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Foreword

The Wadden Sea is a habitat in the transition zone between land and sea. The physicochemi-
‘cal environmental conditions preva.ilirig in this zone are subject to strong variations, caused by
the perpetual alternation of low tide and high tide, high temperatures in the summer and, in )

some years, ice formation in the winter, as well as variations in the salihity. The species living
'in these tidal flats are specially adapted to these conditions.

The high productivity of the Wadden Sea is the basis for the recruitment of North Sea fish
stocks. It is also the prerequisite for its function as a point of convergence in bird migrations,
thus linking the Wadden Sea to the Arctic and southern Africa. |

The political desire to preserve these special characteristics is expressed in a number of
agreements. For example, the Wadden Sea has gained recognition as a wetland of interna-
tional signiﬁcance (RAMSAR Convention) as well as a nature reserve under the EU Directive
on the conservation of birds. The Lénder Schleswig-Holstein, Lower Saxony and Hamburg
have designated the German Wadden Sea as national parks, which have also been recognised
as biosphere reserves under the UNESCO programme “Man and the Biosphere®. Supra-
national protection and managément measures have been adopted at Danish-Dutch-German
governmental conferences held at regular intervals.

The efforts undertaken to protect the Wadden Sea are contrasted by anthropogenic pressures:
inputs of nutrients and pollutants as well as manifold uses by fishery, shipping and tourism.
Moreover, the natural dynamics have been restricted by securing the coastline (construction of
dikes). These anthropogenic impacts increased to such an extent in the past that there is reason
to fear that the ecosystem might sustain fundamental damage. Also, in many areas there was a
lack of basic understanding of natural relationships and of the consequences of anthropogenic
impacts. These shortcomings were investigated within the framework of the Ecosystem
Research Programme of the Federal Ministry for the Environment, Nature Conservation and
Nuclear Safety (BMU), together with corresponding initiatives undertaken by the Federal
Ministry for Education, Science, Research and Technology (BMBF).

The Wadden Sea Ecosystem Research programme consists of two separate sub-projects for

~ the parts of the German Wadden Sea that belong to Schleswig-Holstein and Lower Saxony, as
well as an overall synthesis. Each project consisted of an applied rese_arch part, funded by the
respective Land and the BMU, and a basic research part, funded by the BMBF. Numerous
universities and institutes participated in the more than 100 individual projects. from fields as
diverse as biology, geology, oceanography, hydrology, physics, chemistry, meteorology and
sociology. By the end of 1998, the results of the individual projects will be combined and
evaluated in an ,,Overall Synthesis of Wadden Sea Ecosystem Research with consideration
of scientific, methodological and environmental policy aspects, and taking into account
further coastal research projects as well as the experiences gained in other joint ecosystem
research projects. The synthesis is to provide an assessment of future research needs.



The aims of the joint interdisciplinary Wadden Sea Ecosystem Research programme were:

- to gain a basic understanding of the functioning of the system nature-man in the Wadden
Sea, ’

- to provide a scientific framework for solutions to priority environmental problems in the
Wadden Sea,

- to derive criteria for the assessment of the ecological status of the Wadden Sea,
- to develop monitoring strategies, and

- to provide iristrum_ents for the protection and management tasks of the national park
-administrations.

The basic research of the Lower Saxony project ELAWAT (Elastizitit des Okosystems
Wattenmeer - elasticity of the Wadden Sea ecosystem) dealt with the question “stability
through variability?“. The research focused on such aspects as the mosaic-like pattern and
temporal changes of sediment colonisation and chemistry, the distribution' of birds as well as
the recolonisation of ..areas’»devastated experimentally, or as a result of ice winters.

- The applied research of the Lower Saxony project focused on the investigation of the
subsystem mussel bank and on ,,black spots*. Further areas included the development of
monitoring strategies for the benthos, fish and crustaceans, investigations on pollutants in the
food web, and the socio-economic situation of the fishery.

The basic research of the Schleswig-Holstein project SWAP (Sylter-Wattenmeer-Aus-
tauschprozesse - exchange processes in the tidal flats of Sylt) comprised transformations of
matter and the transport of matter and organisms in the Wadden Sea as well as exchange with
the North Sea, the terrestrial env1ronment and the atmosphere '

The applied research of the Schlesw1g-Holste1n project involved the mapping of numerous
aspects, such as occurrence of fish, crustaceans, seals, birds and tourism. The establishment of
a geographical information system allowed to process the information for use by the National
Park authority for its planning and management tasks. Further aspects investigated included
the impact of shrimp and mussel fisheries, the effects of disturbance on seals and on resting
and nesting birds, the effects of intensive sheep grazing on the flora and fauna of salt marshes
as well as the socio-economic system of the National Park region.

Results of the applied research part of the Schleswig-Holstein Wadden Sea Ecosystem
Research project are present_e_d in UBA-Texte 67/97 to 84/97.

