

Table 1. Recent extent (ha) of salt marshes and summer polders per sector specified according to their geomorphology.
The pioneer zone has been defined as the area where vegetation covers ≥ 5%; in Schleswig-Holstein, this threshold value
was 10%. Estuarine marshes are included with the mainland salt marshes. On the islands, de-embanked summer polders
were added to the barrier-connected marshes; on the mainland to the foreland-type salt marshes. Governance sectors of
the Wadden Sea, in which the salt marsh monitoring is carried out: NL = the Netherlands, LS = Lower Saxony, HH =
Hamburg, SH = Schleswig-Holstein, DK = Denmark. See Annex I for methodology. The reported extent of salt marshes is
based on vegetation and habitat mapping using the TMAP typology (Petersen et al., 2014).

 

About 57% of the current salt marshes in the Wadden Sea belong to the foreland-type salt marshes on the
mainland (Table 1, Figure 2). These mainland marshes are largely man-made, developed within sedimentation
fields, and constructed for coastal protection, agricultural exploitation, and land claim. During the last quarter
of the last century the shift to nature conservation led to a change in management that varies today from a
general minimum intervention to a strategic upkeep of parts of both the drainage and the groyne system. The
scenery of the marshes today still resembles much that of a historical-cultural landscape by the imprints from
the past, such as the geometric pattern of the marshes, remnants of extensive artificial drainage networks, and
the brushwood groynes surrounding the sedimentation fields. At several sites, natural marshes are now
developing in front of the man-made foreland marshes, a process which is described in detail in section 2.8. In
order to enhance natural dynamics, various restoration measures have been carried out during the past
decades, such as filling up parts of the drainage system and lowering the surface elevation by top-soil removal.

http://qsr.waddensea-worldheritage.org/annex-salt-marshes-2024#annex1
http://qsr.waddensea-worldheritage.org/sites/default/files/styles/lightbox/public/2024_QSR_saltmarsh_table1.png?itok=HSGvycd6
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These restoration efforts are summarised in section 2.7. To assist the decision making in policy and
management, and to evaluate the status of the man-made foreland salt marshes, a conceptual reference model
has been constructed (van Wesenbeeck et al., 2014) and was presented in the previous QSR (Esselink et al.,
2017). Recently, civil engineering projects have been carried out to increase salt marsh area along the Dutch
mainland coast. These will be described in more detail in section 2.9.

 

2.2 Salt marsh trends and distribution

The distribution of the salt marshes shows distinct variation across the Wadden Sea (Figure 2). Barrier-
connected salt marshes on the mainland coast are restricted to the northern part of the Wadden Sea. Hallig
salt marshes are almost entirely restricted to Schleswig-Holstein, except the Punt van Reide salt marsh in the
Netherlands.

Since the first survey of 1995/2001, salt marshes showed a remarkable net increase of approximately 6,000 ha
in twenty years’ time (Figure 3). The size of barrier-connected salt marshes on the islands increased across all
sectors, and these marshes accounted for about half of the total increase.

The trend of increasing salt marshes on the islands differs clearly from the development of both mainland and
Hallig salt marshes (Figure 3). Hallig salt marshes are almost completely enclosed by revetments (Figure 1),
and their size therefore remains almost unchanged with a total extent of 2,230 ha (Table 1). Mainland marshes
showed different trends among sectors.

In Lower Saxony and Denmark, overall net changes seem negligible. The small increase observed in Lower
Saxony is partially based on data shifts. Specifically, the previous survey (2008/2014) did not include new
area-wide data from Lower Saxony, and the current data compilation now includes approximately 400 ha of
salt marshes in the estuaries along the rivers Ems and Elbe (Annex II), which were not covered in the two
earlier surveys (Figure 3). Since the first survey, mainland marshes in the Netherlands increased with 620 ha
(14%) and in Schleswig-Holstein with 2,460 ha (almost 30%; Figure 3).

 

http://qsr.waddensea-worldheritage.org/node/7
http://qsr.waddensea-worldheritage.org/annex-salt-marshes-2024#annex2
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Figure 2. Overview of the total area of salt marshes and summer polders in different parts of the Wadden Sea
(governance sectors, see Table 1) specified according to their morphology. NL = the Netherlands, LS = Lower Saxony, HH
= Hamburg, SH = Schleswig-Holstein, DK = Denmark. Same data as Table 1.

 

http://qsr.waddensea-worldheritage.org/sites/default/files/styles/lightbox/public/2024_QSR_saltmarsh_figure2_new_0.png?itok=AnNujJTG
http://qsr.waddensea-worldheritage.org/sites/default/files/styles/lightbox/public/2024_QSR_saltmarsh_figure3_new_0.png?itok=kakdQUFa
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Figure 3. Development of the areal extent of salt marshes in different parts of the Wadden Sea based on four successive
surveys; from left to right: 1995/2001, 2002/2007, 2008/2014, and 2015/2021. Data of the first three surveys are
from Esselink et al. (2017). NL = the Netherlands, LS = Lower Saxony, HH = Hamburg, SH = Schleswig-Holstein, DK =
Denmark.

 

2.3 Salt marsh zones and vegetation composition

In the 2009 and 2017 QSRs, the ageing of salt marshes, i.e. the extension of late-succession salt-marsh
communities, at the expense of young-succession stages, was identified as the dominant process in most
Wadden Sea salt marshes and led to an increased incidence of late-succession vegetation types, especially
vegetation of Elymus athericus (Esselink et al., 2009; 2017; Bakker, 2014; Rupprecht et al., 2015). For
example, the two largest back-barrier marshes in the Netherlands, each exceeding 1,000 ha (Terschelling and
Schiermonnikoog), both feature a dominance of E. athericus (Annex II). In contrast, recent observations in
both the Netherlands and Schleswig-Holstein indicate new development of salt marshes along the mainland
coast, characterised by an increase of pioneer and/or low-marsh vegetation types (Figure 4). However, despite
an increase in marsh area, the extent of pioneer and low-marsh vegetation types remained relatively constant
on the Wadden Sea island marshes and on the mainland marshes of Lower Saxony, due to a continued
succession from low-marsh to high-marsh vegetation. In Denmark, vegetation mapping has been conducted at
a less detailed level, focusing on EU habitat types, thereby limiting the assessment of the succession stages of
Danish salt marshes based on current maps.

In the mainland salt marshes of the Netherlands, the extent of high-marsh vegetation remained relatively
constant: 1,220 ha in 2001 versus 1,290 ha in the most recent survey (Figure 4). The larger part of these
marshes is grazed, which restrains the succession from low-marsh to high-marsh vegetation (Esselink et al.,
2009; 2017). Since 2012, grazing has been re-introduced in parts of the mainland marshes of the Groningen
coast to reduce the cover of E. athericus vegetation. A reduction of 7-8% was determined between 2008 and
2014 (Elschot et al., 2020), but it remained relatively stable thereafter. Approximately 25 percent of the marsh
area (H1330) was still dominated by this late-succession type in 2020 (Annex II).

