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The designation of the Dutch and German parts
of the Wadden Sea Conservation Area as a World
Heritage Site by UNESCO in June 2009 was a major
step in formally recognizing the global importance
of the Wadden Sea as a nature area. As such, it
is managed through a joint effort of Denmark,
Germany and The Netherlands. Therefore, the QSR
Synthesis Report 2010 is preceded by a summary
report of the universally outstanding and most
significant natural values. This is based on the
nomination dossier and is here extended to cover
the entire Wadden Sea

In this Trilateral Wadden Sea Cooperation, the
Trilateral Monitoring and Assessment Program
(TMAP) plays a central role, providing the basis
for a periodic assessment of the condition of the
Wadden Sea ecosystem, and for an evaluation of
progress towards the ecological targets set out in
the Wadden Sea Plan.

This Quality Status Report 2009 (QSR 2009)
was prepared to update the findings of the QSR

2004 and to provide input into the Trilateral
Governmental Conference on Sylt on 18 March
2010. The work was coordinated by the Common
Wadden Sea Secretariat and the Trilateral Moni-
toring and Assessment Group. Over 115 scientists
from The Netherlands, Germany and Denmark
contributed to this project during 2008-2009.
They prepared 30 thematic reports which were
published in November 2009 (http://www.wad-
densea-secretariat.org/QSR-2009/index.htm).
These thematic reports, together with findings
from the 12" International Wadden Sea Sympo-
sium (Wilhelmshaven, 30 March - 3 April 2009)
(Wadden Sea Ecosystem No. 26) provide the basis
for the QSR synthesis report presented here. It
summarizes the main findings of the QSR thematic
reports and attempts to present an integrated
assessment of the main ecosystem developments
and identify main issues of concern and gaps of
knowledge for science, management and policy.

Common Wadden Sea Secretariat

Wadden Sea Ecosystem No. 29 - 2010
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Along the North Sea shore, the largest coherent
tidal flat area of the temperate world has evolved.
Sediment supply from the sea has sufficiently
balanced a slow sea-level rise in the last 8,000
years to maintain a coastal configuration of a
seaward sandy barrier, extensive tidal flats and
episodically flooded marshes. The Wadden Sea is
unique in that it consists of vast (4,700 km2) bare
sand and mud flats, emerging twice daily at low
tide. Oceanic waters dominate river influence, and
dynamic sandy shoals and dune islands provide a
partial shelter against waves and winds of a rough
sea. In the course of a year, the Wadden Sea is
visited by an unparalleled 10-12 million birds for
foraging and resting on their East Atlantic flyway.
Food provision in the form of tidal flat fauna
is 10-20 times higher than in adjacent deeper
waters. When the tide is in, the flats serve as a
rich nursery for shrimp and fish. The Wadden Sea

(|

constitutes a gigantic biological filter between
land and sea. This filter is primarily composed (1)
of extensive beds of molluscan suspension feeders
which filter the local tidal volume about twice a
month, (2) of sediment kept permeable by bio-
turbating lugworms, and (3) of marsh vegetation
which functions as a filter during episodic storm
surges when waters are loaded with re-suspended
fine particles. An impressive number of about
10,000 species of plants, fungi and animals thrive
in the Wadden Sea. After a long phase of over-
exploitation, protection measures have triggered
spectacular recoveries in breeding birds and seals.
Large-scale land claims have ceased and the Wad-
den Sea is today highly rated for its serene beauty.
Global warming with an accelerating sea-level
rise, however, may threaten the sandy barrier and
the extent of the tidal flats.

Abstract

Bird flock on the Wadden
Sea beach (Photo: J. van
de Kam).

Wadden Sea Ecosystem No. 29 - 2010
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1. Introduction

Figure 1:

Satellite images taken in
2000-2002 and com-
bined to show low tide
conditions everywhere. In
reality tidal waves progress
counter-clockwise over a
six-hour period through
the Wadden Sea (Source:
Eurimage, Common
Wadden Sea Secretariat
& Brockmann Consult).
Arrows indicate bounda-
ries between sub-regions.
Inset shows tidal basins
in the Northern Wadden
Sea (modified from CPSL,
2005).

Wadden Sea Ecosystem No. 29 - 2010

The earliest and most famous historical testimony
of the Wadden Sea is recorded in the 'Historia
Naturalis' by Plinius the Elder who visited the
southern coast of the North Sea in the year 47
AD. He was amazed by the ‘indistinctness’ and
‘immeasurable expanse’ of land inundated by the
sea twice daily. The intimate bond between the
people and this changeable environment was quite
incomprehensible to him. However, perception
of pleasure was derived from the Wadden Sea
when in the 18-19th centuries the 'aesthetics of
the sublime’ stimulated human senses to ascribe
outstanding value to this serene coastal sea with
land diving under water and water running off
the land, with an open horizon and limitless sky,
and a calm sea which may all of a sudden turn
wild with an arising torrential storm (Fischer and
Hasse, 2001).

The Wadden Sea is mostly shallow enough to
wade across. The unique vastness of the tidal flats
and shoals, fringing salt marshes, wide beaches
and dune islands with a spectacular abundance of

wildlife has been the motivation for proposing the
Wadden Sea as a UNESCO World Heritage Site. The
following text is condensed from the description
and justification chapters of the Dutch-German
nomination dossier (CWSS, 2008, 2009), but here
extended to cover the entire Wadden Sea area
including the Danish part. The foremost question
was: On which universally outstanding, most
significant natural values should the inscription
be based? We have employed major reviews of
scientific knowledge (Wolff 1983), quality assess-
ments (CWSS, 1991; De Jong, 1999; Essink et al.,
2005; Marencic €& de Vlas, 2009), and cite repre-
sentative studies on the geomorphology, ecology
and biology of the region from the 19th century
onwards. Comparisons with other coasts of the
world are based on Reineck and Singh (1980),
Flemming (2002), Reise (2001) and own surveys
(see annex 3 in CWSS, 2008). The purpose of this
paper is to provide a concise overview on physical
and biotic values which lend the Wadden Sea a

universally outstanding status worthy for inscrip-
tion as UNESCO World Heritage Site.
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The Wadden Sea has the world's largest continu-
ous belt of bare tidal flats partially sheltered by
a sandy barrier against a rough sea, with the
latter's waters dominating river influence. When
post-glacial sea level rise began to slow down
about 8,000 years ago, the Wadden Sea emerged
with a seaward barrier of dune islands and sandy
shoals, and a landward area of tidal flats and salt
marshes (Zagwijn, 1986; Flemming and Davis,
1994). The rates of sea-level rise and sediment
supply varied over time and locality, causing
continuous dynamics in the coastal morphology of
the Wadden Sea. As a result, at times parts of the
coast have grown where the sea tides and waves
have washed in more sediment from the adjacent
offshore zone than was needed to compensate for
sea level rise. At other times, the coast retreated
in some places when sediment supply has been
unable to compensate for sea level rise. In this
way, the Holocene history of sea level, climate,
and depositional responses has been preserved in
the stratigraphic record of the Wadden Sea (Streif,
1989; Bartholdy and Pejrup, 1994; Behre, 2003).

With the Wadden Sea, a universally outstand-
ing coastal landscape has arisen at the southern
and eastern shores of the North Sea (Figure 1).
Along a coastal stretch of approximately 500 km,
an uninterrupted belt of sand and mud flats with
a total area of 4,700 km2 is exposed to the air and
then covered by water twice daily in the rhythm
of the tides. This belt of tidal flats is dissected by
more than 30 branching tidal inlets and five major
estuaries. Such a vast and coherent intertidal area
not covered by salt marsh vegetation is found
nowhere else in the world.

There are many other sedimentary coasts
which, in one way or another, resemble the Wad-
den Sea morphologically but are much smaller or
differ in terms of climate, river influence, tides
or waves. Other large tidal flats can be found in
the Arctic, but there the tides tend to be smaller
than in the Wadden Sea, and the shore is frozen
and covered by ice most of the year. In tropical
and subtropical climates, the tidal zone is often
occupied by mangroves, whereas in the Wadden
Sea tidal flats lack upright growing plants, except
for salt marsh vegetation above mean high-tide
level. On other coasts, most of the sediment is
directly supplied from the hinterland by rivers,
and salinity is ususally low or variable. Examples
of such coasts are the Arctic Lena Delta, the tem-
perate Mississippi Delta or tropical deltaic regions
of the Amazon, Niger or Ganges. Also, the wide
mud flats along the coasts of the Yellow Sea have
been built up by rivers.

The Wadden Sea is special in that almost all of
the sediments are supplied from the adjacent sea
with only a minor or local river influence (Arends,
1833; van Straaten and Kuenen, 1957). Salinity
ranges mostly between 20 and 30 psu, which is
less than in the open ocean (34) but more than
in estuaries (0-20), where most other intertidal
flats are found in Europe. Large sand and mud
flats occur along the NW African coast where
the Banc d'Arguin covers an area of 630 km2 and
which corresponds to 13% of the tidal flat area
of the Wadden Sea (Wolff et al., 1993). These tidal
flats constitute a relic from a former river delta,
and are intimately linked to the Wadden Sea by
its wading birds overwintering there (Wymenga
et al, 1990). The Wadden Sea comprises about
60% of the intertidal area at the north-eastern
Atlantic shores.

A further feature of the Wadden Sea is a sea-
ward barrier of sandy islands and shoals which is
a consequence of moderate tidal ranges, and sand
having been supplied from the offshore by waves
and subsequently moved by the wind (Oost and
de Boer, 1994). Tides have increased with the ris-
ing level of the sea and today span from 1.5 to 4
m. Below a tidal range of about 0.5 m, unbroken
barrier spits and lagoons develop and above about
3.5 m barrier islands no longer occur due to the
large tidal prisms. The Wadden Sea may be divided
into three morphological sub-regions (see arrows
in Figure 1), based on tidal ranges between 1.5
to 3 m in the South and North, and >3 m in the
central part, as well as on coastal orientation and
river influence:

® |n the Southern Wadden Sea, twelve major
barrier islands located 5 to 15 km off the
mainland shore, shelter the tidal area against
waves generated by northwesterly and north-
erly winds. Sediment imported from the sea
does not fully compensate for sea-level rise
and islands migrate landwards. A large embay-
ment, the former brackish Zuiderzee (3,600
km2), was part of the Southern Wadden Sea
until it was separated by a dam in 1932. It
was subsequently converted into a freshwater
lake and arable land. Another embayment, the
estuarine Dollard, still exists.

® |nthe Central Wadden Sea, tidal ranges often
exceed 3 m and there are four estuaries caus-
ing a lower and more variable salinity than
in the other two regions. A seaward chain
of barrier islands is absent. Here, sediment
import seems to balance sea-level rise. With
the Jadebusen, a large embayment extends
deep into the low-lying coastal marshland.

Wadden Sea Ecosystem No. 29 - 2010
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Figure 2:

Tidal divide where tidal
creeks running northward
intersect a coherent
seagrass bed (dark colour),
while creeks running south-
west (upper right) intersect
a sandy flat with scattered
seagrass patches (Photo: K.
Reise).

Wadden Sea Ecosystem No. 29 - 2010

® |nthe Northern Wadden Sea, eight islands and
elevated sand bars form a seaward barrier 5 to
25 km off the mainland. They provide shelter
against waves generated by the prevailing
westerly winds. Mostly, sediment supply does
not compensate for sea-level rise, except for
an oversupply between the islands of Remg
and Fang. Several marsh islands are scattered
across the tidal area. These are remnants of a
coherent marshland which became drowned
in late medieval times. In the North, some
Pleistocene cliffs meet the sea.

A distinctive hydrological feature of the Wadden
Sea is a series of tidal basins which are marine
analogues to river catchments (Postma, 1954;
Ehlers, 1988). However, flow direction alternates
with the tides (see inset in Figure 1). The exist-
ence of tidal basins is interrelated with barrier
islands and elevated sands. Between these, the
tidal flow is compressed and scours deep tidal
inlets with a mean flow of about 1 m s”'. Be-
hind the barrier islands, most inlets branch into
major tidal channels which, in turn, branch into
successively smaller tidal creeks or runnels in
a recurrent fractal pattern. In the back-barrier
area, flood waters of adjacent tidal inlets meet
at tidal divides (watersheds) where currents tend
to calm down (Figure 2). Other than in lagoons,
tidal divides allow for a direct lateral connection
between basins. Seaward of tidal inlets, ebb-delta
shoals are formed. Here, ebb currents interact with
waves and a long-shore current which runs from
southwest towards northeast.

The sediment distribution along deltaic coasts
is typically from coarse materials inshore to pro-
gressively finer sediments offshore. In the Wadden

Sea, by contrast, the decrease in grain size is the
other way round (van Straaten, 1954). This differ-
ence is caused by the sediment transport routes
perpendicular to the shore running in opposite
directions, whith the source either rivers or the
sea. Along tropical and subtropical coasts, tidal
flats may also develop behind a barrier of coralline
reefs. Here the sediment particles primarily consist
of biogenic carbonates, whereas in the Wadden
Sea siliclastic sediments prevail.

Strong hydraulic and aeolian dynamics are
an important characteristic of the Wadden Sea
region. Twice a day the tides move an average
volume of 15 km3 of sea water through the tidal
channels and inlets into the tidal basins where
roughly the same volume remains at low tide, thus
swelling up to some 30 km3 at high tide. A high
exchange rate of tidal water masses secures the
dominance of marine conditions in the back-bar-
rier area (Postma, 1954). In the course of a tidal
cycle, the sum of freshwater discharge is <1% of
the tidal volume. The difference in tidal exchange
between the phases of the moon amounts to only
about 20% in the Wadden Sea. Instead, strong
onshore winds may increase high tides up to 4
m above mean high tide. Strong offshore winds
are less frequent and may push low tides down
to 1.5 m below mean low tide level. Because of
this asymmetry in wind speed and direction, tidal
flats often remain submerged over several days
due to prevailing westerly winds, whereas con-
tinuous emergence over several tidal cycles due
to southerly or easterly winds is extremely rare
(Weisse and PIiiB, 2006). This contributes to the
dominance of marine over terrestrial organisms
in the tidal zone of the Wadden Sea.
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Ecologically the Wadden Sea functions as a gi-
gantic coastal filter of unique composition, and
offers plenty of food to a rich aquatic nursery and
to 10-12 million birds in the course of a year. The
habitats of the Wadden Sea show in a fascinating
way how physical forces and biological activities
interact to generate conditions for life in a frag-
ile balance. Along this coast physical forces are
strong, biological activities high, and the basic
materials are soft sediments and fluid waters.
This combination makes the dynamic interactions
between organisms and their environment readily
apparent and attractive to study. Major habitats
are arranged along an offshore-inshore gradient
and from deep tidal inlets up to the highest dunes:
an offshore belt seaward of the barrier islands, a
tidal area with subtidal gullies and shoals, inter-
tidal mud and sand, with seagrass meadows or
mixed oyster and mussel beds, a few estuaries,
salt marshes on islands and along the mainland
coast, beaches and dunes mainly on the islands.
These habitats are functionally interrelated and
constitute a characteristic combination.

The offshore belt of the Wadden Sea is opera-
tionally defined as the zone seaward of the barrier
islands and elevated outer sands, extending into
the North Sea down to the -15 m depth contour.
This belt has no tidal flats and drops off smoothly
towards the open North Sea but does not fully
comply with it in terms of the biota. There is a
continuous exchange of both water and sediment
with the tidal area. The sediment supply from the

offshore belt is vital for the resilience of the coast

when responding to changes in tidal area, sea
level and to disturbances caused by storm surges
(Flemming and Bartholoma, 1997). Phytoplankton
blooms often start in this belt because turbidity is
low enough for sufficient light and nutrient con-
centrations are high (Postma, 1954; van Beusekom
and de Jonge, 2002). Through the tidal channels
and inlets this offshore primary production reaches
the inshore zoobenthos. In the offshore belt,
autotrophic production prevails and in the tidal
area, heterotrophic production is dominant. Also
larvae of benthic fauna and fish drift from the
offshore belt further inshore. Shrimp, fish, diving
birds, seals and harbour porpoises readily commute
between offshore and inshore zones (Biickmann,
1934; Wolff and Zijlstra, 1980). In severe winters,
the offshore belt provides an important refuge for
the survival of populations otherwise confined to
the tidal area.

Within the tidal area, the subtidal shoals and
gullies similarly serve as a refuge for the intertidal
fauna when conditions turn harsh. The subtidal
fringe and low intertidal zone are the primary
sites for beds of suspension feeders, mussels and
oysters in particular (Hagmeier and Kindler, 1927).
Mussels are kept in bottom cultures and also oc-
cur naturally in mixed beds with oysters (Figure 3;
Dankers and Zuidema, 1995; Nehls et al., 2006). A
native subtidal oyster has been driven to extinction
by over-exploitation, while the introduced Pacific
oyster recently invaded the intertidal mussel beds.

3. Ecology

Figure 3:

Bed of suspension feeding
mussels (Mytilus edulis)
bound together by byssal
threads. Shells are partly
overgrown by barnacles
(mainly Elminius modestus),
a few oysters (Crassostrea
gigas), bladder wrack (Fucus
vesiculosus forma mytili),
and periwinkles (Littorina
littorea) graze on microbial
films (Photo: K. Reise).

Wadden Sea Ecosystem No. 29 - 2010
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Figure 4:

Fecal castings of lugworms
(Arenicola marina) which
are reworking and irrigating
vast tidal flats in the Wad-
den Sea, thereby maintain-
ing a permeable sandy
sediment (Photo: K. Reise).

Wadden Sea Ecosystem No. 29 - 2010

Together with other suspension feeders, the entire
volume of tidal waters is filtered within two weeks
(Verwey, 1952). Mussels and oysters also stabilize
the bottom and accrete fine sediments, accumu-
late large amounts of shell material, provide at-
tachment for algae and sessile invertebrates, and
shelter for mobile invertebrates and fish. This rich
association served as a model for the community
concept (biocoenosis) developed by Mébius (1877)
with the assumption of balanced species interac-
tions maintaining a community of organisms. This
concept is still favoured in ecological textbooks.

Tidal elevation and sediment composition are
two major determinants of benthic assemblages
on the tidal flats (Thamdrup, 1935; Wohlenberg,
1937; Linke, 1939). Suspended fine particles,
mostly comprising aggregates of mineral grains
and organics, tend to accumulate on the landward
side of the tidal flats (Postma, 1961; Dronkers,
1984). This general phenomenon was initially
explained by van Straaten and Kuenen (1957)
with a combination of settling lag and scour lag.
The former is a time lag between the moment at
which a decreasing current is no longer able to
hold a particle in suspension and the moment at
which this particle reaches the bottom. The lat-
ter is the time lag caused, among others, by the
extracellular slime of the microalgal film on the
bottom, binding settling particles so that stronger
currents are required for re-suspension than the
velocity at which deposition of the same particle

had occurred. The vast tidal flats of the Wadden
Sea serve as a primary example for this progres-
sively shoreward-fining gradient in particle size.

The sediment surface is almost completely cov-
ered with microscopic algae and bacterial colonies.
Some of these are mobile and once buried under
new deposits, they crawl back to the surface. This
behavior may generate a laminated structure of
mud deposition until reworked by the occasional
storm surges (Wohlenberg, 1953). Intertidal sea-
grass beds may also accumulate fine particles.
However, most leaves are shed in autumn and then
waves re-suspend the intermittent accretion. The
most extensive seagrass meadows occur in the
Northern Wadden Sea on approximately 10% of
the tidal flat area, and these represent the largest
intertidal seagrass beds in Europe (Figure 2; Reise
and Kohlus, 2008).

