


are given. For optimal salt-marsh functioning, where the natural processes and dynamics are also
present, 500 ha is a minimum (Van Duin and Dijkema, 2012, based on Bakker et al., 2000). Not only the
total area is of importance, also the width perpendicular to the shoreline, as this gives the
accommodation space for vegetation zones (Wolters et al., 2005). Small salt marshes will only support
part of the vegetation zones, be less resilient against environmental change, such as yearly fluctuations
of MHW (Dijkema et al., 2001), and not be able to exhibit natural dynamics in area.

Highest plant species diversity was found in MR areas that were livestock-grazed and/or mown (Wolters
et al., 2005). This is in line with earlier work in The Netherlands (Figure 10, Bakker et al., 2000), but is
not always supported by observations elsewhere (pers. comm. K. Kiehl, A. Wanner, K. Jensen). Livestock
grazing not only removes tall vegetation so that smaller plants get more room, but the trampling of the
animals compact the wet soil so that redox conditions change, favouring earlier-successional species
(Schrama, 2012). Moderate grazing regimes generally favour most plant and animal species, but the
exact number of animals should be based on local drainage, clay content, weather conditions and surface
elevation (Esselink et al., 2009; Van Duin and Dijkema, 2012). Too many animals in a wet part of the MR
site of Noord-Friesland Buitendijks (NL) has given rise to a trampled secondary pioneer zone, that is not
suitable for typical salt-marsh birds that are one of the targets for this area (pers. comm. P. Esselink).

Figure 10. Examples of salt-marsh vegetation and the effects of vegetation management. Upper left:
establishment of pioneer vegetation (Salicornia europaea); Upper right: salt-marsh vegetation rich in Sea aster
(Aster tripolium), a situation often desired by managers; Lower left: monoculture of Elytrigia atherica in an
ungrazed salt marsh; Lower right: a so-called summer polder, that experiences hardly any inundation from the
sea, turns into a pasture with e.g. Elymus repens and Agrostis stolonifera. Photos: Alma de Groot.
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3.9 Fauna

The colonisation of (re)created salt marshes by fauna ranges from good to poor (Van Oevelen et al.,
2000; Pétillon and Garbutt, 2008). This strongly depends on species group, on the targets set
beforehand, and on vegetation management. Because of the strong site-dependence, we will not go into
detail here. More information can be found in the main report and appendices (Dankers et al., 2013),
indicating that a key factor for a successful habitat for birds is minimalizing disturbance by predators,
humans (recreation) and windmills.
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4 Techniques and management for creating salt marshes

4.1 Techniques for creating salt marshes

There are several established and new management methods for (re)creating or steering salt-marsh
development. An overview and details can be found in De Groot et al., 2013. In the Dutch coastal zone
policy as well as in the Building with Nature philosophy, ‘soft’ measures are favoured over ‘hard’ ones,
and the methods listed below are roughly ordered from soft to hard. Soft engineering approaches use
material akin to the natural environment, work with the natural processes if possible, and typically need
to be repeated often, making it a no-regret method. Hard structures have a much longer life-time, and
are typically static and non-flexible. Of course there is a large grey area in between. For the situation at
Delfzijl, several of techniques are of interest, given in order from soft to hard:

1. Reduction of hydrodynamics: brushwood groynes, either in rectangular sedimentation fields or
as breakwaters (either parallel or perpendicular to the shore). By reducing the hydrodynamics,
they facilitate sedimentation and vegetation establishment (Scarton et al., 2000; Dijkema et al.,
2001; Hofstede, 2003; Dijkema et al., 2008; Esselink et al., 2011).

2. Increasing elevation: application of dredged material to raise the surface of the tidal area so that
it becomes suitable for salt-marsh development (Nakamura, 2006; D'Alpaos et al., 2007; Stagg
and Mendelssohn, 2010; Stagg and Mendelssohn, 2011).