In the framework of salt marsh engineering, Spartina anglica was introduced and planted at several sites in
the Wadden Sea during the 1920s until the 1950s (van Eerde, 1942; Esselink, 1998; Reise, 1994; Nehring &
Hesse, 2008). It cannot be excluded that the planting material also included the sterile bastard Spartina
townsendii, which would explain why S. townsendii is also found in the area today (Granse et al., 2021). S.
anglica is the dominant and characteristic species of the S. anglica vegetation type in the TMAP vegetation
typology (Petersen et al., 2014) and of habitat type H1320 (Spartina swards; Doody, 2008). S. anglica
vegetation can now be found in almost every salt marsh of the Wadden Sea (Annex II), and the introduction of
the species brought a great change in the Wadden Sea salt marshes. Cover of S. anglica is high in the German
sectors, especially in Lower Saxony and Schleswig-Holstein, where nearly half of the pioneer marsh is formed
by Spartina swards (Annex II). In the other sectors, the cover is much lower.

 

https://www.waddensea-worldheritage.org/resources/ecosystem-25-wadden-sea-quality-status-report-2009
http://qsr.waddensea-worldheritage.org/node/7
http://qsr.waddensea-worldheritage.org/annex-salt-marshes-2024#annex2
http://qsr.waddensea-worldheritage.org/annex-salt-marshes-2024#annex2
http://qsr.waddensea-worldheritage.org/annex-salt-marshes-2024#annex2
http://qsr.waddensea-worldheritage.org/annex-salt-marshes-2024#annex2
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Figure 4. Development of the spatial extent of the different vegetation zones based on four consecutive salt marsh
surveys: 1995/2001, 2002/07, 2008/2014, and 2015/2021 (from left to right) on the (A) Wadden Sea islands, (B)
mainland coast, and (C) Halligen. Data of first three surveys are from Bakker et al. (2005) and Esselink et al. (2009;
2017). For graphical reasons, the salt-marsh areas of Hamburg (HH) have been pooled with Lower Saxony (LS); Hallig-
type salt marshes in the Netherlands (NL) have been included in the mainland marshes. The pioneer zone is defined as the
area where pioneer vegetation covers ≥ 5% (Petersen et al., 2014); in Schleswig-Holstein (SH), this threshold value is
10%. Marsh zonation was based on the TMAP vegetation typology (Petersen et al., 2014). In Denmark (DK), vegetation
mapping was carried out at the more general level of EU habitat types and apart from the pioneer marsh, a further
differentiation according to marsh zonation was not possible here.

 

2.4 Artificial drainage of salt marshes

To enhance marsh development in man-made foreland-type salt marshes, regular maintenance of the artificial
drainage system was traditionally implemented (Esselink et al., 2009; 2017). With the recognition of
conservation values of salt marshes in the 1970s and 1980s, the maintenance of artificial drainage systems
was stopped completely over extensive areas to increase the natural dynamics of man-made salt marshes (WSP
Target). Compared to previous QSRs (Esselink et al., 2009; 2017), the extent of recent drainage practices
basically remained unchanged for all sectors and measures were mostly limited to maintenance and
refurbishing of main channels.

In the Netherlands, maintenance of the artificial drainage system ceased in the eastern Dollard salt marshes in
1984 and in most other mainland marshes during the 1990s (Esselink, 2000; Dijkema et al., 2001). Field and
collector drains are still regularly maintained in most privately owned marshes to facilitate livestock grazing.
Along the coast in Friesland, the main channels are still regularly maintained. Re-profiling of both deeply

http://qsr.waddensea-worldheritage.org/sites/default/files/styles/lightbox/public/2024_QSR_saltmarsh_figure4_new_0.png?itok=Z18HQU1D
https://www.waddensea-worldheritage.org/resources/ecosystem-25-wadden-sea-quality-status-report-2009
http://qsr.waddensea-worldheritage.org/node/7
https://www.waddensea-worldheritage.org/resources/ecosystem-25-wadden-sea-quality-status-report-2009
http://qsr.waddensea-worldheritage.org/node/7
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incised field drains and collector drains were once-only measures in the early 2010s along the Groningen
coast, mainly to facilitate safety for livestock. On the Dutch Wadden Sea islands, most back-barrier marshes
are naturally drained, except for some older grazed marshes, where drainage measures have been carried out
in the past in parts of the marsh near the dunes.

In Germany, the decrease in maintenance of the artificial drainage system was stimulated by the establishment
of the national parks in the second half of the 1980s (Hofstede & Schirmacher, 1996).

In the Lower Saxon National Park, the marsh area with intervention in the drainage system decreased to
around 10-15% during the last 10 years. Around 50% has never been drained and 35-40% has not been
maintained in 20 years (Nationalparkverwaltung Niedersächsisches Wattenmeer, 2022). Recently, several
projects have been carried out to restore salt-marsh hydrology and morphology to a more natural state, see
section 2.7 for more detail. Restoration efforts towards more natural drainage were carried out in around 300
ha of salt marshes located both on the islands and along the mainland coast within the national park.

In Schleswig-Holstein, the border of the national park begins 150 metre further seaward than in Lower Saxony
(Figure 5 – Transition between zone A and B). Within zone A, the traditional drainage system with field drains
leading to collector drains and main channels is regularly maintained by the coastal protection agency. Some
of the main channels in zone B are maintained when the functioning of the drainage in zone A is hampered.
The area of intensively drained salt marshes on the mainland coast of Schleswig-Holstein remained constant
over the last years and will remain constant under the present management regime. Zone C depicts the areas
of near-natural or natural salt marshes without artificial drainage structures and is constantly growing (see
section 2.8). Here, the main channels start to meander, but the drainage system as a whole does not reflect a
completely natural creek system due to historical and partially continued drainage management in the
landward part of the catchment area. In the salt marshes of the Hamburg national park, the drainage system
has not been maintained since the 1950s.

In Denmark, drainage measures were cancelled at the beginning of this century. Only along the foot of both
the Ribe Dike and the Ballum Dike parallel drains have been maintained on a regular base. In some salt
marshes along the Ho Bay and near the mouth of river Varde Å, the drainage regime has been reduced over
the last decades in order to rewet these marshes and increase their suitability as breeding habitat for meadow
birds.
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Figure 5. Drainage management of salt marshes in front of seawalls in Schleswig-Holstein. On the left side, managed
drainage structures of field drains in 150-metre wide zone fringing the seawall, collector drains and main channels of
two catchment areas are highlighted in blue as an example.