A large proportion of the tidal flats of the
Wadden Sea consist of wave-rippled sands. This
habitat is maintained by the constant sediment
reworking of lugworms (Figure 4). In analogy to
Darwin who described the role of earthworms in
the shaping of the landscape in England, lugworms
shape the appearance of the tidal flats and the
spatial relationship between mud and sand flats
in the Wadden Sea. Their fecal mounds with
coiled strings of sand are the most characteristic
feature of the tidal flats in the Wadden Sea. The
total population size may comprise about one
billion worms and this is considered the largest
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worldwide. Lugworms recycle the upper layer
of the sediment 10-20 times per year through
their guts (Cadée, 1976) and prevent clogging
of the interstices of sand with organic material
(Volkenborn et al., 2007). They also irrigate their
burrows with water from above and build up an
oxic environment in otherwise anoxic sediment.
This increases bacterial activity and the perme-
able sand functions as an effective filter for the
tidal waters.

The impressive ecological productivity of the
tidal flats comprises high bacterial remineralisa-
tion rates, strong import of suspended microalgae,
and a generally high productivity at the bottom by
microscopic algae instead of large plants (Cadée
and Hegeman, 1974; Loebl et al., 2007). Together
this constitutes a readily consumable food supply
for a zoobenthos which builds up an exceptionally
high biomass, dominated by molluscan suspen-
sion feeders, followed by deposit feeding worms
and small snails (Beukema, 1976; Beukema et al,.
2002: Asmus, 1987: Reise et al., 1994). These in
turn provide plenty of food for small crabs, shrimp
and fish which use the flats as a nursery when the
tide is in (Smidt, 1951; Kuipers, 1977; Strasser,
2002), and for huge flocks of wading birds, gulls
and ducks when the tide is out (Piersma, 1987;
Scheiffarth and Nehls, 1997). These have the
advantage of searching for prey on a very large
intertidal area, with a fair chance of frequently
encountering patches of a sufficient quality and
quantity of accessible food. On the permanently

submerged bottom of the North Sea, the zoomass
is 10-20 times lower than on the tidal flats. This

is why the Wadden Sea can feed 10-12 million
coastal birds in the course of a year (Blew et al.,
2005). Most of these are migrants along the East
Atlantic flyway and use the Wadden Sea as their
central staging area to replenish energy lost dur-
ing breeding and long-distance flights (Figure 5).
Thus, the Wadden Sea feeds birds which travel to
many other coasts or fly further inland. Similarly,
the tidal flat fauna offers food for young fish
which as adults migrate into the open sea or into
the rivers. Seals and harbour porpoises are at the
top of the aquatic food web, and birds of prey
represent a link to the terrestrial food web (Baird
et al, 2004). A diverse assemblage of parasites
hitchhikes on these trophic pathways (Thieltges
etal,, 2006).

The estuaries as tidally influenced transition
zones between marine and riverine environments
are not a dominant feature and are small in size
relative to the marine parts of the Wadden Sea
(Harten and Vollmers, 1978). This is in contrast to
most other tidal areas in Europe and the world.
Nevertheless, these estuaries supply the Wadden
Sea with nutrients, are pathways for diadromous
fish and add habitats of low and variable salin-
ity.

Mangroves and salt marshes dominate tidal
areas along most tropical and temperate sedimen-
tary coasts of the world. However, in the Wadden
Sea, climate is too cold for mangroves and salt

Figure 5:

Staging knots (Calidris
canutus) probing intertidal
sediments of the Wadden
Sea for small molluscs.
About 450,000 fly towards
Greenland and Canada, and
340,000 fly towards Siberia
for breeding. During winter,
most stay in western Africa
(Photo: K. Reise).

Wadden Sea Ecosystem No. 29 - 2010
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Figure 6:

Dunes on Wadden Sea bar-
rier islands are generated
by an interplay between
sand mobilizing wind and
stabilizing marram grass
(Ammophila arenaria)
(Photo: K. Reise).

Wadden Sea Ecosystem No. 29 - 2010

marshes are relegated to high-tide level and the
episodically flooded supratidal zone. Thus, bare
tidal flats prevail. In contrast, the Georgia Bight,
on the other side of the Atlantic, represents a
geomorphologically similar coast with many tidal
areas and seaward barriers of sandy islands over a
length of 1,200 km. However, bare mud flats com-
prise only 300 km2, whereas salt marshes occupy
4,200 km2 (Dame et al., 2000). In the Wadden Sea
this habitat ratio is reversed with tidal flats oc-
cupying 4,700 km2 and salt marshes 400 km2. The
reason for this difference is still open to debate.
The Georgia Bight is warmer than the Wadden Sea
which may be of particular benefit for the cord
grass which dominates the marsh there. On the
other hand, and unlike the Wadden Sea, the riv-
ers along the east coast of North America supply
huge amounts of fine-grained sediments which
are trapped in the cord grass meadows, allowing
these to expand. In addition, mean wave heightin
the Wadden Sea is twice that of the back-barrier
area in the Georgia Bight. This may also explain
why salt marshes are relegated towards high-tide
level in the Wadden Sea.

Beaches and dunes are found along many
coasts. However, in the Wadden Sea, numerous
sandy barrier islands are aligned along the coast
like strings of pearls. Sand blown by prevailing
westerly winds from dry parts of the beach is
trapped by pioneer plants. In the Wadden Sea,
the main dune generating species is a marram
grass (Ammopbhila arenaria) which is able to grow
upwards with the accumulating sand (Figure
6). It does not stabilize the sand sufficiently to
prevent further aeolian transport. Along retreat-
ing shorelines, one dune may therefore overtop
another. When a dune height of 20 m is exceeded,
the characteristically strong winds of the North
Sea region overrule the marram grass and bare
migrant dunes arise (Priesmeier, 1970). Without
marram grass, the barrier islands would presum-
ably look very different. This can be inferred from
observations made along the coast of Oregon in
the northwest of North America. There, marram
grass was originally absent. After it had been
introduced, it quickly generated a high and per-
manent fore-dune barrier behind the beach where
none had been before.




A universally outstanding tidal wetland 17

The Wadden Sea displays a complex matrix of
habitats across environmental gradients of depth
and salinity, height and dryness, exposure to hy-
drodynamics and winds, and substrates modified
by organisms. These habitats occur in dynamic
sequences in a highly repetitive pattern due to
the long chain of islands and shoals, tidal basins
and estuaries, and together accommodate a high
diversity of aquatic and terrestrial species. The
Wadden Sea has a long tradition of research on
the composition of the regional flora and fauna
(Wolff, 1983; Gerlach, 2004; Niedringhaus et al.;
2008). It forms the habitat for about 2,700 species
of marine origin and at least 5,100 semi-terrestrial
and terrestrial species, mostly the flora and fauna
of salt marshes and dunes on the islands (Table 1).
Various unicellular groups and small metazoans
such as terrestrial nematodes have not been in-
cluded in the surveys. Adding these, we estimate
that the Wadden Sea area is populated by about
10,000 taxa, not including bacteria and archaea.

Of the taxa recorded, phototrophic plants com-
prise about 2,300, macrofungi 1,300 and animals
4,200 species. With this impressive species rich-
ness the Wadden Sea helps to arrest the loss of
coastal biodiversity in temperate coastal zones.
Presumably a crucial factor for the high species
richness is the repetitive sequences of dynamic
habitats on a large scale. This is likely to reduce
the risk of extinction. On a sandy beach and sand
flat of the island of Sylt, extending 115 m between
the high and low tide lines, altogether more than
one million individuals have been examined and
identified to species level. Most belong to the
interstitial fauna, composed of metazoans small
enough to move through the interstices of sand
without having to push sand grains out of their

way. In toto, 652 species have been recorded, and
for 148 of them it is the type locality where they
have been described for the first time (Armonies
and Reise, 2000). Contrary to larger marine organ-
isms, the hot spot of diversity for the interstitial
fauna lies in the intertidal zone rather than at
greater depth (Figure 7). Adding estimates for
unicellular algae, the territories of almost 1,000
species are trespassed when walking from high to
low tide line at that site. Nowhere else in the world
has species richness of a beach been analysed in
such detail.

An incredible number of small arthropod spe-
cies live in the salt marshes, mainly insects and
spiders (Heydemann 1981). The main primary
producers, the vascular plants, comprise only 45
species. Directly feeding on these plants are 6
species of waterfowl and 400 species of insects.
Another 500 species have been found to feed
on dead plant material, algae and fungi. Preda-
ceous arthropods comprise 245 and parasites
250 species. To this spectrum we may add about
100 species of birds feeding and resting in salt
marshes. The sum of all these species is almost
1,600. To these terrestrial organisms some 500
species of aquatic, mostly marine invertebrates
of the meiofauna, have to be added. Again, con-
sidering unicellular organisms not included in
the surveys, the grand total is about 2,300 taxa
which may dwell in salt marshes of the Wadden
Sea. This compares well with the species richness
encountered in European temperate forests. More
species occur in salt marshes than in beaches and
sand flats because the vegetation generates a
more complex habitat.

Of the 140-plus species of fish recorded in the
Wadden Sea, 20 spend their entire life in the tidal

Marine aquatic organisms Terrestrial, semi-terrestrial and freshwater
organisms

Vascular plants 2 | Macrofungi (islands) 1,300
Macroalgae 80 | Lichens (islands) 347
Pelagic microalgae 380 | Mosses (islands) 338
Benthic microalgae 260 | Vascular plants 900
Zooplankton 260 | Molluscs 70
Benthic microfauna 1,200 | Arthropods 2,000
Benthic macrofauna 400 | Birds 176
Fish 149 | Other vertebrates 40
Marine mammals 3 | Man 1

4. Biodiversity

Table 1:

Overview of species rich-
ness in the Wadden Sea.

In some groups, numbers
have been estimated. Due
to taxonomic uncertainties,
not all species complexes
have been analysed, and

in terrestrial environ-
ments surveys on small soil
fauna are incomplete. Rare
visitors are left out. Most
numbers are from lists of
species in Wolff (1983).
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Figure 7:

Across 120 m of a sheltered
beach and intertidal sand
flat (photo, top) the incred-
ibly high species number

of the small fauna in the
interstices of sand (green
panel) attains a maximum
near mid tide level (bottom
panal, columns, right scale),
while macrofaunal species
numbers gradually increase
towards spring low tide

line (red line, left scale).
Horizontal acis indicates
distance (m) from the bend
(0) in the slope between the
tide lines (modified after
Armonies and Reise, 2000).
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area. Plaice (Pleuronectes platessa) and sole (Solea
solea) spawn in the North Sea and their pelagic
eggs and larvae drift into the tidal area, meta-
morphose and settle on the mud flats. There they
benefit from ample food and warm temperatures
(Zijlstra, 1972). They leave the Wadden Sea as
juveniles before their first winter. Also, juveniles
of herring (Clupea harengus) and sprat (Sprat-
tus sprattus) occur in big shoals, particularly at
night. Several diadromous species spawn in the
rivers and merely pass through the Wadden Sea.
Whiting (Merlangius merlangus) and cod (Gadus
morrhua) have open sea nurseries, but in late
summer and autumn of some years juveniles make
incursions into the Wadden Sea with dramatic

effects on shrimp and small fish on which they
prey (Jansen, 2002).

For coastal birds, the Wadden Sea is not only
attractive because of the high availability of food.
Some of the islands and high sands are without
mammalian predators and human disturbance.
Almost one million ground-breeding birds belong-
ing to 31 species use these sites (Koffijberg et al.,
2006). Of Eurasian spoonbill, avocet, gull-billed
tern and sandwich tern more than 25% of the
European populations breed in the Wadden Sea
region. For 43 species, the Wadden Sea supports
more than 1% of the flyway population, which
is the criterion of the Ramsar Convention for
identifying wetlands of international importance.
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Of these, 4 are breeding in the Wadden Sea, 15
are only visiting during their seasonal migrations,
and 24 do both. Almost the entire population of
dark-bellied brent goose (Branta b. bernicla) and
the entire European and West-Russian population
of dunlin (Calidris alpina) use the Wadden Sea
during periods of the annual cycle (Figure 8). An
additional seven species are present with more
than 50% and further 14 species with more than
10% of their flyway populations. In absolute num-
bers, itis estimated that dunlin reaches a seasonal
maximum of 1.4 million, oystercatcher 582,000,
black-headed gull 499,000, red knot 339,000
and wigeon 333,000. In late summer, almost all
shelducks of Northern and Western Europe con-
centrate with about 200,000 birds for moulting in
the least disturbed areas of the Wadden Sea (Blew
etal., 2005). Many birds use the Wadden Sea only
briefly, others do so for several months and use
the area to gain enough energy for further migra-
tion. Other species spend the whole winter in the
area. Hence, the numbers actually using the area

(10 to 12 million) are much higher than the total
numbers present at any one moment. Nonetheless,
the Wadden Sea is one of the most spectacular
sites for coastal birds in the world.

Indigenous species of marine mammals in
the Wadden Sea are common seal (Phoca vitu-
lina), grey seal (Halichoerus grypus) and harbour
porpoise (Phocoena phocoena). The Wadden
Sea now sustains approximately 20% of the
Northeast-Atlantic subspecies of common seal.
Archaeological findings suggest that grey seals
were the dominant seal species until medieval
times and then vanished entirely. The cause was
most probably the ease of hunting during whelp-
ing on the upper beaches. Recently grey seals have
also started a comeback (Reijnders et al., 1995).
During the moulting season, 20,250 common
seals and 1,900 grey seals resting on sand bars
have been counted from the air in 2008. In the
Northern Wadden Sea, female harbour porpoise
with offspring are observed with a density of 1-2
individuals per kmz2.

Figure 8:

Maximum estimated
numbers of migratory birds
between 1992-2000 given
as proportion of flyway
populations for the entire
Wadden Sea (from: Blew et
al., 2005).

Wadden Sea Ecosystem No. 29 - 2010



20 A universally outstand

5. History and Outlook

Figure 9:

Introduced Pacific oysters
are spreading throughout
the Wadden Sea. They have
added new biogenic reefs
and partially displaced
native mussel beds (Photo:
K. Reise).
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ing tidal wetland

Humans have always been present in the Wad-
den Sea region. Hunting and fishing seem to have
driven large animals such as grey whale, Dalmatian
pelican, sturgeon and salmon to extinction (Wolff,
2000). These will not come back without active
support. Bird and seal populations have strikingly
recovered when protection measures became ef-
fective in the course of the 20t century, but there
is still room for more. Almost a thousand years
ago, embanking of salt marsh areas commenced
and culminated in the 20" century when also mud
flats and entire embayments were cut off from the
Wadden Sea by seawalls. This reduced the extent
of salt marshes and nearshore mud flats, and at
the same time interfered with a further deposi-
tion of silt and clay where the tidal zone became
narrower and hydrodynamic energy increased
per unit area (Flemming and Bartholomé, 1997).
These distortions of natural processes constitute
a major challenge to habitat restorations along
the mainland coast.

In the 1950s and 1960s, pollutants in Wadden
Sea organisms reached very high levels and caused
incidences of mass mortalities in Eider ducks and

sandwich terns, and reduced reproduction rates
in seals (Brouwer et al, 1989). Discharges of
pollutants have decreased since then. Sublethal
effects are hard to detect and persistent pollut-

ants are still in the sediments. Nutrient loads in
the rivers debouching into or near the Wadden
Sea reached a maximum in the 1970s, but have
declined since then. However, they are still 2-5
fold above pre-industrial values. Enhanced algal
blooms have been observed in the past and,
although somewhat decreased, have not ceased
altogether (van Beusekom 2005; Philippart et al.,
2007). The question will be, how low do we wish
to go with the nutrient loads?

North Sea fish have for a long time been
subject to strong fishery pressure (Holm, 2005).
After large fish had disappeared, fisheries in the
Wadden Sea focused on shellfish and shrimp.
This has affected the benthos in general: native
oysters have vanished, subtidal mussels are mostly
confined to culture lots, and intertidal beds are
intermittently strongly decimated, while catches
of shrimp (Crangon crangon) have been sustained
(Lotze, 2005). Industrial cockle fishery has recently
been banned completely. There seems to be a
large potential for fish and shellfish recovery but
management efforts are still in their infancy.

At least 60 alien aquatic species have been
unintentionally introduced by shipping or with
imported oysters. The Pacific oyster (Crassostrea
gigas) became extremely abundant on mussel beds
and beyond (Figure 9). This species, and others
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introduced earlier, seem to particularly benefit
from the current trend of warming (Nehring et al.,
2009). Around the low-tide line, the epibenthic
community is already dominated by alien species,
giving rise to new functions and habitats. Pre-
ventative measures against further introductions
are urgently needed.

In the long run, sea-level rise triggered by glo-
bal warming is expected to exceed the adaptive
capacity of the Wadden Sea. The rise could be
of the order of 1 m until the end of this century
(Rahmstorf, 2007). Along the mainland, seawalls
prevent a landward shift of the tidal area in
response to higher water levels, and sediment
supply from the North Sea may not keep up with
the speed of sea-level rise. A time lag in sediment
transport from the offshore belt to the tidal area
would result in the intertidal zone being drowned.
As the tidal flats provide the core function and
services of the Wadden Sea ecosystem, plans
should be prepared on how to facilitate sediment
supply from the North Sea into the tidal area,
and how to trap suspended particles from the
tidal waters even in embanked low marshes. This
demands an innovative and interdisciplinary re-
search agenda leading towards a strengthening of
the regional identity in a changing world (Kabat
etal,, 2009).

As a universally outstanding combination of at-

tributes, the Wadden Sea

(1) has the largest unbroken belt of bare intertidal

mud and sand flats in the world,

® supplied with sediment primarily from the
sea,

® and a long chain of barrier islands providing
shelter to the tidal area behind,

® adapting to sea-level rise by vertical accretion
and by retreat of the sandy barrier,

® being subject to relatively high waves and
strong seasonal storm surges,

* with tides doubling the volume of water
twice daily,

® and a strong dominance of oceanic waters
over their riverine counterparts;

(2) functions as a gigantic coastal filter,

® composed of extensive molluscan beds,

® and the largest lugworm population in the
world keeping sediments permeable,

® and salt marshes confined to areas near
high-tide level, unable to encroach on the
vast tidal flats;

(3) offers a wide food availability based on

® phytoplankton imported from an offshore belt
and on benthic microalgae,

®  both readily consumed by an abundant ben-
thic fauna,

® which provides food to an aquatic nursery of
shrimp, fish and seals,

e and food to 10-12 million birds in the course
of a year;

(4) has a complex and repetitive habitat matrix

e with about 10,000 species of aquatic and
terrestrial organisms,

® which is indispensible for 44 populations of
34 species of coastal birds,

® showing a recovery of bird and seal popula-
tions after centuries of exploitation,

® nolongerthreatened by land claim ambitions,
and being protected by trilateral policy.

The Wadden Sea may thus be perceived as a coast
of hope. Extraordinary flocks of coastal birds and
abundant seals are indicative of a thriving tidal
ecosystem in spite of a history of strong human
impacts. Ongoing species introductions and cli-
matic warming will inevitably change the species
composition. Eventually, accelerating sea-level rise
will threaten the large extent of the tidal flats.
This will require nature protection and coastal
defence agencies to join forces in a common
management plan to maintain the natural values
and at the same time to allow for a sustainable
shared human use.

