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Preface

Studies of the ecology of the Wadden
Sea unavoidably touch upon the part
salt marshes play in this dynamic
coastal system. Considering the role
of salt marshes inevitably leads to the
longstanding ecological research by
Jan Bakker, now honorary professor
of Coastal Conservation Ecology at
the University of Groningen in the
Netherlands. In this booklet, he summarises his main findings and views
on the functioning and management
of salt-marsh ecosystems founded on
a lifetime of expertise.
For more than 2500 years man has
embanked salt marshes or used them
for agricultural purposes. As a result,
most contemporary salt marshes show
clear signs of human activity such as
grazing by livestock, and the presence
of artificial channels or protective
structures, especially along the mainland
coast of the Wadden Sea. Conservation
of present salt-marsh ecosystem values
partly relies on decisions regarding
livestock densities and species, artificial drainage and sedimentation fields.
Such decisions should be guided by
scientifically sound information on
the interactions within salt-marsh
ecosystems and between these ecosystems and their surroundings.
In the 1970s, the state-of-the-art scientific knowledge on salt-marsh ecology was compiled in a book entitled
‘Wadden Sea – Nature area of the
Netherlands, Germany and Denmark’
by Abrahamse and co-authors. The
present booklet by Jan Bakker on
“Ecology of Salt Marshes” constitutes
a new landmark, clearly illustrating
the progress made by the salt-marsh
research community during the past
40 years. For example, whereas not
much was known about the impacts
of grazing on salt marshes in the
1970s, present knowledge includes
species-specific effects of grazing on
vegetation and soil conditions by
brown hares, barnacle geese, brent
geese, sheep, cattle and horses, including
biological interactions such as competition and facilitation.
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Furthermore, the intense long-term
field observations and experiments by
Jan Bakker and his colleagues provide
a wealth of information on other
structuring factors of salt-marsh ecosystems. The interactions between
vegetation characteristics and sedimentation rates, the impacts of atmospheric deposition on vegetation
succession, and the role of small invertebrates (such as insects and spiders)
on ecosystem functioning are just a
few examples. As Jan indicates, the
long-term access to well-equipped
field stations such as the ‘Herdershut’
on the island of Schiermonnikoog has
been (and remains) crucial for scientific
progress in salt-marsh ecology. As was
(and will be) the cooperation between
scientists and nature managers, exemplified by the joint Coastal Ecology
Expeditions and Workshops.
Although much has been learnt, many
questions on salt-marsh ecology remain
including their development over
time, their role in carbon sequestration
and their contribution to coastal protection. These are important themes
requiring attention within the pressing
context of climate change. Hence,
research on salt marshes still offers
various challenges for Jan Bakker and
for the many that he has trained along
the way.
Katja Philippart
Board Member Ecology Waddenacademie

Introduction
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Ecology of salt
marshes
40 years of research
in the Wadden Sea
Introduction

The existing scientific knowledge of
the Wadden Sea, including salt marshes,
was compiled into a book entitled ‘Wadden Sea’ in the early 1970s.1 However,
not much was known about grazing of
salt marshes.The impetus for the research
discussed in this book, was the question
what would be the effect of renewed
livestock grazing of parts of the salt
marsh of the barrier island of Schiermonnikoog in the Netherlands. That
particular salt marsh became covered by
vegetation of a tall grass species in many
locations after being abandoned for 13
years. The conservation agency Dienst
der Domeinen (without monitoring
data) believed that the tall vegetation
was negative for plants and birds. The
agency therefore wondered whether the
tall vegetation could be controlled by
renewed cattle grazing.
In fact, many questions are hidden be
hind the first question. The fact that the
entire place did not become covered by
the tall grass, could be due to different
abiotic conditions in the salt marsh, such
as elevation related to sediment input and
soil type. However, after a prolonged
period of abandonment, could the entire
site be covered by the tall grass? The
encroachment of the tall grass can affect
both plants and animals living in the salt
marsh, such as breeding birds, winterstaging geese, and hares, but also small
invertebrates such as insects, spiders and
animals living on dead plant material.
All organisms may interact: plants with
6

generalized. We could deliberately start
experiments involving the abandonment of grazing by livestock and natural grazers such as geese and hare.
We could compare renewed livestock
grazing and mowing to mimic removal
of biomass without trampling the soil,
on Schiermonnikoog to understand the
mechanisms behind observed changes.
We were fortunate to discover that some
barrier islands are free of hare, and thus
could be compared with islands harbouring hare. We could learn from

plants, animals with animals, and plants
with animals as part of a community.
Moreover, organisms interact with abio
tic conditions as part of an ecosystem.
This system changes over time and is
referred to as succession. When super
imposed on a salt-marsh ecosystem that
changes over time, the impact of livestock grazing or abandonment is felt.
Finally, being influenced by tides with
drainage by meandering creeks, salt
marshes are considered natural. They
can be found in the barrier conditions
in the lee of dune systems in the Wadden
Sea. However, many salt marshes are
man-m ade, i.e. established from sedimentation fields and artificial ditching
along the mainland coast.

Crossing the tidal watershed
of Langli, Denmark
(Photo Dries Kuijper)

Unique field laboratory

The question of the impact of renewed
cattle grazing can focus on that particu
lar site. That would not, however, allow
generalizations. It would also reveal
limited insight into processes occurring
in salt-marsh ecosystems. Although the
research started on the island of Schier
monnikoog, it was soon extended to
other back-barrier marshes. Later, manmade marshes along the mainland coast
were included in the international
Wadden Sea, and the United Kingdom.
We were fortunate that Schiermonnik
oog is a dynamic island and offers a time
series, thus featuring a unique field
laboratory. The large number of salt
marshes along the coast of the North Sea
made it possible to test whether results
found on a single salt marsh could be

1. Abrahamse et al. 1976

exc luding livestock and grazing with
different livestock species and various
stocking densities established by colleagues on other sites, including sites in
Germany and Denmark. We could also
learn from practices such as de-embankment for coastal defence and bio
diversity in the United Kingdom. We
could establish a unique experiment on
the biodiversity of salt marshes, integrating the impact of different livestock
species at various stocking densities on
vegetation, breeding birds and invertebrates along the mainland coast of
Friesland.

established in natural and man-made
salt marshes? The establishment and
development of organisms can best be
discussed in terms of a natural marsh
that reveals a time series without livestock grazing. How does the soil affect
plants in these series? How do soil and
plants interact with vertebrate animals
such as geese and hare and invertebrate
animals in these series? How are ecosystems of natural and man-made salt
marshes affected by livestock grazing?
Another issue is the decreased area of
salt marshes as a result of
embankments. To what
extent can a salt marsh be
restored after the de-em
bankment of a summerpolder? Finally, I discuss
aspects of interactions be
tween abiotic conditions
and organisms, and their
impact on the management of salt marshes.
The work presented here
started with people from
the University of Gronin
gen. Gradually, a network
of people collaborating
in work in salt marshes
emerged. This network
included scientists from universities
and research institutes in Denmark,
Germany, the United Kingdom, France,
Belgium and the Netherlands. Members
of conservation agencies were also involved. Great efforts were made by a
series of PhD students. Most results
discussed here are published in peerreviewed journals. Many papers include
data collected by colleagues, and are
co-authored by them. We were fortunate that these colleagues allowed us to
share their experiments and knowledge.

In the following chapters I will give an
impression of how the simple question
of the impact of renewed grazing on
a salt marsh triggered a series of new
questions. What is known about the
development of salt marshes in the
past, and their land use? How are soils
Introduction

7

Chapter 1

History of the area
and exploitation of
salt marshes

■
■
■
■
■
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Where do salt marshes originate from?
How old are salt marshes?
How many types of salt marshes occur?
What is the area of salt marshes?
Are salt marshes natural?

Photo: Martin Stock
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Characteristics of salt marshes

The first salt marshes

Salt marshes are unique ecosystems at the transition of land and sea. They harbour
plants and animals adapted to cope with salt stress. Intertidal flats and salt marshes
occur along the edges of shallow seas with soft sediment bottoms where the tidal
range is considerable, at least a metre or so. Low-lying intertidal areas are inundated at least once a day, and make space for more irregularly inundated areas
higher up. Once vascular plants can occur, the ecosystem we refer to as salt marsh
has established.

Global sea-level rise after the
last glacial period resulted
in poorer drainage of the
coastal hinterland and a subsequent rise in the groundwater table in the adjacent
low-lying inland zones.
These zones became marshy,
allowing peat formation over
the underlying Pleistocene
subsurface.

Salt marshes feature zonation (Fig. 1.1). A natural salt marsh forms when a mud or
sand flat rises through vertical accretion until it lies just below the mean high
water tide (MHT), so that it is submerged twice a day for several hours and is dry
the rest of the time. Where this is the case, the intertidal flat will be colonized by
the pioneer plants Common cordgrass (Spartina anglica) and Glasswort (Salicornia
spp.) The zone where these plants grow is referred to as the pioneer zone. When
the tide rises, the plants standing in the water impede the flow of water and
augment the sedimentation of silt particles. Next, Seaside alkali grass (Puccinellia
maritima) may establish itself, promoting the trapping of sediment even further.
This second zone, which lies just above the MHT level and is not submerged at
high water every time, is referred to as a low salt marsh. Sea purslane (Atriplex
portulacoides) is another species of this zone. As the salt marsh grows and becomes
higher, it is flooded less and less often, and new plant species establish themselves
until a high marsh with Red fescue (Festuca rubra) and Sea couch (Elytrigia atherica)
is formed, which is flooded less than one hundred times per year (Photo. 1.1).
On barrier islands, the salt marsh is bordered by dunes, and nowadays, on the
mainland, by artificial seawalls.

Photo 1.1. Zonation from the
low marsh with Limonium
vulgare and Spartina anglica
to the high marsh with Artemisia maritima and Elytrigia
atherica on the back-barrier
marsh on Schiermonnikoog.2

Complex natural controls

Salt marshes and intertidal flats are governed by complex natural controls. The
main external controls for the tidal lands are the sea-level and sediment-supply
regimes. Upward sea-level movements provide accommodation space within which
marshes build upwards. The marshes along the Wadden Sea are mineralogenic, i.e.
built up of marsh sediments, i.e. fine-grained material (also referred to as silt),
and coarse-grained material (also referred to as sand). They consist of a vegetated
platform, typically dissected by extensive networks of blind-ended, branching
tidal creeks. The flow-resistant surface vegetation both traps and binds tidally intro
duced mineral sediment, but also contributes an organic component of indigenous
origin to the deposit.

Fig. 1.1. Schematic structure
of a salt marsh with vegetation zones in relation to

The first colonists on salt marshes in the Wadden Sea mainland settled on the
highest parts of the marsh, on levees along watercourses, in the 7th century BC.
Farmsteads were initially built on the marsh bed. In response to the increased risk
of flooding, people started to build their dwellings on artificial mounds. When salt
marshes extended seaward, new settlements were built on the younger marshes
until the entire coastline was protected by seawalls.

1.		 De Vlas et al., 2013

Initially, arable crops were grown on the levees, but ditching and the construction
of small embankments, dating from the 1st century BC to the 2nd century AD,
allowed crops to be grown on the salt marshes. The majority of the marshes were
exploited for livestock grazing from the early settlements onwards, and hay making
from the 1st-3rd centuries onwards.
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As a result of the decline in sea-level rise, sedimentary processes became increasingly dominant.3 Along the Netherlands North Sea coast, marshes have been
used as rangelands for livestock grazing since the Late Neolithic, i.e. 3500 BC.
Most of the West and East Frisian barrier-island chain formed between 4000 and
3000 BC. At about 3000 BC, 4 this chain was still situated several kilometres
offshore from its present position.
Colonization of salt marshes

frequency of tidal floodings
(number/year)
m
400 300 200 100 0

inundation duration and

As a consequence of increased marine influence,
the fresh water marsh trans
formed into areas of intertidal salt marshes and mudflats, or brackish la
g oons.
Hence, the basal peat layers
were covered by marine sediments, and with continuous sea-level rise the area
became totally submerged. This transgressive process continued until the midHolocene, after which the coastline stabilized more or less at its present position.

Puccinellia
maritima
Atriplex
Salicornia spp.
Spartina anglica portulacoides

Festuca rubra
Elytrigia
atherica

2. 		 Photo Frank Berendse
3.		 Esselink, 2000
4.		 Zeiler, 2006
5.		 Exaltus & Kortekaas, 2008

Near the city of Groningen, thin black layers of charred material were found in
connection to vegetation horizons, with archaeological deposits dating from the
Iron Age and the Early Middle Ages. Systematic micromorphological analysis of
both the vegetation horizons and the underlying and overlying clay has shown
that the thin layers of charred material reflect the annual burning of the vege
tation on the marshes. It seems most likely that the purpose of this burning was
to improve grazing conditions for livestock. 5 It is quite possible that grazing by
domestic animals was preceded by grazing by wild large herbivores.

Chapter 1
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The construction of sand-drift dikes on the barrier islands resulted in the establishment of extensive back-barrier marshes. They have been embanked in turn.
The first seawalls were constructed in the salt marshes above the level of MHT,
and hence, in most places, a strip of unprotected salt marsh remained in front
of the seawalls. New marshes developed after the construction of the first seawalls,
especially in sheltered bays. 11 These new marshes, which originated during the
12th-14th centuries, may have evolved without human intervention.

Salt marshes since 800 AD

It is possible to reconstruct the situation around AD 800, which was still a time
before large-scale human interference. Towards the mainland coast, the intertidal
flats merged with salt marshes and extensive brackisch areas, which in turn
were bordered by extensive peat bogs adjacent to higher Pleistocene sandy areas.6
The first clear ring dikes were built around 1000 - 1200 AD, surrounding small
areas to safeguard arable fields and against most winter floods. A second type of
dike was positioned at right angles to the main stream to channel the outflow
of waters. It was built in the same period. Local ring dikes were connected and
raised and, by 1200 - 1300 AD, a continous sytem of winter seawalls had been
constructed along most of the Wadden Sea coast.

Human intervention by new techniques

However, human intervention was very likely to have been a factor from at least
the 17th century onwards. Several techniques have been applied to promote both
vertical accretion and horizontal expansion of salt marshes. Their development
has been stimulated by a system of drainage ditches, especially since the 1930s,
with a lay-out of sedimentation fields surrounded by brushwood groynes, which
improved conditions for sedimentation. The intensively engineered ditching for
drainage resulted in the ripening of the soil and the establishment of plants.
Puccinellia maritima starts to establish at ten to twenty centimetres above MHT in
natural marshes, but at MHT when sheltered by sedimentation fields.12 The
main aim of this construction was land reclamation for agricultural purposes.
The sedimentation fields originally measured 200 m x 200 m and were arranged
in three rows from the salt marsh onto the intertidal flats.

12. Dijkema et al., 2001

A.D.600

13. Esselink, 2000

On the barrier islands, small sections of salt marshes were embanked from 1300 AD
onwards. From 1500 onwards, attempts were made to protect dune belts. Exten
sive livestock grazing prevented a closed vegetation cover and resulted in sand
drifts. Later, extensive sand-drift dikes were built and maintained by placing
brushwood fences, which trapped and stabilized wind-blown sand.8 By 1500 a
substantial reduction in the intertidal areas and salt marsh had taken place,
whereas a large area was embanked and became polder. This process has continued
until the present day with the embankment of new salt marshes that have become
established in front of the seawall.9
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Fig. 1.2 (A) Schematic cross-
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the North Sea by about AD
600, before human influence
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in the geomorphological
development of the coastal
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The oldest salt marsh in the Netherlands has an estimated age of about 400 years,
namely, de Grie on Terschelling. A schematic cross-section through the Wadden
Sea landscape reveals the changes between 600 AD and the present. In Medieval times the hinterland of the intertidal flats and salt marshes was formed by
a zone of brackish marshes. Further inland, a belt of fresh-water peatlands occurred, which finally merged into Pleistocene uplands. Drainage, peat excavation
and the construction of seawalls resulted in the creation of polders. In the meantime, the Wadden Sea became narrower. It was coastal squeeze on a very large scale.
Ongoing sea-level rise resulted in the retreat of the barrier islands to the mainland.
At the same time, new salt marshes emerged outside the seawall (Fig. 1.2). 10
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A.D. 2000
-6

30

25

A
20

15
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Human contribution to salt marshes

It has been shown above how the coastal zone along the Wadden Sea became
increasingly shaped by human activities aimed at increasing agricultural land area
and coastal defence. Initially, these activities only slightly modified the impact
of natural processes, but eventually they became the dominant factor contributing
to the area of salt marshes.

Pleisto
cene

barrier
island

The low-lying land behind the seawalls was vulnerable to storms in the 12th and
13th century. This resulted in the formation of the Zuiderzee, an enlargement of
the embayments such as the Lauwerszee, the Dollard and the Leybucht. Along the
North Frisian coast remnants of the extensive salt marsh area are maintained as
unprotected salt marsh islands, referrerd to as Halligen. With their dwellings on
artificial mounds, they are reminiscent of the former unprotected coastal landscape.

seawall
salt marsh edge

The diking was partly a response to the increasing vulnerability to flooding due
to the development of drainage systems, which resulted in compaction of the clay
and peat layers, as well as oxidation of the peat. Moreover, peat was excavated
both inside and outside the seawalls for fuel. This process was enhanced by the
production of salt by burning the peat occurring under a cover of clay.7
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From accretion to nature conservation

Area of salt marshes in 2000

Accretion works reached their greatest extent in the 1960s, when a turning point
was reached. A study from 1965 concluded that developing salt marsh for land
reclamation was no longer an economic enterprise. It was decided to downgrade
the aim of the management of the accretion works to maintaining the status quo.
From about 1975, there has been a growing recognition that the remaining main
land salt marshes have an important value for nature conservation. As part of an
integrated management plan for the Netherlands Wadden Sea, a ’no-net-loss’
policy was developed during the 1980s for the existing mainland salt marshes.
Since accretion works protect the existing salt marshes from erosion, this policy
has become the main reason for maintaining accretion works in the Netherlands.

The total area of salt marshes in the Wadden Sea amounted to more than
40,000 ha in the first decade of the 21st century. From a morphological point
of view, four types of salt marsh may be distinguished: (a) back-barrier marshes
(b) green beaches, (c) foreland marshes and (d) Hallig salt marshes (Table 1.1).
Summerpolders risk being flooded by seawater during extreme storm tides.
Because they have a high potential for restoration of salt marshes, their area has
been added to table 1.1. An area of about 800 ha has already been de-embanked
to transform it into salt marshes. Back-barrier marshes develop in the lee of a
barrier beach, whereas green beaches are generally found in the more exposed
foreshore area of the barrier beach. Foreland marshes on the mainland make up
about half of the salt-marsh area in the Wadden Sea.

In order to enhance more natural development, human intervention was gradually
reduced from 1990 onwards through a more judicious maintenance of groynes.
This was done by abandoning the third, most seaward row of sedimentation fields,
and reducing artificial drainage systems. As a result of all the changes, 2,000 ha
of intertidal flats have been returned to the influence of natural dynamics.
Once the sedimentation fields are abandoned and the brushwood groynes destroyed by wave action, the artificially expanded salt marsh will be eroded (Fig.
1.2). The reduced expansion of the salt marsh in the Dollard was related to the
cessation of human intervention during World War II. 14 Back-barrier marshes
developed in the shelter of dunes, but also in the shelter of sand-drift dikes
during the 20th century. 15 Back-barrier marshes always had a natural drainage
pattern with meandering creeks.

Are today’s salt marshes natural?

The concepts of ‘natural’ and ‘semi-natural’ salt marshes have been defined for
the international Wadden Sea.17 Natural salt marshes feature undisturbed geomorphological conditions and have no history of direct management. They
have a natural drainage system with meandering creeks and levees with higher
elevation than the adjacent depressions and no agricultural exploitation. Grazing
can be due to natural grazers such as geese and hares. Natural or pristine salt marshes
are very rare as a result of continuous embankments and agricultural exploitation.
They occur in Europe in sandy back-barrier conditions or in parts of former
Wadden Sea bays along the mainland coast.

14. Esselink, 2000
15. Dijkema, 1987
16. Esselink et al., 2009

Landform

The
Netherlands

Lower
Saxony

Hamburg

SchleswigHolstein

Denmark1

Year of survey

2002-2006

2004

2004

2006/2007

2005

Two groups of semi-natural marshes can be considered. Some semi-natural
marshes are similar to natural marshes with natural draining creeks, but include
land use such as livestock grazing or hay making. Another group of seminatural marshes features artificial ditches, sedimentation fields, defences against
erosion and often land use. These marsh types are affected in their geomorphological conditions by artificial drainage and/or by measures to enhance livestock
grazing or hay making.

Total (ha)

Islands
Back-barrier
(foreland inc.)

4,280

3,660

260

1,250

2,230

11,770

Green beaches

850

280

4

100

320

1,550

De-embanked summer
polder

90

2

150

40

280

10

60

80

150

3,910

5,460

De-embanked summer
polder

320

2403

Summerpolder

960

1,400

Summerpolder

Semi-natural marshes are found on barrier islands, in foreland clay marshes and in
marshes with sedimentation fields and an artificial drainage system, i.e. ditches.
Characteristic salt-marsh plant species can be present in both natural and seminatural salt marshes. However, their abundance in typical salt-marsh communities
and their spatial arrangement in the vegetation structure can be affected by land use.