3. Reduction of hydrodynamics: geotubes as breakwater to reduce hydrodynamics, or creating a
basin for dredged material. This method is still experimental (Cecconi, 2009).

4. Reduction of hydrodynamics: oyster or mussel reefs as breakwater. This method is still
experimental in The Netherlands (Beck et al., 2011; Gedan et al., 2011; Scyphers et al., 2011).

5. Increase drainage: digging drainage channels to facilitate sediment aeration and vegetation
establishment, see previous section ‘Drainage’ (Esselink et al., 1998; Van Duin & Dijkema, 2003;
Van Duin et al., 2007b).

6. Reduction of hydrodynamics: Stone or concrete dams as breakwaters and/or to create a basin
for dredged material (Pilkey and Wright, 1988; U.S.A.C.E., 2008; Esselink et al., 2011).

7. Reduction of hydrodynamics: Stone revetment to protect salt-marsh edge against erosion. This

method should only be used as last resort (Doody, 2008; Esselink et al., 2011; Van Loon-
Steensma and Slim, accepted).
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4.2 Monitoring

To be able to evaluate the success of a project, adequate monitoring is essential. Based on the
comparison between monitoring results and pre-defined targets, management can be adapted if needed.
For that, quality or success criteria can be set up, that lead to a number of indicators to be monitored
(Short et al., 2000). Also the monitoring itself can be made adaptive, where the monitoring program is
regularly tuned to reflect the up to date monitoring needs (see e.g. http://www.ecoshape.nl/en GB/wiki-
guideline.html/guideline/83-EDD+-+Introduction+-+BwN+philosophy)

Monitoring should be done before, during, and after implementation (e.g. Friess et al., 2008). The
monitoring period should be long enough to monitor the actual development, where for salt marshes the
usual 5 or 10 years is generally not enough (Williams and Faber, 2001).

Parameters that are typically monitored in salt marshes include:

1. Vegetation composition and cover,

2. Soil: sediment composition (grain size, bulk density) and soil chemical state (salinity,
redox, pH, contaminants),

3. Surface elevation and sedimentation rate,

4. Drainage pattern and volumes

5. Species composition of birds and invertebrates, use of the area by birds (breeding,
resting, feeding).

An example of a possible measure for success is the saturation index of vegetation. It gives the number
of target species in the area compared to the total regional target species pool (Wolters et al., 2005).

4.3 Success of (re)created salt marshes

The success of created or restored salt marshes varies, i.e. only few (re)created salt marsh become a
fully functional salt marsh, and many state that it is almost impossible at all to create a salt-marsh equal
to a natural one (Streever, 2000; Van Oevelen et al., 2000; Crooks et al., 2002; Wolters et al., 2005;
Elliott et al., 2007; Doody, 2008; Garbutt and Wolters, 2008; Cecconi, 2009; Mossman et al., 2012;
Spencer and Harvey, 2012). In the UK, a large number of investigated “marshes created by managed
realignment do not satisfy the requirements of the EU Habitats Directive”, also not on the long term
(Mossman et al., 2012).

A first reason for the sometimes disappointing MR results is that it takes time before the sedimentary
processes, soil formation, vegetation, and fauna become established and the interactions between these
system components are in balance (Van Oevelen et al., 2000). Secondly, not all boundary conditions are
always optimal in restored or created salt marshes, so that the area cannot develop the same as a
natural salt marsh would. In case areas are not considered successful, this is often related to a lack of
salt-marsh functioning, whereas the structure may be meeting the target (Wolters et al., 2005). Further,
species abundance and drainage pattern remained different from natural marshes (Crooks et al., 2002;
Mossman et al., 2012), organic matter contents of the soil were lower (Van Oevelen et al., 2000), and
redox conditions often deviated (Dausse et al., 2008; Mossman et al., 2012)

Whether or not a recreated salt marsh is characterised as successful, depends further on the set goals,
time, and what parameters are considered (Streever, 2000). An important first step is therefore to
determine clear targets for the salt-marsh (re)creation (Wolters et al., 2005): what size, species, cover,
habitat types etc. are the desired outcome of the project? With these targets, it should be realised that a
salt marsh naturally undergoes succession, and that also interim habitats are valuable. This means that
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management should not always aim at creating only the final habitats as quickly as possible (Williams
and Faber, 2001).