We are most grateful to the staff of the Com-
mon Wadden Sea Secretariat and the many civil
servants of Dutch and German Nature Protection
Agencies who have been involved in writing the
nomination dossier and encouraged this manu-
script.
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1. Protection and Management

Figure 1.1:
. DENMARK Map of the Wadden Sea
Wadden Sea Area and Area and Conservation
Conservation Area Area.
Legend
— Wadden Sea Area
= Conservation Area
-- National boundary
= |ntertidal area
A 0 10 20 30 40 50 Km
Niedersachsen
GERMANY
A
The Wadden Sea is subject to a comprehensive and management have been agreed (Wadden Sea
nature protection scheme on national and regional Plan, 2010). The Guiding Principle of the Trilateral
levels as well as to extensive protection and man- Wadden Sea policy is “to achieve, as far as possi-
agement arrangements between the countries in ble, a natural and sustainable ecosystem in which
the framework of the Trilateral Wadden Sea Co- natural processes proceed in an undisturbed way".
operation. Also, several European directives play The Wadden Sea Plan, the policy and manage-
a part (e.g., Natura 2000). ment plan for the Wadden Sea Area proper, which
Significant new developments since the QSR includes the central objectives and principles of
2004 are the designation of the Danish Wadden the Wadden Sea Cooperation, was agreed at the
Sea as a National Park (2010), the adoption of a re- 8t Trilateral Wadden Sea Conference at Stade in
vised Wadden Sea Plan (2010) and the inscription 1997. The Trilateral Monitoring and Assessment
by UNESCO of the Dutch and German parts of the Program (TMAP), associated with the implemen-
Wadden Sea as a World Heritage Site (2009). tation of the Wadden Sea Plan, was launched on
. the same occasion.
1.1 Trilateral Wadden S_ea The Wadden Sea Area covers about 14,700
COOPeratlon km2: the Conservation Area is about 11,200 km2
Since 1978, the Trilateral Wadden Sea Cooperation (Table 1.1).
(TWSC) between Denmark, Germany and The Neth- . .
erlands has been dealing with the joint protection 1.2 World He”tage Site
of the Wadden Sea ecosystem. Central elements In June 2009, the World Heritage Committee
of the trilateral arrangements are the guiding inscribed the Dutch and German parts of the Wad-
princip|esl common management princip|es and den Sea on the World Heritage List under natural
the common targets upon which common policies criteria (viii) geomorphology, (ix) ecological and
Conservation Area (km2) | Wadden Sea Area (km2) Size of the Cor-ll-:ebrl\fa':i.(:r;
Denmark 1,250 1,500 Area and Wadden Sea Area
Germany* 9,050 (km2). *Because of the
Schleswig-Holstein National Park 4,410 esqcijg:‘tefh:rﬁalj?e:hfifni
Hamburg National Park 137.5 and F;{/’G are agpproximate.
Niedersachsen National Park 2,777
Nds: NSG Ems, Elbe 34
Netherlands* 2,600 3,900
Disputed Area (NL, FRG) 250
Trilateral 11,208.5 14,700
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Figure 1.2:

Map of the Wadden Sea
World Heritage Site (CWSS,
2009).
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biological processes, and (x) biological diversity.
The Committee also adopted a Statement of Out-
standing Universal Value which, according to the
Operational Guidelines, forms the basis for the
future protection and management of the property
(UNESCO, 2009).

1.3 International protection
regimes
The European Union's environmental legislation
is of specific significance for the Wadden Sea
and has increased in importance during the past
two decades. The legislation is trans-boundary
and, increasingly, covers all environmental policy
areas. It also has direct implications for Member
States' legislation. Of the comprehensive list of
environmental legislation, the Habitats, Birds
(Natura 2000) and Water Framework Directives
are the most relevant for the protection and
sustainable use of the nominated property. The
Marine Strategy Framework Directive is currently
being implemented and will also be important for
Wadden Sea policy.

Other relevant European Union legislation
includes the Environmental Impact Assessment
Directive and the Strategic Environmental Assess-
ment Directive, which are of central importance
for the assessment of the environmental impacts
of policies, plans and concrete projects. Also, the
recommendation of the European Parliament and
the Council on Integrated Coastal Zone Manage-
ment is of particular importance for the Wadden
Sea, because it deals specifically with the inter-

Agreement on the Conser-
vation of African-Eurasian Waterbirds (AEWA)
and the Agreement on the Conservation of Small
Cetaceans of the Baltic, North East Atlantic, Irish
and North Seas (ASCOBANS), the Convention on
the Conservation of European Wildlife and Natural
Habitats (Bern Convention) and the Convention for
the Protection of the Marine Environment of the
North-East Atlantic (OSPAR Convention).

1.4 National protection regimes
In The Netherlands, the protection of the Dutch
part of the Wadden Sea combines a unique nation-
al physical planning approach (the Key Planning
Decision Wadden Sea (PKB)) with a designation
under the Nature Conservation Act 1998, sup-
ported by additional designations.

In Germany, the Wadden Sea is protected as
national parks established in 1985, 1986 and
1990 in Schleswig-Holstein, Niedersachsen and
Hamburg respectively.

In Denmark, the revised Statutory Order for
the Danish Nature and Wildlife Reserve was
enacted in 1998. In 2008, the Danish parliament
formally agreed to establish the Danish Wadden
Sea National Park, which covers almost 146,000
ha. The national park wasinaugurated in October
2010, together with the enactment of the Statu-
tory Order.

A comprehensive overview of the national
protection and management regimes is given in
the QSR 2009 Thematic Report No. 1 “The Wadden
Sea - Protection and Management".
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The Trilateral Monitoring and Assessment Program
(TMAP) has a predecessor which operated from
1966-1985. This was the International Wadden
Sea Working Group, a private organization of Dan-
ish, Dutch and German Wadden Sea scientists who
aimed at better protection of the Wadden Sea. In
1983 their collective knowledge was published
in the three volumes of 'Ecology of the Wadden
Sea'and in 1985 these 124 Wadden Sea scientists
published a document ‘The management of the
Wadden Sea' Because this private working group
suffered from a shortage of money, only a Dutch
version (‘Het beheer van de Wadden') was actually
printed. This little-known booklet contains a table
in which the threats to the Wadden Sea system are
listed and ranked according to the severity of the
problem. The ranking is based on: 1) the speed of
recovery after occurrence of a human impact, 2)
the maximum geographical extent of the effects
of an impact, 3) the frequency of the impact. In
the following paragraphs these threats or impacts
are listed and discussed in a sequence of decreas-
ing impact, as defined in the 1985 document. So,
the first human activities listed were supposed to
have the largest (potential) impact on the Wadden
Sea system. For better understanding some of the
activities are brought under the same heading.

This ranked list of human activities illustrates
very well the progress which has been made
in 25 years of managing the Wadden Sea as a
nature reserve. It also shows the areas where lit-
tle progress has been made. At the same time it
makes clear which human activities and impacts
still played an important part between the QSR
2004 and the QSR 2009.

2.1 Reclamations and dams be-
tween islands and mainland
In 1985, reclamations of salt marshes and inter-
tidal flats were considered to be the largest threat
to the Wadden Sea ecosystem, mainly because
the impact was seen as irreversible. At that time
reclamations of part of the Wadden Sea were still
being discussed. Nowadays, Wadden Sea policy in
all three countries makes any reclamation highly
improbable. Instead, summer polders along the
coast of the Wadden Sea are changed to salt
marshes and intertidal flats by removing (part of)
the surrounding seawalls.

Dams to the islands were also seen as a very
serious threat in 1985. Again, this is a discussion
of the past.

This changed attitude to reclamation and
dam-building shows that the largest threats to
the Wadden Sea have been eliminated. This is due
to a strong involvement of nature conservation

NGOs and a consequent governmental policy on
protection of the Wadden Sea.

2.2 Damaging effects of water
pollution
The 1985 report put effects of various forms of
water pollution high on the list of threats to
the Wadden Sea. PCBs, oil pollution, pesticides,
heavy metals, discharge of wastewater with high
concentrations of organic matter from agricul-
tural industries, and eutrophication were listed
in an order of decreasing impact. Since that time
pollution problems have greatly diminished. For
example, the huge loads of waste water sluiced
by agricultural industries into the eastern Dutch
Wadden Sea have completely disappeared. PCBs,
pesticides and heavy metals all have strongly
decreased and nowadays occur in mainly low
quantities (see chapter 3.2). Oil pollution is still
present and continues to constitute a problem.
Eutrophication of the Wadden Sea was increasing
in 1985 but has been decreasing in later years.
This reduction of pollution problems is due to an
active environmental policy of all states bordering
the North Sea. However, some forms of pollution
continue to occur in smaller quantities and their
presence is still being monitored (see sections
3.1 and 3.2).

2.3 Dredging and extraction of
sand and shells
Dredging and extraction of sand and shells fig-
ured high on the list of 1985 threats. Since 1985
extraction of sand and shells has been strongly
regulated and has been confined to the deeper
parts of the Wadden Sea and the North Sea. In
parts of the Wadden Sea, sand can only be ex-
tracted in combination with dredging; otherwise
it has to be brought in from the North Sea.
Dredging of shipping lanes has been increasing
since 1985 to accommodate ever larger vessels on
their way to the major ports in the Wadden Sea
area. At present it constitutes a major problem
especially in the estuaries of Ems, Weser and Elbe.
Dredging causes water turbidity which cuts light
penetration of the water column.

2.4 Cultivation of mussels,
oysters and fish

Cultivation of blue mussels occurs in Germany and
The Netherlands. The culture is based on the avail-
ability of small seed mussels which are fished on
wild banks and subsequently sown on the culture
plots for growth to marketable size. Since 1985 the
collection of seed mussels has had an increasing
impact on the presence of wild mussels. Around
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Figure 2.1:

Landings of blue mussels in
the Wadden Sea 1965-
2007 (in tons wet weight).
(Source: Nehls et al., 2009,
QSR 2009, Thematic Report
No. 3.5).

Figure 2.2:

Areas in the Wadden Sea
region permanently closed
for mussel fishery in 2008.
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1990 an unprecedented low was reached in the
Dutch Wadden Sea. At present, requlations to
prevent overfishing and damage to natural values
are in place in all Wadden Sea countries.

Cultivation of European flat oysters is an activ-
ity of the past: this oyster species is now extinct.
Its market position has partly been taken over by
the Pacific or Japanese oyster, an alien species
introduced into the Wadden Sea around 1985.
Some experimental fishing is carried out on the
now-abundant oyster beds.

Cultivation of fish does not play an important
part in the Wadden Sea.

Amount and abundance of natural spatfall of
blue mussels is always varying. Hence, catches of
blue mussels show strong fluctuations per year and
region. Because of low seed availability, in recent
years low catches were reported, accompanied
by a decreasing or failing spatfall and declining
mussel harvest (Fig. 2.1).
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In the period 1994-2007 the average annual
landings of mussels were about 56,000 tons wet
weight (including shells). Most of them (about
35,000 t) were landed in The Netherlands. On
average about 70% of all Wadden Sea mussels are
of Dutch origin. A considerable part of the German
landings are transported to The Netherlands where
the majority of landings are traded. Blue-mussel
fishing is regulated in all three countries and in
certain areas is not permitted at all (Fig. 2.2).

In The Netherlands the mussel culture was
also restructured. Starting in 2008, a programme
started to gradually phase out fishing of seed mus-
sels from the sea floor. Instead they were collected
from ropes and nets suspended in the water. It is
foreseen that in a number of 20% increments,
all seed mussels will ultimately be obtained from
suspended ropes and nets. Presently, shortages
of seed mussels in the Dutch Wadden Sea are
compensated by seed mussels imported from the
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German Wadden Sea, and mussel cultures off Sylt
have even been supplied with imports from the
British Isles in recent years.

2.5 Extraction and transport of
natural gas and crude oil
Natural gas was extracted from under the Wadden
Sea from locations on the mainland (Groningen
field) since about 1960. In 1981 licenses were is-
sued for gas extraction directly from the Wadden
Sea area in The Netherlands (Zuidwal, Ameland).
In the outer part of the Ems estuary gas was ex-
tracted from German territory. At that time the
impact of gas extraction was not very clear and
serious consequences were predicted. Hence, a
monitoring program was established at the Ame-
land site in 1982. The results of this monitoring
program were used in discussions about extracting
gas from new fields in the Dutch Wadden Sea after
1994. It was finally decided to grant a new license
for gas extraction from underneath the Wadden
Sea near Lauwersoog. The impact of this activity
is closely monitored; if the subsidence of intertidal
flats and salt marshes exceeds a certain threshold
value, the extraction will be stopped. So far the
subsidence of the flats seems to be compensated
by sedimentation of sand and mud. Hence, eco-
logical effects seem negligable.

Crude oil is extracted from the Dithmarschen
part of the Wadden Sea. Due to strong safety pre-
cautions no oil pollution incidents have occurred.
The oil was initially brought to the mainland by
tankers, but since 2005 this has been done via a
pipeline. No incidents have been reported.

Natural gas from the Wadden Sea, the North
Sea and the Wadden Sea islands is transported
through pipelines. The construction and situation
on the seabed of these pipelines had a consider-
able impact on the tidal flats and channels but

70,000

monitoring has shown that the original ecosystem
conditions were restored in 5-10 years.

The State Parties confirmed their commitment
not to permit exploration and extraction of oil
and gas at locations within the boundaries of the
Wadden Sea World Heritage Site.

2.6 Fisheries for fish, cockles,
blue mussels and shrimp

In the 1985 report, fishing for fish and brown
shrimp was believed to have a stronger negative
impact than fishing for cockles and seed mus-
sels. Based on a major research effort, this point
of view has changed to the present notion that
shellfish fisheries are more harmful than fisheries
for shrimp.

In the period between QSR 2004 and QSR 2009
fishing in the Wadden Sea hardly involved fish.
Brown shrimps and blue mussels were the main
catches. Starting in 2005, the mechanized fish-
ing of cockles, which proved particularly harmful
to the tidal flat ecosystem, was prohibited in The
Netherlands; in Germany and almost all part of
the Danish Wadden Sea it was already banned. In
The Netherlands also the mussel culture is being
restructured. Landings of brown shrimps were high
in the period 2004-2008.

2004 was the last year in which mechanized
fishing for cockles was allowed in The Netherlands
(Fig. 2.3). Nowadays cockle-fishing is prohibited
in most of the Wadden Sea. Only a manual cockle
fishery is still allowed in The Netherlands with a
maximum yearly catch of 5% of the cockle stock.
A maximum of 31 licenses for manual cockle fish-
ery have been granted. The fished amounts were
between 0.1 and 1.5 % of the stock (Fig. 2.4).

In all three Wadden Sea countries, fishing of
brown shrimps (Crangon crangon) is carried out
in the offshore coastal waters and in almost all
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Figure 2.3:

Landings of cockles in

the Wadden Sea 1977-
2007 (in tons wet weight)
(sources: DTU Aqua,
Fischerblatt, RIVO, PVIS),
(QSR 2009).
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Figure 2.4:

Cockle catch (meat weight)
by hand rakers in the Dutch
Wadden Sea (information
from Rakers Association,
OHV, presented by Bert
Keus) (QSR 2009).

Figure 2.5:

Landings of brown shrimps
in 1981-2007 (in tons
wet weight) (sources: DTU
AQUA, Fischerblatt, PVIS)
(DK: data for 1991 - 2002
for Danish vessels) (QSR
2009).
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gullies and channels within the Wadden Sea. Only
in the Danish part of the Conservation Area, in
95% of the area of the Hamburg National Park
and in the zero-use zone of the Schleswig-Hol-
stein National Park in Germany is shrimp fishery
not allowed. Generally, there are no substantial
differences in policies and practices within the
Trilateral Cooperation Area, except for Denmark
where shrimp fishery is prohibited within the
line of barrier islands. Landings are recorded by
country and kept separately. Record landings
were found in 2005 for all three Wadden Sea
countries. However, German landings declined in
20086, posing the question as to whether the lower
catch was caused by reduced fishing activity or
reduced stock.

The Netherlands

In the Dutch part, shrimp fishery is carried out by
204 licensed vessels. Of these, 90 vessels operate
in the Wadden Sea, with 60 exclusively fishing
on shrimps. The total average annual catch in The
Netherlands (including that from vessels outside
the Wadden Sea) was about 15,000 t in most

40,000

recent years (Fig. 2.5.). Fishermen estimated that
roughly half of these landings are fished in the
Wadden Sea.

Germany
In Germany, the shrimp catch has on average been
12,000 tfyr (1994-2007). Fishery on small-sized
shrimp for animal consumption and fish meal is
still carried out in Niedersachsen in the second half
of the year. The landings are around 600-1,200 t/
yr, which is about 13% of the amount landed for
human consumption in Niedersachsen.

Denmark
In the last 15 years, between 21 and 28 licensed
vessels have fished for shrimps in Danish waters
west of the ‘Shrimp Line' (SL) drawn between
the Wadden Sea islands from the peninsula of
Skallingen to Remg. Between 100 and 150 vessels
(mainly German, Dutch and a few Belgian) fish for
shrimps periodically or more permanently in the
Danish Economical zone in the North Sea. The
SL has been enforced since 1977. In the last 15
years, the Danish landings have been on average
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around 2,900 t (only Danish vessels) and about
3,400 t annually (including vessels from other
EU countries) (in Fig. 2.5, Danish data are total
landings including foreign vessels).

2.7 Helicopters and other small

aircraft

The 1985 study listed helicopters and small fixed-

wing aircraft as causing disturbance of shorebirds

and seals. Between QSR 2004-2009, this dis-

turbance decreased, mainly because low-flying
aircraft were prohibited.

2.8 Tourism, sailing

Every year many millions of tourists are drawn
to the Wadden Sea coast. They constitute an im-
portant source of income for the region. For the
people living in the predominantly rural regions of
the countries bordering the Wadden Sea, there is
in most cases no alternative to tourism. Almost 50
million overnight stays, with a turnover of up to 6
billion euro per year, were estimated for the years
2007/2008. However, the available data sources,
applied methods and statistics in the countries are
too different to allow a reliable quantitative trend
analysis and impact assessment for the entire
Wadden Sea. To improve the situation, a multi-
dimensional market research instrument should be
developed with which demand, changes in utiliza-
tion behaviour, and their impacts on nature and
the environment, can be monitored. It should also
form the basis for coordinated regional develop-
ment concepts in the Wadden Sea region. These
need to set out a clear overall direction but allow
for flexible and pragmatic solutions to the many
specific challenges posed by the diverse demands
of nature protection, tourism and recreation.

The recent designation of the Dutch-German
Wadden Sea as UNESCO World Heritage Site is
likely to enhance tourists' awareness of the need
to protect the Wadden Sea. The development of
a sustainable tourism strategy as requested by
the UNESCO World Heritage Committee in June
2009 should be used to establish a reliable basis
for monitoring and assessment of tourism impacts
on the Wadden Sea.

The 1985 report only discussed sailing and
intertidal-flat walking. Their impact was rated
moderate.

2.9 Military training
Military training was recorded in the 1985 report
as having moderate impact, mainly through distur-
bance of shorebirds and seals. Now, 25 years later,
the impact has been reduced even further.

2.10 Shipping

Along the Wadden Sea coast, a number of large
ports of international significance form the des-
tinations of many merchant vessels. The waters
off The Netherlands, Germany and Denmark are
among the world's busiest shipping routes. Mer-
chant shipping is of high economic importance for
the Wadden Sea Region, but a shipping accident
could have disastrous ecological and economic
consequences for the Wadden Sea. Therefore ship-
ping safety, including avoidance of illegal dumping
of oil residues, is of utmost importance.

To raise awareness of the vulnerability of the
Wadden Sea, the area was designated as a Particu-
larly Sensitive Sea Area (PSSA) by the International
Maritime Organisation (IMO) in 2002.

The high risk and potential consequences of ac-
cidents, and the PSSA designation, pointed to the
need to maintain and where necessary enhance
shipping safety and reduce impacts from ship-
ping on the Wadden Sea. The International and
European Communities have introduced several
important pieces of legislation aimed at protect-
ing the environment from shipping activities. Also
further implementation of policies and actions to
prevent oil pollution from shipping - both from
illegal discharges and from accidents - as well
as control and enforcement measures needs to
be continued.