. Wadden Sea Ecosystem Research Secretariat
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Abstract

Salt-marshes in the Schleswig-Hblstein Wadden Sea

Salt—marshes are found in the supralittoral zone of the Wadden Sea between Den
'Helder in The Netherlands and Esbjerg in Denmark along the mainland coast, on the
Wadden Sea islands and on the Halligen (low salt-marsh islands). This zone forms the
transition between the Wadden Sea and the adjoining mainland' marshes or dunes.
The n‘ume’rous dykes and embankments in the Wadden Sea have spllit what used to be
an unbrokén strip of salt-marshes along the mainland coast into isolated sections. Salt-
" marshes are now one of the most fafe habitat types in continental Europe. They are
acutely threatened by a wide range of ahthfopog'enic influences, even within the
borders of the national parks, and are in need of speciall protectidn. |

This report is intended to provide the basis for a protéction and man_agement concept
for the salt-marshes in the Schleswig-Holstein Wadden Sea National Park and was
compiled within the framework of the "Schleswig-Holstein Wadden Sea" ecosystem

research project.

. Ecological significance
Coastal salt-marshes develop' in areas which are ﬂooded periodically by seawate.r._ The
animal and plant communitiés living there can be ‘divided into zones on the basis of the
frequency and duration of inundation, which affect the salinity and aeration of the soil. -
Below‘ the mean high tide level pioneer vegetation such as Salicornlia europaea can
become established, followed by Puccinellia maritima further up the shore and by
Festuca rubra. Particularly the violet flowers of Aster tripolium and Limonium vulgare
attract attention. , ‘ _ |
Many of the organisms resideht here could not survive in the long term in other
~habitats: In adc:on to halophytes these organisms aré primarily many inVertebrate
species (arachnids and insects), which are dependent upon the salt-marshes of the
‘Wadden Sea for their survival. Of the vertebrates, birds in particular make use of the
. Asalt—marshes as breeding, feeding and roosting grounds, e.g. Brent Geese, Avocets,

Black-headed Gulls and terns.



Salt-marsh areas in the Schleswug-HoIsteln Wadden Sea

Wadden Sea salt-marshes develop naturally in calm areas in which sedlment is

transported and deposited by the sea. Once the mud flats have reached an appropriate

level in relation to the mean tidal high water mark, sufficient aeration takes place during ;

the periods of exposure and pioneer plants such as Salicornia and Spartina can

become established; a salt-marsh Starts to form. Technical measures to promote

sedimentation and thus to accelerate the devetopment of salt-marshes have been

_ implemented for decades throughout the Wadden Sea region. Most of today’s foreland

salt-marshes are the result of land reolamation ‘and are characterised by an artificial,
regular drai.nage system. There are only few examples where the boundary to the |

| seaward side is formed by a natural, non-developed transition zone with erosion

features. , |

In Schleswig-Hoistein the salt-marshes extend over a total area of rougnly 10,000 _

hectares. 58 % of all salt-marshes lie within the boundaries of the National Park. These |

include many of the foreland salt-marshes and the natural Wadden Sea island and

malnland salt-marshes. However only 5 % of the Hallrg salt-marshes lie within the

Natlonal Park:

| Impact of sheep grazing
Decades of intensive sheep grazing have led to the development of structurally simple,
grass-dominated vegetatlon forms in the Schieswig-Holstein foreland salt-marshes.
Tvpical salt-marsh plant »species that are sensitive to grazing have become scarce.
Grazing experiments within the Ecosystem Research Project Shovved, that salt-marsh
vegetation suffers greatly from ‘intensive grazing' and trampling by sheep, that grazing
prevents most plants from flowering and that species sensitive to grazing are 'severely
restricted in both their vegetative and their generetive development and are usually - |
absent |n intensively grazed areas. If grazing is discontinued typical salt-marsh species
such as Aster tripolium, Artemisia maritima and Halimione portulacoides establish
themselves and the plants flower and propagate again. - ’ A
Grazing leads to changes, for example in the vegetation structure, microclimate and soil
structure, vvhich in turn influence the species cOmp_osition and dominance s_tructnre of

the fauna. These changes are mainly a result of cropping, trampling a‘nd the intro-



duction of faeces,. Numerous invertebrate species suffer a signiﬁcaht population decline
as a result of grazing, particularly those'specialised in herbs that are sensitiveto - -

grazing and those utilising flowers or pollen.

Coastal protection |

Despite their eeological significance salt-marshes were regarded as a dyke protection
structure in the past. They cushlon the wave energy to which dykes are exposed during
storm surges Surface erosion of the salt-marshes must be prevented if this function is
to be maintained. From the point of view of coastal protection it is therefore desirable to
have sheep eompact the salt-marsh soil vyith their feet and keep theturf closely
cropped. According to present knoWIedge there is no longer a basic demand for salt-
ma_rsh grazing for coastal protection reasons. Taller ungrazed vegetation can promote
sedimentation and lead to an accelerated horizontal growth of the salt-marsh.’

The artificial drainage channels have a positive effect on low-lying salt-marshes by
“improving soil aeration, howev_er,‘grazihg' neutralises this effect. On higher lying salt-
marshes there was no detectable effect of artificial drainage on soil development. In
areas with a positive sedimentation salt-marshes can de\)elop in the shelter of land
reclamation dykes even without a ditch building and maintenance.