Mainland
Back barrier
Foreland-type

720

1620

2340

7,880

2,240

19,490

Conclusions

560
10

2,370

6,320

40,620

Hallig
50
Total

10,470

2,160
11,250

380

12,200

2,210

1. Habitat type 1330 only
2. Total de-embanked area
3. Includes both de-embanked and opened summerpolder

Table 1.1: Recent extent (ha) of salt marshes in different parts of the international
Wadden Sea specified according to their geomorphology. The areas include the
pioneer zone, except for Denmark. The pioneer zone has been defined as the area
where pioneer vegetation cover is more than 5%; in Schleswig Holstein, this threshold
value was 10%. On the islands, de-embanked summerpolders may be added to the

17. Esselink et al., 2009

The first salt marshes along the North Sea coast developed around 6000 - 5000 BC,
when sea-level rise declined after the last glacial period, and sedimentation pro
cesses became important. These marshes were soon exploited for livestock grazing.
The first colonists settled on the salt marshes in the Wadden Sea in the 7th century
BC. Salt marshes have always been embanked for coastal protection and subsequent
agricultural exploitation. Hence, present salt marshes are young. Salt marshes
include back-barrier marshes, green beaches, foreland marshes, Hallig marshes
and de-embanked summerpolders amounting to 40,000 ha in the present inter
national Wadden Sea. A minority of the marshes is natural, i.e. with undisturbed
geomorphological conditions such as meandering creeks and no history of land
use. They occur at the ungrazed eastern tip of barrier islands. Most marshes are
semi-natural, i.e. natural but grazed by livestock or established from sedimentation
fields and artificial drainage. They are found on the grazed back-barrier marshes
and in foreland marshes.

back-barrier marshes; on the mainland to the foreland-type salt marshes.16
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Box 1
The very
beginning

Chapter 2

Geomorphology of
natural and man-made
salt marshes

Forty years of research on salt marshes in
the Wadden Sea began in 1971 when I was
appointed by Professor Dingeman Bakker
at the Laboratory of Plant Ecology, known
since 2003 as the Community and Conservation Ecology Group within the Centre for
Ecological and Evolutionary Studies at the
University of Groningen. My task was to
develop research into nature management.
It was by sheer accident that at the same
time Piet Oosterveld started research into
the impact of grazing at the former Rijks
instituut voor Natuurbeheer. He wrote a letter
to potentially interested people, and we

■

visited many sites in the Netherlands where

■

livestock grazing was being used or envisaged. At that time, the conservation agency
on Schiermonnikoog had to deal with the

■
■

encroachment of tall vegetation, with a subsequent reduction in the species richness of

■

How do salt marshes grow?
What type of sediment is deposited?
Which spatial scales are important for salt marshes?
Can we reconstruct changes in time of salt-marsh
development?
Can we find general patterns from different salt marshes?

plants and birds on parts of the salt marsh
that had been abandoned since 1958. Until
that year, cattle had been transported from
the mainland by ferry in spring. However,
they were suffering from liver fluke by the
time they returned to the mainland in autumn.
Because of this veterinary issue, farmers on
the mainland stopped taking their cattle to
the island. By the early 1970s, the farmers
on Schiermonnikoog had increased their
number of cattle, and were interested in
taking their heifers onto the salt marsh.
So, three parties were keen to start the study
on the impact of renewed livestock-grazing
on the salt marsh of Schiermonnikoog:
the conservation agency, farmers and
researchers.
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Sedimentation and accretion

Scale of tidal basins

Any comparison of salt-marsh areas
over time, should take into account
the proportion of salt marshes in their
BASSEAEGHE
WERVNERAEGHE
tidal basin, i.e. the catchment area beAMLON
tween two tidal watersheds connecting
the mainland and barrier islands. The
Lauwersarea of salt marshes in the Netherlands
Anjum
zee
Wadden Sea since 1600 - 1800 revealed
GRONINGEN
a strong decline for mainland marshes,
but an increase for back-barrier marshes
present coastline
FRIESLAND
reconstructed islands c. 1300
(Fig. 2.2).6 In the western Wadden Sea,
tidal watershed
back-barrier marshes increased until
Fig. 2.1. Past and present position of
1800 as a result of the establishment of
the Netherlands Wadden Sea islands.
sand-drift dikes, e.g. on Texel. They disappeared again after embankment. In the
The present island of Schiermonnikoog
eastern Wadden Sea, back-barrier marshes increased in the 20th century after the
is situated east of the old island of
Wervneraeghe.
establishment of sand-drift dikes on Terschelling (Friesland) and on Schiermonnikoog (Groningen). They were not embanked. Mainland salt marshes only
6.		 Dijkema, 1987
decreased as a result of successive embankments.
7.		 Dijkema, 1987
ise
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In the previous chapter, the area of salt marshes and the horizontal accretion was
discussed. In this chapter I want to discuss the input of sediment: vertical accretion.
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The term ‘suspended sediment concentration’ or SSC is used to describe the amount
of sediment which is suspended in a defined volume of water which is running
through the creeks or flooding the marsh surface (A in fig. 10.1, page 82).1 The
process of sediment particles settling out of the water column onto the marsh
surface is called sedimentation (B). In contrast to sedimentation, accretion (C) is
defined as the increase in surface elevation over e.g. a marker horizon in the soil.
Accretion combines the deposition (B) and erosion of sediments, as well as the
accumulation of dead biomass, such as roots. When the surface of the marsh is
measured in relation to a fixed benchmark of known elevation relative to an ordnance
datum, we refer to this as surface elevation change (D). The distinction between
accretion and surface elevation change is not always clear in the literature.1 Both
accretion and surface elevation change involve a certain amount of subsidence,
which is sometimes also called autocompaction. Deposited layers of silt can be
reduced by 50%, 70 years after their deposition,2 suggesting an increase in bulk
density. Hence, the estimation of accretion rates from the thickness of the silt
layer and age of the marsh will result in an underestimation of accretion rates.
Subsidence can be classified into shallow and deep subsidence. Shallow subsidence
is a decrease in the marsh surface elevation due to shrinkage, compaction of sedi
ment layers, and decomposition of organic material in the top layer of the soil.
Deep subsidence also includes tectonic and isostatic processes.
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Area salt marshes
year

barrier island

mainland
western Netherlands
Wadden Sea (west of
tidal watershed of
Terschelling)

1600

Scale of the Wadden Sea

The tidal waters flowing through the inlets between the barrier islands in combination with wave- and wind-driven currents, continuously exchange enormous
amounts of mainly sand sediments between the North Sea, the barrier islands,
the ebb-tidal delta, the inlet and the back-barrier basin. Net sedimentation occurs
in the back-barrier basins at the expense of the North Sea coast, which is on average
retreating in a landward direction (Fig. 1.2, page 13). Large differences are,
however, found from island to island, indicating that on top of the long-term
regional trend in coastal behaviour other processes are locally important. The
Schiermonnikoog inlet, for example, has a long history of shrinking tidal basin
and decreasing tidal volumes since about 1400 AD, when the tidal watershed
moved eastwards towards the coast of Groningen (Fig. 2.1). Also, embankment
projects in the tidal basin (mainly Lauwerszee embayment) resulted in net propagation of the barrier island. This is in contrast to Ameland, where hardly any
embankment occurred in the back-barrier basin of the Ameland inlet.3 The
eastward movement of Schiermonnikoog is reflected in the CaCO 3 content of
the dune sand, in particular. The old dunes (established around 1600) in the
western part contain 0.1 - 0.9% CaCO3, intermediate dunes (1850) in the middle part 0.5 - 1.0 % CaCO3, and young dunes (1920) in the eastern part 1.3 1.8% CaCO3.4 The quality and quantity of deposited marsh sediment depends
on current velocities, resulting in vertical accretion. The accretion includes silt in
small quantities and locally sand on the barrier islands. It amounts to 4 mm/yr
on the low marsh (5 cm + MHT), and 0 mm/yr on the high marsh (80 cm
+MHT). Along the mainland coast, the accretion includes silt in larger quantities amounting to 7-20 mm/yr on the low marsh (5 cm +MHT), and 6 mm/
yr on the high marsh (80 cm +MHT) during recent decades.5

1700
1800
1860
1925
1987

Friesland (west of
Zoutkamperlaag –
Reitdiep)

1600*
1700*
1800*
1860
1925
1987

Groningen (including
Schiermonnkoog and
Dutch part of Dollard)

1600
1700*
1800*
1860
1925
1987
Fig. 2.2. Area of salt marshes
1.		 Nolte et al., 2013a
2.		 Bartholdy et al., 2010
3.		 Oost et al., 2012
4.		 Leertouwer, 1966,
in Bakker, 1989
5.		 Bakker et al., 2002
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(5) Beach and foreshore
The beach and foreshore on the North Sea side are important elements as a
transport route for sedimentation and erosion. The beach can harbour embryonic
dunes. Periodically, extensive areas of green beach may develop, which may dis
appear quickly when large-scale dynamic processes are less favourable.

Scale of barrier island

In recent morpho-ecological studies of the
West and East Frisian barrier islands, the
concept of the ‘prototype island’ has been
developed. 8 The model identifies the most
important geomorphic driving forces at diffe
rent spatial and temporal scales. As a result, a
barrier island in the model comprises five
geom orphological main units with several
sub-units (Fig. 2.3). An example of a barrier
island without the man-made elements of sand-drift dikes is Spiekeroog. Salt
marshes may be found in all five main units of a model island. It is unclear as
yet to what extent these salt marshes differ ecologically:

1
2
3
4
5

Main units
Island head (25-50)
Closed dune bow complex (50-400)
Washover complex (25-100)
Island tail (25-40)
Beach and foreshore

Scale of catchment of a creek on a salt marsh

Hierarchical spatial scales in accretion can be distinguished in a salt marsh. They
deal with forces regulating sediment deposition including distance from the
intertidal flats, distance from creeks and interaction with vegetation.10

Fig. 2.3. New geomorphological model
of a barrier island with its characteristic
main units and sub-units (for explanation

overwash

see text). Salt marshes may be found
in sub-units 2c, 3bc, 4b and Sa. This
representation of the model is

(1) Island heads:
The development of island heads depends on the sedimentation and erosion
processes in the deltas between the islands. Periodically bare beach plains grow
together with islands: on the north side when the sand comes from the outer delta,
on the south side when it comes from the inner delta. On the island heads, green
beaches may develop in places where the beach plain is partly cut-off from the
sea by embryonic dunes. The vegetation of green beaches is characterized by a
combination of pioneer species of salt marshes and dune slacks. Salt marshes may
also develop on the leeside of embryonic dunes or dune ridges.

characteristic of the Netherlands
and Lower Saxony barrier islands.9

flooding
from creeks

(2) Dune bow complexes:
The dune bow complex comprises an old central part of the model island, where
much sand has been blowing in during long periods of sedimentation. Different dune
ridges merged to become large parabolic dune systems which include grey dunes,
heathlands, dune slacks, scrub and woodland. Extensive salt marshes have developed
on the south side of dune bow complexes under the influence of inundation
by seawater from the Wadden Sea. These marshes are characterized by different
vegetation zones from high to low salt marsh and pioneer vegetation. Large parts
of these salt marshes have been turned into agricultural fields after embankment.

Fig. 2.4. Schematic representation of
dominant sand deposits on the salt
marsh of Schiermonnikoog, based on
measurement results.12

(3) Washover complexes:
A washover consists of a north-south oriented part of the beach plain accompanied
on both sides by natural dune ridges. Washover complexes that are formed on the
North Sea side of the island gradually merge with salt-marsh vegetation on the
Wadden Sea side. However, this connection has often been closed by sand-drift
dikes. The washover complex itself can either be bare, covered with algae or with
pioneer salt-marsh or dune vegetation comparable to green beaches. A dynamic
washover complex is subject both to the deposition and erosion of sand by wind,
and to frequent inundation by seawater and sedimentation from the water column.
These processes may affect both succession and rejuvenation processes of the salt
marsh that fringes the washover complex to the south.
(4) Island tails:
The island tail consists of a beach plain on the eastern side of the island. Initially,
island tails are bare sand flats that are periodically subject to erosion and accretion.
On these sand flats, small embryonic dunes may be formed, which may grow into
larger dune complexes that are separated from each other by washovers. On most
of the Netherlands islands, these dune complexes were connected by a sand-drift
dike, especially during the 20th century. On the leeside of these artificial dune
ridges, extensive salt marshes have developed. Their area has increased, but their
dynamics have been reduced.
20

10. De Groot, 2009
11. De Groot et al., 2011
12. De Groot et al., 2011
13. De Groot et al., 2011
14. Esselink et al., 1998
15. Esselink et al., 1998

Back-barrier marshes feature a base
layer of sand on top of which silt has
been deposited during calm conditions.
Sand can be deposited during dynamic
conditions. About 20% of 600 sampling
N
points on the back-barrier marsh of
Schiermonnikoog contained sand layers.
The silt can be alternated with one or
waves and
more sand layers amounting to 1 cm
salt-marsh edge
currents
washover
each and sometimes more. The total
creek levees
amount of sand deposited can be more
2 km
than 10 cm. The thicker amounts of
sand are mainly found along the edge of
the marsh, along creeks and washovers
from the North Sea (Fig. 2.4).11 Back-barrier marshes feature a pattern of levees
including sand along the creeks, including sand layers up to 20 cm and depressions with only silt in between creeks. On broad marshes with large distance from
the intertidal flats and close to dunes, brackish conditions may develop as a result
of few inundations of seawater and fresh seepage water from the dunes. The
total amount of sand deposited on the back-barrier marsh of Schiermonnikoog
is estimated to be 10%. It is likely that sand has been deposited during storms,
as it alternates with layers of silt.13
aeolian input

Accretion rates measured between 1984 and 1991 in the mainland marsh of the
Dollard, revealed a negative relation to elevation. This relation was, however, not
very strong. Hence, the vertical accretion rate is likely to be influenced by more
factors than elevation alone. 14 Accretion rates were negatively related to the
distances from the intertidal flats and the latter affected vertical accretion more
than the initial elevation. On both sides of a minor dug creek, a weakly developed levee could be identified from the 1984 elevations. The levees were not
more than 0.04 m and 0.09 m above the marsh on the seaward and seawall creek
sides, respectively. By 1991 these differences had increased to 0.14 m and more
than 0.20 m above the marsh. This suggests that the vertical accretion rate was
positively related to the proximity to the creek, i.e. the sediment source. Also,
a tendency towards a positive relation was found between the density and height
of the vegetation and the accretion rate.15

8.		 Löffler et al., 2008,
Esselink et al., 2009
9.		 Esselink et. al., 2009
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A

The gradient perpendicular to the intertidal flats can be divided into seaward
edge, plateau and dunes, and can be considered for about 60 years. It is evident
that the slope of the silt layer increased with the age of the salt marsh, whereas it
decreased on the plateau. The increasing negative slope of the plateau compensated for the positive slope of the underlying sand base. Hence, during salt-marsh
development, the elevational gradient that characterizes the salt marsh is buffered
by sedimentation on the plateau, while the seaward edge of the plateau becomes
increasingly steep. 17

Fig. 2.5. (A) Expansion of
the marsh on the eastern
tip of the barrier island of
Schiermonnikoog (colour
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stages). (B) The increase
in area (hectares) of the
marsh over time.18
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The chronosequence or time series
of Schiermonnikoog

The notion that accretion is affected
by elevation and time suggested that
the thickness of the silt layer varied in
space and time. The eastward spread
of the barrier island of Schiermonnikoog has created a time series or
chronosequence of young marshes in
the east, towards older marshes in the
west in the shelter of dunes and a
sand-drift dike, which was established
in the 1960s. The age of the salt marsh
was estimated from old maps and aerial
photographs, since 1927, on which
vegetated and non-vegetated parts
could be discerned (Fig. 2.5). 16 The
sand base forms a gradient from higher
elevation near the dunes towards lower
elevation near the intertidal flats (Fig
2.6). On top of the sandy base elevation,
silt has deposited, resulting in no silt
on the high young marsh, little silt on
the young low marsh and the old
high marsh, and most silt on the old
low marsh (Fig. 2.7).
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Fig. 2.8. Relationship between the siltlayer thickness and soil nitrogen content
(0-50 cm depth) based on samples
collected from Schiermonnikoog,
Terschelling and Skallingen.24

Fig. 2.6. Elevation (cm + NAP Dutch Ordance Level) of
marsh surface of the eastern tip of the back-barrier
marsh of Schiermonnikoog. Every dot indicates each
of 800 measuring points.19

21. Van Wijnen & Bakker, 2001
22. Olff et al., 1997
23. Bakker et al. 2005
24. Olff et al., 1997
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Measurements from 1995 to 1998 revealed a
decreasing surface elevation change, with increasing age of several back-barrier marshes in the
Wadden Sea at a similar elevation of 40 cm
+MHT, indicating increased effects of autocompaction with the increasing age of salt
marshes. 21 A significant positive correlation was
found between the total amount of nitrogen in the
top 50 cm of the soil (rooting depth) and the
thickness of the silt layer. This relation was
found for Schiermonnikoog, Terschelling and
Skallingen, hence suggesting a general phenomenon for back-barrier marshes (Fig. 2.8).22 In
turn, the mineralization rate is positively related
to the total pool of nitrogen.23

Conclusions

The growth of salt marshes depends on suspended sediment concentration,
sediment deposition, accretion, autocompaction and plant biomass. Most of the
sediment is fine-grained silt and a small part is coarse-grained sand mainly
deposited in creek bank levees. Accretion is considered at the various scales of
tidal basins as catchment areas between barrier islands and mainland coast, and
catchment of a creek on a salt marsh. No silt is found in the high young marsh,
little silt in the old high marsh and the young low marsh, and most silt in the old
low marsh. The chronosequence or time series of the barrier island of Schiermonnikoog makes it possible to record successional stages covering a century
within a single year. This will be explained in the chapters below. Of course, such
a long-term succession was not covered during the century. Hence, the chrono
sequence can be used as a space for time model. It also turned out that this
chronosequence on Schiermonnikoog is not specific to this back-barrier marsh.
It could be generalized for back-barrier marshes in the Wadden Sea. Hence, this
model facilitates the understanding of the successional stage of individual marshes
elsewhere in the Wadden Sea. It can be used as a decision tool for management
options, to be discussed in the chapters below.

Fig. 2.7. Thickness (cm) of the silt layer on top of the
sand base on the eastern tip of the back-barrier

16. Van der Wal et al., 2000a

marsh of Schiermonnikoog (Koppenaal unpublished).

17. Van de Koppel et al., 2005

Every dot indicates each of 800 measuring points.20

18. Van der Wal et al., 2000a
19. Koppenaal unpublished
20. Koppenaal unpublished
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Box 2

Chapter 3

Plants on salt marshes

It was not
all planned
During 40 years of research on salt marshes
in the Wadden Sea, we were able to study
the natural dynamics of back-barrier marshes
on Schiermonnikoog and Terschelling, and
initiate experiments such as establishing exclosures, mowing, adding artificial fertilizers
and adding and removing plants. It was often
possible to monitor large-scale interventions
such as de-embankment in Noord-Friesland
Buitendijks. Experiments initiated by other
people were also helpful. Freek Zwarts replaced fences on the grazed salt marsh on
Terschelling in 1971. The conservation agency
at Skallingen suggested stopping the prac-

■

tice of taking livestock to Skallingen from

■

the hinterland in spring and returning them
in autumn. Arne Jensen arranged to establish

■

exclosures in the early 1970s, and after one

■

year, the agency was convinced of the posi-

■

Can succession be inferred from zonation?
Why does plant biomass increase with succession?
Where do the plants come from?
Can the plants establish everywhere?
Is there a world beyond Elytrigia atherica?

tive impact of livestock grazing. Berndt
Heydemann started an experiment involving
cattle grazing at different stocking densities
in the Leybucht in 1980. Klaus Dierssen and
Martin Stock initiated an experiment with
sheep grazing at various stocking densities
along the coast of Friedrichskoog and SönkeNissen-Koog in 1988. Martin Stock started
an experiment with sheep grazing and different stocking densities on the salt marsh of
Hamburger Hallig in 1994. Jesper Madsen
suggested visiting Langli, where geese did
occur in salt marshes that had not been grazed
by livestock for decades. During an excursion
to Rottumerplaat, it was found to be an island
without hare, and the same was true of Mellum.
We were able work on all these sites, often
in collaboration with local researchers.

24
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Successional schemes can be framed from the unifying vegetation TMAP typology.
This is the result of many discussions in the Salt Marsh working group of the
Trilateral Monitoring and Assessment Programme.8

Zonation and succession

Salt marshes result from the interaction of plants and sedimentation. They emerge
along the coast with sufficient elevation, shelter against energy by streaming and
wave action, and enough supply of suspended sediment and seeds or plant parts.
On such intertidal flats, pioneer species such as Salicornia spp. or Spartina anglica
can establish.

Soil conditions and succession

Considering the zonation of occurrence of species (Fig. 1.1, page 10), the question arises whether succession of salt-marsh vegetation may be inferred from
the zonation of plant species. If that is true, zonation represents succession. In
the estuarine marsh Zuidgors in southwestern Netherlands, a positive relation
was found between thickness of the silt horizon and marsh level. This implies
that the higher parts of a transect, which happened to be older, are on a higher
elevation because more sediment has been accumulated over time. Hence, the
relief in the estuarine marsh has been formed through the accumulation of sediment in a marsh environment. The sandy relief under the thick layer of silt in
the estuarine marsh is not affected by aeolian processes. Hence, the older the
marsh, the thicker the layer of silt throughout the marsh. However, the relief on
the back-barrier marsh of Schiermonnikoog is not positively related to the
thickness of the silt horizon. Instead, the thickness of this horizon decreases with
increasing elevation (Figs. 2.6, 2.7, page 22). The relief of the marsh surface on the
back-barrier marsh strongly reflects the relief of the underlying sandy substrate,
which is the result of aeolian processes. Hence, the thickness of the layer of silt
in the elevational gradient depends on the underlying sandy substrate: the lower
the position of the layer of silt, the thicker.1
Succession can be inferred from zonation in the estuarine marsh but not in the
back-barrier marsh.2 Long-term monitoring (nearly 40 years) of the dynamics of
salt-marsh vegetation on the back-barrier marsh of Terschelling has revealed
changes in the vegetation, which did not correspond to the succession schemes
derived from zonation. In other words, the vegetation of the low marsh did not
transform into the vegetation of the high marsh: both the initially low and high
marsh followed characteristic pathways of succession.3 During succession on barrier islands, marshes become older and higher due to a relatively large amount
of vertical accretion on the low marsh and little accretion on the higher marsh,
developing into suitable habitat for intermediate succession species such as Puccinellia maritima, Common sea-lavender (Limonium vulgare), Sea arrow-grass
(Triglochin maritima), Sea plantain (Plantago maritima) on the low marsh, and
Festuca rubra, Sea wormwood (Artemisia maritima) on the high marsh, and
eventually the late-successional species such as the shrub Atriplex portulacoides on
the low marsh and the tall grass Elytrigia atherica on the high marsh.4 The spread of
E. atherica is a phenomenon of natural succession on natural back-barrier marshes
(i.e. without livestock grazing).5 A remarkable succession was reconstructed from
remains of plants in a cliff coast on the island of Griend. Four horizons were
observed, separated by thin layers of sand. The remains of Puccinellia maritima,
Statice (now Limonium vulgare), Festuca rubra and Triticum (now Elytrigia) were found
one on top of the other, thus representing succession. This may be the result of
previous fast sediment input.6 On natural mainland marshes (i.e. without livestock
grazing) the occurrence and dominance of E. atherica is also positively related to
elevation and accretion rate. 7 If you are interested in seeing succession, all you
need to do is take a little walk from the intertidal flats to the seawall on mainland
marshes. On the barrier island of Schiermonnikoog, it takes one day to walk
from the eastern point to Kobbeduin, with the caveat that one should stay at the
same elevation.
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8.		 Esselink et al., 2009
9.		 Photo’s taken from a kite
		 by Jaap De Vlas

An impression of the succession on Schiermonnikoog, from the very young to the
hundred-year-old marsh is given in Photos 3.1-5. During succession, the amount
of bare soil decreases, whereas the height of the vegetation increases, so plant
biomass increases. The changes in these parameters are related to the increasing
thickness of the silt layer (Fig. 3.1), which in turn reveals an increasing amount of
nitrogen (Fig. 2.8, page 23).