2.11 Hunting

Already in 1985 hunting had a minor impact on
the Wadden Sea system. This is still true at the
time of QSR 2009.

2.12 Scientific research

In 1985 it was concluded that scientific field
research was not entirely without effects on the
Wadden Sea ecosystem. This situation has not
changed in 2009.

2.13 Not listed in 1985:

wind energy

In 1985, the Wadden Sea area had hardly any

large windmills for energy production. These were

not seen as a problem for conservation. This has
changed considerably.

In 2009 the construction of wind turbines is
prohibited in the whole Wadden Sea Conservation
Area. On the islands and the adjacent mainland
outside the Wadden Sea Conservation Area, the
construction of wind turbines and wind farms is
only allowed if important ecological and landscape
values are not negatively affected. Policies are in

Wadden Sea Ecosystem No. 29 - 2010
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Figure 2.6:

Offshore wind farms in the
Wadden Sea and adjacent
North Sea (status Septem-
ber 2009). Only approved
pilot projects and wind
farms in operation are
shown (QSR 2009, The-
matic Report No. 3.6)
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situation has changed consider-
ably. It has been concluded that
the effects of climate change
are likely to be large. Enhanced
temperatures will cause northern
species to disappear and enable
the settlement of species adapted
to warmer climates. Sea level rise,
if the predicted rate comes true,
may be the most serious conse-
quence of climate change, since
it threatens the very existence of
the Wadden Sea.

Climate change is treated in
two separate chapter in the QSR
2009 focusing on geomorphologi-
cal and ecological consequences.
Effects of climate change may
become apparent in many of the
monitoring programs targeted
at different groups of plants and
animals.

Understanding the functioning
of the Wadden Sea morpho-hy-
dro-eco-system as a composite

force regarding the construction of wind turbines
outside the Wadden Sea Area - along the coast
and offshore - considering ecological and land-
scape criteria. In particular, cables crossing the
Wadden Sea need attention.

In the Exclusive Economic Zone (EEZ) north of
the Dutch Wadden islands, three offshore wind
energy projects have been submitted for a license.
In Germany, the first offshore wind farm "Alpha
Ventus", around 45 km north of the island of Bor-
kum, has been in operation since 2009. A further
18 projects for the German North Sea EEZ are at
various stages of planning. In Denmark, three off-
shore wind farms are currently in operation in the
North Sea. The latest one, of about 200 MW, Horns
Rev Il was inaugurated in September 2009.

2.14 Not listed in 1985: climate
change and introduced alien
species

The first scientific meeting on the effects of cli-
mate change on the Wadden Sea was held in 1988.
At that time, climate change was a new subject of
scientific research. After more than 20 years the

including positive and negative
feedback mechanisms, is ur-
gently needed to develop prognostic models and
to construct reliable future scenarios. To this end,
monitoring has to be extended to improve both
temporal and spatial resolution to improve both
the abiotic and biotic modeling of the Wadden
Sea system.

However, in order to adequately understand
and project the consequences of climate change
for hydromorphodynamics, biodiversity and
ecosystem functioning of the sea, we need to (1)
extend our coastal monitoring efforts; (2) extend
our knowledge on sensitivities and adaptation
capabilities of (abiotic) key processes and (biotic)
species in the marine environment; and (3) develop
fit-for purpose models to manage our marine
environment.

Species introduced unintentionally with ship-
ping and other transports, as well as introduced
on purpose, are spreading at an unprecedented
rate in the Wadden Sea. Many of the introductions
benefit from recent warming. This invasion is ac-
celerating and is shifting species dominance in the
benthos and the dune vegetation in particular.
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3. Monitoring Habitats and Species

3.1 Nutrients, phytoplankton WaddentSea sub-areas a decreasing trend is now
: : apparent.

Eutrophicati alldbegtrophdlcafl_or: The salinity-normalized winter nitrate data (at
Iouac;ionpgsm?s 'g:é (c:;utshee faZt;r::rienafISSensiign::e salinity 27) show a downward trend in some areas
' since the early 1990s. In the Dutch Wadden Sea, a

quality of the Wadden Sea area. Since the earliest slight decrea!e was observed from around 50 uM
nutrient measurements in the Wadden Sea, a clear (early 1990s) to around 40 uM (since 2002). In the
|hncr§ase Idn nutrlerltcljozdmgs iad conc:ntraftflor;s Ems river district (Ems estuary and Lower Saxony),
as ge: dOle'{Eetnhe N mongd ¢ ?ggatl\lle ed ects winter nitrate decreased from 80 uM (early 1990s)
associated wi € Increased nutrient loads are to around 60 uM (since 2002). In Dithmarschen
iPnhcar:g:Zztgotc))lr%zrz?g?egscr:Zsrcc));;Zi%r:jsartl)ce)jii (Eider district), winter nitrate decreased from 70-

i ) ) 80 pM (early 1990s) to around 50-60 pM (since
sediments. After a peak n the 1980s, nutrient 2002). In the North Frisian Wadden Sea and in the
levels have decreased again.

R . Danish Wadden Sea, no clear trends were observed.
Eutrophication ofthe Wadden Sea cpntlnues Salinity-normalized nitrate concentrations were
to decrease. A main development since the around 44-49 M
QSR_ 20_04 5 a _cont!nuatlon of the decrease Salinity-normalized winter phosphate concen-
of riverine nutrl_ent input. Also, compared to trations showed the strongest decrease between
background estimates of autumn NH+NO, 955,14 1995 (QSR 2004). Since then, no further
concentrations in the Wadden Sea, present val-

. changes are apparent for most areas and salin-
ues are still clearly elevated, but have decreased ity- normalized concentrations range between
when compared to the QSR 2004.

about 0.9 pM in the western Dutch Wadden Sea,
3.1.1 Nutrients and about 1.1 uM in the Danish Wadden Sea to
Riverine nutrient input showed a gradual decrease around 1.8 uM near the Ems and Elbe estuaries.
during the period 1985-2006 (Fig. 3.1). Since In the western Dutch Wadden Sea only, a further
1985, the specific total nitrogen (TN) load to the decrease was observed, from.1.4 WM during the
Southern and Central Wadden Sea decreased early 1990s to about 0.9uM since 2002'_
each year by 2.1% on average. The specific total , However., compared to b?ckground estimates of
phosphorus (TP) load decreased even more strongly winter nutrient concentrations (DIN 6 - 9 uM, DIP
than the specific TN load, but in recent years the 0.4-0.5 uM), present values are clearly elevated.
rate of decrease has slowed down. It now amounts 3.1.2 Pri mary pI‘Od ucers

to 2.9% per year for the Southern Wadden Sea The decreasing nutrient input (TN loads by Rhine,

and 2.1% per year for the Central Wadden Sea. Meuse, Weser and Elbe) had a significant effect
Note that durlnog the period 1985-2002 the rates on the phytoplankton biomass (as chlorophyll) in
were about _0'4 ¥ higher. In -the Elb.e-and Weser, a the Southern Wadden Sea (Western Dutch Wadden
slow-down in the decrease in specific TP load has Sea, Lower Saxonian Wadden Sea, Norderney) in
been C_V'_dent since gbout _1990' . summer. In the Northern Wadden Sea, decreas-

Salinity-normalized nitrate+nitrite concen- ing TN loads by the rivers Weser and Eloe had a

trations in .the Germa.n Bight in wmter. reflect significant effect on the summer chlorophyll levels
the decreasing total nitrogen load, and in some in the List Tidal Basin and in the Gradyb.

= Figure 3.1:
= 800,000 § 60,000 Specific nitrogen and
= a phosphorus load (mean
2 600,000 2 annual load / mean annual
= | = 40,000 ~ discharge) to the Southern
® =2 Wadden Sea (Rhine, Meuse,
_Z 400,000 5 Noordzeekanaal, IJsselmeer
2 1 2 20,000 - and Ems) and to the Cen-
£ 200,000 4 z tral and Northern Wadden
= =3 Sea (Weser, Elbe). Data
g | = 0 source: DONAR, NLWKN,
= 0 \ T w S ‘ : ‘ ‘ ‘ ‘ ‘ Lenhart and Patsch (2001),

1970 1980 1990 2000 2010 1970 1980 1990 2000 2010 updated to 2006.

o——o Elbe, Weser
*—e—e Rhine, Maas, English Channel, lJsselmeer, Ems
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Figure 3.2:

Spatial distribution of sum-
mer chlorophyll a (May-
September) in the Wadden
Sea during 2000-2006.
Circles indicate the area
considered and numbers
inside indicate the number
of stations used for the
mean.

Wadden Sea Ecosystem No. 29 - 2010

However, the evaluation of present levels
against background estimates is difficult because
the three Wadden Sea countries use different es-
timates, time windows and statistics. Background
mean chlorophyll levels during the growth season
(March-September) for the Dutch Wadden Sea are
estimated at 8 ug Chl-a/l (Baretta-Bekker et al.,
2008). German estimates are almost two times
lower and amount to 2-3 pg Chl-a/l which are
similar to the range in Denmark (1.9 ug and 4.0 pg
Chl-afl, (May-September). In all areas, present val-
ues are clearly higher than background values.

In general, summer chlorophyll levels are higher
in the Southern Wadden Sea than in the Northern
Wadden Sea and are in line with the conclusion
in QSR 2004 of a higher eutrophication status
in the Southern Wadden Sea. However, within
both Wadden Sea regions, large differences exist:
hotspots are the Eastern Dutch Wadden Sea, the
Elbe estuary and Gradyb. Lowest values are found
in the Danish and North Frisian Wadden Sea (be-
tween Eiderstedt and Gradyb) (Fig. 3.2)

Toxic blooms are observed in all parts of the
Wadden Sea, but no decreasing or increasing trend
in relation to nutrient input is evident. The main
nuisance blooms were due to Phaeocystis. Long-
term data from the Marsdiep (Western Dutch
Wadden Sea) show a decreasing trend in bloom

duration. Present macroalgae abundance in the
Northern Wadden Sea correlates with riverine TN
input and is below the maximum levels observed
during the early 1990s.

3.1.3 Organic matter turnover
The autumn NH,+NO, values are a good indicator
of organic matter turnover in the Southern Wad-
den Sea. The decreasing nutrient input (TN loads
by Rhine and Meuse) lead to decreasing autumn
NH,+NO, values in the Southern Wadden Sea. In
the Northern Wadden Sea, a less clear picture
emerges and no correlation with riverine TN input
is observed (Table 3.1).

The recent distribution patterns of autumn
NH,+NO, values show a similar pattern as sum-
mer chlorophyll and both proxies are strongly
correlated (r2=0.87; N = 7; p <0.00021; compare
van Beusekom, 2006). This supports the view that
the observed regional differences are real. Autumn
values identify the same eutrophication hotspots
and low eutrophication regions as summer
chlorophyll. Compared to background estimates
of autumn NH4+N02 values, present values are
clearly elevated (Table 3.1) but have decreased
when compared to the QSR 2004.

The results show that current policies to reduce
nutrient input have been successful with regard

N

= ‘ Rhine/Meuse

A O 20 40 60 80 100 Kilometers
[r— — - m—]
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Table 3.1:

Classification of the Wadden Sea into Non-Problem, Potential Problem and Problem Areas based on autumn concentrations
of NH4+NO2 (uM) as proposed by van Beusekom et al. (2001) and modified with data from the recent study. The division
in sub-regions is based on the availability of seasonal data. The present autumn values refer to values between 2000 -
2006. Non-problem conditions were based on background values for the Western Dutch Wadden Sea. Values for the other
areas proportionally assigned on the basis of present-day values (van Beusekom et al., 2001). All threshold values were
formally derived and an uncertainty range of +1 pM should be added. (Beusekom et al,, 2009, QSR 2009 Thematic Report

No. 6).
Area Non-Problem | Potential Problem Problem Values QSR 2004 | ,Present" values
conditions conditions conditions | (1997-2002) (2000-2006)

Western Dutch Wadden Sea <30uM [3.0uM <> 83 uM > 8.3 uM 9.9 uM 8.2 uM
Eastern Dutch Wadden Sea <4.0 uM 4.0 pM <> 102 uM | > 10.2 uM 19.8 uM 16.8 uM
Lower Sax. Wadden Sea <3.2uM 3.2 pM <> 8.2 uM > 8.2 uM 10.6 uM 9.9 uM

List Tidal Basin <1.9 uM 1.9 UM <> 4.2 uM > 4.2 uM 6.1 uM 5.9 uM
Danish Wadden Sea (Gradyb) <25uM | 25uM <> 6.5uM > 6.5 UM 10.2 uM 8.3uM

to phosphorus and nitrogen compounds. The
decreasing nutrient loads into the coastal North
Sea and directly into the Wadden Sea have led to
a decreasing eutrophication status in the entire
Wadden Sea. However, the target of a Wadden
Sea without eutrophication problems has not been
reached yet. Therefore it is recommended that
policies to reduce nutrient input are continued.

The present study confirms the previous con-
clusion (QSR 2004) on regional differences within
the international Wadden Sea. The reasons for
these differences have to be revealed in order to
formulate region-specific standards for a good
ecological status, as for instance demanded by
the Water Framework Directive. Further effort is
needed to understand the regional differences in
nutrient patterns and their implications for the
coastal ecosystem, and to improve the temporal
and spatial resolution of existing monitoring
programs in order to cover the entire seasonal
cycle.

For the assessment of the phytoplankton eu-
trophication status in the Wadden Sea, two met-
rics are presently discussed in the Water Frame-
work Directive: 1) the percentage of observations
with Phaeocystis bloom conditions (>107 cells/l);

6 + [10>11]
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and 2) deviations from a reference phytoplankton
biomass. In the latter case, the 90-percentile of
chlorophyll-a during the period March-October
is used as indicator. In the Wadden Sea area, no
agreement has been reached yet on the reference
conditions and boundaries between good and
moderate for phytoplankton biomass.

3.2. Hazardous substances
The pollution of the Wadden Sea derives mainly
from external sources, i.e. the major rivers Elbe,
Weser, Ems and the lJssel, the North Sea and
the atmosphere. Although long-time down-
ward trends are observed for most hazardous
substances, there are no significant differences
between the situation described in the QSR
2004 and the present situation described in
the QSR 2009. Cleaning-up the Wadden Sea
is obviously a slow process.

The riverine input of metals (Cd, Cu, Hg, Pb,
Zn) in the period 1996-2007 remained at the
same level as in 1995 or continued to decrease
at a moderate rate (Fig. 3.3). For some metals, the
target of background concentrations in sediment
has not yet been reached in all sub-areas of the
Wadden Sea. Regarding the "effects range level"

(
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—— Lake Ussel

—Ems

— Weser —— Elbe —— Eider

Figure 3.3:

Loads of Cadmium by
riverine inputs (tonnes/
year). Right panel: cor-
rected for flow differences
to a standardized flow of
1010 m3-y~' (comparable
to the average flow of the
Weser). The major decrease
occurred until 2002. The
rivers Elbe and Weser water
concentrations are twice
those of Lake IJssel, Eider
and Ems (Bakker et al.,
2009, QSR 2009 Thematic
Report No. 5.1 Hazardous
substances).
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Figure 3.4:

Loads of PCBs by riverine
inputs (kg/year). Right
panel: corrected for flow
differences to a Standard-
ized Flow of 1010 m3y™’
(comparable to the average
flow of the Weser). The
major decreases occurred
until 1994 (Elbe) and 1999
(Weser). The rivers Elbe and
Weser water concentra-
tions are 3-4 fold those of
Lake IJssel, Eider and Ems
(Bakker et al., 2009, QSR
2009 Thematic Report No.
5.1 Hazardous substances)

Figure 3.5:
Logit-transformed oil rates
in common guillemots in
the areas around the Wad-
den and overall declin-

ing linear trends in The
Netherlands (black lines),
and in Germany (red lines).
Logit values of 0.0 refer

to oil rates to 50%; 100%
and 0% are infinitely

large positive and negative
values respectively. ns =
North Sea, ws = Wadden
Sea, isl = islands, mainl =
mainland (Camphuysen et
al. 2009, QSR 2009 The-
matic Report No. 5.3).
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(ERL) by OSPAR, mercury and lead concentra-
tions in the sediments pose a risk to the Wadden
Sea ecosystem in the majority of sub-areas. For
metals in blue mussels, the target of background
concentrations has been reached for copper, zinc
and nickel, whereas cadmium, mercury and lead
concentrations are above the background. There-
fore, continued effort to reduce metal discharges
through rivers debouching into the Wadden Sea
is necessary.

For a number of xenobiotic (man-made) com-
pounds discharges to and concentrations in the
Wadden Sea (Fig. 3.4) have decreased; however,
the target (concentrations resulting from zero-
emission) has not yet been reached. Some of these
substances still pose a risk to the ecosystem. Many
newly developed xenobiotics, including hormone
disruptors, have a wide occurrence in the Wad-
den Sea ecosystem, and may have deleterious
effects on it. The concentrations of xenobiotic
substances in sediment, blue mussels and bird
eggs have decreased over the last 20 years due

to a reduction in riverine inputs and a phase-out
of compounds such as PCBs, Lindane, DDT and
TBT. However, concentrations of some compounds
such as PCB still exceed background levels. Un-
explained peaks continue to occur as well, which
may be related to old deposits. Altogether these
fluctuations still may have effects on sensitive
biota. The target of "concentrations of man-made
substances as resulting from zero-discharge” has
not been reached due to the remaining diffuse
losses and numerous hazardous substances still
being in use. This implies that efforts to further
reduce diffuse and also global emissions and losses
need to continue.

The major sources of oil pollution at sea in
the Wadden Sea region are illegal discharges of
fuel oil residues, which are a constant threat to
sea- and waterbirds. This is confirmed by a clear
clustering of recorded slicks around the major
shipping lanes in the southern and in the south-
eastern North Sea.
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Although the oil rates among beached birds
have decreased since the 1980s they are still
high.

The oil rate of the guillemot has decreased since
the mid 1980s but is still about three times higher
than the OSPAR-EcoQO of 10% set for this species
(Fig. 3.5). The results give a modest indication of a
sharper decline since 1999, and in fact, with the
exception of Germany's North Sea exposed coasts,
oil rates seem to have stabilized over the most
recent years at levels just below 50%.

The Wadden Sea coast is hit reqularly by oil
spills, which cause the deaths of thousands of
birds.

Litter in the marine environment is a constant
threat to wildlife, a hindrance to human activi-
ties, incurs high economic costs, is unsightly and
reduces the recreational value of our coasts. It is
a worldwide problem that does not stop on the
borders of the Wadden Sea. Plastic items make
up the major part of litter polluting the marine
environment. One of the main sources of pollution
is the fisheries industry, with lost or discarded nets,
although various forms of packaging account for a
large proportion of the litter recorded on beaches
in the region. OSPAR beach surveys indicate that
litter pollution is presently on the increase in the

southern North Sea area and a recent analysis of
beached bird data indicates that entanglements
with litter are also on the increase in the region
(Fleet et al, 2009, QSR 2009 Thematic Report
No. 3.8).

3.3 Benthic habitats

Changes of the geomorphology and its driving
force, sea level rise, are slow processes and
consequently no significant changes have been
observed in the short period between the QSR
2004 and the QSR 2009. The same conclu-
sion applies to the area of seagrass beds and
the zoobenthic biomass; both are more or less
stable. An exception is the Baltic tellin Macoma
balthica which has strongly decreased. Intertidal
mussel beds continued to decline except for the
eastern Dutch Wadden Sea.