Sometimes an area can be considered relatively successful, where parts of the targets have been met
but others not. For example, at the managed realignment site Noord-Friesland Buitendijks (NL),
vegetation targets were met after 10 years, but the vegetation type was yet not suitable for the targets
for birds (pers. comm. P. Esselink). For (re)created salt marshes, it is further important to have a good
reference site to which the development can be compared (Wolters et al., 2005). This can either be a
local reference site or a historical reference, depending on which is available.

Methods to create salt marshes are preferably Building with Nature techniques, that aim at steering the

natural processes rather than constructing the ‘final’ landscape at once. Such techniques are particularly
suited for adaptive management, having therefore potentially larger success rates.
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5 Application at Delfzijl
5.1 Conditions for salt marshes at Delfzijl

Based on the information in the previous chapter, it seems possible to create salt marshes at Delfzijl in
the form of a ‘salt-marsh park’ and ‘pioneer salt marsh’. Delfzijl has a suitable tidal range of 3 m
(Rijkswaterstaat, 2012). Average salinity is around 23 promille (Figure 11), which means that compared
to the clear salinity gradient in the Scheldt estuary (Van Damme et al., 2005), a salt marsh at Delfzijl
would be dominantly saline, with perhaps some brackish species such as in the Dollard. The expected
elevation of the vegetation zones at Delfzijl can be calculated from MHT at Delfzijl and the Wadden Sea
average elevations for the vegetation zones (Table 1).

Table 1. Elevation of salt-marsh zones expected at Delfzijl, based on the SALT97 classification (De Jong et al.,
1998) and MHT at Delfzijl (Rijkswaterstaat, 2012).

Zone Lower limit Upper limit

pioneer zone 95 -115 cm + NAP 135 - 150 cm + NAP
(daily flooded)

low salt marsh 135 - 150 cm + NAP 165 - 175 cm + NAP
(inundation frequency
< 300-150 times per year)

middle salt marsh 165 - 175 cm + NAP 205 cm + NAP
(inundation frequency
< 100-70 times per year)

high salt marsh 205 cm + NAP sedimentation occurs up to inundation
(inundation frequency frequencies of < 5 times per year,
< 30-20 times per year) 260 cm + NAP

A salt marsh at Delfzijl will probably show average accretion rates of around 0.8 cm per year (average
value for the Dollard salt marshes, Esselink et al., 2011) and 1.3 cm per year (average for low and
middle marsh of the Groningen north coast, Dijkema et al., 2001). The amount of suspended sediment in
the water in the Ems-Dollard (Figure 11) has increased due to anthropogenic activities, and is sufficient
for salt-marsh development. The latter is derived from the fact that the Wadden Sea salt marshes do not
have a sediment deficit, whereas the general observation is that suspended sediment concentrations in
the Wadden Sea are lower than in the Ems.

Large salt-marsh areas are about 15 km away, so vegetation dispersal towards Delfzijl should not be a
problem and sowing or planting salt-marsh vegetation will not be necessary. Observations of a number
of salt-marsh plants on the inside of the Schermdijk confirm this. However, a bottleneck for seed
dispersal can be the size of the water inlet (Wolters et al., 2005; Dausse et al., 2008), which should not
be a problem in the relatively open ‘pioneer salt marsh’, but needs to be addressed in the ‘salt-marsh
park’ that has one opening for water exchange. Dispersal within the salt marsh (Huiskes et al., 1995;
Dausse et al., 2008) will most likely not be a problem in the macro-tidal settings of Delfzijl. Fast
establishment of the vegetation would be facilitated by having the constructions (especially the dredged
material surface) ready when most seeds are being dispersed: in September — December.