Photo 3.1, 3.2, 3.3, 3.4 &
3.5: Successional stages
of the back-barrier salt
marsh on Schiermonnik
oog. Photos taken in
one day.9

1. Olff et al., 1997
2. De Leeuw et al., 1993
3. Leendertse et al., 1997
4. Van Wijnen & Bakker, 1997
5. Olff et al. 1997,
Veeneklaas et al. 2013
6. Brouwer et al., 1950
7. Heinze et al., 1999
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The late-successional species Elytrigia atherica occurs in the zonation in a range of
the elevational gradient from 120 to 20 cm +MHT on the back-barrier marsh
of Schiermonnikoog. It occurs high on the marsh with thin layers of silt, and
lower on the marsh where more silt has accumulated. It does not occur on the
marsh below 20 cm +MHT. 12 This pattern is related to low redox potential
(measure of oxygen availability) on the lower marsh, hence a lower availability of
oxygen in the soil. Elytrigia atherica was not found on sites with redox potential
of the sediment below 200 mV in the United Kingdom.13 Repeated detailed
measurements on young (starting in 1993) and older marshes (starting
in 1974) in transects of 50 m x 10 m
running from the high to the low
Young site
marsh show the occurrence of Elytrigia
developed since 1996
atherica in space and time, and suggest
High marsh
that they do indeed form a chronosequence. Changes revealed that E. atherica
occurs on the high marsh with likely
oxic soil conditions from the very
beginning, and gradually becomes
more abundant and spreads down the
elevational gradient (Fig. 3.2). Lower
at the gradient, E. atherica starts to
emerge in 1m x 1m grid cells, suggesting establishment from seedlings.
Low marsh
4 yr

8 yr

12 yr

depth (cm)

20

Where do the seeds of salt-marsh plants come from? They might be present in
the soil seed bank and emerge when proper germination conditions occur.
Many salt-marsh species do not occur in the soil seed bank (collected in soil
samples and germinated in the glasshouse) of a three-year-old marsh. They
might be dispersed from elsewhere. Seeds of salt-marsh species have good buoyancy and can be dispersed by tidal water, and might be distributed homogeneously over the salt marsh. The input of seeds and vegetative parts is not, however,
the same along the chronosequence. It seems that the succession on the backbarrier marsh on Schiermonnikoog can be described as a wave, dispersing
relatively large numbers of seeds that float over the marsh and then become
concentrated in the narrow zone of the driftline on the high marsh. Few seeds of
this potential dispersal establish at their landing point on the low marsh, but once
they develop into adult plants most of them build up a transient or short-term
persistent seed bank that disappears again when the established vegetation has been
replaced by late-successional species, such as Elytrigia atherica.17

15
10
5

30

D vegetation height

20
10
0

0

20

40

60

80

age of stage (years)

100

Figure 3.1. Changes in abiotic and
biotic parameters over the chronosequence of the back-barrier salt marsh
on Schiermonnikoog, the Netherlands.
Fits indicate significant correlations,
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23 yr

Eleva on (m +MHT)

27 yr

31 yr

<0.2

chronosequence of Schiermonnikoog.19

0.8<

Fig. 3.2. Presence and abundance
of Elytrigia atherica over time along
elevational gradients from high to low
marsh in young and older stages
of development of the back-barrier
marsh on Schiermonnikoog.16
10. Van Wijnen & Bakker, 1999
11. Kiehl et al., 1997
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1993

Vegetation
(dominance scale: 0 - 4)

silt layer increases with succession to

18 yr

Few examples of succession can be
found on natural mainland marshes. E. atherica dominance 1 2 3 4
The natural marsh of Süderhafen
(Germany) developed in the shelter of the former salt-marsh island of Nordstrand after 1925. The site was hardly grazed by livestock before 1968, and not
at all after 1971. Repeated vegetation mapping in 1968 and 1995 revealed an
expansion of the Elytrigia atherica community at the expense of the Festuca rubra
community, and of the Atriplex portulacoides community at the expense of the Puccinellia maritima community, similar to observations on back-barrier marshes.15

Start of succession towards Elytrigia atherica community

B depth sediment layer

0

height (cm)

input (g/m2/month)

% of cover

To test whether the plant biomass depends on the
A bare soil
100
amount of nitrogen, an experiment involving
80
the addition of artificial fertilizer was performed
60
on a back-barrier marsh on a young marsh (15
40
years old) and an old marsh (100 years old), on
20
both a high and a low marsh. The sites were at 40
0
and 80 cm +MHT, respectively. The experimenC external input (macroalgae)
1.0
tal addition of nitrogen did indeed enhance the
0.8
spread of the late-successional species Elytrigia
0.6
atherica on the high young marsh, whereas there
0.4
was no effect on the old marsh as E. atherica had
0.2
already spread on the high old marsh. No effect
0.0
0
20
40
60
80 100
on E. atherica was found on the low marsh.10 Niage of stage (years)
trogen limitation for plant production on lower
and higher mainland marshes was also demonstrated by adding artificial
fertilizer on the Sönke-Nissen-Koog and Friedrichskoog marshes.11

12. Van Wijnen, 1999

17. Wolters & Bakker, 2002

13. Davy et al., 2011

18. Chang, 2006

14. Schrama et al., 2012

19. Chang, 2006

15. Bakker et al., 2003

20. Bockelmann et al., 2003

16. Veeneklaas unpublished

21. Scheepens et al., 2007

In recent years, Elytrigia atherica has invaded low-elevation marsh from which it
used to be absent. The distribution and abundance of Elytrigia atherica depends
on seed dynamics and constraints in distribution, and will be elucidated as a case
study (Table 3.1). In low-elevation communities, E. atherica is absent from the
vegetation until the later stages of community development. Four years after the
initial survey, it had increased its dominance in the two older stages. Seeds of E.
atherica were absent from the soil seed bank at the youngest stage and were
present in older stages. Seeds were found in the soil only in autumn, soon after
initial detachment from parent plants, indicating a transient seed bank (i.e.
survives less than one year in the soil). However, when seeds are buried artificially, some seeds are capable of surviving at least two years in the soil. This
suggests that burial constraints may limit amounts of viable seed in the soil. Seed
production by plants of E. atherica was only detected in the oldest community.
Seeds were present in the seed rain, monitored from samples collected on Astroturfs and germinated in the glasshouse, across the community sequence. They
were found only at extremely low densities in the younger stages, indicating very
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low rates of deposition on the marsh surface away from parent plants. The
abundance of seed in the seed rain increased over time but the quantity of
seeds produced at the hundred-year-old stage (186 seeds/m²) was one order of
magnitude higher than that found in the seed rain at that stage (15 seeds/m²),
suggesting a high export of seeds from the system as indicated by the extremely
high densities of seeds in the driftline close to the oldest community (17,000
seeds/m²).18

periods of succession are known, it seems that it is only in depressions of the salt
marsh that E. atherica will fail to become dominant. E. atherica did not establish
on parts of the salt marsh on the Boschplaat, Terschelling, 1 - 2 km from the
intertidal flats, 80 years after it started to develop (Fig.3.3).
Natural foreland marshes are not known from the mainland coast of the Wadden
Sea. Natural succession on the mainland marsh of the Wash, United Kingdom,
revealed the dominance of E. atheria after several decades. This phenomenon
raises the question: is there a world beyond E. atherica? Repeated vegetation
mapping revealed the spread of the Elytrigia atherica community on Schiermonnikoog. It also spread on other back-barrier marshes. It was remarkable to note
that locally this community had disappeared between 1997 and 2004 (Fig. 3.4).25
It turned out to be replaced by communities of Juncus gerardii and Common
reed (Phragmites australis). This replacement could point to the influence of wetter
conditions, possibly fresh water seepage from the adjacent small dunes.

At a macroecological scale of around 500 km, six populations sampled at six sites
along the coast of Germany and the Netherlands (three populations from Schier
monnikoog) showed a weak but significant correlation between genetic differences
and geographic distance at distances greater than 60 km, using microsatellite
techniques.20 Surprisingly, more of the variance in genetic structure could be
explained by habitat (low or high marsh with a maximum geographic separation
of 80 m) (69% of variance explained by model) than by site (marshes with a geo
graphic distance of 60 km) (39% of the variance explained by model). A study at
the microgeographical scale on Schiermonnikoog (1500 m between a 25-year-old
community and a 35-year-old community) also revealed greater genetic differen
tiation within sites than between sites (only 10% of the variance explained by the
model could be attributed to between-site differences, whereas 90% of the
variance was explained by within-site differences in relation to elevation. 21
Elytrigia atherica establishes
from seeds in new sites,
spreads clonally and can
build patches that can expand to nearly 100 m²
when getting older. The tall
vegetation of such patches
can trap seeds that float over
the marsh. When these seeds
emerge, the genetic variation inside the patch increases. Patches at the
25-year-old site revealed a
lower genetic diversity then
patches of the same size at
the 35-year-old site. Clonal
diversity tended to decrease, however, with increasing patch size, suggesting increasing intra-specific
competition.22 Later, the patches can merge and build hectares of monospecific
stands. The tall and dense vegetation increases inter-specific competition, especially for light. This results in decreasing plant species richness, especially of
short-statured species on the high marsh, and to a lesser extent in the low marsh
where Atriplex portulacoides becomes dominant.23

Conclusions
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Plant communities replace each other during succession that starts with bare soil.
Experiments show that increased silt layers harbour nitrogen, which results in
more plant biomass and taller vegetation. On mainland marshes, the zonation
along the elevational gradient from intertidal flats to high marsh represents
succession. In other words: the vegetation of the low marsh transforms into the
vegetation of the high marsh. On back-barrier marshes, the elevation gradient is
due to the underlying sand base. Hence, low and high marsh follow their own
successional pathway. Salt-marsh plants establish from seeds dispersed by the tides.
Species have their own characteristic position on the elevational gradient. Even
tually, large parts of the gradient can be covered by the Elytrigia atherica community,
except for the lower end of the gradient. The Elytrigia atherica community can even
be replaced by Phragmites australis far away from the intertidal flats.

25. Veeneklaas et al., 2013
26. Veeneklaas et al., 2013

Fig. 3.4. Distribution of Elytrigia atherica
communities in the back-barrier salt

N

marsh on the island of Schiermonnik
oog in subsequent mappings during
the period 1958-2004. Abundance of E.
atherica is estimated as percentage

1958

1992

plant cover, which was calculated from
the distribution of plant communities
and the concurrent survey data. The
grid scale is 1 km x 1 km.26

Fig. 3.3. The back-barrier marsh on the
Boschplaat, Terschelling, 80 years after
it emerged in the lee of the artificial

1971

1997

1984

2004

sand-drift dike (straight red line), and
around the dunes (red). Elytrigia atherica
is found around the dunes and on creek
bank levees (yellow), but not between
the dunes and the artificial sand-drift
dike. Here Limonium vulgare occurs
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Is Elytrigia atherica the climax of vegetation succession in salt marshes? In the
1990s, a successional scheme was proposed for natural back-barrier marshes in the
Netherlands with Elytrigia atherica communities in most habitats with exceptions
for depressions in the low marsh (Atriplex portulacoides commun ity), sandy soils
on the middle marsh (Artemisia maritima community) and the high marsh Thrift
(Armeria maritima) and Sea rush (Juncus maritimus community)24. Now that longer

(light blue) at about 30 cm lower elevation

1–

Is there a world beyond Elytrigia atherica?

23. Bakker et al., 2003b
24. Westhoff &
Van Oosten, 1991
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Box 3
Salt-marsh
specialists

Chapter 4

Vertebrate herbivores
on salt marshes

Salt marshes represent a special habitat at
the transition of land and sea. The pioneer
zone is flooded twice a day with salt water.
The low marsh gets flooded up to one hundred
times a year. And even the high marsh can
be flooded several times every year, especially
during storm surges. Hence, salt marshes
provide stressful conditions for plants and
animals. They can survive as they can cope
with salinity. They are referred to as halophytic
species or halobiontic species. Nearly all
plant species occurring on salt marshes are
restricted to this habitat, and are salt-marsh
specialists. It is not true that these specia-

■

lists need salt to survive and produce off-

■

spring. It is the other way round: they can
cope with salt. They do not have to compete
with species that cannot cope with salt such

■

as inland species living in fresh water conditi-

■

ons. Nevertheless, they cannot avoid ingesting
salt. Some plant species actively excrete
salt through salt glands, such as Common
sea lavender (Limonium vulgare). Other

■

Is more plant biomass related to more herbivores?
To what extent do geese and hares select certain
plant species?
To what extent do geese and hares compete for food?
To what extent can geese and hares affect the
vegetation?
What is the position of geese and hares in the
successional framework?

species dilute salt in large amounts of fresh
water. They become thick and fleshy or
succulent like Sea aster (Aster tripolium) or
Glasswort (Salicornia spp.). The latter is an
annual species. It dies after one season, and
salt is not a problem any more. Brent geese
forage close to the sea, whereas Barnacle
geese also occur inland. Brent geese can
do so, as they have large salt glands in their
head to cope with salinity stress, unlike Barnacle geese. Among invertebrates, many
salt-marsh specialists occur. They are often
restricted to a certain plant species. Being
mobile, either by flying or ballooning with
threads, invertebrates can easily recolonize
a salt marsh after flooding. This may be the
reason that many inland species are also
found on salt marshes. These are generalist
species. Moreover, it seems that many invertebrate species are attracted by a certain
structure of vegetation, and not only by
specific host plant species.
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Intermediate-sized herbivores on the marsh

March (n=19)

Plants growing on the salt marsh can be regarded as food for herbivores. Silt layer
thickness, and hence nitrogen content and mineralization of the soil, increases
with marsh age (Chapter 2). As a consequence, the chronosequence features a
natural productivity gradient.1 How does the productivity affect herbivores, and
how do the herbivores in turn affect the plants? Invertebrates are considered
small herbivores and livestock large herbivores.

April (n=25)

Five intermediate-sized herbivores occur on the back-barrier marsh of Schiermonnikoog: Brent geese (Branta bernicla) and Barnacle geese (Branta leucopsis,
colonized the marsh in the early 1960s), Greylag geese (Anser anser, since the
early 1990s) and rabbits (Oryctolagus cunniculus) and Brown hares (Lepus europaeus,
introduced in the 1890s). Rabbits are concentrated in the dunes and also visit
the high marsh. In contrast, hares use both the dunes and the salt marsh down to
the intertidal flats and are residents of the marsh. Brent and Barnacle geese are
especially abundant on the marsh in spring. In early March, feeding Barnacle
geese concentrate on the new growth of grasses such as Festuca rubra, then move
on to their breeding grounds in the Arctic once they have built up their body
stores. Every year around mid-April the newly arrived Brent geese replace the
departing Barnacle geese on the marsh. The dense flocks of Brent geese compete
with the hares for the spring growth. The hares must wait for dusk in order to
forage, when the geese move off to the intertidal flats to sleep. 2 Hares and geese
show a peak in grazing pressure on sites of intermediate productivity (Fig. 4.2).3
The decrease on sites with higher productivity is not related to increased pressure
by predators. The numbers of potential predators such as feral cats, large gulls and
harriers have not changed over the past few decades.4 Hence, the decrease may
be due to the food source.

May (n=12)

Fig. 4.1. Maps of the average density
of Brent and Barnacle geese in polder
fields on the island of Schiermonnik
oog, illustrating the aggregation of
geese over the spring of the year 2000.
The number of counts that were
performed each month is shown in
brackets. 10

Geese like it short

Flocks of Brent geese were observed to visit a marked area on the salt marsh of
Schiermonnikoog as a series of discrete peaks in May. The interval between peak
days was rather constant, namely, a visit every four days. Measurements of individual
rosettes of Plantago maritima before and after grazing by Brent geese showed that
material was removed from the top four leaves of the rosette in one visit. These
young top leaves lost about 14 mm each when grazed. This was confirmed by
measurements in experiments with captive geese on the marsh. It seems to be an
advantage for individual geese to take part in flock grazing movements. Group
grazing, following a peaked pattern of visitation, will result in local areas in which
all food plants are growing in phase, and benefiting from the enhanced quality
of recent regrowth. 5

and geese related to the
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droppings of rabbit, hare

number of droppings / m2 / year

In another experiment, a standing crop of Festuca rubra increased in plots that were
excluded from grazing by Barnacle geese during the grazing period from February
to mid-April. At the same time, the crude protein content of Festuca declined.
In contrast, the standing crop remained low due to grazing by the geese that had
free access, whereas the crude protein content remained high until the geese had
left for their breeding ground.6 In a subsequent experiment, captive Barnacle
geese were allowed to forage during five different periods in the Festuca rubra
vegetation. The yield of forage increased by approximately 20% at intermediate
grazing pressure and declined at higher pressures. Perhaps more importantly, the
nitrogen yield was also highest in the intermediate grazing treatment. It is inte
resting to note that this intermediate grazing pressure corresponds to the natural
grazing pressure of wild Barnacle geese on this site.7

70

Fig. 4.2. Number of

The relative importance of food biomass
and food quality for patch preference in
Brent geese was studied by manipula
ting these parameters. Levels of biomass
and food quality measured as nitrogen
N
content, were independently enhanced
by temporary exclosures from grazing
and the addition of artificial fertilizer.
Grazing pressure from wild geese,
mea
s ured as dropping density, and
patch preference, as determined by the
number of aggressive interactions, were
Goose density
(no / ha / day)
highest for plots with the greatest ni0
trogen content. Only the number of
0 - 25
25 - 50
interactions was measurably affected
50 - 100
100 - 200
by vegetation height in addition to the
1 km
impact of nitrogen content. 8 In a field
experiment in the Texel polder, Brent
geese were experimentally excluded for five different time periods, resulting in
different vegetation heights: longer-lasting exclosures harboured taller vegetation.
When the exclosures were removed, the geese preferred plots that had lower
vegetation with higher nitrogen content, and intake rate declined with vegetation
height.9 The polder on Schiermonnikoog offered good opportunities for upscaling
these results. Normally, the farmers tried to drive the geese off their fields in
early spring. In a disturbance-free season, geese would gradually concentrate their
foraging in a small corner of the polder that was not yet being grazed by livestock at the time (Fig. 4.1). Grass height measurements in the goose ‘hot spot’
showed that the geese had managed to keep the grass in this area below 5 cm
throughout May, in sharp contrast to the fields they had abandoned, where the
grass was already 15 cm tall. Where the grass had escaped from grazing, the geese
could not handle the long shoots. This is known as the ‘spaghetti problem’.11
In contrast, geese grazed larger parts of the polder on Ameland, where spring
grazing by sheep keeps the vegetation short.12 We
conclude that geese have to deal with decreasing
forage quality when shoots of a preferred species
become too long. With increasing productivity
during the succession of the salt marsh, species
replacement results in an increasing abundance of
tall, relatively unpalatable plant species. Despite the
increasing quantity of plant biomass, the quality
decreases.This is referred to as the ‘quality threshold
hypothesis’ and explains why the grazing pressure
of intermediate-sized herbivores decreases on
older, more productive sites (Fig. 4.2). 14
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Over the past few decades, most goose populations
have become increasingly dependent on agricultural crops during wintering and migration
periods. The suitability of agricultural crops for
meeting all the nutritional requirements of migratory geese for the deposition of body stores has
been questioned; feeding on agricultural crops
may yield higher rates of fat deposition at the cost
of reduced protein accretion due to an unbalanced
diet. 15 Eichhorn et al. compared amino-acid
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composition of forage, and investigated food-habitat use and dynamics and
composition of body stores deposited by Barnacle geese, feeding on agricultural
pasture and in natural salt marsh during spring migratory preparation. Overall
content and composition of amino acids was similar among forage from both
habitats and appeared equally suitable for protein accretion. There was no relationship between the body composition of geese and their preferred food habitat. Fat and wet protein contributed 67% and 33%, respectively, of body stores,
gained at a rate of 11 g/day throughout the one-month study period. The authors
found no evidence of impaired protein accretion in geese using agricultural
grassland compared to natural salt marsh.
Interaction between geese and hares on the marsh

The diet composition of geese can be derived from faecal material. Fresh droppings
produced by flocks which grazed on the site for at least 1.5 hours were collected,
to make sure that the droppings contained plant material that originated from
the focal site. These 1.5 hours are approximately the time period geese retain
their food in the alimentary tract.16
Plant species foraged upon can be identified by comparing epidermal fragments
with a reference collection (Photo 4.1, 4.2). The diet, as derived from remains
in droppings of Brent geese, related to plant species abundance in the vegetation revealed a preference for Puccinellia maritima, Festuca rubra, Triglochin maritima. In contrast, Limonium vulgare, Artemisia maritima and Atriplex portulacoides
were far less frequently found in the diet than expected on the basis of their
occurrence in the vegetation of salt marsh up to 40 years old.18

Photo 4.1.
Epidermis of Puccinellia
maritima 100x17

Hares prefer Festuca rubra and Juncus gerardii. These species constitute up to 70%
of their diet during summer. Atriplex portulacoides, however, constitutes up to
50% of their diet during winter as found in hare droppings. 20 In addition to the
higher food quality in the Festuca rubra dominated meadows, a latent fear of
predators could also drive hares to forage in this short, open vegetation type.
Being a species of open landscapes, hares typically use their speed to avoid
predation. Tall vegetation will block a good view of the surroundings, so that
they cannot react quickly enough to approaching predators. This was experimentally tested by placing shoots of artificial tall grass in a Festuca rubra sward. The
number of hare droppings decreased significantly at densities of 15 artificial
shoots/m².21
For part of the year, hares and Barnacle and Brent geese forage on the same food
plants, hence also competitive interactions may occur. Interactions between
geese (Barnacle and Brent goose)22 and geese and hares were experimentally studied
on Schiermonnikoog.23 Biomass (through temporary exclosures) and quality (by
fertilizer application) of grass swards were manipulated and the foraging preferences
of the herbivores were recorded. Captive Barnacle geese were used to set the stage
for a choice experiment using captive Brent geese, as the latter species normally
exploits the vegetation ‘on the heels’ of the former. Brent geese preferred to
forage on vegetation previously grazed by Barnacle geese. Both Barnacle and
Brent geese selected plots that had previously been grazed by either geese or hares
during the same season, because they have a high nitrogen content. Barnacle geese
avoided plots with high biomass. Hares prefer a combination of high biomass and
high plant quality in the absence of geese. Hence, we see a subtle interplay of
facilitation and competition.24

16. Prop & Vulink, 1992
17. Photo Marten Staal
18. Van der Wal et al., 2000a
19. Photo Marten Staal
20. Van der Wal et al., 2000c

Photo 4.2.