 

2.5 Vegetation management

During vegetation surveys, management practices such as livestock grazing, mowing, and minimum
intervention are defined and have been recorded in the TMAP surveys. Grazing management was categorised
in three classes of intensity defined on the basis of vegetation structure (Figure 6, Bakker et al., 2005):
‘intensive grazing’ indicated by a uniform short sward, ‘moderate grazing’ indicated by a heterogeneous sward
with short and tall canopies, and ‘moderate/high’ when the intensity could not be determined.

In the Netherlands almost all mainland marshes are being grazed and the area with minimum intervention
decreased since the previous survey of 2008/2014 (Figure 6). The limited availability of data on grazing
management made it difficult to distinguish between high or moderate grazing intensity. On the islands, the
area of minimum intervention remained more or less unchanged.

In Germany, salt marsh areas with minimum intervention increased since 1995 at the expense of livestock
grazing, in Lower Saxony as well as in Schleswig-Holstein (Figure 6B). The most profound change in
vegetation management in German salt marshes occurred in the second half of the 1980s. With the foundation
of the national parks, livestock grazing was discontinued over extensive areas. For instance, ten years before
TMAP monitoring started in 1995, only 3% of the mainland salt marshes in Schleswig-Holstein had a
management of minimum intervention, and 90% was used for high-intensity livestock grazing (Esselink et al.,
2009). These figures are in sharp contrast with the current situation where minimum intervention extends over
51% of these marshes, and the area of high-intensity grazing has dropped to less than 40% (Figure 6B).

In Denmark, the area with minimum-intervention management seemed to have doubled on both the island and
mainland marshes between the first two surveys, but in the two most recent surveys, it decreased again. The

http://qsr.waddensea-worldheritage.org/sites/default/files/styles/lightbox/public/2024_QSR_saltmarsh_figure5.jpg?itok=FtTY-mY0
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survey methods varied from aerial livestock counts during the first survey to more recent assessment of the
grazing status carried out through fieldwork for the EU habitat surveys (see Annex I). Data in Denmark may
therefore not be fully comparable between years. If the results of the 2002/2007 survey are considered to be
an outlier, then we may conclude that the marsh area with minimum intervention increased over time.

At the trilateral level, there are different views on the necessity of vegetation management in salt marshes
(Bakker et al.,1997; Stock, 1997), and the fundamental principle of salt marsh management for nature
conservation differs among countries. In the German national parks, the primary objective is to allow natural
processes to continue with minimal intervention. In the Netherlands and Denmark, nature-conservation-
management objectives focus more on using livestock grazing as a management tool to halt vegetation
succession. Livestock grazing is advocated in these countries, especially in the semi-natural foreland salt
marshes. On the scale of the entire Wadden Sea salt marshes, several researchers advise large-scale mosaics
of different management regimes to conserve a habitat-specific vegetation and species diversity (de Vlas et al.,
2013; Nolte, 2014; Wanner et al., 2014; van Klink, 2014; Stock & Maier, 2016; van Klink et al., 2016).

 

Figure 6. Vegetation management in the Wadden Sea salt marshes during a 20-year period based on four successive
surveys: 1995/2001, 2002/07, 2008/2014 and 2015/2021 (from left to right) on the (A) Wadden Sea islands, (B)
mainland coast and (C) Halligen. Livestock grazing includes both agricultural exploitation and livestock grazing as
management tool for nature conservation. For graphical reasons, salt marshes of Hamburg (HH) have been pooled with

http://qsr.waddensea-worldheritage.org/annex-salt-marshes-2024#annex1
http://qsr.waddensea-worldheritage.org/sites/default/files/styles/lightbox/public/2024_QSR_saltmarsh_figure6_new_0.png?itok=-FBphZI6
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Lower Saxony (LS), and Hallig-type salt marshes in the Netherlands (NL) with the mainland marshes. SH: Schleswig-
Holstein; DK: Denmark.

 

2.6 Surface-elevation change and sea-level rise

Coastal salt marshes are potentially vulnerable to global warming and the associated accelerated levels of sea-
level rise (SLR) (Bakker et al., 2016; Kirwan et al., 2016; Crosby et al., 2016). To evaluate the status of the
Wadden Sea salt marshes in relation to SLR, an inventory of published and unpublished accretion studies in
Wadden Sea salt marshes was carried out in the previous QSR (Esselink et al., 2017) and is updated below.
The mean high tide (MHT) level forms approximately the lower boundary of salt marshes and changes in MHT
have a greater effect on a salt marsh than similar changes in mean sea level. Therefore, the increase of local
MHT was used as a parameter for SLR. Over the last century, increase in MHT varied within the Wadden Sea
due to differences in vertical land movement and changes in wind climate (Bossinade et al., 1993; Philippart et
al., 2024). Since 1900, the increase in MHT in the Wadden Sea has been in the order of 2.0-3.0 mm/yr, with
the highest values observed in the German sector east of the Elbe (Wahl et al., 2011; Jensen et al., 2014; Oost
et al., 2017).

Most accretion studies were relatively recent and, to compare the surface-elevation changes (SEC) from about
the same period, data from before 2000 were disregarded. The survey yielded data from 38 different salt
marsh sites, and two summer polders (Annex III). SECs clearly differed between different types of salt marsh
in the Wadden Sea (Figure 7). The highest mean SECs were found in foreland salt marshes with, on average,
values at least twice as high as in back-barrier and chenier-protected marshes (8.7 mm/yr versus 3.5 and 2.1
mm/yr). Marsh resilience to SLR may be underestimated by SEC. Firstly, salt marshes feature a feedback
mechanism between surface elevation in the tidal frame, inundation frequency and sedimentation which
results in increased sedimentation rates at lower elevation (French, 1993). Secondly, spatial variation in SEC
within a marsh complex (high in young and seaward parts versus low in old and back (landward) parts) may
contribute to the resilience of a marsh (Bartholdy et al., 2010; Kirwan et al., 2016; Cornacchia et al., 2024).
Thirdly, in back-barrier marshes overwash events during storms may deliver additional sediment onto the
marsh surface (Schuerch et al., 2018). The capacity of barrier-connected and chenier-protected marshes to
keep pace with an accelerated SLR due to global warming will nevertheless be limited due to their low SEC,
especially compared to most foreland marshes with higher SECs (Figure 7). Recent studies showed that in the
Wadden Sea the annual availability of muddy sediments (key component for salt marshes to accrete) is limited.
The main mud source is the marine North Sea Continental Flow which produces a fading sediment plume
along the coast from the western end of the Wadden Sea up to Denmark causing a decrease in mud availability
in the downdrift direction (Colina Alonso et al., 2024).

Hallig salt marshes show on average a lower SEC (1.6 mm/yr) than the local increase of MHT as the
surrounding revetments or constructed low banks impede the flooding of these marshes. Hence, they have a
low potential for sediment import and livestock can further reduce SEC (Schindler et al., 2014; Schulze et al.,
2021).