3.3.1 Geomorphology
The core habitat of the Wadden Sea region is the
tidal area with its large extent of coherent inter-
tidal and subtidal flats fringed by salt marshes
and beaches, and dissected by branching tidal
inlets exchanging half of the tidal volume twice
daily with the North Sea. The large intertidal flats
came into existence about 5000 years ago when
the average tidal range had increased from <1 m

AD 1500
Legend
"1 Dunes and higher shoals
[T Intertidal areas and salt marshes
[] Endiked areas and high marsh area
I Peat bogs
[ Pleistocene and older
[ JWater

Figure 3.6a:

First attempt of the
reconstruction of the
entire Wadden Sea coast of
1500 based on historical,
geological, geomorpho-
logical, topographic and
soil maps, as well as on
previous reconstructions of
parts of the Wadden Sea
(Wiersma et al., 2009, QSR
2009, Thematic Report No.
9 Geomorphology). The
coast of 1850 and 2000 is
in Figure 3.6.b).

Wadden Sea Ecosystem No. 29 - 2010
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Figure 3.6b:

First attempt of the re-
construction of the entire
Wadden Sea coast of 1850
and 2000 based on histori-
cal, geological, geomorpho-
logical, topographic and
soil maps, as well as on
previous reconstructions of
parts of the Wadden Sea
(Wiersma et al., 2009, QSR
2009, Thematic Report No.
9 Geomorphology).
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Legend
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AD 2000
Legend

[ Dunes and higher shoals

[T Intertidal areas and salt marshes
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to ~2 m. The further course of geological develop-
ment differed somewhat between the southern,
central and northern Wadden Sea, and intermit-
tently some tidal areas turned into brackish and
freshwater marshes or bogs. Traces of this history
are still evident and occasionally have effects on
present day processes.

The main driving force of coastal morphology
is a balance between sea level change and sedi-
ment supply from shallow zones of the adjacent
North Sea. With the onset of land claim by the
13t century AD, the Wadden Sea entered a phase
when human engineering interfered with natural
developments and which culminated with large-
scale embankments in the 20" century. Compared
to 1500, the area of tidal flats decreased by
about one third, mainly due to land claim and in
the north also because of coastal retreat. Still,
the large intertidal area has remained the most
outstanding natural feature of the Wadden Sea
in a world-wide comparison (Fig. 3.6). With an
expected rate of sea level rise of about 1 m at
the end of this century, it is questionable to what
extent a natural sediment supply from the North
Sea could keep up with such a rise in water level.
In the early post-glacial phase of the Holocene,
sedimentation rates were insufficient to fill up
the coastal area at such a high rate of sea level
rise. Presumably this is what the tidal area of the
Wadden Sea is facing in the coming decades.

Sand nourishments are already carried out to
defend the outer coastline of barrier islands. In a
similar way, supplementing natural sedimenta-
tion rates in the tidal basins could be considered

to allow intertidal flats to grow at the same rate
as the sea level rises. Accomplishing this without
harming the benthic habitats of the tidal area is
likely to be a main challenge for the protection of
the Wadden Sea in the decades to come.

3.3.2 Seagrass beds and green algal
mats
The past geological development and present pat-
tern of sedimentation and erosion are relevant to
the distribution of major habitats in the Wadden
Sea. For example in the northern region, large
meadows of seagrass abound where plants find
a firm rooting in peat and clay of drowned land
now underlying a thin layer of loose sediment.
Conversely, areas where shifting sediments prevail
tend to be devoid of seagrass. Seagrass beds are
a very sensitive habitat in the intertidal zone.
They are very unevenly distributed with small
beds of mostly low plant density in the southern
and central Wadden Sea whereas, in the northern
Wadden Sea, the beds are extensive with a dense
cover from July to September. Seagrass beds with a
coverage of more than 209% comprise about 11,000
ha with more than 90% of these beds occurring in
the North Frisian and Danish part of the Wadden
Sea (Fig. 3.7). To what extent this unevenness is
natural or caused by eutrophication and other
disturbances is still not clear. Climatic differences
cannot account for this pattern because seagrass
beds of the two species Zostera noltii and Z.
marina thrive all along the Atlantic shores from
Scandinavia to northern Africa.

Seagrass beds in the
Wadden Sea Area

Approximate distribution i

Legend
>20%

Intertidal Area
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Figure 3.7:

Distribution of intertidal
seagrass beds (with various
densities) in the Wadden
Sea (in ha) in different
sub-regions in 2007/2008
(van der Graaf et al., 2009,
QSR 2009 Thematic Report
No. 12).
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Figure 3.8:

Seagrass bed (more than
20% coverage) area (km2)
in the North Frisian Wadden
Sea in August/ September
from aerial surveys in 1978,
1991 and 1994-2008 (from
Reise et al., unpubl.), (van
der Graaf et al, 2009. QSR
2009 Thematic Report No.
12).
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After a long-term decline, there has been an
increase in seagrass area since the middle of the
1990s. However, this may have come to a halt
in recent years. The increase could have been a
response to reduced eutrophication stress, im-
proved light conditions, an intermittent decrease
in storminess, or a combination of such factors.
More research is needed on the cause of seagrass
bed development because seagrass provides an
important habitat in the Wadden Sea and is
used as a main indicator of ecosystem quality.
The methods for assessing seagrass beds require
further harmonizing in the Wadden Sea. Manage-
ment should continue to reduce nutrient loads to
improve the growth of the two seagrass species
which are best adapted to oligotrophic conditions.
There is also concern that dredging and dumping
of sediments and the subsequent light attenuation
has been harmful to seagrass.

Green algal mats attained massive proportions
in the summer months of the early 1990s. Subse-
quently they fluctuated strongly at a moderately
high level with a strong peak in 2001. Omitting
this peak value, the area covered by green algae,
as observed from plane in the Schleswig-Holstein
intertidal zone, is significantly correlated with
the total nitrogen load of the Elbe and Weser. In
spite of considerable scatter, this suggests that
the extent of green algal mats may serve as an
indicator for the eutrophication status in the Wad-
den Sea. However, other factors also seem to be
important for the extent of green algal mats. For
example, a rough sea easily removes green algae
from exposed tidal flats. Often, drifting green
algae become trapped between groynes of sedi-
mentation fields and then smother any seagrass
that is present.

3.3.3 Zoobenthos
Intertidal seagrass and green algae serve as food
for brent goose and wigeon in particular, while the
benthic fauna of all intertidal flats is important for

04 06 08

foraging waders, shelduck and gulls. Particularly
the mid tidal zone is rich in zoobenthic biomass.
In parts of the subtidal zone quantities of biomass
might be even higher. However, the latter habitat
has not been sufficiently sampled throughout the
Wadden Sea to make a sound estimate.

The deposit-feeding lugworm Arenicola marina
significantly contributes to biomass on sandy
intertidal flats but not on the estuarine mud flats
and in the subtidal zone. Suspension-feeding bi-
valves usually dominate the biomass, i.e., the clam
Mya arenaria at estuarine sites and the cockle
Cerastoderma edule at marine sites. Occasionally
alien species significantly increase the biomass,
i.e. the razor clam Ensis americanus at the lowest
tidal zone and the worm Marenzelleria viridis on
mudflats in the Dollard. The establishment of such
invaders suggests that the resident fauna had been
below carrying capacity, probably under top-down
control in the food web rather than being limited
by food availability.

Over the past decades there are neither con-
sistent temporal trends in total biomass in mac-
rozoobenthos nor in the abundances of 19 species
at ten localities spread throughout the Wadden
Sea. The zoobenthos in general may not be very
suitable for indicating trends in eutrophication.
However, the tellin Macoma balthica has probably
responded with enhanced growth and biomass to
eutrophication in the 1980s to the mid 1990s in
the western Dutch Wadden Sea. With the excep-
tion of the Dollard and a site near Norderney, this
major food source for the large flocks of knots is
now declining throughout the Wadden Sea.

The recent predominance of mild winters is
having a negative effect on recruitment in many
bivalves including M. balthica. The underlying
process seems to be improved survival and early
arrival in the tidal zone of predaceous crabs and
shrimps which then prey heavily on bivalve spat
in subsequent spring and summer. Severe winters
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cause high mortality or delay in the appearance
of these predators in the tidal zone. This may al-
low young bivalves to survive their early benthic
stage. However, there seem to be many exceptions
to this pattern.

Many sites show an increase in species richness
after mild winters and none shows a decline. This
may be seen already as a consequence of global
warming. Monitoring of zoobenthos should be
generally extended into the subtidal zone, and
sampling efforts should be spread more evenly
through the entire Wadden Sea. The macrozoob-
enthos is an important trophic link between the
productive microalgae and the coastal birds in the
Wadden Sea, and thus serves as a good indicator
of ecological quality. This particularly applies to
the mussel beds (Mytilus edulis) of the Wadden
Sea which occur in the lower intertidal and at
sheltered sites in the subtidal zone.

3.3.4 Mussel beds

After a strong decrease of intertidal mussel beds
in the early 1990s, mussel fishing has been banned
from substantial parts of the tidal area. Despite
considerable efforts to protect stable mussel beds,
most continued to decline. As outlined above, this
may be caused by mild winters favouring predators
on mussel spat. However, increases of mussels in
2001, 2003 and 2005 in parts of the Dutch Wadden
Sea and locally also in Lower Saxony, indicates that
factors other than winter temperature need to be
considered to explain the population dynamics.
The management target to increase the area of
mussel beds has only been achieved in parts of
the Dutch Wadden Sea. As with zoobenthos in
general, more monitoring of mussels in the subti-
dal zone is necessary for a better understanding
of the dynamics. The recent spread of introduced
Pacific oysters on intertidal mussel beds as well
as in the shallow subtidal will be discussed below
in a section on alien species.

Mussels are cultured on the bottom in the
subtidal Dutch and German Wadden Sea. For this a
total area of 11,000 ha has been reserved, but only
about half of that area is actually in use. The main
reason for this is that parts of the reserved plots
are unsuitable for mussel culture for hydrographi-
cal and geomorphological reasons. Young mussels
are harvested from natural beds for transfer to the
culture lots. In recent years, the scarcity of these
so-called seed mussels was partly compensated
by imports from the British Isles. Experiments
are underway to collect young mussels on ropes
and nets suspended in the water. These are out
of reach of the benthic predators and survival of
young mussels is much higher there than on the

sea floor. Collecting spat in this way is common
practice on many coasts in the world and has the
potential to eventually free natural mussel beds
from the disturbances caused by dredging for seed
mussels in the Wadden Sea.

3.3.5 Subtidal habitats

Roughly one half of the tidal area consists of
subtidal flats and deep gullies. This habitat is not
as unusual as the large coherent intertidal flats
of the Wadden Sea which supply the huge flocks
of birds with food. However, on a European scale
it is certainly important, with diving birds and
marine mammals exploiting the subtidal habitats.
Shrimp, crabs and fish commute between the in-
ter- and subtidal zones. Many invertebrates and
some macroalgae have partial populations in both
zones. Very often the intertidal serves as a nursery
and the adults occur subtidally, although the re-
verse occasionally occurs as well (i.e., the worms
Nephtys hombergii and Phyllodoce mucosa).

In previous centuries, beds of the European
oyster Ostrea edulis in the shallow and deep subti-
dal zone have been overexploited. This species no
longer occurs in the Wadden Sea. Also almost all
reefs of the colonial tubeworm Sabellaria spinu-
losa , which once occurred in the deep gullies in
the Danish and German Wadden Sea, are gone.
Direct destruction with heavy chains to remove
these obstacles which affected trawling for shrimp
may have caused the decline. Other factors such
as sediment dredging to ease shipping may have
played a role as well. Repeated small disturbances
by bottom trawling may prevent re-colonization.
However, experimental studies should explore
this issue.

Beds of subtidal seagrass Zostera marina in
the northern and western Wadden Sea vanished
in the wake of an epidemic disease in the 1930s
and they never recovered. As with the native oyster
beds and Sabellaria-reefs, the lack of recovery is
not well understood. It is possible that the mere
absence of factors which have caused the decline
is not sufficient to trigger a recovery. In the west-
ernmost Dutch Wadden Sea, the construction of
the Afsluitdijk in 1932, causing changes in the
hydrography, may have played a part as well. But
even without these conspicuous biogenic habitats,
the subtidal is a zone of high biodiversity, probably
because of the relative shelter against strong surf
from the open sea and high food availability in
the shallows. There are indications that benthic
biomass is even higher on shallow subtidal flats
than in the mid intertidal.

Together with requirements of European Direc-
tives on ecological qualities, all this highlights that

Wadden Sea Ecosystem No. 29 - 2010
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Figure 3.9:

Razor clams Ensis america-
nus, introduced with ballast
water, are washed up on

a bed of Pacific oysters
Crassostrea gigas that were
introduced for farming in
the Wadden Sea near Sylt
(Photo: K. Reise).
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more research and monitoring needs to be done
in the subtidal part of the Wadden Sea. For the
intertidal and terrestrial parts, aerial photographs
have been of great help to map the distribution
of habitats. In the subtidal part, acoustic methods
may help in an analogous way. With sidescan
sonars towed behind a ship, the strength of the
returning acoustic beam is measured and pro-
vides information on objects protruding from the
sediment. Multibeam sonar systems have been
mounted on the hull of a research vessel. The
time between emission and the backscatter to
the receiver is measured. This instrument provides
highly accurate bathymetric records and can even
be used for sediment classification. However, it
cannot be used at very shallow subtidal flats. A
combination of methods in addition to acoustic
devices, such as underwater video, sediment cor-
ing and conventional oyster dredges, is required
for surveying the subtidal Wadden Sea. This is
regarded as an urgent task to improve nature
conservation, as is restoring the Wadden Sea
below low tide level where possible.

3.4 Aquatic alien species
The number of alien species in the Wadden Sea
continues to increase. An important new addi-
tion to the range of alien species since the QSR
2004 is the American comb jelly Mnemiopsis
leidyi. It is thought to cause major changes in
marine ecosystems. The Pacific oyster Crassos-
trea gigas has continued its invasion of the
Wadden Sea.

Alien species have been transported by human
means across their natural boundaries, interact
with native species, and may irrevocably alter
ecosystem functions and the services ecosystems

provide to humanity. The introduction of alien
species for aquaculture or by shipping is not a
new phenomenon. However, in recent years, such
aliens are beginning to play a predominant role
in the Wadden Sea ecosystem and can no longer
be neglected as agents of change (Fig. 3.9). Just
to name some of these changes: Dense swards
of the introduced Spartina-grass extend salt
marshes and displace other pioneer plants and
intertidal flat organisms. Larvae of Pacific oysters
Crassostrea gigas settle on mussels, grow faster
and larger, and finally turn intertidal mussel beds
into oyster reefs. After a few years, these in turn
provide shelter for Pacific shore crabs of the ge-
nus Hemigrapsus. On the shells, an Australasian
barnacle Austrominius modestus dominates na-
tive ones. In the shallow subtidal zone, clumps of
these oysters provide anchorage to a more than
3-m long Pacific seaweed Sargassum muticum. On
these branching algae cling Pacific ghost shrimp
Caprella mutica and drifting American comb jelly
Mnemiopsis leidyi also becomes entangled in this
kelp forest. Overall, it constitutes a completely
new habitat in the Wadden Sea.

At least 50 introduced alien algae and inver-
tebrate species have established with permanent
populations in the Wadden Sea. Some remain
rare, others first boost and then bust, and some
achieve continuing dominance. In most cases they
constitute additions, fill apparently empty niches,
and provide new habitat structures. At times they
benefit native species, but they may also harm or
displace them. It is impossible to simply catego-
rize aliens as bad or good. Their interactions with
natives and among each other, their effects on
habitats and on human health may vary between
sites and with time. More subtle are introductions
of genetically different individuals which then in-
terbreed with residents. It is also possible that new
reciprocal adaptations have evolved in the course
of interactions between alien and native species.
All these introductions and their consequences are
essentially irreversible developments, changing
the biota of the Wadden Sea forever. Their number
is rapidly increasing and none of them has gone
again or is likely to do so.

This conspicuously advancing tide of alien in-
vaders is primarily facilitated by a global exchange
of aquaculture organisms and by more, larger and
faster ships carrying more alien organisms. Estab-
lishment is eased by the common availability of
floating objects such as buoys and pontoons where
introduced species may settle in the absence of
benthic predators. Also, hard coastal defence
structures often constitute gateways for alien
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species. A breakthrough for aliens is now provided
by the recent trend of warming by an average of
1.5°C in the past 30 years.

Most donor regions of introduced species are
at coasts with a warmer climate than it used to
be in the Wadden Sea. Either newcomers now
meet easier conditions to become established, or
aliens which were already introduced a long time
ago now no longer suffer from severe winters and
benefit from warmer summers. The combined ef-
fect of increasing global trade and global warming
has triggered a revolution in the biotic composi-
tion of the Wadden Sea compared to the earlier
rates of changes. Alien species introductions are
a global phenomenon and some alien species
become universal. For instance, the Pacific oyster
is spreading to almost all coasts within temperate
zones, heading a progressing homogenization of
the world's coastal biota.

This tends to undermine the biotic unique-
ness of the Wadden Sea, calling for a global
management to reduce the rate of introductions.
Treatment of ballast water and control of hull
fouling, halting the use of alien species in open
aquaculture facilities, and banning any other form
of intentional introductions are obvious steps to
be implemented in the framework of international
conventions. The Trilateral Wadden Sea needs a
common approach to the prevention, manage-
ment and monitoring of aquatic and terrestrial
alien species introductions. Monitoring and early
detection is necessary because eradication is
only feasible at a very early stage of invasion.
Above all, a strong effort is required to raise more
awareness among professionals and the general

public as a prerequisite for effective precaution-
ary measures.

3.5 Salt marshes
The QSR 2009 revealed an increase of nearly
1,600 ha (about 5%) of salt marshes in the
Dutch and German parts of the Wadden Sea
when compared to the QSR 2004. However,
changes in the vegetation between the QSR
2004 and the QSR 2009 feature a decrease
in the pioneer zone and an extension of late
successional and climax stages.

Salt marshes occupy the upper parts of the
intertidal zone and the supralitoral, i.e. the inter-
face between land and sea and extend vertically
from well below the mean high-tide level up to
the highest water mark. They constitute precious
and irreplaceable habitat for a wide range of or-
ganisms, although the number of species per unit
area may be relatively low. With about 40,000 ha
(Table 3.2), salt marshes of the Wadden Sea make
up about 20% of the total area of salt marshes
along the European Atlantic and Baltic coasts.

3.5.1 Area of salt marshes has
increased
The QSR 2009 revealed an increase of the total
extent of salt marshes in The Netherlands and
German parts of the Wadden Sea when compared
to the QSR 2004 (39,680 ha and 40,620 ha, re-
spectively, Fig. 3.10). The new marshes comprise
mainly young natural salt marsh including embry-
onic dunes and driftline vegetation. This increase
occurred predominantly on both the islands and
the mainland coast of Schleswig-Holstein.

Landform Ui i e Hamburg Schles!mg- Denmark " | Total (ha)
lands Saxony Holstein
Year of survey 2002-2006 2004 2004 2006/2007 2005
Islands
Back-barrier (foreland incl.) 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? 150 40 280
Summerpolder 10 60 80 150
Mainland
Back-barrier 720 1,620 2,340
Foreland-type 3,910 5,460 7,880 2,240 19,490
De-embanked summer-
polder 320 2407 560
Summerpolder 960 1,400 10 2,370
Hallig
50 2,160 2,210

Total 10,470 11,250 380 12,200 6,320 40,620

1) Habitat type 1330 only (cf. Appendix I)

2) Total de-embanked area

3) includes both de-embanked and opened summerpolder

Table 3.2:

Recent extent (ha) of

salt marshes in differ-

ent parts of the 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 >
59%; in Schleswig Holstein,
this threshold value was
10%. On the islands, de-
embanked summerpolders
may be added to the back-
barrier marshes; on the
mainland to the foreland-
type salt marshes. (Esselink
etal, 2009, QSR 2009
Thematic Report No. 8).