21. Kuijper & Bakker, 2008

Epidermis of Plantago

22. Stahl, 2001

maritima 100 x19

23. Stahl et al., 2006
24. Stahl et al., 2006
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The exclosures show that, in the absence of winter grazing
by hares, the Brent geese would soon be ousted (Photo 4.4).28
Further experiments have clarified these interactions. When
we went to parts of the marsh where the numbers of Brent
geese had already declined over the past 15 years and pruned
the Atriplex down to just a few cm above the ground,
mimicking the action of the hares, the geese returned. But
when we transplanted Atriplex bushes into the open grassy
sward preferred by the geese, further goose visitation was
inhibited. 29

Plants are sandwiched between intensive grazing in the young marsh and
competition for light on the older marsh

The performance of Triglochin maritima along the chronosequence or productivity
gradient can be regarded as a case of interaction of herbivory and competition for
the resources of nitrogen and light. Triglochin had very low cover at the 15-year
and 40-year stages, whereas it was higher at the 30-year stage. The grazing pressure
by intermediate herbivores was estimated by comparing plants experimentally
excluded from grazing by small cages and control plants. This showed a decrease
in the chronosequence. Nitrogen limitation was observed at the 15-year and 30year stages, since fertilizer application enhanced above-ground plant biomass,
whereas no effect was found in the 40-year stage. The amount of light penetration
through the canopy decreased with increasing marsh age from 95% reaching the
soil at the youngest stage, to only 45% at the oldest stage. On productive old
marshes, this small-statured plant is outcompeted by tall-growing late successional
species. The distribution of Triglochin maritima is ‘sandwiched’ between intense
grazing in the younger marsh and increasing competition for light in the older
marsh.25

Photo 4.4. Impact of excluding geese
and hares on the young Schiermonnik
oog salt marsh: grasses become
dominant.30

Adult plants of Elytrigia atherica are tall and not preferred by any of the herbivores.
However, experiments in which grazing and competition was manipulated along
the productivity gradient show that herbivory negatively affects the survival of
seedlings (being a good food source) in the unproductive young sites. Even though
E. atherica is an unpalatable superior competitor as an adult plant on highly
prod uctive sites, in its seedling phase its growth is considerably reduced by
herbivory at unproductive stages. 27 Nevertheless, few seedlings can escape from
herbivores and start to establish the species that becomes dominant in later successional stages.
How hares retard succession, and geese and hares are evicted by vegetation succession

In the surrounding vegetation, the shrub Atriplex portulacoides had established at
the 40-year stage. The true impact of the hare’s grazing can be dem onstrated by
erecting fences that exclude hares from an area of salt marsh (exclosures of a
few square metres). These fences of horizontal wires can keep the geese out, but
do not exclude hares. Only fences with chicken wire keep hares out as well as
the geese (full exclosures). Even on the young marsh less than 10 years old, the
bushy Atriplex soon establishes within the full exclosures (Photo 4.3).

Hares create clearings of up to 25 m², in which all woody above-ground Atriplex
parts are consumed by hares. The hare’s winter grazing slows down the Atriplex
invasion, causing the salt marsh to remain viable for the
Brent goose for 25 years longer than it would in the absence
of the facilitators. We could make this estimation by erecting
the same set of exclosures on different sites along the chro
nosequence. Once Atriplex becomes dominant and sometimes replaced by the tall grass Elytrigia atherica, the hares
lose control in the higher ranges of the productivity gradient31
(Fig. 4.2), and we see no differences inside and outside the
exclosures on the 100-year-old salt marsh (Photo 4.5).

All these short-term experiments were performed in the
chronosequence. Do we have an idea whether they reflect
long-term changes? Biologists recorded goose numbers for
Photo 4.5. Exclosures for hares and
geese can be recognized (left and
several decades. Goose numbers were estimated at young, intermediate and older
right), in the old back-barrier salt
parts of the salt marsh on Schiermonnikoog between 1971 and 1997 (Fig. 4.3).
marsh on Schiermonnikoog. There
In the late 1970s Brent geese numbers were high in the old marsh. However, goose
is no difference inside and outside
the exclosures.
numbers declined significantly over the following 20 years.32 This decrease is not
related to a decrease in size of the salt-marsh area. On the contrary, the surface
area increased over the years as a result of sedimentation. Goose numbers increased in the intermediate aged salt marsh followed by a slight but significant decrease towards
Fig. 4.3. Eastward shift
1997. Development of new young marsh in the
B C
of the prime grazing
A
east led to a further eastward movement and an
area for Brent geese on
200
A
increase of goose abundance.34 The decrease in
Schiermonnikoog as
160
shown by counts during
the number of Brent geese on the older marsh
salt marsh 20 - 40 years
120
the spring grazing peak
coincided with a change in vegetation composi(not all areas were
80
tion. In 1977, when goose abundance was still
counted in all years).
40
high, the shrub Atriplex portulacoides was lacking.
20
40 years
Since then, the Atriplex community has spread into
100 salt marsh 10 - 30 years
B
the lower elevation salt marsh, and this coincided
80
with the observed decline in goose numbers.
60
Hence, preferred goose food plants were replaced
40
by non-preferred species.36 However, the losses of
20
the Limonium vulgare community with Puccinellia
10
30 years
maritima were compensated for by an increase in
100 salt marsh 0 -15 years
C
this community in newly developed parts of the
28. Kuijper & Bakker 2005
80
29. Van der Wal et al., 2000c
salt marsh in the east. We observed that ongoing
60
30. Photo Dries Kuijper
plant succession pushed the geese eastwards and
31. Kuijper & Bakker 2005
40
geese had to follow the changing vegetation or
32. Van der Wal et al., 2000b
20
33. Photo by kite. Jaap de Vlas.
in other words ‘vegetation succession evicted
34. Van der Wal et al., 2000b
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spring staging geese’.37 On the basis of these data,
0
15 years
35. Van der Wal et al., 2000a
we can conclude that the chronosequence can
36. Van der Wal et al., 2000b
really be used as a space for time substitute.
37. Van der Wal et al., 2000b
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25. Van der Wal et al., 2000b
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		 Jaap De Vlas
27. Kuijper et al., 2004
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Photo 4.3. Exclosure for hares and geese (left), for geese (middle) and control (right)
in the young back-barrier salt marsh on Schiermonnikoog.26
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The increasing abundance of tall-growing plants, which are not preferred food
plants, reduces the grazing intensity of hares on the Schiermonnikoog salt
marsh. As a result, hare numbers decrease with increasing salt-marsh age, hence,
they are also evicted by vegetation succession. During the study period (19962012), hare numbers decreased from 580 to 220. Our analyses revealed that the
long-term decreasing trend in the hare population cannot be sufficiently explained by numbers of avian or mammalian predators or changes in climate.
Estimated population size, however, correlated positively with cover of preferred vegetation types and correlated negatively with cover of unpreferred
vegetation types with Elytrigia atherica. Additionally, exceptionally high floods
had a negative effect on population size.38

Intermediate-sized herbivores can have a powerful impact

Barnacle and Brent geese have small bills and graze plants. Greylag geese have a
bigger bill and can grub the below-ground parts of plants. They have occurred
on Schiermonnikoog since the early 1990s. Potential food availability on the
island had increased for the geese as a result of vegetation succession. Percentages
of Greylag distribution in different plant communities relative to their area
revealed a preference for the Spartina anglica community. The impact of grubbing
on the vegetation seemed limited.42
The Ems-Dollard estuary is a traditional haunt for migrating Greylag geese. Since
1975, the maximum numbers during autumn migration increased more than
tenfold. The area where Spartina anglica was dominant decreased by more than
60% between 1983 and 1991. An experiment showed that exploitation of juvenile
plants by geese prevented new establishment. Greylag geese especially removed the
shallow-buried tubers of Sea club-rush (Bolboschoenus maritimus). An experiment
involving shallow ditches in a Bolboschoenus stand revealed they allowed access to
the geese. Bolboschoenus was dominant at the edges of the marsh, and was completely removed by the geese, and made the salt marsh prone to erosion.43

The vegetation on barrier islands with and without hares

cover (%)

Grazing by hares retarded succession by more than 25 years on the Schiermonnikoog salt marsh. This implies succession should proceed rapidly when hares
are not present at the initiation of salt-marsh development. Hence, late-successional species should dominate at an earlier stage of development compared to
salt marshes that developed in the presence of
hares. This idea was tested by comparing the
Atriplex portulacoides
100
hare-grazed salt marsh on Schiermonnikoog
Schiermonnikoog
Rottumerplaat
80
Mellum
with those of two Wadden Sea islands without
hares, namely, Rottumerplaat (The Netherlands)
60
and Mellum (Germany). On all three islands,
40
sites were selected where salt-marsh develop20
ment had started in the early 1970s. Transects of
0
1000 m running from the foot of a dune
Elytrigia atherica
100
towards the intertidal flats were matched for surface elevation relative to the level of MHT and
80
sediment thickness. Early to mid-successional
60
plant species Puccinellia maritima and Plantago
40
maritima, which are the preferred food plant of
20
geese, occurred at a similar elevation with higher
0
cover at Schiermonnikoog compared with those
0
20
40
60
80
100
120
140
surface elevation (cm +MHT)
on Rottumerplaat and Mellum. 40 Plantago
maritima was rarely found on Rottumerplaat
and Mellum. Festuca rubra, a preferred food plant for both geese and hares,
occurred over a large part of the elevational gradient at Schiermonnikoog. It
was found only on a small part of the gradient on Rottumerplaat and Mellum.
In contrast, the typically late-successional species Atriplex portulacoides dominated the lower elevations on both Rottumerplaat and Mellum, whereas it had
a low cover at Schiermonnikoog (Fig. 4.4). Elytrigia atherica, a characteristic
late-successional species of the high marsh, occurred with higher cover at both
low and high elevation on Rottumerplaat and Mellum compared with that of
Schiermonnikoog. A monoculture of E. atherica, covering 100% of the upper
part of the elevational gradient was found on Rottumerplaat and Mellum. In
contrast, on Schiermonnikoog E. atherica cover did not exceed 70%. 41 Thus, the
impact of excluding hares in the square metre experiments on Schiermonnikoog
could be extended to islands with and without hares.

40

Fig. 4.4. Average cover of

Conclusions

typical late-successional

The chronosequence of salt-marsh development has revealed that the productivity
gradient does not correspond to an increasing number of intermediate vertebrate
herbivores. The number of herbivores decreased beyond the quality threshold.
Geese and hares prefer plant species occurring in the initial and intermediate
stages of succession. Moreover, they frequently return to previously grazed
localities and thus maintain a protein-rich short turf. They cannot cope with the
unpalatable tall late-successional species. It is a bottom-up interaction. Compe
tition between different species of intermediate herbivores occurs only in the
short term, i.e. within one spring season. Facilitation plays an important role in
the long term. On the Schiermonnikoog salt marsh, Barnacle geese facilitate for
Brent geese within one season, and hares facilitate for geese for several decades.
The retardation of succession by hares is a top-down interaction. Grubbing
Greylag geese can have a more powerful impact than merely retarding succession,
they can turn back the successional clock.

plant species; Elytrigia
atherica and Atriplex
portulacoides, at different
marsh surface elevations
(cm + Mean High Tide)
for Schiermonnikoog,
Rottumerplaat and
Mellum.39

42. Bakker et al., 1999
43. Esselink et al., 1997

38. Schrama et al., (submitted)
39. Kuijper & Bakker, 2003
40. Kuijper & Bakker, 2003
41. Kuijper & Bakker, 2003
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Box 4
Network

Chapter 5

Invertebrates
on salt marshes

Sharing and exchanging knowledge is important for progress in science. Contemporary
scientific knowledge of the international
Wadden Sea was compiled in a book entitled
‘Wadden Sea – Nature area of the Netherlands,
Germany and Denmark’ by Jan Abrahamse,
Wouter Joenje and Noortje Van Leeuwen-Seelt
in 1976. Through these activities, Wouter
knew a lot of people, which allowed us to
organize an excursion with students from the
University of Groningen in the international
Wadden Sea and to meet researchers in their
study area in 1975. Kees Dijkema, later to
become an expert in salt marshes, was one

■

of these students. Gradually, the excursion

■

turned into the bi-annual Coastal Ecology
Expedition, during which MSc and PhD stu-

■

dents and researchers from different universities and institutes working in the international

■

Wadden Sea collected data. These people

■

also met during the annual Coastal Ecology
Workshop, which has been held since 1992.

Which type of invertebrates occur in the salt marsh?
What is the position of invertebrates in the succession?
To what extent do invertebrates depend on the
vegetation?
To what extent can invertebrates affect the vegetation?
To what extent are invertebrates the salt marsh
specialists?

They were organized by the universities of
Groningen and Kiel (initiated by Kathrin Kiehl),
with the subsequent addition of students
from the United Kingdom, Belgium and France,
and offered a platform for students to informally
exchange and discuss the results of their
projects at an international level. Experts
met at international meetings such as ‘Salzwiesen: Geformt von Küstenschutz, Landwirtschaft oder Natur?’ in Hamburg in 1986,
‘Saltmarsh management in the Wadden Sea
region’ on Rømø in 1989, the International
Scientific Wadden Symposia, the 13th in the
series being held in 2012. Experts have been
holding discussions in the Salt Marshes
Working Group as part of the Trilateral Monitoring and Assessment Programme (TMAP)
since 2000, which has resulted in a standardized typology for vegetation mapping.
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Invertebrates on the intertidal flats

Fig 5.1. Biomass (in mg dry weight/m²
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The case of the back-barrier salt marsh on the island of Schiermonnikoog
shows parameters that change from early succession towards an age of about 100
years. The increased plant production results in taller vegetation. More vegetation
may attract more herbivores, which may control plant biomass at the same level.
These interactions are referred to as the green food web. Initially, external input
from marine sources such as macroalgae play a role (Fig. 3.1, page 28). At the
earliest stage of salt-marsh succession (0 years), we found every trophic group
from Fig. 5.1 except invertebrate herbivores (Fig. 5.1A-I). We observed low plant
biomass, covering only 8% of the soil. Total dry biomass of organisms relative to
total plant biomass (live plus dead) in the earliest stage of succession was 14.6%.
This was 5-16 times higher than in any of the other succession stages between
10 and 100 years, which ranged between 0.89% and 3%. This indicates that
other sources of organic matter may support the food web as well, and/or that
the turnover of the plant biomass is very high. Green web biomass formed by
predators of herbivores and herbivores of plants was low at the earliest stage of
succession (Fig. 5.1A-F) and consisted mainly of biomass of herbivorous vertebrates (Fig. 5.1C, D). Algae-consuming invertebrates were present with low
biomass (Fig. 5.1F). Microbivores (Fig. 5.1H) and below-ground predators (Fig.
5.1I) were already present in the earliest stage of succession, with densities
comparable to those of above-ground predators. A species of Diptera, Fucellia
maritima and, to a lesser extent, Enchytraeidae spp. made up the majority of the
macrodetritivore biomass in this early succession (Fig. 5.1H). The first species is
known to occur predominantly in decaying algae, and the second species was
also found under decaying algae.4 It is the brown food web of the marine-input
state (Fig. 10.3A, page 84).5
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Interactions between living plants, herbivores and their par asites are referred to
as belonging to the green food web. Interactions between dead plant material
(detritus), detritivorous invertebrates and their parasites are referred to as belonging to the brown food web.
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Invertebrates in the successional framework of green and brown food webs

An increase in the biomass of the trophic groups in the green web was observed
between the youngest stage (0 years) and the intermediate stage of succession
(45 years; Fig. 5.1A-F). Invertebrate herbivores reached their highest biomass at
the 45-year stage of succession (Fig. 5.1E). Parasitoid wasps, which predate on
above-ground species, also showed a clear biomass optimum in intermediate
succession at 45 years (Fig. 5.1B). Vertebrate herbivore biomass for hares and
geese both showed a clear biomass optimum at the 35 and 45-year succession
stage, respectively (Fig. 5.1C, D). Vegetation biomass change between early and

250

aboveground predators

peak biomass (g/m2)

peak biomass (mg/m2)

Some laboratory evidence has shown that bioturbation and herbivory by the rag
worm Nereis diversicolor can lead to sediment instability and loss of plant species
such as the pioneer Salicornia spp. There is, however, no field evidence to support
these observations.1 In the pioneer zone of salt marshes, a negative interaction was
found between Spartina anglica and the lugworm Arenicola marina. They occur
spatially separated and border each other closely and transitions between both
habitats are sharp. 2 Although the survival of planted seedlings of Spartina in the
field with and without Arenicola was low in general, the negative effect of Arenicola
was clearly detectable. Also, in a mesocosm experiment with and without Arenicola,
seedlings of Spartina survived better in the absence of Arenicola. Mortality of
seedlings was mainly caused by burial of plants by the sediment that Arenicola
excreted or plants sinking away or tumbling over because of the instability of the
substrate.3
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intermediate succession was
characterized by a rapid increase in above-ground
standing biomass (Fig. 5.12G),
where above-ground standing live biomass increased
more rapidly than standing
dead biomass (an increase
of 584g/m² for live biomass
vs. an increase of 198g/m²
for dead biomass (Fig. 5.1G).

A clear, continuous increase was also observed in the biomass of brown web trophic
groups between early (0 years) and intermediate succession (45 years; Fig. 5.1H-J),
although less rapid than the increase in the biomass of green web groups (Fig.
5.1A-F). The most abundant species in the brown web at intermediate successional
stages, the crustacean Beach hopper Orchestia gammarellus, replaces Fucellia maritima
between 10 and 25 years as the macrodetritivore species with the highest biomass,
increasing to up to 90% of the invertebrate biomass at the final successional stage.

1.		 Wolters et al., 2005
2.		 Van Weesenbeeck et al.,
		2007
3.		 Van Wesenbeeck et al.,
		2007

6.		 Schrama et al., 2012
7 .		 Schrama et al., 2012

From intermediate (45 years) to late succession (100 years), live vegetation biomass
did not increase, while standing dead biomass seemed to show a steady increase
towards late succession (Fig. 5.1G). Biomass of first-order consumers in the green
web biomass showed a sharp decline towards late succession (Fig. 5.1C-E) for
both vertebrates and invertebrates, while the biomass of first-order consumers in
the brown web showed a pronounced increase towards late succession (Fig. 5.1H-J).7

4.		 Schrama et al., 2012
5.		 Schrama, 2012
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Bioengineering by Orchestia gammarellus

Herbivores - species richness

The number of Orchestia varied between 68 individuals/m² and 3,492 ind./m²
along the successional gradient, with an average of 1,002 ind./m². In a removal
experiment, 1,341 ind./m² were removed from the Puccinellia maritima-dominated
vegetation and added to an addition treatment. In contrast, from the Elytrigia
atherica-dominated vegetation 3,011 ind./m² were removed and added to an
addition treatment. Less mass loss in litterbags with Elytrigia-litter was observed
in the Orchestia removal treatment than in the addition treatment. Or in other
words: a higher decomposition of Elytrigia-litter was found in litterbags to which
Orchestia had access.8 The higher decomposition of leaf litter could have resulted
in a higher nitrogen mineralization. Indeed, Orchestia removal consistently reduced
N mineralization in both vegetation types. N mineralization in the Orchestiaaddition treatment was about 40% higher than in the Orchestia-removal treatment
in both vegetation types. This resulted in a higher above-ground peak plant biomass in Orchestia-addition treatments, namely, 27% in the Puccinellia vegetation
and 34% in the Elytrigia-dominated vegetation.9
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successional gradient on

In a mesocosm experiment, oxidation of the soil was observed, especially in
mesoc osms with Orchestia redox potential increased. An overall aeration effect
of Orchestia was found both at 1 cm and at 4 cm depth.10

the back-barrier marsh
on Schiermonnikoog.17

16. Schrama, 2012

The bioengineering effects of Orchestia enhance soil aeration, leaf litter decom
position, and N mineralization. The result is a higher vegetation productivity, and
a well-aerated soil on sites with a greater abundance of Orchestia. In the absence
of macrodetritivores, the silt and organic layer accumulating on the middle and
low marsh results in a poorly aerated, anoxic soil, where microbes consume all
free oxygen, and plant species are favoured that are adapted to the resulting stressful
circumstances, such as the early-successional Puccinellia maritima on which the
vertebrate herbivores, hare and goose, forage (green food web of the intermediate
herbivore state) (Fig. 10.3B, page 84) Actions of macro-detritivores can accelerate
N mineralization through litter decomposition and by promoting oxygen
availability to microorganisms. Alternations in abiotic stress and nutrient availability favour productive, tall, late-successional plant species with few adaptations for coping with prolonged periods of soil anoxia. A feedback loop is
created in which non-hypoxia-tolerant species such as Elytrigia atherica flourish
and hypoxia-tolerant species are outcompeted through competition for light
(brown food web of the macrodetritivore state) (Fig. 10.3C, page 84).11

17. Schrama, 2012

Salt-marsh specialists

Invertebrate species can be generalist or characteristic of
salt-marsh habitats, known as specialist halobiontic species.
The number of herbivorous specialists is around five in the
chronosequence of Schiermonnikoog, whereas the number
of generalists is very low. It increases in the late-successional stages, when the number of specialists decreases
(Fig. 5.2). 16 This change can probably be attributed to the
dense and tall vegetation of Elytrigia atherica suppressing
most salt-marsh plant species.
Conclusions

Some invertebrates interact with their parasites and living
plants in the green food web. They increase until intermediate successional stages and then decrease. Other invertebrates interact with
their parasites and plant litter in the brown food web. They increase during
succession. Both groups of invertebrates harbour characteristic species adapted
to salt-marsh conditions. Dominant species such as Orchestia gammarellus create
oxic conditions in the soil like a bioengineer and thus enhance succession
towards tall late-successional Elytrigia atherica. This species outcompetes plant
species at intermediate successional stages, including species that harbour many
invertebrate species.