Risk factors for vegetation establishment and thus salt-marsh functioning are hypersalinity and
waterlogging that are reported from MR sites (Wolters et al., 2005; Dausse et al., 2008). In an area such
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as the pioneer salt marsh that is constructed from scratch and that has a slope comparable to a natural
salt marsh, this issue is expected to be of less importance. There is much less chance on ponding
(stagnating water) than in a managed realignment or CRT site, as the water can freely drain from the
area, unimpeded by a (breached) dike, sluice or higher fronting salt marsh. For the salt-marsh park that
is less dynamic, it should be taken care of that no large areas with stagnating water develop (< 6 %)
(see also Van Duin and Dijkema, 2012 for a discussion on this subject), unless it is meant as resting site
for birds.

At Delfzijl, the intertidal and subtidal flats are currently too low for salt-marsh development (Dankers et
al., 2013), and the hydrodynamics will probably be too high (pers. obs.). The preferred methods will thus
be the application of dredged material in combination with brushwood groynes in the form of
sedimentation fields. The location of the envisaged ‘salt-marsh park’ is jutting out further into the
estuary, so that at that location stone or concrete dams will be necessary to keep the dredged material
in place, instead of brushwood groynes.
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Figure 11. Suspended sediment concentration (left axis) and salinity (right axis) in the Ems-Dollard estuary (De
Jonge, 1992).

5.2 Pioneer salt marsh

The design of the pioneer salt marsh can be found in the main report (Dankers et al., 2013). The
creation of the pioneer salt marsh at Delfzijl will be an experiment, as there is little or no experience with
the combination of methods. There is, however, ample experience with brushwood groynes and how to
adapt these to steer the development of a salt marsh. This leaves the dredged material application: in
the final design of the pioneer salt marsh, attention should be paid to the type of sediment available and
how to apply this to come to a stable subsoil for the salt marsh to form on. The frequency of
nourishment is important for the recovery of the benthic population (Van Oevelen et al., 2000). Given
the experimental nature of the project, it would be interesting to try different ways of construction on
various stretches of the Schermdijk and evaluate the results. One of these ways might consist of
spraying a thin layer of dredged material over the salt marsh (Ford et al., 1999), although this interferes
with the natural processes.

28 of 39 Report number C145/12



5.3 Salt-marsh park

The design of the salt-marsh can be found in the main report (Dankers et al., 2013). The creation of this
area is more straightforward, as a similar but larger salt-marsh area of dredged material in a concrete
structure was made on the opposite side of the estuary some 40 years ago. Near Krummhorn - Pilsum, a
salt-marsh was created in the 70’s by creating a basin using a dam and filling it with dredged material
(pers. comm. Jirn Bunje). The result has been disappointing, because part of the area is too high to be a
proper salt marsh. Part of the area has been ‘restored’ to increase the quality of the salt marsh, but still
the area is mostly a monoculture of Elytrigia, the climax vegetation type. There is a large height
difference between the concrete dam and the intertidal flats, so that a proper transition zone is lacking.
The main lesson learned from this project is that the proper elevation is a key for salt-marsh
(re)creation, and that drainage will establish itself. Given this experience, the experimental side of the
park is how to create an area that is accessible for the public, while having salt-marsh characteristics in
the larger part of the area. Again, the type of sediment used to construct the area will be important:
initial consolidation, mud content and organic matter content will determine how the area will look in the
first years. Further, the inlet that connects the area to the estuary should be large enough to allow the
free flow of water, sediment and plant seeds. When the slope of the area is in the right direction, the
inlet is large enough and the material not too consolidated, the drainage should be able to establish
itself. A second opening is considered not feasible as this may affect the stability of the area.

