
 

 

 University of Groningen

Restoration of salt marshes
Wolters, Harmina

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2006

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Wolters, H. (2006). Restoration of salt marshes. [Thesis fully internal (DIV), University of Groningen]. s.n.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 25-05-2023

https://research.rug.nl/en/publications/e65ab05b-5ec6-42ff-8205-9fb92b8f5151


This thesis focuses on the restoration of salt marshes in north-west Europe. Salt
marshes are important habitats that need to be conserved. Not only do they provide a
suitable environment for different plant and animal species, many of which are
restricted to saline habitats, but they also function as a natural flood defence, reduc-
ing wave energy before the tidal water reaches constructed embankments. 

Loss of salt marshes

For many centuries, salt marshes have been reclaimed from the sea by the construc-
tion of embankments and transformed into agricultural land. As a result, large areas
of salt marsh have been lost. More recently, salt marshes are being lost because of ero-
sion, which has been mainly attributed to a global rise in sea level as a result of cli-
mate change. In the United Kingdom, the combination of land reclamation and rela-
tive sea-level rise (i.e. land subsidence and eustatic sea-level rise) has received partic-
ular attention. This has resulted in the coastal squeeze hypothesis, which postulates
that salt-marsh erosion is due to the presence of sea walls preventing landward migra-
tion of salt marshes in response to sea-level rise. This hypothesis has been refuted by
scientists who argue that sediment accretion rates on salt marshes are sufficient to
compensate for a rise in sea level. Instead, these scientists believe that the increased
rate of salt-marsh erosion in recent decades is the result of bioturbation and herbivory
by the ragworm Nereis diversicolor, causing instability of the sediment. A literature
survey has been conducted in Chapter 2 to address the issues of salt-marsh erosion,
coastal squeeze and the effect of Nereis diversicolor on erosion and plant establish-
ment. The results of this survey show that although salt marshes may receive suffi-
cient sediment to compensate for sea-level rise, lateral erosion of the salt-marsh edge
will result in a net loss of salt-marsh area. This lateral erosion appears to be caused by
a combination of physical factors, including strong winds, high tides and increased
wave height, which in turn may be caused by climate change and human activities
like land claim, dredging and canalization. In addition, laboratory studies have shown
that bioturbation and herbivory from populations of Nereis diversicolor can lead to
sediment instability and loss of pioneer plant species, such as Salicornia spp.
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However, field studies were inconclusive and have been conducted at small spatial
scales and the extent to which the ragworm may affect erosion at the regional scale
remains uncertain.

De-embankment of salt marshes

Recently, reclamation of salt marshes for agricultural purposes has become financially
less attractive, whereas nature conservation and coastal defence issues have become
increasingly important. As a result, managed realignment, or de-embankment of for-
merly reclaimed land, has been introduced as a measure to compensate for salt-marsh
loss by providing space for salt-marsh development land inward. The concept of de-
embankment to re-create salt marshes is not new. In the past, several embankments
accidentally breached during storm and high tides. In Chapter 3, a total of 70 acci-
dental and deliberate de-embankments in north-west Europe have been identified
and in several sites spontaneous development of salt-marsh vegetation has occurred.
Many sites, however, have not been monitored for plant-species assemblages, so that
we still know little about the process of colonization and subsequent establishment of
salt-marsh plant species.

Establishment of salt-marsh species after de-embankment

A central question in the present thesis is how the target species can arrive in the
restoration site after de-embankment. The first step in addressing this question is to
identify what the target species are. In Chapter 3, target species were selected from
national vegetation classification studies, which list the frequency of occurrence of
species characteristic or common to a certain community within the nation. All
species present in more than 60 % of the relevés of a specific community were select-
ed to form the regional target species pool. A saturation index was calculated to
express the number of target species that actually established in a restoration site as a
percentage of the regional target species pool. This saturation index allowed the
objective comparison of restoration success of many different sites based on the con-
cept that all regional target species have the potential to establish in the restoration
site, but may not actually do so because the site is unsuitable or inaccessible. Chapter
3 shows that of the 37 de-embankment sites with information on plant species assem-
blages, more than 30 sites contained less than 50 % of the regional target species.
Factors affecting the saturation index included the size of the site, elevational range
within the site and the age of the site. The pioneer species Salicornia was present in
the majority of the sites, from which we conclude that even if bioturbation and her-
bivory by Nereis have occurred, overall the effects have been insufficient to restrict
plant establishment on exposed sediment. 
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Species availability, dispersal and site suitability