Invertebrates living in the vegetation

Apart from bioengineering or ecosystem functioning, diversity issues of inverte
brates are important. The biomass of groups of invertebrates such as herbivorous
invertebrates and above-ground predators (Fig. 5.1) is positively related to increasing
vegetation height (Fig. 3.1, page 28) with the exception of the oldest successional stage. This relation is also found with respect to the number of species
of herbivorous invertebrates and above-ground predators.12 The late-successional
stage in the salt marsh is dominated by dense and tall monostands of Elytriga
atherica. Plant species that harbour many invertebrate species are outcompeted by
Elytrigia. Intermediate-successional species such as Aster tripolium harbour a rich
community of herbivorous invertebrates.13 Both species richness and the number of individuals of Microlepidoptera were high in vegetation with a large
proportion of Aster tripolium at Hamburger Hallig.14 In general, taller vegetation
is related to a more complex vertical structure, and hence invertebrate species
richness. The species richness of Microlepidoptera was affected more by vegetation height than by plant species richness.15
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8.		 Schrama, 2012
9.		 Schrama, 2012
10. Schrama, 2012
11. Schrama, 2012
12. Schrama, 2012
13. Meyer et al., 1995,
		 Van Klink 2014
14. Rickert et al., 2012
15. Rickert et al., 2012
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Box 5
Surprises

Chapter 6

Changing land use
on salt marshes

During the 40 years of research we received
a number of surprises, either confirming our
conceptual framework of salt-marsh ecology
at that time, or making adaptations necessary.
It was a surprise to see how the age of the
back-barrier marsh of Schiermonnikoog could
easily be determined from aerial photographs
on which vegetation could be detected, how
age could be related to the thickness of the
silt layer, and thickness to the amount of nitrogen in the soil, and plant biomass; to understand why geese moved to young stages of
the salt marsh: they were evicted by succession; to understand how hare could retard

■

succession and hence facilitate for grazing

■

Brent and Barnacle goose, and see how hare
had to give up in later successional stages
unless they were facilitated in turn by livestock;

■

to learn that grubbing Greylag goose can

■

remove all of the vegetation; to learn how
the invertebrate Beach hopper (Orchestia
gammarellus) could facilitate for the latesuccessional tall grass Sea couch (Elytrigia

■

Which

organisms are favoured by grazing?
Does grazing only affect organisms or also abiotic
conditions?
What is the difference between grazing and mowing?
What is the difference between short- and long-term
exclusion of livestock?
To what extent can the impact of abandonment be
restored?

atherica). It was a surprise to learn that the
anticipated positive correlation between the
number of years of abandonment from livestock grazing and the cover of Elytrigia was
not always found; to learn there was a world
beyond Elytrigia, namely replacement by other
communities; to learn that the full abiotic
differences on a salt marsh, in particular, can
be expressed in a broad marsh; to appreciate
the comparison of different salt marshes; to
learn differences between short- and long-term
observations.

48

Photo: Martin Stock

Chapter 6

49

Land use of salt marshes

The impact of livestock grazing can be considered as part
of the productivity gradient on salt marshes. The tall, coarse
grass Elytrigia atherica dominates the higher parts of many
natural salt marshes that have never been grazed by livestock.
Grazing by hares and geese can delay the establishment of
its seedlings, particularly at the lower end of a productivity
gradient (see also Chapter 4). In more productive salt marshes,
geese and hares lose control, and tall plant species take over.
Tall vegetation can only be controlled by a larger herbivore,
namely, livestock. Will cessation of livestock grazing result
in the re-establishment of tall species and the accumulation
of litter? These phenomena are recorded in salt marshes that
have never been grazed by livestock. Experiments are needed
to study the impact of grazing on salt-marsh ecosystems.

cum. number of droppings (m2 /day)

The tradition of livestock grazing at least the higher parts of salt marshes with
sheep and cattle is probably as old as human habitation along the coast of northwest Europe. Macrofossils such as stems and seeds found in artificial mounds
(dwelling places since 600 BC) have given us an impression of the vegetation at
that time. Remnants of plant species known from present grazed marshes have
been found. Moreover, no remnants have been found of species known from
present ungrazed marshes.1 This suggests intensive exploitation of the marshes by
heavy grazing, maybe in combination with hay making. Few mature European
marshes will not have been grazed at some point in their history, and the changes
in their vegetation are often very apparent. Grazing at high stocking densities has
affected species diversity by eliminating dicotyledonous herbs and taller species
(especially Atriplex portulacoides, Elytrigia atherica, and Artemisia maritima) in favour
of the low-growing halophytic grasses (especially Puccinellia maritima and Festuca
rubra). In the same way as centuries of land reclamation have given way to managed
retreat, there has been a reversal in salt-marsh exploitation. The trend in recent
decades has been towards the abandonment of traditional
grazing practices, as they are no longer economically viable
or for conservation purposes. 2 Centuries of high stocking
densities in some areas have produced ‘billiard table smooth’
or ‘golf course’ swards of halophytic grasses.
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Photo 6.1. Short turf of the livestock grazed salt marsh on the
Schiermonikoog back-barrier salt marsh provides good foraging

lower salt marsh
1973
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conditions for geese and hares.3

Ammophila arenaria
Puccinellia maritima
Atriplex portulacoides

Festuca rubra
Plantago / Limonium
Artemisia maritima

This convergence to a single plant community was also observed in a part of the
back-barrier marsh on Schiermonnikoog which had been abandoned in 1958.
Permanent plots recorded since 1972 indicated that Elytrigia atherica became
dominant in four out of six initially different plant
communities within 30 years.9 It took twenty more
1995
2000
years for the other two communities to become
dominated by E. atherica. These data also reveal that
the rate of increase in the cover of Elytrigia varies
among communities and can take decades. An
increase in the Elytrigia atherica community was
also observed on abandoned mainland marshes.10
Although E. atherica can become dominant in salt
marshes that are no longer grazed, the species
richness on the scale of a few 100 m² in grazed salt
marshes is substantially greater than in salt marshes
1995
2000
ungrazed for 30 years.These differences level off
at a larger scale.11 On Hamburger Hallig, species
richness was higher in small grazed plots than in
ungrazed plots, but these differences were not
found in plots larger than 1 m².12

Juncus maritimus
Juncus gerardii
Elytrigia atherica

Armeria maritima
bare soil
driftline

10 m

Fig. 6.2. Top panel: Changes on the higher Schiermonnikoog salt marsh after the
establishment of an exclosure in 1973. The Elytrigia atherica community established
within five years and covered most of the exclosure with the exception of the

Parts of the brackish Dollard marsh became a
nature reserve in the early 1980s. The low stocking
density resulted in abandonment by cattle of the
sections near the intertidal flats far away from the
seawall. Existing patches of Phragmites australis have
increased after ten years on the lowest parts of
this brackish marsh.13

Ammophila arenaria community and, locally, the Festuca rubra community. Bottom

3.		 Photo Jan Bakker

Apart from differences in richness of species and
communities, grazing has an impact on the struc
15 years the Elytrigia atherica community established and became dominant after 25
ture of the vegetation. Marshes without livestock
years. The Atriplex portulacoides community achieved dominance on the lower parts.
show homogeneously tall vegetation. Large-scale
variation (hectare) occurs with cattle grazing with
8.		 Kuijper, 2004
a watering point near the seawall, resulting in short vegetation near the watering
9.		 Van Wijnen et al., 1997
point and tall vegetation near the intertidal flats.15 Small-scale variation (one square
10. Esselink et al., 2009
metre) is observed with sheep grazing where the animals return to the regrowth
11. Bakker et al., 2003a
12. Wanner et al., 2013
of fresh tillers as geese do.16

4.		 Kuijper, 2004

13. Esselink et al., 2000

5.		 Photo Jan Bakker

14. Bakker et al., 2003a

6.		 Bos et al., 2002

15. Andresen et al., 1990

7.		 Bakker et al., 2003a

16. Berg et al., 1997

Photo 6.2. Tall vegetation (dominated by Elytrigia atherica) on the

panel: Changes on the lower Schiermonnikoog salt marsh after the establishment of

older ungrazed Schiermonikoog back-barrier salt marsh effectively

an exclosure in 1973. Initially, the Artemisia maritima community took over, but after

eliminates geese and hares.5

The number of plant species was significantly lower in exper imentally ungrazed
permanent plots (2 m x 2 m) compared with plots still grazed on the back-barrier marshes of Schiermonnikoog, Terschelling and Skallingen.6 On the continuously grazed salt marsh on Schiermonnikoog, two exclosures (50 m x 12
m) were established in 1973 on both the high and the lower marsh. Repeated
vegetation mapping has revealed that the Elytrigia atherica community spread
rapidly on the high marsh. Here, small tillers were already present on the grazed
marsh (Fig. 6.2).7 In contrast, no tillers were present on the grazed lower marsh.
50

It took more than a decade for the first patch of
E. atherica to establish in the lower marsh, probably from seed. Once it was present, the Elytrigia atherica community was also able to spread rapidly on
the lower marsh (Fig. 6.2). The result is that few
communities remained along an elevational gradient with different plant communities under
grazing, whereas most of the gradient became co
vered by a single community within three decades.
Hence, both the number of plant species in small
plots and plant communities at landscape scale
dec reased after cessation of grazing on a backbarrier marsh.

CATTLE GRAZED

Fig. 6.1. Cumulative number

The impact of cessation of livestock grazing on organisms

The impact of grazing is often studied by comparing grazed
and ungrazed sites (Photo 6.1, 6.2). The oldest part of the
back-barrier marsh on Schiermonnikoog has been grazed
by cattle over the past century. Geese and hares are back on
the scene in the short-grazed turf, including their preferred
forage species (Fig. 6.1).4 The experimental approach includes
local exclusion of livestock by fences, i.e. exclosures.

NO CATTLE

0.20

14

1.		 Esselink, 2000
2.		 Esselink et al., 2009
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Schiermonnikoog 1997

Schiermonnikoog 2001
Artemisia maritima
Elytrigia atherica
Festuca rubra
Juncus gerardii
Juncus maritimus

Photo 6.3. Exclosure for cattle with free access for hares and geese,
ten years after establishment with different plant communities of
Artemisia maritima (grey), Limonium vulgare (pink) and Elytrigia
atherica (yellow) on Schiermonnikoog. 20

Limonium vulgare
Puccinellia maritima
Salicornia spec.
bare soil
exclosure

Schiermonnikoog 2005

Schiermonnikoog 2013

¦

In the first years after the establishment of an exclosure for
livestock on Schiermonnikoog (during which geese and
hares had free access), the number of hare droppings increased inside the exclosure. The explanation was that the
plant species preferred by hares, i.e. Festuca rubra, could grow
taller in the absence of livestock. In an exclosure older than
40 years, hardly any hare droppings were found, probably
because Festuca was replaced by Elytrigia atherica.17 Trampling
and grazing by livestock is detrimental to many invertebrates.18,19 The above-mentioned exclosure with free access
for geese and hares on Schiermonnikoog was gradually
covered by Elytrigia atherica in both the Limonium vulgare and
the Festuca rubra community (Photo 6.3, 6.4). The E. atherica community dominated within twenty years. Outside the
exclosure, the Limonium vulgare community was replaced by
Puccinellia maritima community. This was most likely as a result
of the attractiveness of the exclosure to cattle, and hence
more trampling (Fig. 6.3). Spring-staging geese need facili
tation by livestock in the Wadden Sea area. The same holds
true for spring-staging and breeding geese on Gotland, and
autumn-staging geese on Öland in the Baltic, Sweden, as
shown by exclosure experiments (personal observation).
Do geese always need facilitation by large herbivores?

An interesting situation was found in the brackish marsh
of the Dollard. In the cattle-grazed area, Puccinellia maritima
20 years after establishment with only one plant community of Elytrigia
dominated the short vegetation. A rapid increase in Elytrigia
atherica (yellow) and driftline material (brown) on Schiermonnikoog.
repens was recorded seven years after the establishment of
0
25 m
exclosures.22 It has been suggested that the intensive utilization of Barnacle geese enhances the transition from Puccinellia-dominated marsh
to a secondary pioneer community with the annual species Salicornia spp. and
Based on data collected by
Annual seablite (Suaeda maritima). This could be the result of the interaction
Altenburg & Wymenga, ecologisch onderzoek
between goose grazing and soil waterlogging after the neglect of ditching.
Goose grazing only takes place when livestock facilitates.23

Artemisia maritima
Elytrigia atherica
Festuca rubra
Juncus gerardii
Juncus maritimus

Photo 6.4. Exclosure for cattle with free access for hares and geese,

21

Limonium vulgare

Scaling up to the entire Wadden Sea revealed that goose utilization of 164
coastal sites is negatively related to canopy height and positively to livestock
density. This was especially true where grazing was discontinued long term, i.e.
for more than ten years (Fig. 6.4).24

Puccinellia maritima
Salicornia spec.
bare soil
exclosure

n=

Fig. 6.4. Average goose-

¦

997

transect level in relation to
livestock grazing regime for

Schiermonnikoog 2001

0

all transects that were paired
within the same site along
Artemisia maritima

the Wadden Sea coast.

Elytrigia atherica

Bars that do not share the

25

m

Juncus maritimus
Puccinellia maritima
Salicornia spec.

Based on data collected by
Altenburg & Wymenga, ecologisch onderzoek
Schiermonnikoog 2013

52

17. Kuijper et al., 2008

different from each other

Fig. 6.3. Changes in the vegetation

18. Andresen et al., 1990

(P < 0.05).
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19. Van Klink et al., 2014
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20. Photo Dries Kuijper
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21. Photo Jacob Ruyter

the back-barrier marsh on Schiermon

22. Esselink et al., 2002

nikoog. Vegetation mapping done by

23. Esselink, 2000
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The cover of tall vegetation with
Elytrigia atherica has increased over the
TOTAL
WADERS
PASSERINES
past 20 years without livestock grazing
along the mainland coast of the
1992
1992
1999
northern Netherlands. The species
1999
2008
1992
richness of some breeding birds has
2008
1999
decreased in the same period, especially
2008
that of waders such as Pied Avocet
0
90 0
90 0
90
(Recurvirostra avosetta), Eurasian Oysterpercent cover of tall vegetation
catcher (Haematopus ostralegus), and
Common Red shank (Tringa totanus).
In contrast species richness of passerines (songbirds) such as Meadow Pipit (Anthus Fig. 6.5. The species richness of
pratensis), Eurasian Skylark (Alauda arvensis) and Reed Bunting (Emberiza breeding birds on Netherlands
mainland salt marshes in the Wadden
schoeniclus), has increased over the same period (Fig. 6.5).26
Sea (calculated per counting area)
species richness

than on the ungrazed site, whereas the sediment input did not differ. The bulk
density was, however, highest on the grazed site, suggesting that soil compaction
is an important factor in explaining lower rates of accretion on grazed sites.38
Impact of grazing on seed dispersal

Seed dispersal via ingestion and defecation by large herbivores (endozoochory)
plays a potentially important role in structuring plant communities. The seed
content of cattle dung collected from two habitat types within a grazing system,
one in dunes and the other in salt marsh was surveyed in the grazed marsh on
Schiermonnikoog. Seeds of both salt-marsh and dune species were dispersed
into salt-marsh and dune habitats. The seed content of cattle dung collected in
salt marsh and dunes was similar in terms of species composition and seed
density. However, dispersal of dune species into salt marsh and vice-versa did
not result in establishment in those communities. Seed traits per se did not differ
between dune species and salt-marsh species. Species abundance in the established
vegetation and seed density in dung were positively correlated. Seed abundance
for most species found in dung was consistent with the availability of viable seeds
during the growing season.39

between 1992 and 2008; the larger

Eight years after cessation of livestock grazing on Hamburger Hallig in the
early 1990s, breeding pairs of Common redshank had increased, whereas Common
tern (Sterna hirundo) and Pied avocet decreased, and Oystercatcher did not change.27
Breeding bird species richness on many mainland marshes without grazing since
the early 1990s, including Hamburger Hallig, decreased, but not significantly.28
Impact of grazing on soil conditions

Soil compaction as a result of grazing is a general phenomenon on
salt marshes in the Wadden Sea. Air-filled porosity is 25% in ungrazed and 15% in grazed high marshes, whereas it does not differ
in grazed and ungrazed low marshes, and is somewhat below 20%
in back-barrier marshes of Schiermonnikoog and Skallingen and
mainland marshes of Noord-Friesland Buitendijks, Dollard, Friedrichskoog, Sönke-Nissen-Koog and Hamburger Hallig (Fig. 6.6).

air filled soil porosity (%)

Grazing involves the removal of biomass and soil compaction by the large herbivores. The impact of this was studied by comparing soil conditions on sites that
are grazed, abandoned or mown with biomass removal without compaction of
the soil on Schiermonnikoog. The number of the macrodetrivorous Orchestia
gammarellus foraging on dead plant material (detritus) is high in ungrazed sites,
nearly absent in grazed sites, and in between in mown sites.30 The soil redox
potential as a measure of aeration, is significantly lower on grazed sites than on
mown and abandoned sites, and the same holds true for the rate of mineralization
and bulk density in silt soil. The effects were not found on sandy soil.31 In silt soil
of the mainland marsh of Noord-Friesland Buitendijks, bulk density was also
higher on grazed sites than on ungrazed sites, macrodetritivores were absent in
grazed sites and microdetritivores in the soil and fauna in the
vegetation were negatively affected by grazing. 33 Grazing by
livestock turns the brown food web with the macrodetritivore
30
state back into a green food web, now with the large herbivore
25
state (Fig. 10.3D, page 84).34
20

the greater the number of species.
However, that link became less
apparent as time passed (1992 to 2008),
mostly because waders (particularly
Oystercatchers) declined in tall
vegetation. Passerines appeared to
have a preference for taller vegetation

Impact on salt–marsh ecosystems

but this preference became less

Grazing on the mainland salt marsh of the Leybucht has reduced the number of
numerous invertebrate species that live in the upper parts of the vegetation or
are sensitive to trampling by cattle. The community structure shows that nine
years of cessation of livestock grazing resulted in a salt-marsh ecosystem with a
green food web dominated by plant-feeding animals to a brown food web domi
nated by animals foraging on detritus.40 The brown food web dominated by
macrodetritivorous species at the higher end of the productivity gradient on the
back-barrier marsh of Schiermonnikoog reverts to a green food web dominated
by herbivores when grazed by livestock (Fig. 10.3D, page 84).41

apparent over time from 1992 to 2008.29

Fig. 6.6. Percentage air-filled porosity
in high and low, grazed and ungrazed
salt marshes on seven sites in the

Impact of abandonment

Wadden Sea. Different letters indicate
significant differences. 32

ungrazed
grazed
b

a

b
b

15
10
5
0

Grazing may affect accretion. At the Leybucht, the accretion rate of 17 mm/yr
(over 1980-1988) at 40 cm +MHT was measured in cattle-grazed marsh, whereas
it amounted to 23 mm/yr in the abandoned marsh.35 In mainland marshes on
the Dollard, intensively grazed sites showed accretion rates of
approx. 8 mm/yr, hardly grazed sites approx. 12 mm/yr during the period 19841991.36 In Schleswig-Holstein, grazed sites showed surface elevation change
of 3-4 mm/yr, ungrazed sites 8 mm/yr during the period 1988-2009.37
A comparison of sites with and without cattle in the back-barrier marsh on
Schiermonnikoog revealed that shorter vegetation was found on grazed sites
54

the percentage of tall vegetation,

low

high
26. Mandema et al., 2014a
27. Eskildsen et al., 2000
28. Erb, 2012
29. Mandema et al., 2014a

38. Elschot et al., 2013

30. Schrama et al., 2013

39. Bakker et al., 2008

31. Schrama et al., 2013

40. Andresen et al. 1990

32. Howison, unpublished

41. Schrama, 2012

33. Van Klink et al., 2014

42. Kuijper & Bakker, 2012

The long-term cessation of livestock grazing has resulted in the dominance of
Elytrigia atherica in many places. It was, however, not always true. Although the
back-barrier marsh of Langli, Denmark, was abandoned for 30 years, Elytrigia
atherica did not dominate and Barnacle geese did occur. The idea that it was related
to combined above-ground herbivory of hares and geese, and below-ground
herbivory of the European water vole (Arvicola terrestris) was tested. We established
goose-hare exclosures and goose exclosures to which water voles had access or
no access. As a low abundance of E. atherica could also be related to low input of
nitrogen, a fertilizer application experiment was added in parts of the exclosures.
After eight years, it was possible to conclude that below-ground herbivory
decreased the dominance of E. atherica on the high marsh. Nitrogen fertilization
interacted with below-ground herbivory to slow down the increase of Atriplex
portulacoides on the low marsh. Nitrogen was not affecting the rate of succession.
The impact of herbivory and fertilization was, however, cancelled out by a
one-time event of high sediment accumulation in 2007 which created favourable
conditions for the annual plant species Grass-leaved orache (Atriplex littoralis).
Its invasion in all plots, irrespective of treatment, caused the late-successional
perennials Elytrigia atherica to be outcompeted on the high marsh, and slowed
down the increase in Atriplex portulacoides on the low marsh. The study showed
that herbivory and abiotic factors alternated in shaping long-term vegetation
dynamics, which could be a common feature of dynamic ecosystems.42

34. Schrama, 2012
35. Andresen et al., 1990
36. Esselink et al., 1998
37. Suchrow et al., 2012
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In the mainland marsh of Hamburger Hallig, an exclosure (1,000 m from the
intertidal flats) was only partly covered by
Elytrigia
atherica,
even
Study plot
after nearly 30 years, whereas E. atherica dominated at the edges of the intertidal flats (Fig.
6.7).43 Accretion rates were 22 mm/yr at the
edge, and 1-2 mm/yr near the exclosure.44 The
spread of E. atherica might depend on the rate of
sedimentation and hence nitrogen input. The elevation in relation to mean high tide (MHT)
has not increased since the establishment of the
exclosure. On the contrary, because the rise of
MHT level exceeded the average net accretion
rates, the elevation of the plot in the tidal frame
is even slightly lower today than it was at its establishment. Thus, soil waterlogging of the site
has probably been constant or has shown a
s
l
i
g
h
t
increase. These circumstances are probably an
0
500 1.000
important factor that may control both the
rate and the direction of vegetation succession in
1995
an ungrazed situation.45 It is, however, possible
that without sediment input, fewer nutrients
are also available. This hypothesis calls for an
experiment. On high and low marshes, tillers
of E. atherica have been planted, half of them
subjected to artificial fertilizers, half not fertilized. Fertilizers only have a positive effect on
the cover of E. atherica in the higher and drier
part of the marsh46, supporting the hypothesis
that Elytrigia atherica does not like wet conditions.