These resuits permit the following conClu‘siohs to be drawn: Thanks to their protective
plant growth, foreland sait—marshes are sufficiently resistanf to }Ierge-scale erosion even
without ditch building/ﬁéintenance and grazing. They may, however, be at risk from
erosion to the seaward edge. This can be adequately counteracted by constructing
protective brushwood grdynes. Management measures in foreland salt-marshes should
be Iimited to the protectien of eroding edges using brushWood groynes and the
drainage of the foot of the ‘dyke using narrow ditches close to the dyke and a main
drainage channel. Systematic management measures coverlng the entire salt-marsh

area are not necessary for coastal protection.

Basic ‘principles for the salt-marsh protection
At the Sixth Trilateral Governmental Conference on the Protection of the Wadden Sea
in 1991 in ESbjerg the environment ministers of the Wédden Sea states declared that

the Wadden Sea should be protected as a natural, self-preserving ecosystem in which



natural processes can téke place undisturbed. This should involve further
harmonisation of the interests of nature conservation and coastal protection, with the
safety of the population being acknowledged as a matter of prime importancé. Certain
aspects of the ministerial declarations were implemented in Schleswig-Holstein in the
“form of the State Nature Conservation Law (LNatSchG). This law places salt-marshes
under special protection and bans foreland salt-marsh management work and grazing
~ in the National Park. These can, however, be allowed under a special permit. |
The internationally acknowledged overfiding 6bjective for salt-marshes in tHe-Wadden
- Sea is their conservation. It forms the basis for the ban on further embankment work |n '
the ‘region and the aim of ihéreésing the total salt-marsh a‘rea, for example by way of
opening surhmer dykes. _

The undisturbed course of natural processes is declared as a prime objective of the
~ Schieswig-Holstein, Hamburg and‘ Lower Saxony National Park Laws. The guiding -
principle for the protection of the salt-marshes is that they should be largely free from
human influence, with tidal channels left to meander, a geomorphological structure
typical of the habitat and a distribution of flora and fauna governed by natural dynamic
processes. | ‘ .

From the point of view of néture protection the cessation of sheep grazing and the
: reducti\on‘ of coastal protection measures, particularly a discontinuation of ‘the

maintenance of artificial drainage channels, is recommended in Schleswig-Holstein.

Implementation of the protection concepts

The implementation of the concepts for salt-marsh protection is a long-term process. A
first step in this prbcess is the large-scale cessation of agri¢ultural usage. The second
stage involves the implemeniation* of coastal protection activities more compatible with -
nature. In parallel with these measures, a comprehensive coricépt is to be developed
“dealing with the control of the flow of visitors to the Wadden Sea. In the long term, all
salt-marshes should bé integrated into the National Park within the framework of an
amendment to the National Park Law. This will apply in particular to the salt-marshes in ‘
the 150 m wide strip between the border of the National Park and the dyke, the
estuarine salt-marshes at the mouth of the Elbe and in the ‘Godel marsh on Féhr as well

as to the salt-marshes on the Wadden Sea islands.
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1. Introduction

Salt-marshes are found in the supralittoral zone of the Wadden Sea between Den
Helder in The Netherlands and Esbjerg in Denmark along the mainland coast, on the
Wadden Sea islands and on the Halligen (low salt-marsh islands). Marine and |
terrestrial biotic communities intermingle in this transition zone between the Wadden .
Sea and the mainland marshes or dunes. its special environment gives rise to the
development of characteristic flora and fauna. The salt-marshes of the Wadden Sea
are at the same time the scene of an extreme conflict of interests between coastal

~ protection, agriculture, tourism and nature conservation (c.f. for example KEMPF et
al. 1987, OEVESEN 1990, KIEHL & STOCK 1994, STOCK et al. 19955.

The numerous dykes and embankments in the Wadden Sea have split what used to

be an unbroken strip of salt-marshes along the mainland coast into isolated sections.
Salt-marshes are now one of the most rare biotope types in continental Europe. They
- are acutely threatened by a wide range of anthropogenic influences, even within the

borders of the national parks, and are in need of special protection (SSYMANK et al.

1996). -

This report which is intended to provide the basis for a protection and managemént
cohcept for the salt-marshes in the Schleswig-Holstein Wadden Sea National Park
was compiled within the framework of the "Séhleswig-Holstein Wadden Sea"
ecosystem research projecf. It describes the usage of and threats to the salt-
marshes, speéiﬁc problem areas and the present status of salt-marsh protection.
These are then taken as the basis for the development and discussion of guiding
principles for the protection of the salt-marshes in the Schleswig-Holstein Wadden

Sea.

The interdisciplinary ecosystem research project in the Schleswig-Holstein Wadden
Sea was conceived with a view to establishing and analysing the intricate, reciprocal
relationships existing between natural processes and anthropogenic influences in the

Wadden Sea and with the aim of protecting the Wadden Sea over the long term in



the interests of both mankind and nature (LEUSCHNER 1988, LEUSCHNER &
SCHERER 1989). | | |

Part A of the project was mainly concerned with structural ecosystem analysis and
applied research, whereas Part B concentrated on functional ecosystem research,
processes and material balahce. In addition to research necessary to fill in gaps in
the existing knowledge about the Wadden Sea ecosystem, many of the projects from
Part A also developed strategies for dealing with major environmental problems in
the Wadden Sea. It was possible to present the nature conservation authorities with

advice on practical courses of action even while the study was still in progress.