Wadden Sea Ecosystem No. 29 - 2010
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Figure 3.10:

Comparison of the extent
of salt marshes in different
parts of the Wadden Sea
during the 1995/2001
(left-hand bars) and the
2002/2007 (right-hand
bars) salt marsh surveys.
For Denmark, the data from
the consecutive surveys
were not comparable and
did not include pioneer
salt marsh. Data of the
1995/2001 survey after
QSR 2004 (Esselink etal.,
2009, QSR 2009 Thematic
Report No. 8).

Figure 3.11:

Vegetation change in three
mainland salt marshes and
on five barrier islands in
The Netherlands Wadden
Sea over an approximately
25-year period. The graphs
present the incidence (%)
of the main vegetation
zones and climax commu-
nities (Dijkema et al. 2007).
Data from vegetation
mapping 1978 — 2006 by
RWS-DID (Esselink et al.,
2009, QSR 2009 Thematic
Report No. 8).
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3.5.2 Vegetation development and
ageing
The main result from the comparison of vegeta-
tion changes in the QSR 2009 is a decrease of the
pioneer zone and an extension of late successional
and climax stages in many salt marshes across all
Wadden Sea regions. These climax communities
are usually formed by almost monospecific stands
of the dominant plant species (namely Elytrigia
atherica community on the high salt marshes,
Phragmites australis community in brackish
marshes, and Atriplex portulacoides community
in low salt marshes). Hence, climax communities
have a low species and structural diversity. See Fig.
3.11 for examples without or reduced live-stock
grazing from The Netherlands and Fig. 3.12 for
examples from Germany. The examples also show
that the changes take not years but decades.
Not only does ageing affect the floristic di-
versity on the salt marsh, but also the diversity
of the entire salt-marsh community. About one
third of the invertebrate fauna is phytophagous,
among which a considerable number are highly
specialised monophagous species. Thus exten-
sion of climax plant communities at the expense
of early succession communities will inevitably

(A) ISLANDS
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- ﬁlﬁﬂg in a salt marsh.
B mainland The salt-marsh succession

may be driven by three fac-
tors, namely: (1) an increase
in marsh elevation by sedi-
mentation (dominates in the
foreland-type salt marshes),
(2) an increase in plant nu-
trients, especially nitrogen
(main factor in sandy back-
barrier marshes), and (3)
cessation of livestock graz-
ing. A lack of natural spatial
dynamics may form another important factor for
the observed overall trend of ageing. The contem-
porary Wadden Sea salt marshes have to a large
extent been dictated by human activities.

Within that framework recommendations are
(1) a reduction of artificial drainage which may
increase abiotic variation and a retardation of
the ageing processes in wet parts, (2) creation of
wide salt marshes (in combination with de-em-
bankments as indicated in the next paragraph)
which have the possibility to develop wet parts,
(3) superimposed on the abiotic conditions,
discussion on the target type of community for
conservation, including plant and animal species
composition, structure of the vegetation being
affected by livestock grazing (intensive grazing
with a homogeneous sward, moderate grazing
with a heterogeneous sward, no grazing with a
homogeneous sward at the long term), or ‘laissez
faire’ without further discussion.

3.5.3 Salt-marsh restoration
In the QSR 2004, an increase of the area of salt
marshes was assessed as management target and
de-embankment of summer polders was consid-
ered an appropriate measure. Over 800 ha of salt
marsh have been restored so far. In addition to
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the total area, de-embankment of summer pol-
ders may improve the quality of the salt marshes,
because de-embankment creates the possibility to
restore wide salt marshes with a more complete
hydrodynamic gradient than most of the existing
narrow salt marshes. Removal of artificial sand
dikes may restore washovers and rejuvenate salt
marshes on barrier islands (see next paragraph).
Through de-embankment, sedimentation gives
the area the possibility to adapt to the expected
sea-level rise and climate change. The composition
and structure of the vegetation depends on the
grazing regime, as in existing salt marshes.

3.6 Beaches and Dunes
Since the QSR 2004, no progress was made in
1) increasing the dynamics of dune systems, 2)
reduction of atmospheric deposition, and 3) in
reduction of groundwater extraction.

Beaches and coastal dunes together constitute
one morphogenetic habitat system and play an
important role in the Wadden Sea. They build
the barrier islands and provide habitats for many,
often highly specialized, species. In their shelter,
salt marshes can develop. At the same time, they
are important for coastal defence and as recrea-
tion areas.

3.6.1 The status of the dune fauna

It is increasingly acknowledged that the fauna
in the dunes plays an important role. Of course,
livestock is introduced into many dune systems.
This is done partly to enhance the dynamics and
partly to retard or stop succession towards climax
stages. The effects on the geomorphology and veg-
etation are often part of monitoring programmes.
However, the status of natural fauna elements
including birds, mammals and invertebrates, is
largely unknown. Programmes that monitor the

2006

effects of management practices should be ex-
tended to include the fauna.

3.6.2 A new geo-ecological concept
of Wadden Sea barrier islands
In response to questions about both climatic
change and coastal safety on the one hand, and
different scenarios for a nature-conservation
strategy on the other hand, a new model of the
geo-ecological functioning of Wadden Sea barrier
islands has been developed (ten Haaf & Buijs 2008;
de Leeuw etal. 2008; Loffler et al. 2008, see details
in Lammerts et al, QSR 2009 Thematic Report
No. 15). The model identifies the most important
geomorphic driving forces at different spatial and
temporal scales. As a result, a barrier island in the
model comprises five geomorphological main units
with several sub-units (Fig. 3.13):

(1) Island heads:
The development of island heads depends on the
sedimentation and erosion processes in the tidal
deltas between the islands. Periodically bare beach
plains grow together with islands: at the north
side when the sand comes from the outer (ebb)
delta, at the south when it comes from the inner
(flood) 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 from salt
marshes and dune slacks. Salt marshes may also
develop on the leeside of embryonic dunes or
dune ridges.

(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 sedimen-
tation. Different dune ridges merged to large

Figure 3.12:

Vegetation development on
the Hamburger Hallig from
1988 until 2006 based

on vegetation surveys of
the total area. Note that
the whole area was grazed
intensively with sheep
until 1991, when three
management regimes were
introduced in different
parts of the area. Vegeta-
tion types are according
to TMAP typology. For
graphical reasons, vegeta-
tion types with a limited
distribution (incidence

< 5% in all years) were
merged into one collective
group (other) (Esselink
etal, 2009, QSR 2009
Thematic Report No. 8).

Wadden Sea Ecosystem No. 29 - 2010
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Figure 3.13:

New geomorphological
model of a barrier island
with its characteristic main
units and sub-units (for
explanation see text and
QSR 2009 Thematic Report
2009 No. 15). Salt marshes
may be found in sub-units
2¢, 3bc, 4b and 5a. This
representation of the model
is characteristic for the
Dutch and Lower Saxony
barrier islands (Lammerts
etal., 2009, QSR 2009
Thematic Report No. 15).
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parabolic dune systems which include grey dunes,
heath lands, dune slacks, scrub and woodland. Ex-
tensive 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 areas
through embankment.

(3) Wash-over complexes:
A wash-over consists of a north-south oriented
part of the beach plain accompanied at both sides
by natural dune ridges. Wash-over 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 artificial sand dikes.
The wash-over complex itself can either be bare,
covered with algae or with pioneer salt-marsh or
dune vegetation comparable to green beaches. A
dynamic wash-over complex is subject to both
the deposition and erosion of sand by wind, as
well as to frequent inundation by seawater and
sedimentation from the water column. These
processes affect both succession and rejuvena-
tion processes of the salt marsh that fringes the
wash-over complex to the south.

(4) Island tails:
The island tail consists of a beach plain at 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, and may grow
into larger dune complexes that are separated
from each other by wash-overs. On most of The
Netherlands islands, these dune complexes have
been connected by an artificial dune ridge, espe-
cially during the 20th century. On the leeside of

these artificial dune ridges extensive salt marshes
have developed, such as the Boschplaat on the
island of Terschelling. The presence of the artificial
dune ridges explains why in a quantitative sense,
island tails are the most important units for salt-
marsh vegetation, and why the actual extent of
island salt marshes is well above historic reference
values. In addition, the almost complete elimina-
tion of morphodynamic influences from the North
Sea on both sedimentation and erosion explains
that young succession stages are almost absent,
and old succession stages generally dominate the
northern fringe of these marshes.

(5) Beach and foreshore
The beach and foreshore at 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, and then may disappear
quickly when large-scale dynamic processes are
less favourable.

The next step could be the extension of this
model to all barrier islands in the Wadden Sea.
Moreover, experimental tests are needed to vali-
date the model.

3.7 Offshore Area

No major geomorphological changes in the
offshore zone have been recorded. A compre-
hensive monitoring programme for the offshore
zone is lacking in TMAP. Bird monitoring in the
offshore zone of the Wadden Sea has been
started only by Schleswig-Holstein in 2004.
There is insufficient monitoring data to draw
conclusions on biological changes.

The Offshore Area of the Wadden Sea Coop-
eration Area is defined as the near-shore zone
between the barrier islands and the line three
nautical miles off the baseline (respectively 12
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nautical miles when the conservation area exceeds
this line). The boundaries of this 4,000-km2 area
are artificial. However, with its slope from about
15 m depth up to the island shores and ebb delta
shoals in front of the inlets, this zone constitutes
an important transition from the Wadden Sea
proper to the open North Sea. In this zone, the
most violent breakers occur, and many ships have
been wrecked during storms in this turbulent sea.
Waves mobilize sand from the bottom, and the net
transport processes of sand may play a key role
for the sediment budget of the Wadden Sea. The
permanent exchange of water masses, sediments,
planktonic drift and animals migrations between
the tidal areas and the offshore zone justify the
inclusion of the latter in the Cooperation Area.

Among the multiple anthropogenic pressures
in the offshore zone, offshore wind farms, ship
traffic, fisheries and sand and gravel extractions
are of primary concern. The increasing interest
in building wind farms brings another risk to
both seabirds and marine mammals in the North
Sea. Wind farms are not allowed in the Nature
Conservation Area, but some have already been
established and others are planned close to this
area, and can, therefore, influence parts of the
same populations that use both the offshore
area and the tidal area. Off the northern part of
the Danish Wadden Sea at Horns Rev, a 160 MW
wind farm has operated since 2002 and a 200 MW
wind farm was opened in 2009. Follow-up stud-
ies on the 160 MW wind farm have shown that
bird species such as divers avoid the farm while
common scoters occur there in smaller densities,
gulls and terns occur in the same densities and
cormorants in larger densities than in the sur-
rounding waters. Birds on migration through the
area initiate a change of their route by 3-4 km
to avoid the wind park. Thus the parks influence
the birds' utilization of the offshore area, but up
to now not seriously. However, the cumulative
effects of more wind parks in the North Sea may
aggravate the situation.

Currently, there are no indications of major
geomorphological changes in the offshore zone,
however, accelerated sea-level rise and altering
sediment dynamics must be taken into account
as probable causes of future changes. Upcoming
coastal defence measures (including sand and
gravel extraction and beach nourishment) might
impact the natural sediment dynamics at least on
a regional spatial scale.

Crustaceans, bivalves and polychaetes are the
most important benthic organisms in the off-
shore zone. With respect to nutrition of seabirds,

bivalves (mainly Spisula and Ensis) are of highest
importance. Fish in the offshore zone are crucial
for a variety of piscivorous seabird species. Breed-
ing failures of several species currently indicate
fundamental changes in availability and/or quality
of fish. Among the seabird species, black-headed
gull, common eider and herring gull as well as
common scoter are most important. There are
significant proportions of the respective biogeo-
graphic populations of common eiders, sandwich
terns and lesser black-backed gulls in the offshore
water of Germany alone. There is insufficient
monitoring data to draw conclusions on biologi-
cal changes.

It is strongly recommended to continue the
monitoring program of birds in the offshore zone
of the Wadden Sea that has been started by
Schleswig-Holstein in 2004, and to extend it to
Niedersachsen, Denmark and The Netherlands.

3.8 Estuaries

The estuaries constitute the part of the Wadden
Sea in the worst ecological condition. Although
the Wadden Sea estuaries are subject to many
strong, human-induced pressures, the available
monitoring data from TMAP is insufficient to
prove any significant ecological change since
the QSR 2004. On a longer time-scale, water
quality in most estuaries has improved whereas
many other characteristics show a declining
quality.

Estuaries are tidal river mouths with a free wa-
ter exchange with the sea. They are characterized
by tidal brackish and freshwater areas forming the
transition zone between rivers and high-salinity
tidal waters. There are five such estuaries in the
Wadden Sea Area with 'open access' to the Wad-
den Sea, namely the Varde Ain the Danish Wadden
Sea Area, the Eider, the Elbe and the Weser in the
German Wadden Sea Area, and the Ems in the
German and Dutch Wadden Sea Area.

The estuaries are of high relevance for the Wad-
den Sea ecosystem because they are the pathways
along which nutrients, toxic substances and silt
from the rivers reach the Wadden Sea; and be-
cause they serve as migration, nursery and feeding
areas for animals. On the other hand, the estuaries
themselves are a specific habitat, characterized by
strong variability and dynamics of key factors, such
as salinity, tidal range, turbidity and others. From
an ecological point of view, they are important for
migrating species (in particular birds and fish), but
additionally they are inhabited by various char-
acteristic brackish-water and estuary-endemic
species. The brackish salt-marsh vegetation along
the shores produces more biomass than any other

Wadden Sea Ecosystem No. 29 - 2010
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Figure 3.14:

Changes in tidal range
between 1880 and 2005 in
the Eider (gauges Tonning
and Friedrichstadt), Elbe
(gauge Hamburg St. Pauli),
Weser (gauge Bremen
Oslebshausen) and Ems
(gauge Herbrum) (5-year-
running mean) (Schuchardt
and Scholle, QSR 2009
Thematic Report No. 16).
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salt marsh. With proper management, this attracts
large numbers of ducks and geese.

Most of the river outflows (especially the
smaller ones) in the Wadden Sea Area have sluices
or storm surge barriers that prevent or reduce
natural mixing of fresh and salt water and the
establishment of transition zones. The estuar-
ies of the rivers Elbe, Weser and Ems constitute
the seaward access routes to the major German
and Dutch sea ports and are among the most
industrialized regions of the Wadden Sea Area.
The industrial development along these rivers
and their estuaries has resulted in significant
alterations in morphology, hydrography (includ-
ing tidal amplitude), flora and fauna, amongst
others as a result of deepening of channels and
embankment of river banks, including the result-
ing loss of brackish marshes. The increase of the
tidal range of the estuaries (Fig. 3.14) may serve
to illustrate the strong human influence on the
state of the estuaries. A gradual increase reflects
the ongoing narrowing and deepening, while the
ups and downs at the Eider have been caused by
barrage construction.

Large sections of the foreland and water areas
of the estuaries have been designated as Natura
2000 sites, thus creating the basic conditions for
sound ecological management. However, restora-
tion of brackish marshes and meadows along the
estuaries has so far not been achieved. That is
also the case for tidal forests and marshes in the
freshwater tidal part of the estuaries. On the other
hand, loads of nutrients and several contaminants
have been reduced during the past 20 years (see
Figures 3.1, 3.3, 3.4). Water quality should be
improved much more, however.

The ecological importance of the upper Ems
estuary and especially its tidal freshwater reach
has drastically deteriorated over the past 20

years. The water quality is affected in particular
by a huge increase of suspended solids and by
oxygen depletion. Consequently the aquatic fauna
has strongly declined. These developments have
occurred mainly as a result of deepening of the
upper estuary for shipyard purposes. In addition,
a storm surge barrier (also in use as a temporary
tidal weir to enable passage of newly built ships)
has been constructed; its effects have not been
well studied.

During the past 20 years the Weser ecosystem
has undergone fewer changes than that of the
Ems. However, further deepening of the estuary
has occurred and the resulting increase of the
tidal amplitude is very large. The tidal freshwater
reach of the Elbe estuary shows bad water quality
(especially oxygen deficiency). High dredged vol-
umes and further deepening of the fairway have
further changed the ecological system. The Varde
A estuary has morphologically changed least, but
its forelands have been subject to intensive agri-
cultural exploitation for decades. Hence, a joint
agricultural and environmental project for the
extensive meadows around the estuary of Varde
A was initiated during the years 1998-2002, and
extensification is now taking place in almost 2400
hectares of marshland.

Apart from the large estuaries there are few
natural transitions between fresh and salt water
left, such as several tributaries of the large estuar-
ies. These should be conserved. Some progress has
been made modifying sluice regimes, building fish
passages and restoring brackish marshes, thus in-
creasing the opportunities to develop habitats and
species depending on natural transition zones.

All taken together, the estuaries constitute
the part of the Wadden Sea with the worst
ecological condition. It will require a huge effort
to preserve, let alone to augment the ecological
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values still remaining in and along the estuaries.
Such an effort will no doubt be hampered by a
tendency to further increase the draught of the
vessels heading for the ports along the Ems, the
Weser and the Elbe, requiring further deepening
of the channels. Climate change will also affect
the ecological situation in the estuaries due to
changes in the freshwater flow regime, acceler-
ated sea level rise, rising temperature and others.
Because of climate change adaptation, measures
will become necessary with respect to e.g. coastal
defence. This may lead to additional impact on the
estuarine ecosystem.

3.9 Fish

Few conclusions can be drawn on changes in
fish populations since the QSR 2004 because
the TMAP did not include a fish monitoring
program. However, the inclusion of fish since
the QSR 2004 is an important step in itself.
Below is an analysis of the state of the Wadden
Sea fish fauna based on various sources.

Based on a number of unrelated fish monitoring
programs, the QSR 2004 described and assessed
the temporal trends and spatial distribution of
20 fish species and the brown shrimp (Crangon
crangon). Because of the unrelatedness of these
monitoring programs, it underlined the need
for a regular assessment of the fish fauna and
formulated recommendations on management,
monitoring and research. These were adopted in
the recommendations of the 11" International
Scientific Wadden Sea Symposium in Esbjerg
(April 2005), and it was advised to include fish
monitoring in the ongoing Trilateral Monitoring
and Assessment Program (further indicated as
TMAP) revision process. Following the Trilateral
Ministers Conference 2005, a TMAP ad hoc expert
group on fish monitoring was established in March
2006. For the first time, the QSR 2009 provided
a comprehensive and harmonized analysis of the
fish fauna of the entire Wadden Sea.

The Wadden Sea estuaries and rivers are subject
to substantial anthropogenic pressures, which
are reflected in the aquatic biotic communities
and in the fish fauna in particular. Among the
most relevant anthropogenic factors influencing
the habitat conditions in river systems are dams,
sluices, weirs and riverbed maintenance. In the
estuaries, dredging and the disposal of dredged
material, coastal protection and flood defence
and the direct or diffuse input of substances from
industry and agriculture are main threats. In the
Wadden Sea proper, shrimp fishery and mussel
culture also affect the fish fauna. Many fish
migrate between the Wadden Sea and the North

Sea. The latter is subject to increasing human
impacts by shipping, exploitation of resources (gas
and oil, sand and gravel), fishery and wind energy.
Intermingled with the anthropogenic pressures
that are exerted, natural variability plays a very
important role.