The idea tested in the above-mentioned experiment that Elytrigia atherica does not like
wet conditions is in line with the finding that
i
t
occurs less frequently in poorly drained (more
waterlogged) than in well drained mainland
marshes at the landscape scale of the Wadden
Sea. 48 It even disappeared in the ungrazed
marsh on Schiermonnikoog (Fig. 3.4, page 31).
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Fig. 6.8. Impact of management after
13 years of abandonment on (A)
the cover of Elytrigia atherica and (B)
the number of species in plots that
were continuously abandoned in 1972
(closed circles) and permanent plots
(2 m x 2 m) that were grazed by cattle
(open circles) or mown (triangles).
Different letters indicate significant

Impact of resumed grazing on abandoned salt marsh

Parts of the salt marsh on Schiermonnikoog were abandoned in the 1950s. In the early 1970s, an experiment was
a
started to compare continued abandonment, renewed cattle
grazing and mowing. The cover of Elytrigia atherica increased to over 60% after continued abandonment, whereas
it remained about 10% after mowing and nearly 0% after
b
30 years of renewed cattle grazing. The species richness
b
decreased on the abandoned sites, increased in the grazed
sites, and was intermediate in the long term after a shortB
term significant increase, in the mown site (Fig. 6.8).50 The
species richness, which was initially higher on the mown
a
site than in the grazed site, could be attributed to the
b
removal of mown material and litter with the immediate
creation of bare soil, whereas it took several years for the
cattle to trample down the thick litter layer. After a sowing
c
experiment involving halophytic species, it was concluded
that the relatively low amount of light reaching the soil
until mowing might be the limiting factor for the establish
1995 2000 2005
ment of a small number of species compared with the
grazed sites with less light attenuation. 51 Moreover, mowing creates a dense turf
of grasses, whereas grazing creates small gaps created by trampling grazers.
Resumed grazing resulted in an increase in species richness on the high marsh.
On the low marsh, however, a decrease in species richness was found. This was
attributed to the trampling of the vegetation and the creation of bare soil in the
soft and wet bottom.52

(P < 0.05) differences in 2001.53

The local farmers were interested in taking their heifers to the salt marsh for
renewed grazing. The stocking density was 2 animals/ha in the early 1970s. The
heifers’ weight increased by about 100 kg during a grazing season from May to
November. The farmers were satisfied.
Grazing or no grazing?

0

4

8

16

24

So far, we have focused on the presence or absence of grazing. Long-term abandoned salt marshes are often characterized by uniform tall vegetation. Livestock
grazing at high stocking densities results in homogeneous short sward. Grazing at
lower stocking densities will create variation in vegetation structure by combining
short and tall canopy with higher biodiversity. In fact, there is a lack of good
experimental and long-term data on the impact on plants, birds and invertebrates
of grazing at different stocking densities.

32
M

TMAP vegetation type
Spartina type

Fig. 6.7. Comparison of the 1995 and

Salicornia type

2007 vegetation map of the exclosure

Puccinellia type
Aster type

in the central part of the Hamburger

Conclusions

Hallig, after a period of 15 years and 27
years of minimum-intervention

Atriplex type

management, respectively. Vegetation

Juncus type

types are stated according to the TMAP

Festuca type

typology.49

Artemisia type
Elytrigia type
43. Esselink et al., 2009
44. Schröder et al., 2002
45. Esselink et al., 2009
46. Unpublished results
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abandoned in 1972
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mown

0

¯

Ceasing maintenance of the drainage system
on mainland marshes affects soil conditions.
Two years after the Dollard became a nature
reserve and ditching had stopped, a fully aerated
horizon was recorded. In contrast, nine years
later, such a horizon was only found on levees,
suggesting that other places were more frequently
faced with soil with low oxygen conditions.47

100

Elytrigia atherica cover (%)

Hamburger Hallig

		 Jensen et al.

50. Veeneklaas et al., 2011

47. Esselink et al., 2002

51. Bakker & De Vries, 1992

48. Veeneklaas, 2013

52. Bakker, 1989

49. Esselink et al., 2009

53. Veeneklaas et al., 2011

Livestock grazing creates short turf, while long-term cessation of grazing results
in tall vegetation. The number of plant species is lower in abandoned plots than
in grazed plots, but the differences get smaller on a larger scale. Different plant
communities converge to become a single plant community dominated by
Elytrigia atherica. This is, however, not true in sites with little sediment input: E.
atherica does not like wet conditions. Short-term cessation of grazing is beneficial
for plant species richness and invertebrates. Long-term cessation is not good for
geese and waders, but is not a problem for songbirds. Grazing results in compaction of the soil, losses of large soil fauna and anoxic soil conditions. Mowing
creates short turf at one go, but eventually lower plant species richness than
grazing. Resumed grazing can remove tall vegetation and litter and increase plant
species richness, especially on the high marsh.
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Box 6
Field stations

Chapter 7

Impact of grazing
at different stocking
densities

The research was facilitated by field stations
along the coast. On Schiermonnikoog, the
‘Herdershut’ field station, close to the salt
marsh, was available during all those years
and gradually acquired more facilities. The
‘Schellingerland’ field station on Terschelling
was an old kitchen complex used during World
War II in the dunes close to the Boschplaat.
It became overblown by sand drifts and was
demolished. A few years later, a flowering
Narcissus indicated its previous position.
A former school in the middle of the island
was the successor to the old field station.
Unfortunately, it was closed after a decade.

■

The house at the foot of the lighthouse at

■

Westerhever, in the unique position of a
small artificial mound on the salt marsh,
is used as a field station. The ‘Skallingen

■

Laboratoriet’ is an old and well-equipped
field station close to the salt marsh. The

■

house on Langli, used by the former owner
as a hunting lodge, serves as a field station.
Where no field stations were available close
to the field sites, youth hostels and group

■

To

what extent is stocking density important?
To what extent can grazing result in large-scale
heterogeneity?
To what extent can grazing result in small-scale
heterogeneity?
To what extent does grazing affect organisms in
the short term?
To what extent does grazing affect organisms in
the long term?

accommodations were visited near Leybucht,
Friedrichskoog, Sönke-Nissen-Koog, but
also near Greifswald, Saeftinghe, the Schelde,
the Wash and Mont Saint-Michel. It is not
ideal, however, to sort large samples of smelly
Beach hopper (Orchestia gammarellus) in a
youth hostel. The maintenance of a set of
field stations along the coast is of vital importance in enabling the Wadden Sea World
Heritage site to contribute to evidence-based
management of the ecosystems of the Wadden
Sea and its adjacent salt marshes.

58

Photo: Stefanie Nolte

Chapter 7

59

Long-term monitoring

Fig. 7.1. Vegetation change in the

For economic reasons, farmers gradually lost interest in
livestock grazing on mainland salt marshes along the Wadden Sea coast. Long-term vegetation mon itoring in the
Netherlands since 1960 has revealed that the Elytrigia
atherica community established on sites where grazing had
ceased, whereas it did not establish on sites that were still
heavily grazed. Sites with intermediate grazing showed little
increase in the E. atherica community (Fig. 7.1).1

Netherlands salt-marsh works from
are represented in permanent transects
which were numbered from West to
East. Transects were grouped
according to province and grazing
intensity. 2

Time
2000-2005

1995-2000

1990-1995

1985-1990

Transect

1980-1985

Grazing
intensity

1970-1980

Sector

1960 to 2005. Dominant plant groups

1960-1970

This observation raises questions about the impact
of differences in livestock grazing at various
stocking densities. On a few sites, experiments
have been started at different stocking densities.
These experiments required large paddocks.
Because of the abiotic comparability of paddocks, these experiments can only be set up in
the relatively homogeneous mainland salt
marshes with regular ditching. Unfortunately,
back-barrier salt marshes do not provide any
suitable large-scale experimental sites as they
contain meandering creeks with creek bank levees
and depressions.

Eight years after the cessation of grazing, the Elytrigia atherica community covered
large areas on the higher part and one spot on the lower part of the marsh. It hardly
occurred at all in the various grazing treatments. The E. atherica community spread
over both the higher and the lower marsh and covered the entire elevational
gradient 20 years after the cessation of grazing, at the expense of the Festuca rubra
and Agrostis stolonifera communities and the Puccinellia maritima community. The
0.5 head of cattle/ha treatment also revealed the spread of the Elytrigia atherica
community 15 years after the start of the experiment, but to a lesser extent
than the abandoned area (Fig. 7.2).

3.		 Andresen et al., 1990
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Experiment at Leybucht

Centre
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The first experiment was on the mainland marsh
of the Leybucht in Niedersachsen. Before the start
of the experiment, the site had been heavily
grazed by 2 cattle/ha. The experiment compared
0.5, 1 and 2 head of cattle/ha with the cessation
of grazing since 1980. Fresh drinking water was
available in each paddock (approx. 10 ha) close
to the seawall.

Centre

high

145

Concomitant with the spread of the E. atherica community, the characteristic
zonation of invertebrate communities along the elevational gradient disappeared
in the abandoned paddock. Characteristic halobiontic species were also replaced
by common inland species of tall forb communities.3

4.		 Bakker et al., 2003a
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Fig. 7.2. Changes in the man-made salt
marsh of the Leybucht after the
establishment of different stocking
densities in 1980. The Elytrigia atherica
community had established within 10
years on the higher marsh and also on

pioneer plants Salicornia spp and Sparta anglica

the lower marsh after 15 years in the
abandoned area, where it became

low salt march: Puccinellia maritima and Atriplex portulacoides

dominant after 20 years. From 15

divers zones + Aster tripolium, Spergularia spp, Trichlogin
maritima, Limonium vulgare, Plantago maritima

community also spread into the lowest

mid salt-marsh plants: Artemisia maritima, Armeria maritima,
Juncus gerardii, Festuca rubra, Agrostis stolonifera, Glaux maritma

marsh was abandoned in 1998.4

years onwards, the Elytrigia atherica
stocking density section. The whole

high marsh plants Elytrigia spp, Atriplex prostrata, Atriplex littoralis

1.		 Esselink et al., 2009
2.		 Esselink et al., 2009
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The second experiment was established on two mainland salt marshes, SönkeNissen-Koog and Friedrichskoog in Schleswig-Holstein. The sites experienced
heavy grazing by 10 sheep/ha until the end of 1987. In 1988, a grazing expe
riment was started. On both sites, five adjacent experimental paddocks (each c. 10
ha) were established: a paddock without grazing and four paddocks with stocking
densities of 1.5, 3, 4.5 and 10 sheep/ha, respectively. Fresh drinking water was
available in each paddock close to the seawall.

The Sönke-Nissen-Koog marsh showed a large coverage of the E. atherica community after the cessation of grazing, which increased between 11 and 15 years
after the cessation of grazing. The community covered considerable areas at the
low stocking densities 15 years and more after the start of the experiment. It
was, however, absent in the 10 sheep/ha treatment, but emerged in later years,
possibly as a result of reduced stocking densities in the control treatment. The
heterogeneous pattern of the vegetation can be attributed to the ditches, which
are too deep for sheep to cross (Fig. 7.4).

During the first few years of the experiment, short grasses were dominant on
both sites. Festuca rubra dominated the high marsh at Friedrichskoog, whereas
Puccinellia maritima dominated the low-marsh site at Sönke-Nissen-Koog.5 The
vegetation on the Friedrichskoog marsh revealed a relatively small coverage of
the Elytrigia atherica community 11 years after the cessation of grazing. This
community did, however, show a substantial increase 15 years after the cessation
of grazing, whereas it was absent in the grazing treatments (Fig. 7.3).

The average height of the vegetation decreased with increasing stocking density on both sites. Livestock returns to previously grazed locations where fresh
nutrient-rich tillers emerge. Hence, the proportion of short vegetation (i.e.
vegetation height less than 10 cm) is a better measure of impact on the vegetation
than average vegetation height over an entire paddock. The proportion of short
vegetation increased with decreasing distance from the watering point and
increasing stocking density to a maximum closest to the watering point and in
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paddocks with the highest stocking density. This pattern was broadly similar
between the two salt marshes but was more pronounced in the low salt marsh
than in the high salt marsh. The proportion of short canopy was higher and less
sensitive to increasing stocking density in the high salt marsh than in the low salt
marsh. It also increased more steeply for each unit increase in stocking density
in the low salt marsh than in the high salt marsh, implying that grazing has a
greater impact on vegetation in the low salt marsh than in the high salt marsh.6
On the high marsh in Friedrichskoog,
the small-scale (10 m x 2 m) spatial
arrangement of short and tall vegetation was compared for various stocking
densities. The treatment with 10
sheep/ha was homogeneously short,
the treatment involving the cessation
of grazing was homogeneously tall,
whereas the highest spatial variation
was found in the treat
m ent with 3
8
sheep/ha (Fig. 7.5).

100

tall stands (%)

36

47

1

when considering the salt-marsh specialists. There are, however, also salt-marsh
specialists that appear to have a preference for grazed salt marshes: some prefer
salt marshes with low stocking density; others prefer salt marshes grazed at a
higher stocking density.13
Experiment at Hamburger Hallig

0

Fig. 7.5. Maps of the 10 m x 2 m
transects showing the micropattern of the short and tall
Festuca rubra stands in 1995.
The numbers at the top
indicate the incidence of tall
stands on each transect.7
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tall stands
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Of 43 Micolopidoptera species sampled at Hamburger Hallig, 50% turned out to
be halobiontic or specialist species, for example Agdistis bennettii and Whittleia
retiella.15 On the mainland marshes at Hamburger Hallig, Friedrichskoog and
Sönke-Nissen-Koog, 7 out of 53 species (13%) of sampled spiders were halobiontic,
whereas the figure for sampled beetles was 18 out of 68 species (26%).16 Although
there is a considerable percentage of halobiontic species, large proportions of
generalist invertebrate species for example Essex skipper (Thymelicus lineloa) are
able to disperse into salt marshes from the hinterland, i.e. dunes or seawalls and
agricultural land.
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a
x
x
x
and with 4.5 sheep/ha (mosaic of tall
x
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and short vegetation). Tall vegetation
on both the ungrazed salt marsh and
0
homogeneous
mosaic
mosaic
homogeneous
the mosaic on the salt marsh grazed
short
short
tall
tall
vegetation height
with 4.5 sheep/ha appeared to be the
10
4
4
0
most species-rich. Additionally, the
grazing management (sheep/ha)
densities of invertebrate species were
the highest there. 9 This was especially
due to the presence of non-specialist species (generalist species not only
occurring in salt marshes but also in inland habitats), as was also found in the
first experiment in the Leybucht.10 In places with short vegetation resulting
from grazing, there were significantly fewer species of invertebrates, especially
because fewer generalist species were found. About the same number of saltmarsh specialists (species restricted to salt marshes) occurs on the grazed salt
marsh as on the ungrazed salt marsh. The spatial variation of short and tall vegetation does not lead to more salt-marsh specialists, whereas non-specialist species
appear to benefit from it (Fig. 7.6).11 The herbivorous insect species did not all
show the same response to grazing.
The invertebrate species can be divided into four categories: the first category
(28 species) showed a decline with increasing livestock density (negative
response); the second category (11 species) showed a positive response to increasing livestock density; the third category (six species) showed an optimum
response at a stocking density of 4.5 sheep/ha; and the fourth category (nine
species) showed no reaction (neutral response) to livestock density. Of the saltmarsh specialists, ten species showed a negative response to increasing livestock
density and five species showed no response to livestock densities of 0 - 10
sheep/ha. Ungrazed salt marshes are, thus, the richest in invertebrates, even
64

A third experiment was set up on the mainland marsh in Hamburger Hallig in
Schleswig-Holstein. The site experienced heavy grazing with 10 sheep/ha until
the end of 1990. In 1991, a grazing experiment was started with 1-2, 3-4 and 10
sheep/ha and cessation of grazing. After 17 years average vegetation height was
negatively related to stocking density. Moth species richness and abundance were
highest in the abandoned and 1-2 sheep/ha treatments, intermediate in the 3-4
sheep/ha treatment and lowest in the 10 sheep/ha treatment. Species richness of
moths was only weakly correlated with vegetation parameters (species richness,
vegetation height, cover and litter). Moths react more sensitively to grazing than
plants, hence assessments of plant species richness in salt marshes do not allow us
to draw conclusions with regard to moth diversity.14

Fig. 7.6. The number of
invertebrate species on
the Friedrichskoog and
Sönke-Nissen-Koog salt
marshes in relation to the
height of the vegetation and
the variability in vegetation
height. About the same
number of salt-marsh
specialists (dark shading)

Conclusions

were found in the different
categories of vegetation
structure. In addition, many
invertebrate species that are
also found in non-saline
environments were found in
the tall vegetation (ungrazed
places in the experimental
fields with 4.5 sheep/ha
and completely ungrazed
experimental fields). The
different letters indicate
significant differences.12
13. Van Klink et al., 2013
14. Rickert et al., 2012
15. Rickert et al., 2012
16. Van Klink et al., 2013

Grazing with 2 cattle/ha or 10 sheep/ha results in homogeneously short vegetation
and the cessation of grazing in homogeneously tall vegetation, except for the
lowest parts of the salt marsh. Stocking densities of 0.5 head of cattle/ha or 4.5
sheep/ha can only prevent local dominance of the tall grass Elytrigia atherica.
They create a large-scale gradient of increasing vegetation height from watering
points near the seawall towards the intertidal flats. Small-scale spatial variation in
vegetation height was found in the treatment with 3 sheep/ha. In the tall vegetation
many non-specialist salt-marsh species flourish and result in high numbers of
invertebrates. Salt-marsh specialists occur in small numbers in short and tall
vegetation: some react positively to increasing stocking densities, some negatively.
Moths react more sensitively to grazing than plants, hence assessments of plant
species richness in salt marshes do not allow us to draw conclusions with regard
to moth diversity.

7.		 Berg et al., 1997
8.		 Berg et al., 1997
9.		 Van Klink et al., 2013
10. Andresen et al., 1990
11. Van Klink et al., 2013
12. Van Klink et al., 2013
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Box 7
Memories

Chapter 8

Integration of impact
of grazing on plants,
birds and invertebrates

A salt marsh on a warm calm summer evening
when you can hear people talking more than
a kilometre away; having lunch in the rain at
the edge of a creek and watching a Little
tern fishing; walking along the edge of the
salt marsh and watching a Peregrine falcon
catching a Wigeon; walking along the edge
of the intertidal flats with fast oncoming fog,
and finding the footprints you made on the
way there; the outlined creek bank levees
covered with Sea couch (Elytrigia atherica)
on the Boschplaat, Terschelling a long time
ago; the sun on your face when lying in the
vegetation (preferably a thick mat of Red

■

fescue (Festuca rubra); the fright you get
when you step on a hidden young hare; the
astonishment of seeing where driftline material can be found after a severe storm, and

■
■

the amounts of sand deposited at the edge
of the salt marsh and on creek bank levees;

■

on a calm winter day, the sound of water falling
into small creeks with backward erosion after
spring tide; the magnificent view over the
North Sea and the Wadden Sea from the

■

To

what extent do different livestock species and
densities affect organisms?
To what extent do livestock species affect spatial scales?
What is the effect of alternation in grazing treatment
on organisms?
To what extent does grazing affect interactions between
organisms?
To what extent can different organisms benefit from
a grazing treatment?

top of Willemsduin, Schiermonnikoog; the
experience of 100 years of succession during
a day’s walk from the eastern tip towards
the Kobbeduin, Schiermonnikoog; finding
a group of Common shelduck hatchlings
when monitoring the vegetation; watching
the capers of Black-headed gulls catching
flying ants during a warm summer day; the
‘kobbe-kobbe-kobbe’ sound of Herring
gulls hovering above you; the overwhelming
impression you get of the lighthouse at
Westerhever on the salt marsh when climbing
the seawall; the mysterious landscape of
the Halligen surrounded by intertidal flats.
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An attempt at integration
time spent per gridcell (%)

Much is already known about the impact of sheep and cattle grazing on salt-marsh
vegetation. However, it was not clear whether grazing should always be applied
everywhere or which stocking densities would be most effective. Moreover,
there were some considerable gaps in knowledge: the impact of grazing with
horses had never been researched. Also, the impact of grazing with different
livestock species and different stocking densities on plants, birds and invertebrates was not studied in the same paddocks.

1.0 Cattle
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Fig. 8.1. Percentage of time animals
spent per grid cell depending on the
distance of the grid cell from the
freshwater source. Error bars represent
the standard error. Regression lines,
significance and R2 are based on
simple linear models.4

Research was undertaken to measure accretion rates during previous decades
in grazed and ungrazed salt-marsh areas in Noord-Friesland Buitendijks. For
this, the depth at which traces of the radioactive fallout from the Chernobyl
nuclear disaster (1986) was taken as a reference: the sediment layer above this
depth has accumulated since then. Using this technique, a large difference in
accretion rates was found between grazed and ungrazed salt marshes in NoordFriesland Buitendijks (13.4 mm/year vs. 29 mm/year, respectively). 1

Impact on vegetation

The average vegetation height was found to be dependent on stocking density:
higher stocking density resulted in shorter vegetation. The livestock species
used for grazing also had an impact: under both density treatments, horses kept
the average height of the vegetation shorter than cattle. This can be attributed
to the fact that horses require more food than cattle and also trample the vegetation more.
Under light grazing regimes, spatial patterns in the vegetation were formed
under both horse and cattle grazing. However, the size of the patches differed
between horses and cattle: under horse grazing, patches of both short and
taller vegetation were almost twice as large.5 After three years of the experiment,
Elytrigia atherica was generally more common under cattle grazing than under
horse grazing. Probably, part of the reason for this was that horses require more
food than cattle. Also, Aster tripolium was more abundant under cattle grazing
than horse grazing after three years. This same pattern holds true for both
Artemisia maritima and Atriplex prostrata.6

Grazing of horses and cattle

Horses require a higher food intake than cattle due to their digestive system.
They have also been found to consume more high-fibre forage such as fibrous
grasses. Horses have two sets of incisors and are able to graze closer to the
ground by biting off parts of plants, whereas cattle use their tongue to tear off
plants. Thus, horses are able to graze on very short tillers, which explains their
selection of much shorter swards than cattle.