Within the framework of 'sub-project A 6.3 this report was compiled with the close co-
operation of the ecosystem research working group on sélt-marshes; who
contributed data and information towards the development of the salt-marsh
protection concept. The work ’ofHALTERLEIN et al. (1991) was taken as a basis for
the area reference system ;us‘ed. The cohcept covers all salt-marshes on the North
Sea coast of Schleswig-Holstein including those on the Wadden Sea islands and
Halligen. Data on coastal protection were gathered and evaluated in the course of
co-operation between the National Park Office and the relevant coastal protection

authorities.

In this protection concept, attention is focused on agriculture and coastal protection
as major factors of influence. Tourism and control of the flow of visitors are only dealt
with superficially. These aspects are treated in detail in KNOKE & STOCK (1994). A
more extensive, spatial protection concept was developed in the synthesis phase of
the Wadden Sea ecosystem research and will be incorporated into a National Park
plan (STOCK et al. 1996).



2. Characteristic features and ecological significance of

salt-marshes

2.1 Characteristic features of the salt-marshes of North West Europe

Coastal salt-marshes develop in areas which are flooded periodically by seawater.
~ The animal and plant communities living there can be divided into zones on the basis
of the frequency and duration of inundation, which affect the salinity and aeration of

the soil.

The classification of 'salt-marshes as deﬁned by CHAPMAN (1974) takes account of

* both floristic and phytosociological aspects Accordingly, salt—marshes throughout the
world can be subdivided into nine geographlc groups (Tab 1). In contrast to |
CHAPMAN (1974), ADAM (1 990) proposes classification highlighting the parallels
between the geographically delimited regions. He differentiates between salt-
marshes in the Arctic, the Boreal zone, the temperate zone in Europe, Western and
North America, Japan, Australia and South Africa, the West Atlantic region, the dry

- coastal zone and in the Tropics. DIJKEMA (1984) suggested a geographic
dlfferentratlon of the salt-marshes in Northern Europe, which GEHU & RIVAS -
MARTINEZ (1984) subdivided into smaller areas (Fig. 1). This subdivision is based |

on the distribution of the salt-marsh flora. |

; The salt-marsh vegetation of the European, North. American and Siberian Arctic
forms a phytogeographic unit with species of circumpolar distribution. The most
common plant community is the Puccinellietum phryganodis with Puccinellia
pryganodes as dominant species. Generally speaking, Arctic salt-marshes are not
rich in species and support only a few plant commumtles (e.g. DIUKEMA 1984,
ADAM 1990).

Txhe characteristic features of the salt-marshes of Western Scandinavia and the

Baltic region are essentially governed by the salinity levels of the seawater. The



salinity decreases from 27 — 34% around the Norwegian coast to 3 — 5% in the
inner Baltic. A particular feature of the coastal zone in this région is the rise in land
level, which may be as much as 1cm per year. As a consequence of this, the
vegetation zones are ,

constantly shifting seawards (DIJKEMA 1984). A wide range of species and
different vegetation types can be found on account of the sometimes considerable.

variation in abiotic factors in this geographic area.
Tab. 1 Classification of salt—rharsh types' according to CHAPMAN (1974)

1. Arcticgroup
2. Northern European group
Scahdinavia
North Sea coast
Baltic coast
Channel coast
SW lIrish coast
3. Medite;ranean group
W. Mediterranean coast
E. Mediterranean coast
_ Caspian Sea
4.  Western Atlantic group .
Bay of Fundy type
New England type
Coastal PIains type
- Pacific - American group
Sino - Japanese group
Australian group
| Australia
New Zealand
- South American group

Tropical group



_Fig.1 Boundaries and subdivision of the Atlantic coasts in the Euro-Siberian region
based on the distribution of coastal plant species. According to DIUKEMA |
(1984) and GEHU & RIVAS - MARTINEZ (1984).1 Arctic region, 2 Euro-Siberian
region, 2a Boreal - Atlantic region, 2b North Atlantic - Baltic, 2c Sub-Atlantic, 2d

Cantabrian - Atlantic, 3 Mediterranean region, 4 Pontic region, 5 Iranian - Turkish

region.



Although phytogeographic similarities exist between the Scandinavian salt-
marshes and those of the British Isles and the Wadden Sea, there are also certain
differences. In Scandinavia, for example, plant communities with Spartina anglica
and Halimione portulacoides do not occur. The northern boundary of the
| distribution of Halimione portulacbides lies on the Skallingen peninsula in Denmark.
To the south of Skallingen this species often dominates the vegetétion of natural
, salt-marshes in the temperate European climate zone, thus distinguishing such
salt-marshes from related types in other temperate regions. Plant communities with
Limonium vulgare, Artemisia maritima and Parapholis strigosa only occur in the
transition zone of the geographic gradieht mentioned (BEEFTINK 1959, DIJKEMA
1984, ADAM 1990).