Flooding frequency of summer polders is low (often less than once a year), leading to extremely low or
negative SECs (Figure 7). Hence, summer polders face an increasing elevation deficit. This development may
be reversed by restoration of tidal influences. In a de-embanked summer polder on the coast of Friesland for
instance, SEC in the restored salt marsh exceeded the increase in MHT by more than 300% (Esselink et al.,
2015; Koppenaal et al., 2022).

 

http://qsr.waddensea-worldheritage.org/node/7
http://qsr.waddensea-worldheritage.org/annex-salt-marshes-2024#annex3
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Figure 7. Surface-elevation change (SEC) in Wadden Sea salt marshes and summer polders. The graph is a compilation
of both changes in surface elevation from levelling studies, Sedimentation Erosion Bar (SEB) measurements, and marker-
horizon techniques including clay-layer thickness measurements (Nolte et al., 2013). Elevation changes are based on
overlapping and varying periods in time, mostly starting around 2000 or a more recent date. The horizontal blue bar
gives the range of the long-term increase of MHT level. Annex III presents the data used in the graph.

 

2.7 Salt marsh restoration efforts

In many salt marshes of the Wadden Sea, artificial geomorphology and hydrology persist despite abandonment
of drainage management and changes in land use. In addition, tidal flooding has been reduced to very low
levels by embankment of summer polders which today still cover 2,200 ha (Table 1). In the Netherlands, Lower
Saxony and the island of Neuwerk (Hanseatic city of Hamburg), restoration projects have been carried out to
restore natural processes such as tidal flooding, sedimentation, and erosion, and vegetation succession (Figure
8). Approaches for salt marsh restoration include: 1) opening/removal of summer-dikes to restore tidal flooding
and sedimentation (de-embankment), 2) de-activation of the artificial drainage system to restore natural
hydrology, and 3) lowering the surface elevation by top-soil removal to set-back vegetation succession and
allow a more natural drainage system to develop (Figure 9).

 

http://qsr.waddensea-worldheritage.org/sites/default/files/styles/lightbox/public/2024_QSR_saltmarsh_figure7_new.png?itok=ZA_-w4Eo
http://qsr.waddensea-worldheritage.org/annex-salt-marshes-2024#annex3
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Figure 8. Total size of salt-marsh restoration efforts on (A) the islands and (B) at the mainland coast of in the
Netherlands (NL) and Lower Saxony with Hamburg (LS+HH) disaggregated over three main restoration types: de-
embankment, de-activation of artificial drainage, and top-soil removal. * = With top-soil removal in part of the area.

 

Figure 9. Salt marsh restoration sites, examples of the three main restoration types: a) Langwarder Groden prior to and
4 years after de-embankment, b) Norderney Ostheller prior to and one year after de-activation of artificial drainage, c)
Neuwapeler-Außengroden prior to and one year after top-soil removal (all Photographs by N. Hecker, NLPV).

 

Restoration efforts in the Netherlands have been focusing on de-embankments, with a total of about 600 ha
divided over 10 different sites. In Lower Saxony, nearly 1,000 ha of salt marshes at 17 sites have been restored
(Figure 8, Annex IV). Initial habitat conditions at restoration sites can be highly variable and salt marsh
development after restoration works differ accordingly (Rupprecht et al., 2023). Hence, a synthesis on the
achievement of restoration targets over all restoration sites is challenging.

 

http://qsr.waddensea-worldheritage.org/sites/default/files/styles/lightbox/public/2024_QSR_saltmarsh_figure8_new_0.png?itok=m6DOx7R8
http://qsr.waddensea-worldheritage.org/sites/default/files/styles/lightbox/public/2024_QSR_saltmarsh_figure9.jpg?itok=qE6p3FvF
http://qsr.waddensea-worldheritage.org/annex-salt-marshes-2024#annex4
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Figure 10. Habitat development at a selection of salt-marsh restoration sites in Lower Saxony prior to and after
restoration measures in three restoration approaches. De-embankment: a) Hauener Hooge (monitoring period: 22 years)
and b) Langwarder Groden (monitoring period: 5 years). Deactivation of artificial drainage: c) Leybucht-Mittelplate
(monitoring period: 5 years), d) Norderney Ostheller (monitoring period: 2 years (construction part I, 28 ha) and 9 years
(construction part II, 53 ha) respectively). Top-soil removal: e) Neuwapeler-Außengroden (monitoring period: 3 years).
Marsh zones are according to the TMAP-typology (Petersen et al., 2014).

 

In case of de-embankment, most sites were originally dominated by fresh grassland. After de-embankment,
high- and low-marsh vegetation established and increased in cover (Figure 10a and b). Size of the de-
embanked site, initial surface elevation, surface relief, and drainage system all affect the development of salt-
marsh vegetation after de-embankment (Wolters et al., 2005; Brooks et al., 2015; Chang et al., 2016;
Rupprecht et al., 2023).

When deactivation of the artificial drainage system was applied, the sites were usually dominated by high-
marsh vegetation prior to restoration works. Results from the restoration sites show that high-marsh
vegetation is still dominant (Figure 10c and d). Filling of the drainage system with local sediment required top-
soil removal and reallocation of sediment in a small number of the restoration sites. At Norderney Ostheller
(Figure 10d) the area of top-soil removal is three times larger than at Leybucht Mittelplate, resulting in a
greater reduction of high marsh cover. Successful deactivation of field and collector drains along with
subsequent rewetting in these restoration sites, depend critically on considering site-specific hydraulic
conditions. This approach ensured an increase in both the duration of flooding and the flooded area
(Rupprecht et al., 2023).

http://qsr.waddensea-worldheritage.org/sites/default/files/styles/lightbox/public/2024_QSR_saltmarsh_figure10_new.png?itok=3pMg4HRc
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Restoration sites with top-soil removal generally started with a high-marsh vegetation and had low-marsh
vegetation establishing within three years after completion of restoration works (Figure 10e). After top-soil
removal, access of the tidal water to the restoration site to (re-)initiate natural processes such as tidal
flooding, sedimentation and erosion, and the creation of a soil surface with shallow slope proved essential for
the development of creeks and a more diverse geomorphology of the marsh platform (Rupprecht et al., 2023).

In general, local drainage structures, hydraulic conditions, surface relief, and surface elevation in relation to
mean high tide seem to be critical parameters for the successful planning and realisation of salt-marsh
restoration efforts, as they are important drivers of vegetation development after restoration efforts were
taken. This seems to be in line with results in previous studies (e.g., Wolters et al., 2005; Brooks et al., 2015).
Wolters et al. (2005) show that restoration success, defined by the number of target plant species expressed as
a percentage of the regional species pool, was higher in larger restoration sites (>100 ha) with larger
elevation gradients. Furthermore, young (< 20 years) restoration sites contained more target plant species
than older sites. Some results shown in this section were collected only a few years after the restoration
measure was completed (Figure 10e) and the effects on the vegetation composition may not have stabilised
yet. To achieve the overarching aim of a more natural-like salt marsh, a combination of different restoration
methods (e.g., de-embankment and top-soil removal) may be beneficial.