It was important to specifically address the impact of grazing on Aster tripolium,
as it is an important plant for many insect species in salt marshes. A. tripolium
plants survived the best and produced the most flowering heads when they
remained ungrazed by livestock for a year, as was the case during the rotational
grazing treatment. In this case, more than 1,000 flowering heads/m² were
formed. The damage increased with increasing stocking density. At a stocking
density of 0.5 horses/ha, the number of flowering heads decreased to around
500 flowering heads/m². At a stocking density of 0.5 head of cattle/ha, only
around 50 flowering heads/m² were produced. At a stocking density of 1 head
of cattle or horse/ha, the number of flowering heads was also around 50 heads/m².7

The diet choice of horses and cattle showed a large overlap. However, Agrostis
stolonifera formed a significantly higher part of the diet of cattle compared to
horses, and at high rather than low densities. Aster tripolium was found significantly more often in the diet of cattle rather than horses and at low rather than
high stocking densities. In contrast, the percentages of both Elytrigia atherica
and Elytrigia repens are not affected by livestock species or stocking density. No
differences in fibre content of forage were found between samples from different
treatments. 2
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0.5 Cattle

0

The research was carried out in a large-scale experiment involving three areas
on the salt marshes of Noord-Friesland Buitendijks in the Netherlands. All
three areas ranged in elevation from a high salt marsh (0.6 – 0.8 m above mean
high tide [MHT]) to a low salt marsh (0.3 – 0.5 m +MHT). Each area was
divided into five experimental paddocks of about 11 ha in size. The high marsh
of each paddock was always covered with Elytrigia repens, Elytrigia atherica,
Agrostis stolonifera and Festuca rubra, which changed around halfway to the mudflats
into low salt marsh with Puccinellia maritima. In 2010, five paddocks in each
experimental area were given the following treatments: an intensive grazing
regime with horses or cattle (1 animal/ha), a light grazing regime with horses
or cattle (0.5 animals/ha) and a more dynamic or rotational grazing regime
(one year of intensive cattle grazing alternating with one year of no grazing,
namely 2010 and 2012, respectively). Grazing only took place from around
June 1st to October 15th. A watering point was present on the high elevation
area of each paddock.

Ruminants, such as cattle, possess a fermentation chamber in the foregut where
food is retained longer than in the case of hind-gut fermenters, such as horses.
Therefore, ruminants can extract more nutrients from their forage than hind-gut
fermenters. The latter generally compensate for this by having a higher daily
food intake. Higher food intake leads to longer grazing times, and thus to a

25

higher general activity of
horses compared to cattle.
Horses were more active
than cattle. Horses spent on
average 12 hours and cattle
7 hours per day grazing.
In both cattle-grazed treatments, we find a clear grazing gradient with a decreasing percentage of time
spent per grid cell with
increasing distance from the
watering point. In contrast,
horses show no grazing
gradient at high densities
and only a weak grazing
gradient at low densities
(Fig. 8.1). 3

Impact on invertebrates

3.		 Nolte et al., 2014a
4.		 Nolte et al., 2014a
5.		 Nolte et al., 2014b
1.		 Nolte et al., 2013a

6.		 Nolte et al., 2013b

2.		 Nolte et al., 2014a

7.		 Nolte et al., 2013b

Hoverflies, bees and butterflies are directly influenced by grazing on salt
marshes because they are on the lookout for flowers with pollen and nectar.
Depending on the level of stocking density, the available flowers could be from
short, small plants such as Greater sea spurry (Spergularia media) and Lesser sea
spurry (Spergularia salina) or from large, tall plants such as Sea mayweed
(Tripleurospermum maritimum) and Aster tripolium. In particular, Aster exerts an
Chapter 8
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Fig. 8.3. The proportion of
c

artificial nests in the form of
buried clay pigeons that were

c

trampled by livestock. More
nests were trampled under

bc

horse grazing than under
cattle grazing. Different

b

letters indicate significant
differences.13
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August and September, the tall and
grazing management
abundantly flowering Tripleurospermum
maritimum and, in particular, Aster
tripolium bloomed. Because of this, the most flower-visiting insects were observed during late summer. Aster tripolium is eaten by livestock and the number
of flowering heads decreases with grazing. This had a direct influence on the
number of flower-visiting insects. It was at its lowest with grazing with 1 animal/ha, both with horses and with cattle. This was mainly due to the lower
number of hoverflies and butterflies. The rotational grazing treatment resulted
in high numbers of flower visitors in the year without livestock grazing (Fig.
8.2). In the year with grazing, however, the number of flower visitors was just
as low as with continuous cattle grazing.8

Fig. 8.2. Comparisons between flower
availability (left) and the number of
flower-visiting insects per transect
(right) in the five management
treatments in the grazing experiment
in the rotational grazing treatment
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0.0

The interaction between available invertebrates and breeding birds was examined
in faeces of Meadow pipit nestlings. The greatest proportion of the prey
animals that were fed to young Meadow pipits were rather large spiders and
caterpillars (each 38%). Other types of prey were much less abundant.15 On a
few occasions, small snails and shells were found and every once in a while,
remnants of a beetle. The spiders were almost all bigger than 5 mm, and the
caterpillars were about 2 cm long. Relatively speaking, the percentage of larger spiders, caterpillars and other insect larvae was higher than that available in
the vegetation. Small spiders, small beetles, cicadas, froghoppers, true bugs, soldier beetles (soft and rather large beetles) and ladybird beetles were, in contrast,
under-represented in the diet. Meadow pipits did not show a preference for
sites with a high variability of vegetation height and neither did they have a
preference for very short vegetation.16

(2012). The number of flower-visiting
insects was highest with the rotational
grazing treatment, but this was not
significantly different from the numbers
attained by 0.5 horses/ha or cattle/ha.
Lowercase letters are used to show

The impact of grazing on insects that use Aster tripolium as a forage plant was
measured. There were significantly more species of insects found per plant during
the ungrazed year of the rotational grazing treatment than on the long-term
ungrazed salt marsh or the salt marsh grazed with 1 head of cattle/ha. The
horse-grazed salt marsh was not included in this study. The most important
factor that determined the number of species occurring per plant appeared to
be the size of the plant. It was found that, under grazing with 1 head of cattle/
ha, at least seven times the number of plants were needed to harbour the same
richness of insects as found under ungrazed conditions. Remarkably, the diversity
of insects was highest in the salt marsh under the rotational grazing treatment,
thus higher than in the salt marsh left ungrazed for at least 20 years. This could
be due to the sparse plant cover, especially in the low-elevation parts of longterm ungrazed salt marsh in winter. Many insects, such as the flies and small
moths that live in the flower heads of Aster tripolium, actually survive the winter
in the soil, nestled between the plant roots.10

Fig. 8.4. The average number
of goose droppings that were
counted on a weekly basis in
4 m² plots in four different
grazing treatments broken
down into (A) the autumn and
(B) spring periods. Letter
symbols above the bars
indicate which values were
statistically significant in
each season.17
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Impact on winter-staging birds
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10. De Vlas et al., 2013

Winter-staging geese appeared to
have a preference for grazed, higher
A
B
elevation parts of the salt marsh. In
a
a
the autumn, there was a preference for
a
the treatment with 1 horse/ha. In the
a
a/b
spring, this preference was not present; treatments with 0.5 and 1 animal/
c
ha attracted about the same number of
geese (Fig. 8.4). 18 Contrary to expectations, this difference was not caused
by the difference in vegetation height:
treatments with shorter vegetation
1/ha 0.5/ha
1/ha
0.5/ha
1/ha 0.5/ha
had about the same number of dropcattle
horses
cattle
pings as treatments with somewhat
grazing management
taller vegetation. A possible explanation
for the differences between autumn
and spring is that it is mostly old plants that are present in autumn. During this
season, young shoots only sprout continuously when the plants are defoliated
by grazing. The greater the stocking density, the greater is the impact. In the
spring, all plants make new shoots, even when the vegetation has not been
grazed down during the previous year. Because of this, the livestock density in
the previous year has little effect on food availability for geese in spring.19

AUTUMN

10

Impact on breeding birds
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0.3

Birds that have a preference for the vegetation structure of grazed areas run the risk of
their nests being trampled by livestock. Beab
cause of the difficulty of finding enough nests,
the trampling of artificial nests (clay pigeons)
bc
was tested. Horses trampled more than twice
c
the number of clay pigeons than cattle, and
trampling increased with increasing livestock
density. Thus, intensive grazing with horses
posed the highest risk of trampling (36%),
1/ha
0.5/ha
1/ha 0.5/ha
and light grazing with cattle, the lowest (10%)
horses
cattle
grazing management
(Fig. 8.3). 14 The watering point also had an
effect: the closer to the watering point, the
greater the risk of being trampled. These results are consistent with the observation that horses walk more than cattle.
a

during a year without livestock grazing

significant differences.9

A total of 29 Eurasian Oystercatcher nests and 22 Common Redshank nests
were found in the experimental fields. Both Eurasian Oystercatchers and Common
Redshanks appeared to breed in places with significantly taller vegetation, on
average, and more variation in vegetation height than the average elsewhere in
the same experimental field. 11 Both livestock species and stocking density
caused differences in vegetation structure, which could be relevant to the suitability of the marsh as a nesting habitat for breeding Common Redshanks and
Eurasian Oystercatchers. After one year of grazing, the height and the variation
in height of the vegetation were significantly higher with 0.5 animals/ha or the
rotational grazing treatment than with 1 horse or 1 head of cattle/ha. However, these differences in the vegetation did not lead to differences in the nesting
density between the different management treatments, nor during the second
year of the study. The fidelity of birds to nesting sites could have played a role
in this result. A shift in preference for treatments with variation in the structure
of the vegetation could eventually occur over the long term through the death
of old birds and the establishment of young birds breeding for the first time. 12

0.4

17. Mandema et al., 2014b
18. Mandema et al., 2014b
19. Mandema et al., 2014b
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11. Mandema et al., 2013b
12. Mandema et al., 2013b
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ha or to grazing with 1 animal/ha. As is found with invertebrates, there are also
birds that prefer livestock densities of 0.5 and 1 animal/ha. As regards the diversity of staging migratory birds, no conclusion can be drawn on the basis of this
study. However, grazing had an impact on Brent and Barnacle geese. Especially
in the autumn, geese exhibited a strong preference for the short, grazed-down
salt marsh resulting from 1 animal/ha treatments. In the spring, the vegetation
is short almost everywhere and no clear preference by geese for a specific grazing
regime could be measured.

Impact on mammals

On the high salt marsh, smaller and larger burrow entrances of voles can be
found. With 1 horse/ha, almost no trace of voles was found. With 1 head of
cattle/ha, the equivalent of 20 burrows/ha were found; with 0.5 horses/ha or
0.5 head of cattle/ha, 34 burrows/ha. The rotational grazing treatment in the
year without grazing with 1 head of cattle/ha was somewhere in between with
28 burrows/ha. Evidently, the voles could withstand some level of grazing but
their numbers decreased at densities of 1head of cattle/ha and they could not
withstand a density of 1 horse/ha.20

As regards the diversity of plants in the vegetation, cattle were found to achieve
a somewhat higher score than horses. Structurally diverse vegetation can favour
plant diversity in the long term. However, the experiments lasted for too short
a period (three years) to say conclusively whether this would hold true over
the long term.
The impact of soil compaction on the diversity of invertebrates was studied,
but only for grazing with cattle. Soil compaction was found to be negative for
the litter layer and the soil structure, and thus for the invertebrates that live in
these layers. It is therefore plausible that grazing at a stocking density of 0.5
animals/ha is better than with a density of 1 animal/ha, and that grazing with
cattle is better for organisms that live in the litter and soil layers than grazing
with horses. For the diversity of birds in Noord-Friesland Buitendijks, no significant differences between grazing with cattle and horses or between different
stocking densities were found either for migratory birds or for breeding birds.
It is, however, quite possible that these differences could arise over the long term.

Table 8.1. Overview of the way different

Conclusions

The impact of different grazing regimes in the grazing experiment on NoordFriesland Buitendijks is summarized in Table 8.1.21 The impact of the rotational
grazing regime over the long-term is not yet clear; therefore a few cells in the
far right have not been filled in. On the scale of the experimental fields, no
grazing gradient appeared with horses but did appear with cattle. It is however
possible that such a gradient could also appear with horses, but then only when
the scale of the area is large enough.

grazing treatments studied in the
grazing experiment affect potential
management targets using a fivecategory ordinal scale. Question marks
indicate that the effect is not yet clear
because of the short duration of the
experiment. Impacts shown in brackets
indicate that they have not been proven,
but would probably be found. The
background colours in the cells indicate
whether an impact is regarded as
favourable or unfavourable. With the

The consequence of the higher activity level of horses is that more nests are
trampled and that the soil becomes more compacted. The different diet choice
of horses means that they are more inclined to eat fibre-rich plants. Nature
conservation agencies can make use of this last feature when they try to decrease
the proportion of Elytrigia atherica in the vegetation.
Grazing at stocking densities of 0.5 animals/ha favours the formation of patterns
and diversity in the vegetation structure. Structural diversity was highest at
stocking densities of 0.5 animals/ha and the patch size was found to be smaller
with cattle grazing than with horse grazing. Structurally diverse vegetation can
be favourable for breeding birds in the short term. Eurasian Oystercatchers and
Common Redshanks prefer nesting sites with more structure in the vegetation
than was found on average in the surroundings. In general, grazing appeared to
have a negative impact on the diversity of invertebrates. However, there were
also invertebrate species with a positive response to grazing with 0.5 animals/
72

rotational grazing treatment, impacts
are different between the years with
and without grazing. 22

20. De Vlas et al., 2013
21. De Vlas et al., 2013
22. De Vlas et al., 2013
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Box 8
Special events

Chapter 9

De-embankment:
enlargement of
salt-marsh area

The back-barrier marsh on the island of Langli
can only be reached by walking the tidal watershed. It was always one of the attractions
during the Coastal Ecology Expedition. Normally, the watershed is more or less dry, and
crossing it is no problem during a walk of 45
minutes. The last time we wanted to visit
Langli, with severe winds, the watershed
was locally inundated by 50 cm. Nevertheless,
we walked to the island to do some measurements. On our way back, some people returned after a while and decided to stay on
the island. From previous visits, they knew
where to find the key of the house. Next day,

■

they walked to the mainland over a dry watershed in full sunshine.

■

One of the stations during the Coastal Ecol-

■

ogy Expedition was the mainland marsh of

■

Friedrichskoog. Once, when we were busily

■

recording the vegetation and surface elevation with our people, a man came all the way

To

what extent is it possible to re-create salt-marsh
vegetation after de-embankment?
Where do the species come from?
Can the elevation deficit be compensated for?
Are storms a problem?
To what extent does the de-embanked site have to
be managed?

along the sedimentation fields to ask us what
we were doing. It was a police officer, who
had been alerted by local people that a group
of people were behaving suspiciously with
strange equipment in the salt marsh. It was
just a few days after 9/11. It turned out that
the young police officer was a biologist by
training. However, he could not get a job
and later found his present job. He fully
understood what we were doing, and the
problem was solved.
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after initial establishment. Most sites were left untouched to allow natural development. As on existing salt marshes, this resulted in a decrease in the number
of characteristic salt-marsh species once a single tall species became dominant
and outcompeted other species, unless the site was grazed by livestock.5

Accidental and deliberate de-embankments

Recently, reclamation of salt marshes for agricultural purposes has become less
economically feasible, whereas nature conservation and coastal defence issues
have become increasingly important. As a result, managed realignment, or de-embankment of formerly reclaimed land, has been introduced as a measure to compensate
for salt-marsh loss by providing space for salt-marsh development inland.

Establishment of salt-marsh species

Plants can establish in the de-embanked sites in two ways. They can still be
present in the soil seed bank as a memory of the vegetation before embankment.
If not, they have to be dispersed from outside the de-embanked site. The
majority of salt-marsh species do not have a long-term persistent soil seed bank.6

Embankments by seawalls created polders, and by summerdikes they created
summerpolders which are occasionally flooded during winter storms. Once a
(summer)polder is embanked it traps either reduced amounts of sediment or
no sediment at all. This creates an elevation deficit as a result of shrinkage and
autocompaction of the soil and a lack of fresh sediment input. Moreover, the
characteristic salt-marsh species are not present in the freshly embanked communities.

F
D
NL / B
UK

UK: 3
D: 3

A

C

NL/B: 1

D

1991
1993
1994
1995
1996
2000
2001
2002
2003
plan

1802
1874
1896
1897
1921
1928
1938
1945
1953
1973
1989
1990

B
UK: 5
NL/B: 1
D: 1
UK: 9
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number of sites

The concept of using deaccidental
deliberate
embankment to re-create salt
10
marshes is not new. In the
8
past, several embankments
accidentally breached during
6
storm surges and high tides,
as was the case in 1953. This
4
was recorded at 35 sites in
2
northwest Europe before
1991. After 1991, deliberate
0
de-embankment was recorded
size class (ha)
at 29 sites, and plans existed
to increase that number. The
de-embanked sites ranged from less than 1 ha to over 500 ha. The total area
amounted to over 5,600 ha. Half of the deliberate de-embankments were carried
out for habitat restoration and a quarter for flood defence purposes (Fig. 9.1).1
Only half of the reported de-embankment sites have been monitored to ascertain
whether salt-marsh plant species have established.

Fig. 9.1. Year of de-embankment and main reasons for
deliberate de-embankment
with the number of sites per
country for each category (A:
habitat creation or restoration:
B: flood defence: C: gaining
experience: D: unknown).2

Abiotic conditions relevant to success of de-embankment

The success of the restoration was measured by the establishment of characteristic
salt-marsh plant species. It would be easy to compare the species established in
a de-embanked site with an adjacent existing salt-marsh site. These data are,
however, not always available for review. The species list of a de-embanked site
was therefore compared with the regional species pool, i.e. the list of species
occurring in the central-north Atlantic biogeographic region (including the
Wadden Sea), and resulted in a ‘saturation index’. 3 The saturation index of
de-embanked sites ranged between 20% and 70%.
Restoration (expressed as saturation index) was positively related to the size of
the de-embanked area, and the elevation in relation to MHT. Remarkably,
many sites occupy less than 50% of the elevational range from low to high tide
levels, so these sites do not have full restoration potential. However, initially
low elevation in itself may not be a problem if sedimentation rates are high
enough. Data on sedimentation rates were available for 26 sites in the review.
Surface elevation change decreased linearly with the age of the de-embanked
site.4 These results suggest that the elevation of the sites can increase rapidly
during the first few years after de-embankment. Over time, when pre-embankment
levels or levels similar to existing marshes and suitable for vegetation establishment
are gained, the rate of surface elevation change is likely to decrease. The saturation
index has decreased over time, suggesting that salt-marsh species have been lost
76

In the Freiston, United Kingdom, managed-realignment site, the sea had not
had access since 1982 and the reclamation was for agricultural purposes. But
because the reclamation was too far seaward, the embankment nearly breached
in 1996. In order to maintain coastal protection, it was decided to deliberately
breach the seawall and re-establish an existing old landward seawall. The embankment was breached in three places (each 50 m wide) in August 2002. The
established vegetation and the soil seed bank were sampled before the breach
and the first two years after de-embankment. Prior to de-embankment, the soil
seed bank contained inland grassland species and hardly any salt-marsh species
after 14 years of agricultural exploitation. All inland grassland species were
killed by seawater. However, some inland grassland species maintained their soil
seed bank. The annual salt-marsh species Salicornia spp. and Suaeda maritima
established and formed a soil seed bank, whereas the perennial Puccinellia maritima
also established but did not (at that time) form a soil seed bank.7
The fact that salt-marsh species disperse seems obvious, as seeds or plant parts
can float on the tidal streams along the coastline. High tides and especially
storms collect large amounts of seeds in the driftline on the high marsh or the
foot of the seawall. These seeds float over the de-embanked site without reaching the soil. Hence, this process is referred to as
potential dispersal. The realized dispersal, i.e. the
dispersal at the soil surface of a de-embanked
site can be measured by using Astroturf seed
traps to collect the seeds that land locally
(Photo 9.1). This procedure can establish whether
the development of salt-marsh vegetation is
likely to be constrained by limited seed dispersal.
The data were collected at the Tollesbury managed realignment site and adjacent salt marsh in
Photo 9.1 Astroturf for trapping seeds in de-embanked polder at
the Blackwater Estuary, United Kingdom. From
Tollesbury, United Kingdom. Note the breach in the seawall and the
October 2001 to the end of March 2002, a total
higher elevation of the adjacent salt marsh.
of 38 species, of which 18 were salt-marsh species,
was trapped in a restoration site and adjacent marsh. Aster tripolium, Limonium
vulgare, Puccinellia maritima, Salicornia spp., Spergularia media and Suaeda maritima
were the most abundant salt-marsh species, with over 3 seeds/m² trapped during
5.		 Wolters et al., 2005a
the study period. For most species, the number of seeds trapped was repre6.		 Wolters & Bakker, 2002
sentative of their abundance in the nearby vegetation. Hence, despite the
7.		 Wolters, 2006
potential for long-distance transport by tidal water, results indicate a predomi8.		 Photo Mineke Wolters
nantly local dispersal of salt-marsh species.9
9.		 Wolters et al., 2005b
8

1.		 Wolters et al., 2005a
2.		 Wolters et al., 2005a
3.		 Wolters et al., 2005a
4.		 Wolters et al., 2005a
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Accretion and storms

A long-term study was carried out over ten years and started before
de-embankment. The study area is part of a series of summerpolders on
Noord-Friesland Buitendijks, the Netherlands. The study area of 123 ha is the
summerpolder adjacent to the salt marsh. It was embanked in 1909, and was
de-embanked in September 2001. The summerdike was breached in three places.
At each breach, a meandering creek was dug to enhance sediment input and
drainage. Accretion was measured at various distances from the breaches and
the creek to study the effects of distance from sediment sources. The salt marsh
in front of the summerpolders has established from sedimentation fields with
intensive ditching. The summerpolders are grazed by livestock to facilitate for
winter- and spring staging geese. The management of summer grazing by both
horses and cattle was continued after the summerdike was breached. To study
the impact of grazing on accretion and the vegetation, exclosures were established
on the de-embanked site.

vegetation type
secondary pioneer vegetation
low marsh
high marsh
brackish marsh
fresh grassland

80

area (%)
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40

20

Impact of grazing
0

-14

Fig. 9.3. Vegetation development on
the restoration site in the first ten years
after de-embankment and 14 years
before (1987). Classification of
vegetation into main vegetation zones

classification.16 For graphical reasons,

a
ab

b

bare soil has been assigned to

Fig. 9.4. Surface elevation
months for grazed and
ungrazed sites. n= 9
Sedimentation Erosion
Bars.19

breach

c
c

creek

neither

Fig. 9.2. Elevation change (mm/yr) in
winter months (August-March) and
Sedimentation Erosion Bar SEB
measurements on the de-embanked
site. Each location is located near both
the creek and the breach, near the
breach only, near the creek only, or far
n=3 SEBs for each location. There are
no significant differences between
locations in summer.11

14. Esselink et al., 2014
15. Koppenaal et al., (in prep.)
16. Esselink et al., 2009
17. Esselink et al., 2014
18. Esselink et al., 2014

Vegetation and geese

Already, two years after de-embankment, over 80% of characteristic salt-marsh
species had established. Vegetation mapping revealed that the fresh grassland
vegetation of the de-embanked summer polder gradually disappeared until ten
years after de-embankment. It transformed into plant communities of low, high
and brackish salt marshes. Up to 50% of the area is bare soil in spring. Later in
the season, it is covered with secondary pioneer vegetation with the annual
species Salicornia spp. and Suaeda maritima (Fig. 9.3). The community of Salicornia
& Suaeda has been classified as secondary pioneer vegetation, in order to
distinguish it from the primary pioneer marsh vegetation that develops at lower
elevation on the transition between intertidal mudflat and salt marsh. 13 These
species are not foraged on by geese. This may explain the differences in utilization
78

19. Koppenaal et al. (in prep.)
20. Esselink et al., 2014

ungrazed
grazed

a

30
b
20

The species richness was higher in grazed locations
than in the exclosures. Inside the exclosures, tall vegetation dominated by Elytrigia repens spread. In particular, fresh and brackish species decreased in the
exclosures, whereas salt-marsh species increased in
the grazed locations.20

10
0
-10
-20

summer months (March-August) for

from both the creek and the breach.