The salt-rharsh vegetation of the Western European coasts and in particular that of
the Wadden Sea is described in detail by BEEFTINK (1977), DIJKEMA & WOLFF
(1983), DIUKEMA (1984), DOODY et al. (1984) and GEHU (1984). The vegetation
of thé Wadden Sea salt-marshes in Schleswig-Holstein is described by RAAB'E
(1981), HAGGE (1989, 1990) ‘and DIERSSEN et al. (1991).
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2.2 Characteristic features of the Wadden Sea salt-marshes

2.21 Differentiation of salt-marsh types according to

geomorphological aspects

Extensive coastal salt-marshes can only form in areas where a shallow shelf exists
with a sufficient supply of sediment. They develop either on sediments deposited
by tidal action or on peat deposits. DIJKEMA (1987) produbed a classiﬂéétion
system for European salt-marsh types which takes into consideration the nature
and origin of the substrate, the geological and hydrological features of the location

and the geomorphology of the salt-marshes in relation to the ecological conditions.

According DIJKEMA (1987), three different types of salt-marsh can be identified in |
the Wadden Sea region: Coastal sand salt-marshes form in the shelter of dunes,
beach ridges, sandy beaches and shihgle beaches. These are characterised by a
thin layer of clay on a sandy substrate. The majority of sand salt-marshes have a
natural morphology. They are found in Schleswig-Holstein on the leeward side of
the sandy islands and in several sites on the mainland. They frequently develop on
the edge of dunes. Extensive natural sand salt-marshes occur on the islands of
Sylt, Amrum and Trischen és well as on the west coast of the Eiderstedt peninsula.
The sand salt-marshes on Eiderstedt alternate between low sandy beach ridges "
with primary dune vegetation and sandy salt-marsh areas (Fig. 2) (EHLERS 1988,
DAUMANN 1990). '

Foreland salt-marshes form on coastlines where sedimentation is sufficient. They -
ohly develop naturally where sedimentation areas are protected by a chain of
islands and sands which form a barrier to wave action. Most of the existing forela‘nd‘
salt-marshes are the result of land reclamation and are characterised by an
artificial, regular drainage system. The seaward boundary and transition zone to

terrestrial habitats of existing foreland salt-marshes is rarely natural.



Fig. 2: With adequate sedimentation, naturally structured salt-marshes form in the

shelter of beach ridges and spits as well as on the leeward sides of the islands.
These salt-marshes are drained by meandering tidal channels but also feature

salt pans, sometimes with a covering of water (from STOCK et al. 1995).

Almost all of the salt-marshes in the National Park are of the foreshore type.
Naturally accreted foreland salt-marshes only occur in the Schleswig-Holstein
Wadden Sea on the northern coast of the island of Féhr and in Knigshafen on
Sylt. The salt-marshes occurring on the Nordfriesian Halligen are also of the

foreland type, with some still featuring near-natural geomorphological structures.

Estuarine salt-marshes form in sheltered locations in the brackish waters of river

estuaries. Salt-marshes of this typé develop on soils which are rich in nutrients and



contain fine sediments. Upstream the vegetation gradually changes to tidal reed

beds and carr. Most estuarine salt-marshes are confined by dykes or separated

from the Wadden Sea by tidal barrages. A few remaining fragments of this salt-

marsh type still occur in Schleswig-Holstein on the Neufeld foreshore at the mouth

of the Elbe, in the embanked Eider estuary and in the Godel marsh on the island of
Fohr.

To summarise, salt-marshes with natural or near-natural morphological structures,
with a natural drainage system and without artificial coastal protection structures in
the form of brushwood groynes or stone revetments are rare in the Schleéwig-
Holstein Wadden Sea (Fig. 3). They now only occur on the islands of Sylt and
Trischen, on the northern coast of the island of Féhr and on the west coast of
Eiderstedt in St. Peter-Ording. With the exception of Fo6hr, these are sand salt-
marshes. The WeStern and central sections of the salt-marshes on Féhr are
naturally accreted foreland salt-marshes. Salt-marshes with near-natural draihage
and Without brushwood groynes bnly occur on Amrum and in the Neufeld foreshore
area at the mouth of the river Elbe. Salt-marshes with near-natural drainage but
influenced by coastal protection measures in the form of brushwood groynes and
stone revetments occur on the small Halligen and in a few restricted areas along
the mainland coast. Most of the large Halligen also feature near-natural
morphology with near-natural drainage, however, with erosion protection in the
form of a revetmenf. The remaining salt-marshes which are not spéciﬁcally marked

in Fig. 3 have been influenced to a great extent by coastal protection measures.