5.4 Naturalness and nature values

Salt marshes are naturally dynamic and develop as a result of the interaction of various processes. It is
therefore normal that the salt marsh changes appearance through time and there will always be an
element of uncertainty in the outcome of creating a salt marsh. When using flexible techniques, such as
those fitting the Building with Nature philosophy, at least the management can be adapted in case
targets are not met.

The natural dynamics of salt marshes make it only partly possible to predict what the area will look like
in future. The brushwood groynes are expected to facilitate sedimentation and vegetation establishment.
They need to be extended when new dredged material is added to the area. If the project is successful
and the pioneer salt marsh will develop comparable to a natural salt marsh, the vegetation will develop
from a pioneer vegetation, with e.g. saltwort, through a mid-successional phase with e.g. Sea aster, to a
monoculture of grass. The time this will take depends on the initial elevation of the area and the
accretion rate. In case dredged material is used to regularly enlarge the area, new pioneer phases may
develop each time. Constructing the salt marsh with a slight slope will give rise to a zonation of
vegetation: from pioneer zone bordering the intertidal flats to high marsh next to the dike. Creek
formation is expected to start spontaneously, without digging creeks. The creeks will stay more or less in
place through time, but will become deeper and the network will become denser.

When successful, the pioneer salt marsh will become a semi-natural salt marsh, largely comparable to
the salt marshes in the Dollard. The pioneer salt marsh is expected to have a more or less natural
drainage pattern, but the soil structure and functioning will probably be less well than on the Dollard
marshes because of the use of dredged material. The use of the salt marsh by breeding and foraging
birds is hard to predict. Different bird species have different habitat requirements, and they respond
strongly to changes in management and to disturbance. By creating the proper abiotic conditions and
vegetation structure (the subjects of this study), at least chances for salt-marsh birds are created.
However, the planned windmills are a potential disturbance for birds, and disturbance by people cannot
be excluded either. More discussion on birds can be found in Appendix 2 of the main report (Dankers et
al., 2013).
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Based on the design (Dankers et al., 2013), about half of the area of the salt-marsh park will consist of
salt-marsh like habitat. The nature values of the salt-marsh park will be lower than that of the pioneer
salt marsh:

- It lacks dynamics due to the park-like nature of the area

- There is not a gradual transition with the intertidal flats,

- The soil structure will be artificial,

- The use as park will form a strong disturbance for animals.

Finally, the emerging pattern from literature on salt-marsh (re)creation is that, given the right elevation,
and sediment and exchange with sea water, a newly (re)created salt marsh may look like a salt marsh
with time, with creeks, sedimentation and salt-marsh vegetation. However, functionally a (re)created salt
marsh will most likely not fully match a natural salt marsh, and thus not form a one-to-one
compensation of natural ones (Van Oevelen et al., 2000). A discussion on the suitability for birds can be
found in the main report (Dankers et al., 2013).

5.5 Aspects not taken into account

In this study, the effect of salt marshes on coastal defence was not taken into account. For calculations
on that, see the main report (Dankers et al., 2013), or Van Loon-Steensma et al., (2012) and Venema
et al.,, (2012).

Another aspect that has not been dealt with is the relation with the larger Ems-Dollard estuary. For as far
as the morphology is concerned, this is described in detail in Appendix 3 of the main report (Dankers et
al., 2013).

From a nature point of view, there are too many uncertainties in the outcome of the project to give
reliable predictions. The surface of the to be created salt marshes (15 - 25 ha for the pioneer salt marsh
and 10 ha for the salt-marsh park) is relatively small compared to the 714 ha that is covered by the salt
marshes in the Dollard (Esselink et al., 2011). The intended location at a stretch of coast without any salt
marshes at present is however favourable.

The Natura 2000 legislation imposes restrictions to the reduction of existing habitat types, such as
intertidal flats, in favour of creating other habitats such as salt marshes. Salt-marsh creation projects
that advance onto the tidal flats are therefore generally considered being less positive for an estuary
than projects that add area to the estuary (Van Oevelen et al., 2000). Ways to deal with the N2000
legislation are being studied, for example Mendelts and Boerema, 2011; Baptist et al., 2012, but these
are still under construction.