In the present thesis, three potential source areas of the target species have been dis-
tinguished at different spatial scales, including the community, local and regional
species pool. The fastest establishment is expected when the target species are present
in the community species pool of the restoration site, which includes the vegetation
and below-ground seed bank. It is unlikely that target species are present in the estab-
lished vegetation of restoration sites that have been embanked for several decades.
However, seeds that have been incorporated in the soil seed bank may have retained
viability throughout the period of embankment. Seed longevity can be assessed by
comparing the abundance of seeds in the upper (i.e. younger) soil layer with the
deeper (i.e. older) soil layer. In Chapter 4, this method has been used to classify the
seed bank of salt-marsh species along a successional gradient on an existing salt
marsh. The results show that the majority of salt-marshes species do not form a long-
term persistent seed bank. These results are in agreement with a case study of a
restoration site that had been embanked for 30 years and which showed that prior to
de-embankment hardly any salt-marsh seed was present in the soil seed bank
(Intermezzo 1). Hence the soil seed bank of the community species pool is unlikely to
play an important role in the establishment of target species after de-embankment
and the target species have to be dispersed from nearby source areas into the restora-
tion site. 

It is expected that tidal water will play an important role in dispersal of salt-marsh
species, as seeds of most species are able to float for some time in seawater and the
salt marshes are regularly flooded. During extreme high tides, seeds can be accumu-
lated into driftline material that is usually deposited at the upper part of a salt marsh
or along the foot of the seawall. Chapter 4 describes the composition of driftline
material along a successional gradient on the island of Schiermonnikoog. The results
show that driftline material contains many seeds of different species. However, the
composition of the material mainly resembles the local established vegetation and the
seeds are not homogeneously distributed across different successional stages. 

While driftline material provides essential information as to the possibilities of
seed dispersal by tidal water, the occurrence of this material is spatially and temporal-
ly unpredictable and seedling survival tends to be low. Hence an alternative or com-
plementary method is necessary to investigate whether seeds are actually deposited
on the salt-marsh surface after normal tidal flooding. Chapter 5 introduces the use of
astroturf seed traps for studying hydrochory. The mats were fastened to the salt-
marsh surface and collected after one or multiple tidal inundations. After rinsing, the
sampled material was placed in the greenhouse and checked for seedling emergence.
The results of this technical study show that astroturf mats effectively trap diaspores
dispersed by tidal water. The seed retaining ability of the astroturf did not differ sig-
nificantly for species with different seed characteristics. Astroturf seed traps were
used in Chapter 6 to ascertain whether salt-marsh development may be constrained
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by limited diaspore dispersal. Seed traps were replaced monthly in the restoration site
and on the adjacent marsh (i.e. local species pool) from October to March. Although a
total of 38 species, including 18 salt-marsh species, were trapped in the restoration
site and on the adjacent marsh, only six salt-marsh species occurred with more than
three seeds per m2. For most species, the number of diaspores trapped was represen-
tative of their abundance in the nearby established vegetation. Hence, despite the
potential for long-distance transport by tidal water, our results indicate a predomi-
nantly local dispersal of salt-marsh species. 
Chapter 7 investigates whether this outcome could be predicted from dispersal traits
of the different species and their availability in the established vegetation of the local
and regional species pool. Seed weight and flotation time were used as the main dis-
persal traits to predict the sequence of species arrival in a restoration site. The results
show that dispersal traits or availability in the local or regional species pool are not
the main factors determining the order of species arrival. Instead, salt tolerance of the
species appears to be important with the most salt-tolerant species establishing first.
These species occupy the lowest elevational zone, which is most frequently inundated
and which may thus increase the chance of a species being dispersed into the restora-
tion site from a nearby source area. In addition, chances for establishment of these
species in the study site are higher because the majority of the site is at or below the
elevation at which these species can grow, whereas less than 10 % of the site is high
enough for less salt-tolerant species. 

Conclusions

This thesis examined the possibilities of salt-marsh restoration after de-embankment.
In north-west Europe, several de-embankment sites exist, but only few sites have
information on salt-marsh development. This is partly because targets are absent or
not well-defined. Setting clear targets is therefore the first step towards the evaluation
of success of salt-marsh restoration projects. This brings along the need for monitor-
ing of the sites and allows adjustment of construction measures and management
regimes. 

The prospect of salt-marsh restoration after de-embankment is good, with target
species establishing spontaneously and vegetation succession taking place. Because
most salt-marsh species are dispersed over short distances, it is important that a well-
developed salt marsh is adjacent to the restoration site. Many sites, however, feature a
relatively low surface elevation in relation to tidal inundation, which reduces the rate
of salt-marsh development and species diversity. Proper surface elevation in relation
to tidal inundation is therefore a prerequisite for the successful restoration of salt-
marsh vegetation after de-embankment.
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