Saltmarshes with natural/ 10

near-natural geomorphologi-
cal structures

Natural drainage; no
brushwood groynes
Near-natural drainage; no
brushwood groynes
Near-natural drainage; with
brushwood groynes

M. Stock ¢
- -
OXDSYSTEM .
FORSCHUNG

Fig. 3: Salt-marshes (dark shaded areas) with natural/near-natural geomorphological

structures in the Schleswig-Holstein Wadden Sea.
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222 Salt-marsh formation and morphology

2.2.2.1 Natural salt-marsh formation

Wadden Sea salt-marshes develop naturally in calm areas in which sediment is
transported and deposited by the sea. Once the mud flats havé reached an
appropriate height above the mean tidal high water mark, sufficient aeration takes
place during the periods of exposure and pioneer plants such as Glasswort
Salicornia spp and Cord Grass Spartina spp can established themseives (c.f.
DIJKEMA 1987). With increasing density of pioheef—plants, the first small }drainage
channels start to form at ebb tide. This enhances soil aeration and creates the
necessary conditions for the growth of Common Salt-marsh Grass Puccinellia
maritima. In the mean h/igh water zone Common Salt-marsh Grass grows densely
and enhances sedimentation and prevents erosion of existing sediment deposits.
‘The sedimentation rates in these stages of development are higher than at any
other stage of salt-marsh formation. The patchy covering of Puccinellia maritima in
the initial stage of salt-marsh genesis promotes the formation of tidal channels and
“thus helps to improve drainage of the site. This in turn creates favourable habitat
conditions for the establishment of further plant species (Fig. 4) (WOHLENBERG
1933, DIJKEMA et al. 1988). | |

Today such processes take place naturally on the leeward side of the Wadden Sea
islands or in the shelter of beach-ridge systems and offshore sands, for éxample in
St. Peter-Ording and off Westerhever. The particles transported with the water on
the incoming'tide are deposited at a rate governed by the speed of the current and
the weight of the particles. Sandy, coarser and heavier particles are deposited on
the seaward edge of the salt-marsh or tidal channels, whereas the water transports
the finer, usually clay particles furt‘hervtowards the land before they are deposited.

" Due fo their structure, sandy particles tend to be more loosely packed and can not
be compressed. The finer clay constituents, on the other hand, dry out.and shrink.
Furthermore grazing can compact and compreSs them mechanically. Accordingly,
salt-marshes rise in height from their landward to their seaWard side. Erosion due

to wave action occurs at the seaward edge of salt-marshes. Under certain
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circumstances multiterraced salt-marshes are created when new salt-marsh

formation occurs in front of the seaward éros_ion edge (JAKOBSEN 1954).

Saltmarsh development

. Conditions Processes

Fig. 4: The process of salt-marsh formation: Salt-marshés form in the Wadden Sea in
shallow water in the vicinity of the mean high water level, where energy ihput is
low. Following the establishment of pioneer vegetation, small tidal channels
form which help to drain the site. This promotes the establishment of permanent
salt-marsh vegetation which can then collect more sediment. According to
DIJKEMA (unpublished). |

2222 Technically assisted salt-marsh formation

Technical measures to promote sedimentation and thus to accelerate the
development of salt-marshes have been implemented for decades throughout the

Wadden Sea region. The oldest method was to drain existing salt-marshes with
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ditches every 5 to 15 metres at right angles to the coastline and extending into the
mud flats. The ditches were dug out régular!y. The main aim was to drain and
aerate the sediment in order to create the necessary conditions for the permanent '
establishment of plants. This practice enabled the aerated soil area to be extended
relative to the mean high water level and the size of the plant-coveréd salt-marsh
zone to be increased. This méthod dates.backto 1740 in the Dollart region
(STRATINGH & VENEMA (1855) in DIJKEMA et al. 1990).

Active and systematic creation of salt-marshes employing sedimentation fields
made of brushwood groynes has been practised in Schleswig-HoIstein‘sihce the
turn of the century (HINRICHS 1931, KONIG 1987). Brushwood groynes are
erected at intervals of 200 to 400 m at right angles to the coastline. Further
grbynes are then built at right angles to these at approximately 200 m intervals,
producing sedimentation fields covering areas of between 200 x 200 m and 200 x
400 m. The size of the sedimentation fields depends on the degree of exposure of
the coastline and thus on the extent to which the corresponding stretch of coast is
subject to erosion or sedimentation. Traditionally three rows of sedimentation
fields, each ﬁeld with a size of 200 x 200 m, are created in front of an existing

- foreshore (Fig. 5).

The brushwood groynes themsélves normally consist of double rows of posts filled
with brushwood and secured with wire. The top of the groynes may be as much as
30 cm above the mean high water level. The size, type and construction materials
used for the groynes vary from region to region. In Schleswig-Holstein spruce posts
and spruce brushwood are used; in The Netherlands decid‘uo}us trees are generally
vemployed, although experiments have recently been conducted with various other
‘types of wood (HEKHUIS & DE VRIES 1994). Some of the groynes in Schleswig-
Holstein and Niedersachsen have also been filled with PVC tubing or PVC sheeting
or made from pre-fabricated concrete sections or rubble (e.g. ERCHINGER 1970).
In the 1930s, groynes were also constructed in Dithmarschen by the so-called
Gabio/n-method using wire baskets filled with gravel. Except where groynés are
made‘ of prefabricated concrete sections, ditches are created on both sides of the

groynes immediately following their completion and are maintained at regular
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intervals. The excavated material is used to protect the groynes against current-"

induced erosion d‘amage and floating ice in winter.

T T T -
0 100 200 300 400m

-1 Brackish water plant zone

Foreshore ) '

Land reclamation dykes
Earth embankments
Drainage channels

1]

P 300——>'<— 200—4

............