 

2.8 Natural expansion of foreland-type marshes

At several sites in Germany, new foreland salt marshes developed naturally, i.e. without human interference by
civil engineering measures (Hartman & Stock, 2019, Figure 11). In Lower Saxony, more natural salt marshes
are developing at the seaward fringe of foreland salt marshes in the two large bights of the mainland coast:
Jadebusen and Leybucht, although in the latter case extra shelter was provided to the Bay by both coastal
protection (the construction of Speicherbecken Leyhörn) and an offshore drilling rig with a service road on the
intertidal flats. In Schleswig-Holstein, over 50% of the foreland salt marsh expansion since 1988 took place
under minimum intervention, while other parts of the expansion happened under active ditching and draining
by the coastal protection agency.

One example of natural salt marsh development can be found in the Dieksanderkoog area, close to the mouth
of the Elbe estuary in southern Schleswig-Holstein (Figure 11). Since the establishment of the national park in
1985, grazing has been reduced or abandoned, followed by cessation of both ditching and upkeep of
brushwood groynes.
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Figure 11. Development of salt marsh areas between 1980 and 2021 at Dieksanderkoog, Schleswig-Holstein. The
hatched areas in the right image are grazed salt marshes. The dotted line in the right picture divides the older
anthropogenic marshes from the newly formed natural marshes. The remainder of the outer brushwood groynes, which
have not been maintained since the late 1990s, are on the dotted line. The vegetation types are based on the TMAP
typology (Petersen et al., 2014).

 

Between 1980 and 2021, around 400 hectares of natural salt marshes have developed (Figure 11, Hartman &
Stock, 2019). The pioneer marshes near the mudflat have doubled in size since 1980. Between 1988 and 2001,
the natural marsh was exclusively composed of Salicornia and Spartina vegetation types, after which a mosaic
of types from all salt marsh zones began to form.

Currently, Dieksanderkoog encompasses the biggest coherent naturally formed foreland salt marsh in the
Wadden Sea and can be regarded as a reference for natural salt marsh dynamics (Van Wesenbeeck et al.,
2014; Esselink et al., 2017). In contrast to the drainage systems in anthropogenic salt marshes, the naturally
formed salt marsh areas have meandering creeks and a fourfold lower length per area ratio, compared to the
neighbouring anthropogenic salt marshes (Hartmann & Stock, 2019). This allows the naturally formed salt
marsh to retain more water and to develop a natural hydrology (Hartman & Stock, 2019).

 

2.9 Construction of salt marshes

In the past decade, awareness has been growing among policy makers and government agencies that coastal
marshes can form an integral part of nature-based solutions while dealing with societal and economic issues,
e.g., as part of coastal protection (Temmerman et al., 2013). Plans to build new brushwood groynes to
stimulate marsh development are currently considered on several locations in the Dutch part of the Wadden
Sea, among others in the Ems estuary and east of the Lauwersmeer polder.

Brushwood groynes alone are not always enough for the creation of salt marshes. At sites with high
hydrodynamic energy and a bed level that is too low for vegetation growth, civil engineering approaches have
been tested to create or expand salt marshes. An example is the building of a new salt marsh close to the city
of Delfzijl, in the Ems estuary (Baptist et al., 2021).

Through civil engineering, salt marshes can be constructed in locations unsuitable for natural marsh
development. However, using this approach also poses additional concerns. Artificially developing salt

http://qsr.waddensea-worldheritage.org/sites/default/files/styles/lightbox/public/2024_QSR_saltmarsh_figure11.jpg?itok=ePd6l9P6
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marshes conflicts with targets to achieve an increased area of salt marshes with natural morphology and
dynamics. Moreover, it can replace other protected and important habitat types, such as bare intertidal flats
that provide important feeding habitats for migratory birds (Kleefstra et al., 2022). Finally, it could prevent
natural salt-marsh development at sites where this is expected in future. In conclusion, the renewed interest in
constructing salt marshes needs a careful approach.

3. Assessment

3.1 Introduction / Summary

The general trilateral aim for salt marshes is an adequate conservation of the full range of variety of salt
marshes to allow natural processes to operate within this habitat, with special emphasis on flora and fauna and
by this to maintain or restore a favourable conservation status. To reach this aim, the following five targets for
salt marshes have been agreed upon in the Wadden Sea Plan (CWSS, 2010):

To maintain the full range of variety of salt marshes typical for the Wadden Sea landscape;
To achieve an increased area of salt marshes with natural dynamics;
To achieve an increased area of natural morphology and dynamics, including natural drainage of
mainland salt marshes, under the condition that the present surface area is not reduced;
To maintain a salt-marsh vegetation diversity reflecting the geomorphological conditions of the habitat
with variation in vegetation structure;
To maintain or to achieve favourable conditions for all typical species.

 

3.2 To maintain the full range of variety of salt marshes

Target evaluation

From a morphological view, at least five types of salt marsh may be distinguished in the Wadden Sea, viz.: (a)
back-barrier salt marshes, (b) green beaches (c) chenier-protected marshes, d) foreland-type marshes and (e)
Hallig salt marshes (section 2.1). These categories are related to the geomorphology of the Wadden Sea
landscape and should therefore be considered as landform types. The harmonised TMAP salt marsh surveys,
however, cover vegetation and habitat types only and do not include geomorphology. Mapping of landform
types was recommended in the 2009 and 2017 QSRs (Esselink et al., 2009; 2017). This recommendation has
not been fully implemented yet, which prevents a quantitative evaluation of this target. For practical reasons,
salt marsh habitats of green beaches were merged, with back-barrier salt marshes, into the group of barrier-
connected salt marshes.

Summer polders should not be considered as salt marsh, because the flooding by seawater is generally too
infrequent for halophytic vegetation to develop. De-embankment of summer polders, however, may specifically
contribute to the restoration of wide salt marshes.

 

https://www.waddensea-worldheritage.org/resources/ecosystem-25-wadden-sea-quality-status-report-2009
http://qsr.waddensea-worldheritage.org/node/7
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Conclusions

Range of salt marsh per geomorphological type.

Barrier-connected salt marshes make up about 40% of the salt marshes in the Wadden Sea. From a
geomorphological point of view, these salt marshes can largely be classified as natural salt marshes.
Since the first TMAP survey in 1995/2001, these salt marshes showed a remarkable Wadden Sea wide
net increase.
Chenier-protected marshes are now added as a separate geomorphological salt-marsh type, and they
cover about 6% of the salt marshes found on islands.
Foreland-type salt marshes on the mainland make up more than 50% of the salt-marsh area in the
Wadden Sea. The present salt marshes are largely man-made (section 2.1). In the Wadden Sea,
enhancement of salt marsh development goes back to at least the 16th century and man-made salt
marshes therefore also form a cultural-historical entity of the Wadden Sea landscape.
The size of the foreland salt marshes is generally dependent on the upkeep of the brushwood groynes at
the seaward marsh edge. Natural expansion without human intervention is the exception and is mainly
confined to the Schleswig-Holstein sector and to the Leybucht and Jadebusen in Lower Saxony (see also
section 2.8).
The area of Hallig marshes has remained the same as they are enclosed by revetments.