Next to past overexploitation, the migrant
(diadromous) fish currently seem to suffer most
from bottlenecks in the upstream parts of (some)
estuaries, where water quality is low and essential
habitats are failing, resulting in some species (al-
most) missing (sturgeon, allis shad, salmon, hout-
ing) and low abundance of others (twaite shad, sea
lamprey, river lamprey). Only sea trout, smelt, eel
and flounder, although decreased in number, are
more common in the estuaries. Unhindered migra-
tion for almost extinct species such as the houting
and salmon, good water quality, suitable spawn-
ing habitats and favourable conditions for larval
growth are essential to restore or maintain vital
populations of diadromous fish in the estuaries
and river systems in the Wadden Sea. Attempts to
re-introduce the exterminated sturgeon have not
been successful up to now. The houting belongs to
the most endangered fish species of the Wadden
Sea/North Sea and is a prioritized species under
the EC Habitats Directive. Previously, it was com-
mon in the Wadden Sea Area and adjacent river
systems, but today it is only found in the Danish
part of the Wadden Sea Area (and maybe also in
Schleswig-Holstein) and in certain adjacent rivers.
The actual conservation status is unfavourable.

Most of the larger fish species occurring in
the past, now are rare or even absent from the
Wadden Sea. This applies in the first place to
slowly reproducing species such as thornback
ray, sting ray, and several species of small sharks.
Their decline is probably related to the intensive
demersal fisheries in the North Sea, since these
species spend part of the year in the North Sea
to visit the Wadden Sea, especially in summer.
But cod and whiting have also decreased in the
Wadden Sea; in this case there might also be a
relationship with increased water temperatures in
the North Sea due to global warming.

Flatfishes such as dab and sole showed very
pronounced decreases in abundance in most of the
sub-areas in the Wadden Sea and a similar trend
occurred in I-group plaice (= plaice in their second
calendar year of life), although this was masked in
the current analysis by the still abundant presence
of 0-group individuals that dominate the catches.
The declining trend in |-group plaice abundance is
reflected in the decrease in mean length of plaice
in the western Wadden Sea.

Wadden Sea Ecosystem No. 29 - 2010
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Figure 3.15:

Catch density (N/1000 m2)
of cod in East Frisia (left
panel) and whiting in the
eastern Dutch Wadden Sea
(right panel). The trend is
indicated by a drawn line,
whereas the horizontal
black line indicates the
long-term average abun-
dance (Jager et al,, 2009,
QSR 2009 Thematic Report
No. 14).
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An offshore shift in the spatial distribution
of young plaice appeared to occur in the Dutch
Wadden Sea in the 1990s, which is attributed
primarily to increased summer temperatures. At
the same time, a decrease in predation risk and
competition in the offshore areas allowed the
juvenile plaice to distribute more widely. The shift
in distribution of juvenile plaice was also manifest
in the German Wadden Sea. By comparing 1987
to 1991 and 2002 to 2006 abundance data, it
could be demonstrated that the distribution of
young plaice shifted from the 5-m-depth strata
towards the deeper areas as well as from inshore
areas towards the further offshore areas. This is
an indication that, throughout the Wadden Sea,
young plaice have either changed their preference
towards deeper and more offshore areas or that
an earlier exodus occurs. Whether it is caused by
faster growth and/or differences in environmental
conditions needs still to be proven.

The observed distribution shifts of juvenile
flatfish indicate changed conditions in the Wad-
den Sea nursery, which may have become less fa-
vourable due to higher water temperatures during
summer. Similar to the observed phenomenon in
juvenile flatfish, brown shrimp also appear to have
undergone a distribution shift to more offshore,
and also to more northerly waters.

Increasing water temperatures have a positive
effect on the occurrence of more southern species
such as the anchovy. Exotic or alien fish species,
introduced from outside the North East Atlantic
seas, are still rare in the Wadden Sea.

The estuarine resident species, i.e. those species
spending the major part of their life cycle in the
Wadden Sea, are the least known and understood
group, although of all fish species they may reflect
the status and quality of the Wadden Sea ecosys-
tem to the largest extent.

In contrast to the estuaries, there is no exist-
ing fish index or tool to assess the status of the
Wadden Sea fish fauna. Some fish species are
not adequately covered in the current monitoring
programs. Although the number of fish species and
the species composition seem to have remained
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fairly stable over the last decades, the abundance
of several fish species has decreased to levels
below the long-term average. The factors (natural
or anthropogenic) causing these changes are still
largely unknown.

3.10 Birds

Since the QSR 2004, nearly half of the breeding
birds have continued their decreasing trends
in parts of the Wadden Sea. For migratory
birds, decreasing trends for several species
have changed to stable or increasing numbers,
especially for Arctic-breeding species. However,
some bird species are still decreasing. There are
some indications that overfishing, as well as
insufficient large roosting and moulting areas
affect numbers and distribution of migratory
birds.

3.10.1 Birds in the Wadden Sea area

The Wadden Sea region is one of the most impor-
tant breeding areas for birds in Western Europe,
especially for those species connected to coastal
areas such as beaches, salt marshes and polder
areas with extensive grassland. Despite the large
areas of these habitat types in the Wadden Sea,
and despite these landscapes being considered as
well conserved and protected, large numbers of
the breeding bird species are decreasing, and some
species will soon be on the edge of extinction from
the Wadden Sea area.

For the migratory birds, the Wadden Sea is
of outstanding importance, and is one of the
most significant staging and wintering sites in
the world. Between 10-12 million birds rest here
during autumn, moulting their feathers after the
breeding season and refuelling their fat reserves
before flying further on to the Mediterranean Sea,
to West Africa and for some even further to South
Africa where they spend the winter. During spring
they return to build up their body reserves for
the flight to the breeding areas that stretch from
Canada in the west over Iceland and Scandinavia
to European Russia and Siberia in the east. This
shows that birds from a huge area of the northern
hemisphere depend on the Wadden Sea. Large
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numbers of the migratory birds are supported by
the tidal areas that constitute large and reliable
feeding grounds.

The results for several of the breeding bird
species show that the situation is critical. Large
decreases are observed, and for several species this
can probably be attributed to management of the
Wadden Sea salt-marsh habitats. For the migra-
tory species, decreases are also documented but,
except for the mussel eating birds, these decreases
can probably not be tied to conditions in the Wad-
den Sea habitats. However, some of the migratory
species are also showing increases and these,
together with some of the decreasing species,
seem to be bio-geographical changes involving a
much larger scale than the Wadden Sea.

3.10.2 Breeding birds

Since the QSR 2004, 13 species of breeding birds
have continued their decreasing trends in many

parts of the Wadden Sea, 8 species are increas-
ing, and 7 species are stable. Many breeding bird
species dependant on the salt-marsh areas and
extensively managed grasslands are declining
(Fig 3.16). Several reasons for the declines are
mentioned, such as increased predation by foxes,
effect of climate change (some species are also
decreasing outside the Wadden Sea), and salt-
marsh management. Several of the breeding wader
species depend more or less on grazing or mowing
of their breeding habitats. The monitoring results
for the salt marshes show large areas that are left
ungrazed and which are following the succession
pattern to a climax stage dominated by tall plants.
These habitat types are obviously not suitable
for breeding wader species, and could contribute
to their decreasing numbers. Increased summer
floodings may also cause losses of fledglings.
Change of climate during recent years affects
several bird species breeding near the shoreline
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Figure 3.16:

Trends in breeding birds
1991-2006, expressed as
the rate of annual popula-
tion change (in %). Non-
significant changes are
marked light-blue. Popula-
tion changes in common
snipe, ruff and dunlin are
estimated from the data of
the total counts in 1991,
1996, 2001 and 2006
(Koffijberg et al., 2009,
QSR 2009 Thematic Report
No. 18).
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Figure 3.17:

Changes in numbers of 34
migratory waterbird species
in the Wadden Sea over 20
years (1987/88-2006/07).
Green columns indicate
species with significant,
increasing numbers; grey
indicate species with
stable numbers and orange
columns indicate species
with significant, decreas-
ing numbers. *Data for
common eiders are from
1992/93-2006/07 (Laursen
etal, 2009, QSR 2009
Thematic Report No. 19).
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and on the beaches. High water levels during the
breeding season increase the risk of destroying
bird nests and eggs, causing losses in recruitment.
For several species these breeding failures cannot
be prevented but for gulls and terns, artificial
sand-fields or barge-vessels can be established
as breeding sites or platforms.

The negative trends in some populations of
breeding birds have become more dominant
compared to the QSR 2004. These are most obvi-
ous in waders, in shellfish-eating species, and
in beach-breeding species, and suggest that the
conservation status of many species has become
worse recently. The background to this decline is
only partly known and is related to less favour-
able food availability, poor breeding performance,

increased predation, and disturbance by outdoor
recreations, the latter in the case of beach-breed-
ing species. The impact of other factors, such
as changes in salt-marsh management, climate
change or changes in the ecosystem, is largely
unknown yet.

3.10.3 Migratory birds
Since the QSR 2004, 14 species of migratory birds
have decreased, 8 species have increased and 12
species show stable populations. A few years ago,
the Arctic species generally showed decreasing
trends, but several of these species have now
stabilized (Fig. 3.17). The present results show
that the species still declining are those breeding
in North, Central and Western Europe. Except for
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the shellfish-feeding species these bird species
do not show a common preference for the same
habitat types, indicating that the causes are not
to be found in the Wadden Sea ecosystem. The
shellfish-feeding bird species have shown a long-
term decline in The Netherlands due to intensive
mussel and cockle fisheries. The mechanized
cockle fishery was terminated in The Netherlands
in 2004. Recently the blue mussel biomass has
increased in The Netherlands. However, this has
not stopped the decreasing trends for the shell-
fish-feeding species, indicating that other factors
are probably involved.

The analyses of the migratory birds suggest
that large-scale changes have taken place. During
recent years several species arrive earlier and stay
longer in autumn in the Wadden Sea area than
in former years. Also, several species arrive earlier
in spring from the winter areas and leave the
Wadden Sea later than before. Species showing
these changes in periods of occurrence are geese,
ducks and waders, using quite different habitat
types. These longer stays during autumn and
spring could indicate an increased biomass due
to a milder climate. For the Dutch Wadden Sea at
least, a general increase in the winter biomass for
macrozoobenthos was found. For the biomass in
spring there are no trilateral monitoring results,
but surveys in the Danish Wadden Sea show in-
creasing macrozoobenthos biomass during recent
years. This could support a longer stay for wader
species during spring. The longer stay of most of
these species gives no management problems, but
in some areas the increasing goose numbers cause
damage to farmers' crops, especially during winter
and spring. Since the goose numbers increase in
all parts of the Wadden Sea region, a trilateral
approach of goose management, such as proposed
by the Wadden Sea Forum, is necessary.

It can be concluded that long-term trends for
migratory birds reveal some improvement in the
development of several species. Species which
show an increasing trend have also increased in
their overall flyway population. Species with de-
creasing numbers mainly breed in North, Central
and Western Europe, many of them using inland
polder areas and mussel beds for feeding in the
Wadden Sea. There are some indications that over-
fishing, as well as insufficiently large roosting and
moulting areas, affect numbers and distribution
of migratory birds. A management concept should
be developed on a species flyway scale and this
should also take into account changes caused by
climate conditions.

3.11 Marine mammals
Since the QSR 2004 the number of harbour
seals in the Wadden Sea has increased strongly
- by about 25%. Even stronger was the increase
of the grey seal population, which almost dou-
bled. Less is known about the harbour porpoise;
numbers seem to be stable at least.

The harbour (or common) seal, the grey seal
and the harbour porpoise are indigenous Wadden
Sea species. Marine mammals, as top predators
and often long-lived species, have an important
indicative function for the quality of the Wad-
den Sea ecosystem. These species and other top
predators (i.e. several bird species) that overlap in
habitat needs, demand special attention. Because
of their longevity and dependence both directly
and indirectly on large areas, they can be vulner-
able to disturbance and pollution.

In the years after the virus epidemics in 1988
and 2002, the population of the harbour seal
has shown a rapid recovery. During coordinated
flights in the entire Wadden Sea Area in 2008, a
total of 20,250 seals was counted, the highest
number ever counted in the Wadden Sea during
the moulting season.

Grey seals have relatively recently re-colonized
the Wadden Sea. Currently the species is regularly
seen in all countries, including the Danish Wad-
den Sea area, which seems to be the last area to
be colonized. The maximum number of grey seals
counted during the moult in 2008 in the Wadden
Sea and at Helgoland, was 2,224 animals.

Estimates in 2005 of harbour porpoise numbers,
for the total North Sea area, amount to 335,000
animals. The main concentrations seem to have
shifted from the northern North Sea southwards.
As porpoise may migrate into coastal waters and
close to the Wadden Sea, numbers recorded have
been strikingly augmented in the early 2000s.
German studies show hot spots of abundance and
frequency (Sylter AuBenriff, Borkum Riffgrund and
the area north of Helgoland). Knobsénde off Am-
rum and the island of Sylt show a relatively high
density of mother-calf groups (the suckling period
of this species lasts approximately 8 months). It
can be concluded that this area is important for
rearing harbour porpoises.

The present conservation status of harbour
seals, grey seals and harbour porpoises in the
Wadden Sea Area is determined by several en-
vironmental factors, including disturbance as
a result of various human activities (such as
recreation, construction of offshore wind parks,
fisheries, air traffic and some military activities)

Wadden Sea Ecosystem No. 29 - 2010
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Figure 3.18:

Number of counted harbour
seals in the Wadden Sea
1975 - 2009; NL = The
Netherlands, DK = Denmark,
NdS/HH = Niedersach-

sen and Hamburg, SH =
Schleswig-Holstein, Total =
entire Wadden Sea (Reijn-
ders et al. 2009, QSR 2009
Thematic Report No. 20).

Figure 3.19:

Counts of grey seals in the
Wadden Sea during the
moult (March/April). A
data for The Netherlands
(source: IMARES); e data
for Schleswig-Holstein
and Helgoland (source:
National Park Schleswig-
Holsteinisches Wattenmeer;
o data for Niedersachsen
(source: Nationalpark
Niedersdchsisches Wat-
tenmeer). (Reijnders et al.
2009, QSR 2009 Thematic
Report No. 20).
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and food availability. At present, the harbour seal
population does not show any indication of density
dependence.

Pollution is presently not a major issue for
marine mammals in this area. At current levels
the seal species do not seem to be affected in
their population growth. Attention to possible new
sources of pollutants should remain, however.

Though probably still not at the population
level of around 1900, the harbour seal population
has recovered well from the very low numbers
observed in the mid-1970s after hunting was
forbidden, and after the 1988 and 2002 epidem-
ics. The total population size indicates that the
present harbour seal population can be regarded
asviable. Data are lacking to estimate the natural
reproduction capacity directly, but comparison
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with harbour seal populations elsewhere leads
to the conclusion that the reproduction capac-
ity of the Wadden Sea harbour seal population
is at a satisfying level. Still, juvenile mortality is
relatively high (approx. 35% instead of 20-250%),
despite the good protection of the main resting
and nursing places.

For both the grey seal and the harbour porpoise,
data are lacking to enable to assess whether the
current stocks dependent on the Wadden Sea area
are viable, or to adequately estimate the natural
reproduction capacity. In both cases the current
stocks seem strongly dependent on the stocks
occurring elsewhere in the North Sea.

The numbers of grey seals and harbour seals
observed in the Wadden Sea have increased over
the past years. The question may arise whether and
at what point the population may reach the carry-
ing capacity of the area when biological regulating
processes will occur (resulting in lowered repro-
duction and survival, a stagnating growth rate,
increasing prevalence of parasites and diseases).
General issues of concern with regard to marine
mammals are increasing disturbance through
noise (e.g. offshore wind farms) and disturbance
(e.g. increase of unregulated recreational activi-
ties). In particular, insights into the cumulative
effects of the various factors are lacking.
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4. The Main Issues

The guiding principle “to achieve, as far as possi-
ble, a natural and sustainable ecosystem in which
natural processes proceed in an undisturbed way"
(Ministerial Declaration Esbjerg, 1991) is based on
the observation that the present level of quality
of the Wadden Sea is affected by ongoing distur-
bances and developments which interfere with
the natural processes and threaten the sustain-
ability. Therefore, a Trilateral Wadden Sea Plan
(WSP Stade, 1997 and updated 2010) has been
adopted with specified environmental targets.
This is combined with a Trilateral Monitoring and
Assessment Program (TMAP) which measures
indicators of the actual status of the Wadden
Sea ecosystem. Periodically, this status and the
corresponding targets are compared in a Wadden
Sea Quality Status Report. In the updated version
of the Wadden Sea Plan an ecosystem approach
is explicitly adopted and as overarching themes
climate change, alien species and shipping safety
are addressed. Below, the authors focus on some
main issues with an outlook on possible long-term
developments in the Wadden Sea region.

4.1. Maintaining a great

natural heritage

The Dutch and German parts of the Wadden Sea
Conservation Area have been given the rank of a
World Heritage by the UNESCO World Heritage
Committee in June 2009. This recognizes on a glo-
bal level the outstanding natural values which are
under excellent nature conservation management
supported by a broad societal consensus. Com-
pared to other coasts of the world which are also
inhabited by highly developed agricultural and

industrial societies, the geo-morphological shape
and the ecological conditions of the Wadden Sea
have been well preserved. Maintaining this high
level of environmental quality for the coming
generations would be a great achievement.

The Wadden Sea's most outstanding natural
feature is the large extent of its intertidal sand
and mud flats, interacting with adjacent salt
marshes and beaches. This is its core value already
expressed in its name, which implies that one
can wade across this sea when the tide is out.
Thus, maintaining the tidal area (intertidal and
subtidal area) with its morphological dynamics
and its food supply for the spectacular flocks of
coastal birds deserves highest priority. The tidal
area is sheltered by a sandy barrier against a rough
North Sea. This furthers special living conditions,
but many biota commute between the tidal area
and the offshore zone in order to select the best
opportunities, depending on season and life
stage. On the landward side, the intertidal flats
transcend into salt marshes and into estuaries.
Birds especially commute between the intertidal
flats for foraging and the salt marshes for breed-
ing and resting, while many fish migrate into or
through the estuaries. Offshore zone, sandy barrier
islands, salt marshes and estuaries surround the
tidal flat area and interact with it in many ways.
Each habitat is essential for the functioning of the
Wadden Sea ecosystem as a whole. However, these
habitats are not as universally outstanding as the
tidal flat area. In addition to natural habitats,
there are also interactions with the neighbouring
rural areas which are therefore partially integrated
into management and monitoring.

Wadden Sea Ecosystem No. 29 - 2010
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Figure 4.1:

Dike built in 1980/81 at
the Danish-German border
of the Wadden Sea to
shorten and strengthen the
line of defence. The em-
banked area is maintained
as a semi-natural wetland.
In front of the dike, a fore-
land has been developed

to dissipate wave energy.
Further off the dike, natu-
ral saltmarsh succession has
commenced (lower left),
(Photo: K. Reise).
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Throughout its existence over the past 5000
years, the tidal area has undergone considerable
changes, with marshes advancing and retreating
in line with the balance between sea level change
and sediment supply. In the last millennium,
human engineering increasingly impacted the
landscape of the Wadden Sea. Following an early
period of reclaiming and draining peat areas and
embanking salt marshes, the intertidal area grew
again because storm surges breached seawalls and
flooded embanked marshes. Due to a subsiding
land level, the intruding tidal waters could not be
easily kept out again. Tidal flat areas in the west-
ernmost Dutch Wadden Sea, Dollard, Jadebusen
and in the Northfrisian region now extend where
once an agriculturally exploited marshland had
been. With advances in coastal defence, the size
of the tidal area began to decrease again until
land claim was halted, towards the end of the past
century (Fig. 4.1). The cessation of claiming land
from the sea was triggered by the fading need for
more agricultural land and its economical feasibil-
ity in the European economy and at the same time
by a growing appreciation of the natural values
of the tidal area.