") In accordance with old dyke law, a
foreshore strip of 18 rods = 90.4 m
was classed as belonging to the dyke

Fig. 5: Layout of brushwood groyne sedimentation fields. From STADELMANN 1981.

The brushwood groynes are primarily intended to lessen the water 6urrent and thus
to enhance sedimentation. Sedimentation is at its peak in the first year and may be
as much as 20 cm/year. Thereafter the s‘edimentation rate decreases in the
vegetation free fields and only attains higher Iévels again after lasting vegetation
has become established (DIJKEMA et al. 1988). To assist drainage, ditches are
dug in the sedimentation fields and maintained at regular intervals. Whereas this
used v'to be done manually, almost exclusive use is nowadays made of machines.

An ampbhibious excavator with a bucket width of 3 m removes the sediment from
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the ditches and deposits it on the ridges between them.

This procedure creates a regular system of ditches and ridges. Ditch excavation is
repeated until the accumulation of silt and the improved aeration of the sediment
has enabled the establishment of a dense vegetation cover. From this time
onwards ditches with a width of roughly 1 m are dug in the plant-covered areas.
The systematic creation of drainage ditches produces a pattern of ridges, ditches
and broad channels within the sedimentation fields. Nearly all foreland salt-
marshes are subdivided by this process into beds with an area of approximately 10
x 100 m. The dense network of artificial ditches prevents the formation of a natural
drainage system. Foreland salt-marshes thus feature a regular morphological
structure. There are no natural edges to tidal-channels with shallow gradual slopes
and steep abrupt slopes, no old flooded creeks that have been cut off from the

natural drainage system and no salt pans.
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3. The size of salt-marshes in the Schleswig-Holstein

Wadden Sea

Wadden Sea salt-marshes are presently restricted to the leeward side of the
islands and the Halligen and a narrow, broken strip along the mainland coast (c.f.
Fig. 3). Data published so far on the size of the sait-marshes in the Schleswig-
Holstein Wadden Sea and in the Schleswig-Holstein Wadden Sea National Park
are highly divergent and no precise information has been given on the method of
area determination used, and on which types of vegetation were included in the .
calculation; furthermore there was no differentiation between areas inside and

outside the boundaries of the National Park.

In 1980 HEYDEMANN & MULLER-KARCH presented a first analyéis of the area
covered by salt-marshes on the west coast of Schleswig-Holstein. The
measurements, which were carried out in 1978, related solely to the salt-marshes
along the mainland coast. No consideration was given to the salt-marshes of the
islands and Halligen or to the salicornia zone. Their studies revealed a total of
3,456 hectares of salt-marshes on the mainland coast of Nordfriesland. A further
1,664 hectares were measured on the mainland coast of Dithmarschen, thus
resulting in an overall size of 5,120 hectares for the mainland salt-marshes on the

west coast of Schleswig-Holstein.

An in-depth study of the area covered by and the anthropogenic utilisation of the

- salt-marshes in the Schleswig-Holstein Wadden Séa ’was conducted by KEMPF et
al. (1987). All the salt-marshes in the Wadden Sea region were recorded together '
with a brief description of their characteristics. Information was provided on size,
breadth, ownership, intensity of agricultural utilisation and the extent of technical
management. The sailt-marshes are classified as either sand salt-marshes,
foreland salt-marshes, estuarine salt-marshes, lagoon salt-marshes or Halligen.
KEMPF et al. (1987) arrived at a total area of 7,801 hectares of salt-marsh on the

west coast of Schleswig-Holstein.
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The measurements were carried out on maps with a scale of 1:10,000/ 1:25,000.
The most recent maps were from 1986. No further details are, however, available
on the maps used. The vegetation boundary in the maps was used as the |
boundary for measurement. All areas above mean high water level (i.e. all Qreen
areas, however, excluding the salicornia zone) were incorporated. No field work

was carried out and the maps were not compared with aerial photographs.

DIECKMANN (1988) conducted a study to determine the extent of the foreland

“salt-marshes in Nordfriesland, deﬁnihg these as}the plant-covered zone between
the coastline (foot of the sea dyke) and shore line (mean high water level).
According to his findings from 1979 the total expanse of all foreland salt-marshes
and comparable Hallig salt-marshes in Nordfriesland amounted to 6,500 hectares,
with the foreland salt-marshes of the mainland coast of Schieswig-Holstein
covering 4,030 hectares. No information is, however, given on the methods used to
dete.rmine these areas. DIECKMANN (1987, 1988) further investigated the extent
of the Nordfriesian foreland salt-marshes in the period between 1870 and 1979
(Fig.6). |

DANKERS et al. (f991) quote a total figure of 5,100 hectares for the entire salt-
‘marsh area in Schleswig-Holstein. If the summer polders (Halligen) are also
included, the total increases to 6,300 hectares. The figures are from 1987,
however, no source is quoted. The authors probably obtained these from
HEYDEMANN & MULLER-KARCH (1980). The International Wadden Sea
Secretariat adopted the data of DANKERS et al. (1991) and KEMPF et al. (1987)
and integrafed them into the report on the 6th. Trilateral Wadden Sea Conference
in Esbjerg (CWSS 1992). Summarising the published data reveals a total of 5
different sets of information on the extent of the *salt-marsh areas (not including
summer polders) in the Schleswig-Holstein Wadden Sea and in Nordfriesland (Tab.
2).
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Fig. 6: Development of the total vsize of salt-marshes on the Nordfriesian mainland
coast from the Danish border to Nackhorn (Tamiauer Bay) between 1870 and
1979. According to DIECKMANN 1988.