The effect of the Griesberg sediment on the salt marsh is hard to predict. There has been some study
done on salt-marsh plants related to waste products from soda factories (Piernik, 2003; Piernik, 2005).
The vegetation responded well to the alkaline soil, but this was at much lower pH values than measured
at the Griesberg (Oranjewoud, 2010). Seeing that soil fauna was present when there was sufficient other
sediment on top of the gries material (Baptist and De Groot, 2012, included as Appendix 1 of the main
report Dankers et al., 2013), the Griesberg at its present location should not have a large negative effect
on an envisaged salt marsh. The effect on overall water quality could not be determined based on the
survey.
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6 Conclusions
6.1 Factors of importance when creating a salt marsh

1. Salt-marsh development occurs naturally as the interplay between biotic and abiotic processes.
Creating or restoring a salt marsh therefore requires creating the boundary conditions so that
these natural processes can take place. Only then may the functioning and nature values of a
(re)created salt marsh approach those of a natural salt marsh. As salt marshes are dynamic by
nature, some goals may only be reached after some time and the appearance of the area will
change through time.

2. Important factors are:

a. Elevation with respect to the tidal frame

Hydrodynamics

Drainage

Sediment composition

Vegetation establishment.

®ao o

6.2 Most suitable methods for creating a new salt marsh at this location

1. It seems possible to create a salt marsh at Delfzijl, as tidal range, vegetation and suspended
sediment are suitable for the occurrence of salt marshes.

2. The elevation of the intertidal and subtidal area needs to be raised to around mean high tide, for
example with dredged material. This sediment should be unpolluted and contain at least some
fine-grained fraction and preferably also some organic matter. The slope should be seaward and
around 1:100.

3. Further, it will most likely be necessary to create shelter against the hydrodynamic forces so that
vegetation will establish. Brushwood groynes represent a method that is flexible and matches
local cultural history, that would be suitable for the creation of the pioneer salt marsh. The salt-
marsh park will stick out into the estuary further, so that the hydrodynamics surrounding it are
expected to be stronger. In that case, harder constructions such as stone dams are probably
necessary.

4. Digging drainage channels does not seem to be necessary, but monitoring is advisable to check
the autonomous development of the drainage.

5. Vegetation is expected to spontaneously disperse to the sites because of sufficient source
material present in the area. Depending on the desired functioning of the salt marsh, some form
of vegetation management may be necessary, such as mowing or grazing.

6. Risk factors for a successful project include: constructing a salt marsh that is either too small,
too high, too low, or that has persisting artificial drainage, stagnating water, an abrupt transition
to the intertidal flats, or too much disturbance. The design should pay attention to those aspects
of elevation and drainage.

7. For any project such as the creation of a salt marsh, firstly clear goals have to be set. Then, the
area needs to be monitored carefully to evaluate whether these objectives are met. If not,
management can be adapted. Building with Nature solutions, such as using sediment and
brushwood groynes to get salt-marsh development going, are well suited for such adaptive
management.

These aspects have been taken account in the design of the salt-marsh park and pioneer salt marsh at
Delfzijl, given in Dankers et al., (2013).
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6.3 What naturalness and nature values can be achieved, and how

1. As soon as the elevation of the areas is suitable and shelter has been created, the areas are
expected to colonise rapidly with vegetation and show vertical accretion.

2. However, such salt marshes will most likely be semi-natural, as it has been shown that only
occasionally full salt-marsh functioning is reached in a reconstructed salt marsh.

3. What may be expected, though, is the presence of various typical salt-marsh plants, a location
for birds to rest at high tide and possibly breeding of birds on the higher parts of the salt marsh.
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Supplement 1

Detail of the bathymetry at Delfzijl. All blue shades are below NAP; the darker the blue the deeper the
water (Rijkswaterstaat data derived through Open Earth, no colorbar available).
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