Sediment is deposited everywhere when the de-embanked site is completely
flooded. This occurs during storms when the water level exceeds 90 cm +
MHT. The water levels on the de-embanked site during storms ranged from 10
– 170 cm. The surface elevation change during winter periods was not linearly
related to the cumulative amount of water above the de-embanked site, as it
not further increased at high levels. 12 The water movement during heavy storms
may be too strong to allow deposition of sediment.

40

change in winter and summer

c

10

secondary pioneer vegetation.18

elevation change (mm/yr)

elevation change (mm/yr)

Assessment Programme TMAP
winter
summer

Surface elevation change after deembankment is lower in grazed plots
than in ungrazed plots (Fig. 9.4). 15
Despite the differences in surface elevation changes in grazed and ungrazed
plots, no differences in the amount of sedimentation were found. This means
the differences in surface elevation change can be attributed to soil compaction
by trampling. Higher evapotranspiration in the short-grazed vegetation in
combination with soil compaction resulted in higher soil salinity in grazed (60
– 100% of salt-marsh reference) plots than in ungrazed (20 – 60% of reference) plots.17

1
7
time (year after de-embankment)

follows the Trilateral Monitoring and

Initially, the dug creeks were steep and relatively deep.
They became broader and shallower as a result of silting
a
40
up. Apparently they were over-dimensioned. Surface ele30
vation change at the salt marsh ranged from 23.5 mm/yr
in the pioneer zone, 18.3 mm/yr in the low marsh to 2.8
20
mm/yr in the high marsh. In the de-embanked area it was
10
6-8 mm/yr. This means that the difference of around 20
0
cm in elevation between high marsh and de-embanked
summerpolder gradually decreased during the first ten
-10
c
years: cumulatively, 3 cm in the high marsh and 7 cm in
-20
the de-embanked area. In the longer term, de-embankbreachcreek
ment may counteract the elevation deficit that developed
during 90 years of embankment. Locations situated close
to the creek revealed a significantly greater increase in elevation during winter
than locations further away from the creek. The trend for the elevation to increase close to the creek and shrink further away during the summer period,
however, was not significant. It seems that distance from the creek is more
important than distance from the breach (Fig 9.2).10

by geese: around 0.3 droppings/m²/day
in the de-embanked site, 0.6 droppings/
m²/day in the adjacent salt marsh, and
0.8 droppings/m²/day in adjacent fresh
grassland in spring.14 Livestock grazing
is a prerequisite for harbouring geese
on de-embanked sites.

Conclusions

For the restoration of salt-marsh vegetation after deembankment, relatively rapid colonization may be
d
expected from pioneer and low-marsh species, provided they are present in a nearby source area and
winter
summer
the
re s t o r a t i o n
site
is
at
the
appropriate elevation. The establishment of species absent from the adjacent marsh may depend on the presence of birds or
humans as the main dispersal agents. Sea defences should preferably be breached
before or during September, in order to take advantage of the peak in dispersal
of seeds of salt-marsh species in the first year after breaching. To ensure the
sustainability of the re-created marsh, rates of surface elevation change must
equal local rates of sea-level rise. The high rates of surface elevation change
indicate that the elevation deficit in embanked areas can eventually be counteracted by de-embankment. Hence, de-embankments or coastal realignment
can play an important role in coastal protection by providing elevated salt
marshes in front of the seawall. When conservation interests are involved, management by, for example, livestock grazing is needed to prevent a single plant
species from dominating.
c

10. Koppenaal et al. (in prep.)
11. Koppenaal et al., (in prep.)
12. Koppenaal et al., (in prep.)
13. Esselink et al., 2014
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Chapter 10

Concluding remarks

To graze or not
to graze, is that
the question?
Until the 1970s, many mainland salt marshes
were grazed by livestock at high stocking
densities, resulting in ‘golf courses’ with very
short turf. The idea was to abandon livestock
grazing to give the homogeneous short-grazed
salt marshes a more natural appearance. An
experiment involving the cessation of grazing
in the Leybucht revealed many flowering
plants and a wealth of invertebrates after a
couple of years. These results seemed to
confirm that the cessation of livestock grazing
was the right decision. In the meantime,
longer-lasting experiments involving the
exclusion of livestock often resulted in the

■

dominance of a single tall species and a decrease in plant species richness, plant communities, an increase in non-characteristic

■

salt-marsh invertebrates and a decrease in
foraging options for staging geese. It became

■

clear that grazing or not grazing cannot resolve
all of the biodiversity issues (plants, birds,
invertebrates) at the same time. These results

■

support the idea that grazing or not grazing
is not an object in itself, but can be practised as a tool for achieving a well-defined

■

What

have we learned from 40 years of research
into salt marshes in the Wadden Sea?
Do we know everything we wanted to know about
the ecology of salt marshes?
Which abiotic conditions are a good basis for
biodiversity?
Do we know enough to suggest evidence-based
management of salt marshes?
How can we deal with the fact that a single management
treatment is not beneficial for all groups of organisms?

management target.
The question ‘to graze or not to graze’ is not
the right one. After having set a management
target for a certain salt marsh, the question
becomes ‘how to graze’, and make the decision on the livestock density and livestock
species, or no grazing at all. Abiotic factors
such as wet conditions may also play a role
in preventing tall vegetation of Sea couch
(Elytrigia atherica) where that is the management target. This may require a broad salt
marsh and cessation of ditching. In the meantime, the manager of the back-barrier marsh
on Schiermonnikoog shows his visitors the
exclosures to demonstrate the effect of livestock grazing. In the Schleswig-Holstein
National Park, the management authorities
provide information on why they established
different grazing regimes.
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HIGH MARSH

A cascade of questions

In the early 1970s, my 40 years of research on salt marshes in the Wadden Sea
began with the simple management issue of whether it was possible to restore
the tall vegetation on the Schiermonnikoog salt marsh after the cessation of
cattle grazing. It extended to experiments involving grazing, mowing, exclusion
of cattle, the concept of space for time and chronosequence, interaction of
plants and sediment input with nutrients, establishment of plant species and
their genetics, plants and geese, interactions with hares, comparing various salt
marshes, from green to brown and back to green food web, bottom-up and
top-down effects, de-embankment, experiments involving livestock species and
stocking densities on plants, birds and invertebrates over the past 40 years. The
conclusions are based on work on back-barrier marshes in the Netherlands and
Denmark, and mainland marshes in the Netherlands, Germany and United
Kingdom. The work presented here started with people from the University of
Groningen. Few of the data shown are unpublished results, but most data
shown are derived from peer-reviewed papers, PhD-dissertations and reports.
These are written by people working in the Netherlands Wadden Sea, often in
cooperation with colleagues from the other countries, but also written by
those colleagues alone and within the framework of research on salt marshes
in the Wadden Sea.
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Interactions between abiotic conditions, plants and animals resulting in surface
elevation changes are summarized in Figure 10.1. 1 Vegetation-sedimentation
feedbacks are only one of the many potentially important interactions. The
main external controls of sediment deposition are sea level (hydroperiod) and
sediment supply, which is closely related to the suspended sediment concentration
(SSC). The internal interactions between physical and biological features of salt
marshes are also of great importance. The accumulation of plant biomass can
play an influential role in sediment deposition. Human impacts such as ditching
or management practice such as livestock grazing with soil compaction can
also alter processes related to hydrodynamics, vegetation composition, sediment
deposition, and accretion.
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Critical loads of atmospheric deposition indicate the rate at which ecosystems
change dramatically through the encroachment of grasses and subsequent loss
of species. The empirical range of critical atmospheric deposition for ‘Pioneer
and low-mid salt marshes’ has been adjusted in the most recent review to 2030 kg N/ha/yr7. Hence, the critical deposition load is now set at 22 kg N/ha/
yr (1571 mol N/ha/yr) for salt marshes in the Netherlands.8 It implies that
atmospheric deposition may enhance the rate of succession.
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DEEP SUBSIDENCE
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A

B

Marine input state (0—10 yrs)

Intermediate herbivore state (10—50 yrs)

Low productive vegetation
dominated by pioneer plant species
Marine detritus, bare soil,
Elytrigia juncea &
Salicornia spp. dominant

Intermediately productive vegetation
with stress-tolerant, short
high quality plants
Puccinellia maritima
dominant

CLAY LAYER
ACCUMULATION

In these wetter parts, succession to tall homogeneous vegetation may be prevented, as Elytrigia atherica does not like wet conditions. This process may be
enhanced by cessation of intensive ditching.12 E. atherica does not manage to
establish in low elevation areas on back marshes either.

Fig. 10.3. Schematic representation of
the changes in the dominant plant and
animal species along the chronosequence on the barrier island of
Schiermonnikoog. Grey arrows indicate
dominant top-down and bottom-up
drivers that maintain the status quo in
each of the four different states. Open
arrows represent the drivers (deposition
of silt) or (invasion of grass and

Attractive
due to high
tissue N
concentrations

introduction of livestock) that force the
system from one stage to the next.9

Table 10.1. Overview of the diversity of
salt-marsh plants and animals in terms
of the management regime. Darker
shading indicates a higher number of
species (with geese and voles: darker
shading indicates higher numbers of

Low
N min.

Vertebrate
grazer-dominated
High density
geese, hare

Aerated soil
Low soil N

Intermediately productive vegetation
dominated by stress-tolerating,
short, shallow rooting
high quality plants

Low soil
aeration

High productive vegetation
dominated by stress-intolerant,
tall, low quality plants

brates, every regime has its own
characteristic species. From a largescale perspective, diversity can be
maximized by using a spatial mosaic
of different management regimes.
The index values for passerines in the

It should be realized that everything we know about the ecology of salt marshes,
has been derived from young marshes, as the Wadden Sea does not harbour
marshes much older than 100 years. Scaling up our knowledge to the entire
Wadden Sea should take account of regional differences.13

winter are based on estimates.14

Elytrigia atherica

Puccinellia maritima

dominant

dominant

Attractive
due to high
tissue N
concentrations

Vertebrate
Anoxic soil
grazerMedium soil N
dominated
Suppression
of bioturbation High density
cattle
N mineralization
(geese, hare)

individuals). For birds and inverte-

Anoxic soil
Medium soil N
INVASION OF
NATIVE
MAT-FORMING
GRASSES

Detritivore
dominated
High density
Fucellia
maritima

On some back-barrier marshes, artificial sand-dike drifts have been established.
The almost complete elimination of morphodynamic influences from the
North Sea on both sedimentation and erosion explains why young-succession
stages are almost absent, and late-succession stages generally predominate in
large parts of these marshes. Coastal squeeze can be alleviated by de-embankment,
with the caveat that the restored salt marsh is grazed by livestock. Succession can
also be retarded by livestock grazing in both mainland and back-barrier marshes.

High litter
production
cover

INTRODUCTION
OF LIVESTOCK

Aerated soil
Low soil N

High soil
aeration + litter
fragmentation

Macrodetritivore
dominated
High density
Orchestia
gammarellus

Large herbivore state (>100 yrs)

Macrodetritivore state (50—100 yrs)

D

C

Management of salt marshes

Changes in interactions between organisms along the productivity gradient in the
chronosequence of a back-barrier marsh can be summarized in transitions from
brown food web with marine-input state (A), to green food web with intermediate herbivore state (B) to brown food web with macrodetritivore state (C),
and back to green food web when livestock grazing becomes involved (D) as
indicated in previous chapters (Fig. 10.3).10
Opportunities for salt marshes

Salt marshes can display large species richness when they include levees and
depressions superimposed on a large-scale elevation gradient from intertidal
flats to high salt marsh, representing a successional gradient from young to old
marsh in mainland marshes. Salt marshes cannot extend landward. They depend
on human intervention with sedimentation fields to maintain the boundary
with the intertidal flats. This has stabilized the mainland marshes. This results
in maturation of the marshes, i.e. extension of middle and high marsh at the
expense of pioneer zone and young marsh.11 This process of maturation will be
enhanced by atmospheric deposition. In particular, mainland marshes under
high stocking densities feature a flat topography. Spatial heterogeneity in
geomorphology can develop in broad marshes where most of the sediment is
deposited near the intertidal flats, thus creating parts that do not accrete much
further inland, and can gradually become wetter as a result of sea-level rise.
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12. Wanner et al., 2013
13. Suchrow et al., 2012
14. De Vlas et al., 2013
15. De Vlas et al., 2013
9.		 After Schrama, 2012
10. Schrama, 2012
11. Esselink, 2000

16. See also Wanner et al.,
2013
17. De Vlas et al., 2013

The general result of the experiments on salt marshes is that the impact of
livestock grazing is species-specific. This means that making a management
choice for one (target) species could result in the loss of another species. Table
10.1,15 which is based on research carried out till now, shows the effect of different management regimes. The impact of livestock species such as sheep,
horses and cattle have not been specified separately in this table. In order to
allow all aspects of diversity to reach their full potential, multiple grazing
regimes must be maintained side by side in space: a part left ungrazed, a part
with lower stocking density, a part with higher stocking density and a part with
a rotational grazing regime. Cattle and sheep offer more advantages than horses
but the use of horses remains a possibility. Sheep are very selective on e.g.
Aster tripolium. Horses are expected to be more suitable for reducing Elytrigia
atherica. The initial results of rotational grazing are promising, but a longer period of monitoring is required. Given the grand scale of most mainland salt
marshes, it is possible, on the one hand, to work with land units of considerable
size and, on the other hand, to maintain some diversity over the entire marsh
area.16 For nature conservation agencies, it is now important to choose management goals on the basis of the results seen in the studies of the past 40 years
and to apportion the different management regimes in a way that is also attainable in practice. Of course, the protection of a particular species can also play
a role if that is desirable for conservation agencies.17
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The diversity of breeding birds on the Dutch mainland salt marshes in the
Wadden Sea was found to be the highest in areas without grazing, but this effect
became less apparent after a period of almost 20 years without grazing (1992
– 2008).18 This might be attributed to different stages of vegetation development
after the cessation of grazing, which had ultimately ended in a rather monotonic
stage dominated by Elytrigia atherica. However, an increase in the number of
foxes and possibly also in other ground predators on the salt marshes could also
have played a role.

c.

Rejuvenating salt marshes on barrier islands through the removal of artificial
sand-drift dikes;
d. Increasing the natural morphology and dynamics of artificial salt marshes
through cessation of the upkeep of artificial drainage;
e. Enhancing a natural vegetation structure through the cessation and adaptation
of grazing and drainage regimes.
These issues should be translated into a map to indicate the regions and locations
in which a high potential for biodiversity occurs (and where it does not occur).

The only salt marshes that have never been grazed by livestock such as the
eastern point of several barrier islands, should be maintained as natural landscapes.
Understanding the historical context of the development of tidal salt marshes
along intertidal flats is a prerequisite for any fruitful discussion about the prospects
for nature conservation and restoration in these systems. Natural landscapes are
vital for measuring the impact of human activities. 19 It may be time to discuss
nature conservation aims for different regions within the international Wadden Sea.

7. C
 hanges on the salt marsh of the back-barrier marsh on Ameland, the
Netherlands, with soil subsidence due to gas extraction, should be compared
with the natural dynamics of salt marshes without soil subsidence, in terms
of impact of accelerated sea-level rise.
8. T he role of salt marshes in carbon sequestration requires attention within the
context of climate change.

Prospects for further research in terms of management

Follow-up studies are still needed over the next few years. Important unanswered
issues are:

Important lessons learned

1. The duration of the valuable projects with different stocking densities and/
or different livestock species are often too short to predict how the impact
of different management treatments will turn out over the longer term. It is obviously very difficult to maintain the initial experimental grazing treatments.

■

■

■
■
■

2. D espite the fact that initial results for the rotational grazing treatment are
very promising, especially for invertebrates, many questions remain unanswered, especially with regard to this grazing regime. The experience gained
over the past few years is insufficient to judge the real value of this management treatment. Moreover, due to the limited time available, short alternations
between only one-year periods were used. It is possible that longer cycles of
several years might be better because some plant species, such as Aster tripolium,
may thrive for a couple of years before domination by other species results
in the loss of diversity in plants, invertebrates and birds.

■
■

s tudy interactions between species and abiotic conditions, and between
species;
do not focus only on the number and abundance of species, but also on the
role they play in the ecosystem, as bio-engineers;
c ompare different salt marshes to allow generalization;
scale up from plot to landscape;
integrate research in space and time;
take your time: decades, not years;
test opinions by conducting experiments on mechanisms and on management.

Beyond salt marshes in the Wadden Sea

3. It is not yet clear if, or at what cycle length, the rotational grazing regime
can suppress the abundance of Elytrigia atherica over the long term. If it cannot
succeed fully or at all in this role, a rotational grazing system would not
work over the longer term.
4. D
 oes the quality of ungrazed vegetation decrease for birds as time passes, or
does it only appear to do so and is this appearance caused by the increase in
predators as foxes?

21. Sammul et al., 2012
22. Silliman et al., (in prep)

The past 40 years have yielded up a large amount of knowledge on salt marshes
in the international Wadden Sea. It was possible to study theoretical concepts
and to contribute to management issues. It has become clear that species richness
and the abundance of organisms cannot be achieved with a single management
measure. The issue remains whether conservation agencies want to maintain or
introduce management practices, or opt for a hands-off policy. Gaining knowledge
and spreading it is a major focus of the Wadden Academy in the Netherlands.
This knowledge can also be used in salt marshes elsewhere. The United Kingdom
does not really have a tradition of managing salt marshes. Many salt marshes in
the Baltic are abandoned and suffer from the dominance of tall Phragmites
australis. 21 Colleagues in the United States are interested in the possibilities of
livestock grazing for coping with the spread of Phragmites australis.22 Conservation
agencies in the Netherlands are keen to start rotational grazing in inland ecosystems.

5. T
 he impact of cessation of drainage, and the subsequent waterlogging and
anoxic soil conditions are not adequately quantified.
6. T
 he Quality Status Report of the Wadden Sea20 states that future management
should aim at:
a. Precluding engineering measures in the geomorphology of both natural
salt marshes and of intertidal flats in front of sedimentation fields;
b. Restoring and increasing the total area of mainland salt marshes in particular
through de-embankments of summerpolders;
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18. Mandema et al., 2014
19. Arcese & Sinclair, 1997
20. Esselink et al., 2009
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Species list
with scientific names
and English names
Plants

Agrostis stolonifera			Creeping bent
Ammophila arenaria			Marram
Armeria maritima 			Thrift
Artemisia maritima			Sea wormwood
Aster tripolium				Sea aster
Atriplex littoralis				Grass-leaved orache
Atriplex portulacoides			Sea purslane
Atriplex prostrata 			Spear-leaved orache
Bolboschoenus maritimus 		Sea club-rush			
Cirsium arvense				Creeping thistle
Elytrigia atherica 			
Sea couch
Elytrigia repens				Common couch
Festuca rubra				Red fescue
Glaux maritima				Sea milkwort
Juncus gerardii				Saltmarsh rush
Juncus maritimus				Sea rush
Limonium vulgare				Common sea lavender
Phragmites australis			Common reed
Plantago maritima				Sea plantain
Potentilla anserina 			Silverweed
Puccinellia maritima			
Seaside alkali grass
Salicornia spp.				Glaswort
Spartina anglica				Common cordgrass
Spergularia media				Greater sea spurry
Spergularia salina				Lesser sea spurry
Suaeda maritima				Annual seablite
Triglochin maritima			Sea arrow-grass
Tripleurospermum maritimum		
Sea mayweed
Zostera spp.				Eelgrass

Mammals

Arvicola terrestris				European water vole
Lepus europaeus				European brown hare
Oryctolagus cunniculus			Rabbit
Invertebrates

Agdistis bennettii				English name unknown
Arenicola marina				Lugworm
Fucellia maritima				Seaweed fly
Nereis diversicolor				Ragworm
Orchestia gammarellus			Beach hopper
Thymelicus lineola			Essex skipper
Whittleia retiella 			English name unknown

Agdistis bennetii an Limonium, photo Corinna Rickert

Birds

Alauda arvensis 				Eurasian Skylark
Anser anser				Greylag goose
Anthus pratensis 				Meadow Pipit
Branta bernicla				Brent goose
Branta leucopsis 			Barnacle goose
Emberiza schoeniclus 			Reed Bunting
Haematopus ostralegus 			Eurasian Oystercatcher
Recurvirostra avosetta 			Pied Avocet
Sterna hirundo 				Common tern
Tringa totanus 				Common Red shank
Whittleia retiella, photo Corinna Rickert
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