Accretion rates and sea-level rise

Barrier-connected salt marshes have relatively low accretion rates: on average only slightly higher than
current sea-level rise. This does not imply that sea level rise forms a threat to these salt marshes on the
short term, since there are various mechanisms for salt marshes to adapt to sea-level rise. On the long
term, however, because of low levels of surface elevation change (SEC) these marshes may not be able
to keep pace with an accelerated rate of sea-level rise.
Chenier-protected salt marshes feature an ephemeral nature (Box 1). At this moment, it seems
impossible to forecast the impact of potential changes in storm climate as a result of global warming on
these marshes.
Foreland-type salt marshes feature a wide range in accretion rates. They are able to keep up with
current sea-level rise and are more resilient to an accelerated SLR.
Hallig salt marshes are generally spatially fixed by revetments. In most cases, accretion rates are lower
than the current local rise in sea level. An accelerated SLR is therefore considered as major future
threat to Hallig salt marshes.
Summer polders are inundated rarely and therefore receive low amounts of sediment and consequently
feature a very low SEC (Figure 7). Vertical accretion may successfully be restored by de-embankment or
coastal realignment.

 

3.3 To achieve an increased area of salt marshes with natural dynamics

Target evaluation

This target aims to increase the size of natural salt marshes (CWSS, 2010), where both geomorphology and
vegetation are free of any human intervention. Natural processes are still in place and have been so since the
salt marshes started to develop. Most of the target evaluation in the 2009 and 2017 QSRs is still valid (Esselink
et al., 2009; 2017).

In line with the preceding QSRs, natural expansion of salt marshes has continued with a natural expansion of
the barrier-connected island salt marshes and foreland salt marshes in Schleswig-Holstein. The total salt-
marsh area in the Wadden Sea increased by roughly 6,000 ha since the first trilateral survey of 1995/2001.

https://www.waddensea-worldheritage.org/resources/ecosystem-25-wadden-sea-quality-status-report-2009
http://qsr.waddensea-worldheritage.org/node/7
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The larger part of the barrier-connected salt marshes is located on the so-called island tails of the islands west
of the Elbe estuary. These islands undergo a bio-geomorphic succession (de Groot et al., 2016). The
construction of an artificial dune ridge on some islands accelerated this succession. To restore an affected
island tail to its original state may be impossible, because large-scale bio-geomorphic processes are dominant.
De Groot et al. (2016) recommend being cautious with interventions. Only in case when bottlenecks for
pioneer species are perceived, do these authors advise to restore actively hydrodynamic and aeolian processes
locally to set back vegetation succession.

Conclusions

In the Wadden Sea, natural salt marshes are mainly found as coarse-grained barrier-connected, chenier-
protected (both island) and some foreland-type salt marshes. At various sites, the size of barrier-
connected salt marshes is greater today than during historical times due to the construction of artificial
dune ridges.
The former construction of artificial dune ridges did not only facilitate the extension of barrier-
connected salt marshes, but also resulted in reduced spatial dynamics and an accelerated vegetation
succession of these salt marshes.
Re-introduction or restoration of geomorphological processes may locally result in a greater spatial and
temporal variation in barrier-connected salt marshes.
The naturalness of barrier-connected salt marshes that have been disturbed by artificial drainage may
be improved by filling up drains and excavating former creeks and depressions.
Natural foreland salt marshes are relatively rare and found almost only in Schleswig-Holstein as well as
in the Leybucht and Jadebusen in Lower Saxony (section 2.8). Artificial or man-made foreland salt
marshes cannot be restored to natural salt marshes, which will be discussed in more detail in the next
target.

 

3.4 To achieve an increased natural morphology and dynamics, including natural
drainage of mainland salt marshes, under the condition that the present surface
area is not reduced

Target evaluation

To induce a more natural morphology of the artificial foreland salt marshes, maintenance of the artificial
drainage system was discontinued in over 70% of the area and this remained relatively the same since the last
QSR (Esselink et al., 2017). As a result, salt marshes slowly develop towards a state that features elements and
processes that are more natural such as the development of depressions and the build-up of levees (Esselink et
al., 1998). When the artificial drainage is no longer maintained this leads to rewetting of the salt marsh, which
can retard vegetation succession (Esselink et al., 2009).

After abandonment, part of the artificial drainage system is silted up relatively quickly, but the straight pattern
of the drainage system is generally very resilient (van Wesenbeeck et al., 2014). A natural system with
meandering creeks normally starts to develop in a very early stage of salt marsh development (Esselink et al.,
2017 and references therein). Once a salt marsh has been formed, however, creeks remain relatively stable
and straight drains will not easily evolve into meandering creeks (van Duin & Dijkema, 2003). Meandering
creeks may develop in depressions, and also in expanding marshes, in the transition zone from pioneer marsh
to the intertidal flat.

An additional strategy to diversify the morphology of artificial salt marshes is to increase their width and
restore wide marshes with a complete hydrodynamic gradient. The great majority of the present mainland salt
marshes form only a narrow fringe along the coast. Consequently, in only few situations, these salt marshes
feature the complete hydrodynamic gradient of natural wide salt marshes. De-embankment of summer polders

http://qsr.waddensea-worldheritage.org/node/7
http://qsr.waddensea-worldheritage.org/node/7
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will specifically contribute to the restoration of wide marshes.

Natural salt marshes are generally spatially dynamic: they either expand or erode. Most of the existing
foreland salt marshes, however, are depending on brushwood groynes for protection against erosion (e.g.,
Dijkema et al., 2001). In practice, this implies that their seaward boundary has become fixed. Restoration of
spatial dynamics would require an adaptive long-term management of the brushwood groynes. A temporary
phase of neglect and erosion might induce space where new pioneer salt marshes can develop once the
groynes are reconstructed again.

Conclusions

The target has been realised to a considerable extent. By ceasing the maintenance of the artificial
drainage, artificial salt marshes slowly develop a more natural morphology.
The straight pattern of the artificial drainage is expected to be very resilient. Development of
meandering creeks is confined to salt marsh depressions and to the transition zone from pioneer marsh
to the intertidal flats.
Most existing mainland salt marshes are relatively narrow. De-embankment of summer polders may
contribute to the restoration of wide salt marshes, which feature a greater internal hydrodynamic
gradient.
In comparison with natural salt marshes, artificial salt marshes lack spatial dynamics through fixation of
the seaward edge by the brushwood groynes. An adaptive management of the groynes is required to
regulate erosion and to create chances for new pioneer marsh to develop.
Creating salt marshes by civil engineering conflicts with natural dynamics and potentially prevents
natural marsh to develop.