Tab. 2: Salt-marsh area (ha) on the west coast of Schleswig-Holstein according to the
published literature

Source : Region Area
KEMPF et al. (1987) S-H Wadden Sea | 7,801
DANKERS et al. (1991) S-H Wadden Sea 5,100
DIECKMANN (1988) S-H foreshore & Halligen 6,500
HEYDEMANN & M<«LLER-KARCH (1980) S-H foreshore West coast 5,120 |

DIECKMANN ‘(1 987) S-H foreshore West coast 5,100
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The most recent survey of the extent of the salt-marshes on the mainland coast of
Nordfriesland and Dithmarschen was presented by HAGGE (1989) as part of the
ecosystem research work. HAGGE mapped the actual salt-marsh vegetation.
Topographic vegetation maps were produced with the help of CIR aerial ,
photographs (map scale apprbx. 1:5000, aerial survey 1988). The salicornia zone
was not measured. Measurement of the size of the salt-marshes from vegetation
maps revealed a salt-marsh area of 6,317 hectares on the mainland coast of
Schleswig-Holstein. This figure does not include either the St. Péter-Ording salt-
marshes or those on the Wadden Sea islands and Hailigen. Addition of these
omitted areas using the data from KEMPF et al. (1987) gives a total of 8,478
hedtares. This is 677 hectares, or roughly 8.4 % more than .published by KEMPF et
al. (1987). “ | |

Table 3 compares the size of salt-marshes measured for Nordfriesland and
Dithmarschen in three different studies. The values given for the size of the salt-
marsh areas on the mainland coast of Nordfriésland are quite similér. The increase
in area can be attributed to real growth. There are conspicuous differences in the
 values given for salt-marshes in Dithmarschen. The results obtained by
HEYDEMANN & MULLER-KARCH (1980) and KEMPF et al. (1987) largely agree.
HAGGE (1989) quotes considerably larger expanses for the foreland salt-marshes
of Dithmarschen. It is impossible to say vyhether these differences correspond to
the growth in area over the last 10 years. Re-measurement of the vegetation maps
drawn up by HAGGE, however, confirmed her values. It can therefore be assumed
that the data presented by HAGGE are a true reflection of the situation in 1988.
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Tab. 3: The size of mainland salt-marshes (ha) according to HEYDEMANN &
MULLER-KARCH (1980), KEMPF et. al. (1987) and HAGGE (1989). NF =
Nordfriesland, DTM = Dithmarschen

Region - HEYDEMANN et al. KEMPF et al. (1987) HAGGE (1989)

(1980) \

NF 3,456 3,656 3,723
DTM 1,664 | 1,635 2,595
Total 5,120 5,291 16,318

Because the differences in the size of the salt-marshes published by different
authors was considerable, and so great that they cannot be attributed to
methodological errors, all the salt-marsh areas on the west coast of Schleswig-

Holstein were re-surveyed.

3.1 Map materials and method

The size of the salt-marshes was measured from existing vegetation maps of the
mainland salt-marshes and of mapped Wadden Sea island and Hallig salt-marshes
(from HAGGE 1989, 1990; scale 1‘:5,000), and B/W and CIR aerial photographs of
the salt-marshes not recently mapped. Tab. 4 gives a list of the maps and aerial

photographs used.

Transparencies were made of each vegetation map and aerial photograph showing
the current boundaries on the basis of the foreshore maps of the Departments of
Agriculture and Water Resources (scale 1:5,000/1:10,000). This enabled the maps
to be updated to incorporate salt-marsh losses which have occurred as a result of
embankment and dyke construction. The seaward foreshore boundary
corresponded to the visible vegetation limit of the respective map sources. In

certain instances the transparencies of the CIR aerial survey were used for
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interpretation of the photographs. In the majority of areas the landward boundary
was the foot of the sea dyke. The aerial photographs of the islands of Syilt and
Amrum proved more difficult to interpret as the salt-marsh vegetation on these
islands gradually merges with dther types of vegetation and the dyke, as a distinct

boundary, is absent.

The areas specified and delimited on the basis of the above criteria include all
types of vegetation with the exception of the salicornia zone. Areas with S‘partina
were determined separately. Small areas of beach-ridge vegetation scattered
among the sand salt-marshes of St. 'Petér-Ording and on the foreshore of the
island of Fohr were included in the measurements. A distinction was also made
between the salt-marshes inside and beyond the boundaries of the National Park
(salt-marshes in 150 m strip between the dyke and the National Park bbundary).
On the islands such a distinction was only possible where the salt-marshes are
delimited on the Iandwérd side by a dyke. This was not possible where salt-
marshes bordered on to dune vegetation or other vegetation types because the
National Park boundary is deﬁned by the meén hig<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>