 

3.5 To maintain a salt marsh vegetation diversity reflecting the geomorphological
conditions of the habitat with variation in vegetation structure

Target evaluation

From the evaluation of the previous target, it follows that an improved natural morphology is a pre-requisite to
achieve higher vegetation diversity in artificial salt marshes. In some artificial marshes, increased vegetation
diversity has been observed as a result of change in management and an increased natural morphology.
Whereas being a common process in most artificial marshes, ageing may be retarded or prevented in marshes
with an improved morphology and/or an increased re-wetting of the marsh.

Barrier-connected salt marshes are also susceptible to ageing. In salt marshes that have been influenced by
human intervention, such as the construction of an artificial dune ridge or artificial drainage, succession and
dominance of Elymus athericus vegetation is enhanced. Natural dynamics, e.g., overwashes, may prevent, or
at least hamper this succession.

On the trilateral level, a method for the evaluation and assessment of vegetation diversity still has to be
developed. Therefore, an evaluation of the target cannot be given yet.

Conclusions

An increased natural morphology is a pre-requisite in order to achieve higher vegetation diversity in
artificial salt marshes.
On the trilateral level, a method for the evaluation and assessment of vegetation diversity still has to be
developed.
In principle, there are two different views on the target and on how the target can be reached. The two



Wadden Sea Quality Status Report - Salt marshes 24

views have been integrated in the Wadden Sea Plan (2010): 1) the prime objective is a vegetation
development in relation to the geomorphological conditions with a minimum of anthropogenic
influences, and 2) the main aim is to prevent dominance by species-poor vegetation of late successional
stages, and to preserve and enhance vegetation diversity in a semi-natural landscape with livestock
grazing as a management tool. In this approach vegetation diversity is thus the outcome of the
interaction between geomorphological conditions and grazing.

 

3.6 To maintain favourable conditions for all typical species

Target evaluation

It may be questioned whether this target can be evaluated in a sound way. It will be clear that it is not feasible
to assess all characteristic salt marsh species in a standardised programme. There are simply too many groups
of organisms living in salt marshes, and hence, a selection of indicator or umbrella species or species group
might be required. Furthermore, an evaluation method would have to be developed.

How to proceed with the evaluation of the target may also differ according to the prime objective for nature
conservation. It should be recognised that species differ in their habitat requirements, and hence, to preserve
favourable conditions for all typical species, a variety of salt marsh habitats is a prerequisite. If the
management objective is “a vegetation development in relation to the geomorphological conditions with a
minimal anthropogenic influence”, the different salt-marsh habitats present may be accepted as the natural
variety of habitats.

If the management objective is to preserve and enhance vegetation diversity, and livestock is accepted as
management tool, the variety of habitats may be enhanced. In this setting, large-scale mosaics of different
management regimes may support the maintenance of the greatest possible habitat and species diversity
(Table 2; Wanner et al., 2014; van Klink et al., 2016).

Conclusions

It is not feasible to evaluate the target in a sound way. An evaluation method is lacking and would have
to be developed first.
Where applicable, a large-scale mosaic of different management regimes, including minimum
intervention, may support the different habitat requirements of many plant, invertebrate and vertebrate
species (Table 2).

 

Table 2. Overview of the diversity of salt marsh plants and animals in relation to the management regime in Noord-
Friesland Buitendijks (Netherlands). Stocking density and rotational treatment refer to grazing by livestock. Darker
shading indicates a higher number of species. (With geese and voles: darker shading indicates higher numbers of
individuals). For birds and invertebrates, every regime has its own characteristic species. From a large-scale perspective,
diversity can be maximised by using a spatial mosaic of different management regimes. The index values for passerines
during winter are based on estimates. From: de Vlas et al. (2013).
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4. Recommendations

4.1 Recommendations for monitoring and research

Most recommendations for monitoring and research from the 2009 and 2017 QSRs are still valid (some slightly
revised):

The monitoring according to the TMAP guidelines should be fully implemented with a time interval ofa.
six years in all sectors. In order to assess the “favourable conservation status” of the Habitat Directive
on the trilateral level, the TMAP Expert Group Salt Marshes and Dunes (EG-SMD) concluded that the
TMAP monitoring according to TMAP guidelines is a prerequisite.
Monitoring of artificial drainage in salt marshes. The TMAP monitoring assessed the time since the lastb.
human intervention, but this did not give any information about the actual status of the drainage
system. The EG-SMD recommends adapting the monitoring on drainage according to a new harmonised
method.
The TMAP monitoring should be extended with monitoring of marsh surface elevation change (SEC) inc.
relation to MHT. SEC is an essential parameter for the evaluation of salt-marsh development linked to
accelerated rates of sea-level rise in times of climate change. Monitoring of SEC on selected permanent
transects or monitor stations is therefore strongly recommended.
A method to evaluate and assess the target “to maintain a salt-marsh vegetation diversity reflecting thed.
geomorphological conditions of the habitat with variation in vegetation structure” is lacking and should
be developed on the basis of the TMAP typology.
Investigate and harmonise existing plant species monitoring data available in the Wadden Sea. Thee.
TMAP monitoring programme does not provide monitoring data at the level of plant species. In order to
assess processes of salt marsh change as well as the colonisation of new plant species, monitoring of
plant species composition in permanent plots is required. This data is currently obtained in some, but
not all sectors (Annex I). Ideally, this monitoring should be executed in relation with marsh elevation
and management. For the next QSR we recommend including a section analysing the vegetation change
in permanent plots, with the purpose of answering the target “To maintain a salt-marsh vegetation
diversity reflecting the geomorphological conditions of the habitat with variation in vegetation
structure”.
Distinction of secondary pioneer vegetation. The primary pioneer zone and the secondary pioneer plantf.
communities in the inner salt marsh are not ecologically equivalent. To assess both communities
separately, it is advised to subdivide the following two TMAP vegetation types: the Spartina anglica type

http://qsr.waddensea-worldheritage.org/sites/default/files/styles/lightbox/public/2024_QSR_saltmarsh_table2.png?itok=CdcaMbe_
https://www.waddensea-worldheritage.org/resources/ecosystem-25-wadden-sea-quality-status-report-2009
http://qsr.waddensea-worldheritage.org/node/7
http://qsr.waddensea-worldheritage.org/annex-salt-marshes-2024#annex1
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(S.1.1) and the Salicornia spp. / Suaeda maritima type (S.1.2; Petersen et al., 2014).
Develop a standardised geodata format about 1) landform type, 2) legal protection status, 3) ownershipg.
and if possible 4) land use. To analyse vegetation maps or vegetation changes, data on landform type as
well as legal protection status are relevant. So far, such information is not available at the trilateral
level.
Continuation of long-term study sites and incorporation of these sites into, e.g., the International Long-h.
Term Ecological Research sites (ILTER).

New recommendations:

Estuarine marshes should be identified as a separate landform type as part of the foreland-type marshesi.
on a geomorphological level. Estuarine marshes differ from other foreland-type marshes in salinity and
vegetation composition and should be assessed as a different landform in the next QSR. Distinction
parameters, e.g., salinity, need to be formulated.
Re-evaluate target: “To achieve an increased natural morphology and dynamics, including naturalj.
drainage of mainland salt marshes, under the condition that the present surface area is not reduced”.
Erosion is part of the natural dynamics of salt marshes. Therefore, this target needs to be re-evaluated
to ensure that it does not conflict with target “To achieve an increased area of salt marshes with natural
dynamics”.
Compile an overview of available data on carbon sequestration related to different marsh types.k.
Recently, UNESCO published a study showing the importance of Wadden Sea marshes as blue carbon
sinks (Duarte et al., 2021). To advance this topic, the EG-SMD recommends that an overview of the
available data on carbon sequestration is made.
The Surface-Elevation Change varies widely between seemingly comparable marshes and furtherl.
research is recommended.

 

4.2 Recommendations for management

These recommendations from the 2009 and 2017 QSRs are still valid:

At island salt marshes that have been previously affected by the construction of artificial dune ridges ora.
sand dikes, resulting in the loss of specific habitat types, a setback of vegetation succession can be
pursued by restoring hydrodynamics and aeolian dynamics, e.g., by initiating a wash-over by removing
parts of the sand dike; otherwise it is advised to refrain from intervention in order to let natural
processes take over.
The development of naturally protruding salt marshes is best guaranteed by leaving the geomorphologyb.
of both the growing marsh and the adjacent intertidal mudflats undisturbed. Cliff erosion should be
considered as a natural process in both natural and artificial salt marshes and should not automatically
be interrupted by countermeasures.
Wide salt marshes have a higher conservation value than narrow marshes. De-embankment of summerc.
polders may specifically contribute to the restoration and formation of wide salt marshes. Moreover, de-
embankment contributes to the areal extension of the current salt marshes.
In order to allow more natural creek systems to develop in artificial salt marshes, it is advised to refraind.
from any maintenance on the drainage system here. If it is considered necessary to prevent
waterlogging at the foot of the seawall, the upkeep of the artificial drainage should be confined to this
purpose only.
There are two different approaches in conservation management of Wadden Sea salt marshes (§3.5).e.
When the undisturbed course of natural processes is the main objective, a management of minimum
intervention is applied. In case the aim is (an) enhancement of biodiversity, livestock grazing is usually
used to control vegetation succession. At the scale of the Wadden Sea salt marshes, maximum
biodiversity can be achieved by the application or continuation of a large-scale mosaic of different
management regimes including a regime of minimum intervention. Therefore, we recommend
maintaining both approaches.
Salt marsh management is part of the cultural history of the Wadden landscape. Sites with anf.

https://www.waddensea-worldheritage.org/resources/ecosystem-25-wadden-sea-quality-status-report-2009
http://qsr.waddensea-worldheritage.org/node/7
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unfavourable conservation status and/or low potential for increased naturalness can be considered for
restoration measures, such as top-soil removal, re-arrangement of the artificial drainage system, or even
a re-design of the entire marsh area.

5. Summary
Salt marshes in the Wadden Sea extend more than 42,000 ha, which represents approximately 20% of the total
of coastal salt marshes in Europe. Regarding their geomorphology, at least five types of salt marshes are
distinguished in the Wadden Sea Area: (a) back-barrier marshes, (b) green beaches, (c) chenier-protected
marshes, (d) foreland-type marshes, and (e) Hallig salt marshes. In this report, the status of salt marshes is
primarily assessed based on vegetation and habitat, and less on geomorphology. In this sense, halophytic
vegetation on green beaches has been merged with back-barrier salt marshes into the group of barrier-
connected salt marshes. Sometimes, summer polders are mentioned as extra salt marsh type in the Wadden
Sea. However, the vegetation can mostly not be qualified as salt marsh, since the influence of seawater is too
limited. Future discussions will elaborate on the status of estuarine marshes.

Salt marshes continued their expansion and increased by about 6,000 ha since the 2004 QSR. This increase
occurred in barrier-connected island salt marshes as well as in foreland-type mainland. Despite the recent
extension of salt marshes, the extent of pioneer and low-marsh vegetation types remained relatively constant,
whereas vegetation of late-succession stages increased, especially Elymus athericus vegetation. The latter has
become the most dominant vegetation type in the high-marsh zone.

Foreland-type marshes on the mainland account for approximately 57% of the current salt marshes in the
Wadden Sea. Natural foreland-type salt marshes are relatively rare, and the majority are man-made.
Compared to the previous QSR, the extent of recent drainage practices remained mostly unchanged.
Vegetation management through mowing or grazing by livestock mostly reduced in Germany, while it slightly
increased in Denmark, and more profoundly in the Netherlands.

In order to evaluate the status of Wadden Sea salt marshes in relation to current sea-level rise, available data
on surface-elevation changes (SEC) were collected. Foreland-type salt marshes showed the highest mean
elevation increase of 8.7 mm/yr, i.e. well above the increase rate of Mean High Tide (MHT) (2.0-3.0 mm/yr).
With an average value of 3.5 mm/yr, SEC in barrier-connected salt marshes just exceeded the increase of MHT
levels. With a mean rate of 1.6 mm/yr, Hallig salt marshes lag behind MHT increase. For the Hallig marshes
this may be (partially) explained by disturbance of sediment supply to these marshes by coastal protection
measures. Summer dikes surrounding the summer polders provide an even stronger disturbance and surface-
elevation changes become negligible.

One of the targets of the Wadden Sea Plan is to transform artificial salt marshes into more natural states. In
Lower Saxony, restoration projects were launched in some artificial salt marshes where natural development
had been prevented by previous anthropogenic impact. The area of foreland-type marshes has been increasing
in recent decades, by de-embankments and more natural foreland-type marshes that develop in front of the
sedimentation fields. Additionally, as part of the coastal protection marshes were created in the Netherlands
by civil engineering, which on one hand increases the area of salt marshes but on the other hand may conflict
with increasing natural dynamics and potentially preventing natural marsh development.

Many of the recommendations from the previous QSR are still valid. In addition, further harmonisation of the
data is recommended in order to make full use of the spatial-data sets that are available in the framework of
TMAP monitoring.

 

https://www.waddensea-worldheritage.org/resources/ecosystem-19-wadden-sea-quality-status-report-2004
http://qsr.waddensea-worldheritage.org/node/7
http://qsr.waddensea-worldheritage.org/node/7
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