The changeable extent of the tidal area makes
it impossible to derive objectively a reference size
of the area from the past which could then serve
as an environmental target. It is therefore best to
set a target that the present-day size of the area
should not be diminished. This is an important
decision because sea level is expected to rise
faster in the wake of global warming. Under the
present rate of sea level rise most tidal flats and
salt marshes seem able to keep pace with sea level
rise. It is not known exactly to what extent natural

sedimentation can compensate for the accelera-
tion of the rising sea level to keep the size of the
tidal zone constant. If a sediment deficit arises
studies should explore how sand nourishments
could compensate such a development and could
contribute to maintaining the outstanding natural
values. Spatial planning to adapt coastal zones to
higher levels of the sea may include buffer zones
which in addition to their purpose for defence
could develop into zones of high natural value.

Targets for the tidal area in the Wadden Sea
Plan do not refer to the size of the area per se but
to "a natural dynamic situation in the tidal area”
and "an increased area of geomorphologically and
biologically undisturbed tidal flats and subtidal
areas”. This implies that it is best to avoid disturb-
ing the natural dynamics of the area by harmful
activities - dredging and stabilizing channels,
dumping sediments, changing natural erosion
and sedimentation patterns or the seafloor level,
by dredging or raking away biogenic structures
or by removing organisms. Levels of turbidity,
contamination and eutrophication should also
be minimized.

Although to a casual observer the tidal area
may appear to be OK, all the disturbances of the
natural dynamics listed above are evident, as
outlined in this report. To a large extent, these
are concessions to human needs and rights in the
area. The challenge for the future is to fulfil human
requirements and still lower the level of interfer-
ence with the natural dynamics. For example,
instead of widening and deepening channels to
accommodate the growing size of ferries which
commute between mainland and islands, new
types of ferries should be designed which do not
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require expanded channels with larger ports and
longer revetments. This would be a substantial
contribution to improving natural sediment dy-
namics in the tidal area. As another example, the
bottom cultures of the mussel fishery are supplied
with so-called seed mussels which traditionally
have been dredged after settlement as wild beds.
Now, promising experiments are being conducted
with collectors of young mussels. Such collectors
are ropes or nets suspended above the bottom.
Supply of seed mussels from such collectors could
free the natural beds from recurrent dredging and
their dynamics could proceed in an undisturbed
way. Hopefully, other disruptions to the natural
dynamics can eventually be resolved by ingenious
inventions. There should be incentives and awards
to promote such endeavours.

The targets for the tidal area to have more
natural mussel beds, more worm reefs, more
seagrass beds and favourable food availability
for birds cannot be regarded as fulfilled. However,
management may not be able to do much in these
cases. The reasons for a lack of recovery are not
clear enough to take immediate action and food
shortages for shellfish-feeding birds may have
to do more with climatic developments than the
fishery. Present monitoring is largely confined to
the intertidal part of the tidal area. This severely
limits our understanding of population dynamics
in many benthic species. More emphasis on the
subtidal shallow areas and gullies is necessary in
monitoring. To promote epibenthic biogenic habi-
tats, more experimental research is needed.
When touristic and military facilities began to in-
vade the barrier islands of the Wadden Sea, many
kinds of hard core defences were used to stabilize

the shoreline positions. Some sandy beaches
were partially displaced by artificial rocky shores.
Thus, the use of sand nourishments were a great
achievement. Sand sucked up at offshore source
areas is carried to the shore by ship and pipeline.
Itis either directly sprayed upon eroding beaches
oritis deposited in front of the beaches to protect
the island shores. There is still a large potential
for coastal defence with sand nourishments. For
example, at Sylt the exposed beaches facing the
North Sea are supplied every year with about one
million m3 of sand to balance natural erosion.
On its other side, where the island is facing the
tidal area, beaches are still replaced by more hard
structures (Fig. 4.2). These spoil the landscape and
reduce natural biodiversity. Maintaining natural
shores at barrier islands would require more sand
nourishments rather than enforcing and extending
hard structures of defence.

Salt marshes along the mainland coast are
almost all of the artificial foreland-type. The
natural salt marshes have disappeared with past
embankments. Foreland grew at the expense of
intertidal flats by means of sedimentation fields
surrounded by brushwood groynes, combined with
digging ditches for drainage. The original purpose
of such land claim for agriculture has given way
to coastal defence and conservation purposes
since the 1970-80s. Forelands absorb wave energy
which otherwise would hit the seawall. Except
for a few sites, the present extent of foreland is
regarded as sufficient. Occasionally, existing fore-
land is protected against erosion. Overall, a status
quo between areas of foreland and intertidal flats
is now maintained.

Figure 4.2:

While exposed beaches at
Sylt are regularly replen-
ished with sand nourish-
ments to combat erosion,
its more sheltered Wadden
shores are still enforced
with new hard structures.
More sustainable in the
face of sea level rise would
be dunes and beaches cre-
ated with sand borrowed
from the North Sea (Photo:
K. Reise).

Wadden Sea Ecosystem No. 29 - 2010
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Figure 4.3:

One of the last free moving
dunes in the Wadden Sea
area is approaching a busy
road. Will winds continue
to shift this dune across
the island of Sylt or will

it be stopped by artificial
planting? (Photo: K. Reise).

Wadden Sea Ecosystem No. 29 - 2010

Estuaries as a whole are in a very bad shape.
Small ones have either been closed with sluices
or storm-surge barriers reducing tidal flow. Large
estuaries have been converted into shipping chan-
nels for ever larger vessels. This increased the tidal
range, caused silting up of side-arms, oxygen de-
ficiencies at the bottom, a high load of suspended
particles and it requires constant dredging. These
problems are so severe that grand solutions have
to be thought of - as radical as shifting port func-
tions from inshore to offshore locations. Such a
partial shift of port activities out of the estuaries
and away from the shallow coast could release
estuaries from the burden of accommodating
incompatible functions. The estuaries should not
be adapted to the growing size of vessels and
the volume of trade. Rather, the mode of cargo
transfer should be adapted to conserve the shape
and form of the coast. Solutions should be sought
to conserve the natural values rather than satisfy
the immediate human need.

In conclusion, maintaining the great natural
heritage of the Wadden Sea is a very challeng-
ing task. The current size of the intertidal zone
cannot be taken for granted. Mitigating the level
of interference with the natural dynamics of the
tidal area requires innovative ideas. Maintaining
barrier islands relies on proper ways to enhance
artificial sand supply, while the unsustainable
situation in the estuaries needs radically new
solutions. Maintaining the natural heritage would
require considerably more than conventional na-
ture conservation and asks for a joint effort of all
coastal agencies.

4.2. Healing the old wounds
The historical conversion of episodically flooded
marshes and regularly flooded tidal flats into em-
banked agricultural land cut through the coastal
gradient across which matter had been exchanged
in natural processes between land and sea. There
was no natural seaward growth of the tidal area,
so this loss was not compensated for. In particular,
brackish transitions between freshwater marshes
and salt marshes, once common all along the
mainland coast, are nowadays relegated to estuar-
ies. Forelands are not relicts of former salt marshes
but have been created in front of seawalls (see
above). Forelands mostly look very different from
natural salt marshes because of their parallel
ditches, the vegetation grazed down to a lawn
and a deviating species composition.

As a success of nature management, large
artificial forelands are gradually developing to-
wards a more natural state as brushwood groynes
at sheltered localities go unrenewed, drainage
ditches are neglected and livestock grazing pres-
sure is reduced. Summer dikes have been removed
at several locations to allow pasture land to re-
vert to salt marsh meadows. The adopted policy
and management is based on sound science and
comprehensive monitoring. It has over the years
advanced to a great success in regaining natural
salt marsh vegetation and the associated fauna.
This is a classic case of a win-win situation for
coastal defence and nature conservation and is a
path which should be continued.

Dunes on the Wadden Sea islands suffer from
past stabilization programs. Where salt marshes
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have developed in the shelter of such dunes, these
also lack the influence of natural disturbances.
This promotes ageing. Plant succession as such
is a natural process. However, the dominance of
late successional or climax-stages is a result of
preventing or repairing physical disturbances such
as strong winds and wash-overs. On some islands,
trampling by visitors has introduced some small-
scale disturbances that have remobilized drifting
sand. For the sake of coastal protection, this has
been stopped. Eutrophication, decreased grazing
and invading bushes and trees have led to a more
dense vegetation than there would have been
under natural conditions. To restore more natural
and dynamic states, a new and promising geo-
ecological concept has been developed for barrier
islands. This approach has still to gain more public
support and needs to be fine-tuned to individual
islands. It is a promising first step to reverse the
degrading development of dune landscapes and
back-barrier salt marshes. Re-introducing more
dynamics on the barrier islands would also con-
tribute to their long-term persistence (Fig. 4.3).
Similar concepts should be developed for tidal
basins and estuaries.

Coastal birds and their eggs were severely over-
exploited when a large market for coastal products
grew in the expanding cities within reach of the
Wadden Sea region. A tipping point was reached
at the onset of the 20" century. The sad condi-
tion of coastal bird populations was realized and
sanctuaries for breeding colonies were secured.
Finally, large-scale egg collecting and hunting
ceased, together with control of chemical pollu-
tion. These initiatives have surely increased the
colonial breeding bird species as gulls and terns

and also spoonbill and cormorants are increasing.
However, despite protection and conservation
large parts of the breeding bird species are de-
creasing, and some species are about to get lost
from the Wadden Sea area. A recently observed
threat is the increasing number of floodings of
salt marshes during the summer period when the
fledglings can not yet fly, and are drowned. For the
migratory species that especially rely on the huge
areas of intertidal flats, large changes in numbers
occur. However, except for the shellfish-feeding
bird species, they do not show a common prefer-
ence for the same habitat types, indicating that
the causes for the changing numbers are not only
to be found inside the Wadden Sea ecosystems,
but rather in geographical ranges involving larger
regions than the Wadden Sea area. The increasing
goose numbers have in part resulted from suc-
cessful conservation strategies, namely livestock
grazing, and huge flocks of these big birds can be
seen all over the Wadden Sea area.

Similarly, the recovery of seals after a ban on
hunting, the avoidance of disturbances at resting
and haul-out places, declining contaminants,
together resulted in counts of about 20,000 har-
bour seals and about 2,000 grey seals in the past
year (Fig. 4.4). Seal watching has grown into an
important recreational activity and decreasing
disturbance distances of seals facilitated this
development. Two virus epidemics interrupted
the recovery of harbour seals and highlighted that
even the best management cannot protect against
threats from outside.

There is still a large potential for habitat res-
toration and population recovery in the Wadden
Sea. Among fish, only the houting in the Danish

Figure 4.4:

Grey seals once driven
out of the Wadden Sea
are now recolonizing their
former habitat. This con-
stitutes a great success of
dedicated nature protec-
tion (Photo: K. Reise).

Wadden Sea Ecosystem No. 29 - 2010
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Figure 4.5:

Watchman of the beach
modelled from gloves of
sailors and fishermen and
other debris washed ashore
on a stretch of less than
one kilometre (Photo: K.
Reise).

Wadden Sea Ecosystem No. 29 - 2010

part of the Wadden Sea and its tributaries received
the benefit of a well-planned and comprehensive
management to achieve a recovery. A good next
candidate would be sturgeon which was fished
to extinction in the estuaries of the Wadden Sea
early in the last century. Reintroducing and pro-
tecting such a large and conspicuous fish would
draw public attention to the poor state of fish
populations in the Wadden Sea compared to what
it could be. However, little can be done within the
confines of the Wadden Sea unless fishery pressure
is reduced in the North Sea.

In conclusion, important steps have been taken
to reintroduce a more natural development for
salt marsh and dune habitats. The recovery of seal
populations is a great success, demonstrating that
a consequent pursuit of the respective targets is
the right way to go and should be extended to
other old wounds as well.

4.3. Mitigating external
disturbances

As with coastal regions in general, the Wadden Sea
is wide open to external influences from both, the
land and the sea. Eutrophication and pollutants
have received much attention in the past and their
mitigation is one major objective of the European
Water Framework Directive. Riverine loads of
nutrients are declining at a rate of about 2% per
year. Compared to assumed background levels, the
eutrophication status is still elevated in the tidal
area, salt marshes and dunes of the Wadden Sea.
There are apparent sub-regional differences and
the signals differ for groups of phytoplankton,

=

benthic macroalgae, turnover of organic matter
and dominant grasses in the salt marshes and
dunes. No alarming blooms of algae or of sedi-
ments turning anoxic up to the surface have been
observed during the last decade. The question
arises: how low should we go with the reduction
of nutrient loads and contaminants? Pre-industrial
conditions may be out of reach. Would the money
needed to achieve such a target be used better to
mitigate other threats? These are important ques-
tions which require comparisons between relevant
impacts and consideration of their interactions in
order to arrive at a sound decision.

Litter in the countryside has become a rare
sight and much effort goes into recycling of
garbage. By contrast, huge amounts of plastic
packaging continue to spoil beaches after a storm.
Particularly embarrassing is the high share of de-
bris from fisheries. On a short stretch of coastline,
one can easily find enough orange rubber gloves
to model a dragon or a fisherman on the beach
(Fig. 4.5).

Many fish and birds are migrating species for
which threats have to be assessed at a scale larger
than the Wadden Sea to identify the factor most
limiting the populations. In fish, particularly in
top predators, this is usually the fishery in the
North Sea which would overrun any attempts of
conservation within the Wadden Sea. In birds,
hunting pressure along the migration routes and
the breeding success in the Arctic or in Eastern
Europe may often be crucial for population devel-
opment. In such cases, more awareness of the fate
of fish and birds has to be raised in the respective
countries to influence international policies.

Raising more awareness is also required in the
case of introduced alien species. Particularly in
the epibenthos of the tidal area but also in dunes
adjacent to housing estates, alien invasions have
increased in the last couple of years to such an
extent that aliens often predominate in biotic
communities. They originate from distant coasts
and have arrived directly by human carriers or in-
directly when introduced to other European coasts
from where secondary dispersal has brought them
into the Wadden Sea. The latter has been by far
the prevailing route of immigration. This highlights
that preventative measures such as ballast water
treatment, control of hull fouling, banning the
use of exotic organisms in open aquacultures and
seaside aquaria, can only be effective if all coastal
countries implement adequate prevention accord-
ing to international conventions. Parliaments of
the Wadden Sea countries should be urged to
ratify such conventions.
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Once alien aquatic organisms have arrived,
only immediate action has a chance to eradicate
immigrants. Dispersal with the currents and
broadcasting of vast numbers of spores or larvae
severely limits the prospects of successfully con-
trolling such invaders. Some invaders are poorly
integrated into the food web and hence may af-
fect the performance of the ecosystems. However,
the main issue is an ongoing homogenization of
coastal biota on a global scale. Successful univer-
sal invaders produce a growing similarity between
distant biota which once had no species in com-
mon. This process has received little attention in
the past because most of the introduced coastal
organisms are small and inconspicuous. With the
invasion of Pacific oysters, this has changed (Fig.
4.6). Wide intertidal flats will never be as before.
A common management strategy on the issue of
alien species is needed.

The Wadden Sea region is expected to be chal-
lenged by an accelerating rise in sea level. As this
is a consequence of increasing greenhouse gas
emissions, one could assume this region would be
at the forefront of climate change mitigation. This
is not the case. Power plants using fossil carbon
particularly abound in the Wadden Sea region.
Gas extraction amounts to 10 billion m3 per year
in the Dutch Wadden Sea, and in the German part
about two million tons of oil is extracted annually.
There is no indication that this might become less
in the coming years. Islands such as Sylt and Texel
make no effort to reduce traffic with cars using
combustion engines. This paradox may produce a
rather bad image.

Although the Wadden Sea is supplied almost
continuously with wind which could drive large
numbers of wind turbines, the policy to keep wind

turbines out of the Conservation Area is justified
because of the high density of coastal birds and
the importance of preserving an unspoiled land-
and seascape in a touristic area. However, the
adjacent rural areas accommodate one of the
highest densities of wind turbines. The offshore
area next to the Wadden Sea is planned to deliver
as much as 20,000 to 25,000 MW per year from
giant wind turbines by 2030. This industrial neigh-
bourhood will inevitably entail a burden to the
Wadden Sea and care is necessary to minimize the
effects on the protected nature area. For example,
effects of cable crossing through the conservation
area should be minimized by bundling these on
a single line.

In conclusion, for the wide open Wadden Sea
external disturbances play a major role in the
performance of the geo-ecosystem. Efforts over
the past decades to reduce the influx of excess
nutrients and contaminants have improved the
ecological quality, but residual problems remain.
No success has been achieved so far in stemming
the amount of litter washed ashore. The imple-
mentation of international strategies is necessary
to improve situations of migrating birds and fish.
Fish migrating between the tidal area of the
Wadden Sea and the North Sea are particularly
under-represented in the ecosystem. This distorts
the food web and thus ecosystem functioning. On
the other hand, too many alien species are invad-
ing the Wadden Sea and international conventions
to reduce their dispersal by human carriers are
not yet implemented. Unlimited alien invasions
are undermining efforts of restoring past diversity
and are seriously changing the biotic composition
in the ecosystem.

Figure 4.6:

Vast areas of tidal flats
have been overgrown by
invading Pacific oysters.
These have been inten-
tionally introduced to

the island of Sylt for sea
ranching but these oysters
have reproduced to such
an extent that they are
now out of control (Photo:
K. Reise).

Wadden Sea Ecosystem No. 29 - 2010
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Figure 4.7:

The Asian crab Hemigrapsis
sanguineus is currently
spreading throughout the
Wadden Sea and may po-
tentially displace the native
shore crabs. Monitoring
and research is needed to
keep track of such inva-
sions and its ecological
effects (Photo: K. Reise).
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4.4. Adapting to global change
The Wadden Sea cannot be a museum in a chang-
ing world. Mean annual sea surface temperature
has increased by 1.5°C within the past 25 years in
the inner North Sea and the Wadden Sea. Rising
temperature entails an increased frequency of
mild winters and hot summers, more precipita-
tion during winters and more weather extremes
at any time of the year. In the shallow Wadden
Sea, water temperature follows air temperature
very closely and this is predicted to rise further by
almost 2°C in the next decades. This corresponds
to water temperatures now encountered on the
French coast south of Brittany. Although the Wad-
den Sea and the Atlantic shores of France have
many coastal species in common, there will still
be a considerable change in species composition
and abundances. The warmer stage will have a
number of new actors and their interplay will be
different from what we are used to.

To make predictions in this biotic realm is
almost impossible. The speed of northward dis-
persal by southern species and genotypes may
exhibit a wide range and we know almost noth-
ing of specific dispersal rates under conditions
of a rapid increase in temperature. From present
observations, so-called mismatch phenomena
between prey and predator will intermittently
abound. More southern species will immigrate
than Boreal species will leave the Wadden Sea.
Introduced alien species often find themselves
in a pole position because they originate in most
cases from coasts warmer than the Wadden Sea.
They may occupy niches before other species ar-
rive by natural dispersal from adjacent southern

regions. Compared to previous times, there will
be a revolutionary rate of change in the coastal
biota. Intensified monitoring will be necessary to
keep track of these changes (Fig. 4.7). Otherwise
we will lose any understanding of what goes on in
the interplay of life and cannot explain the novel
phenomena in the ecology of the Wadden Sea.

However, at the regional scale nothing can be
done to mitigate this kind of change. The best
precaution for not losing too many species and
genotypes in a period of rapid change is to main-
tain or restore a wide spectrum of habitats. A more
complex array of habitats will lower the chance of
aloss in genetic diversity within populations, pre-
vent competitive exclusion between species and
extirpations of plants, prey and hosts by grazers,
predators and parasites, respectively. Therefore,
faced with climate change, efforts to prevent
displacements of natural habitats and to restore
degraded habitats deserve a high priority.

An expected rate of sea level rise in the or-
der of one metre at the end of this century will
presumably cause a much greater challenge to
the Wadden Sea region than the mere change in
temperature or precipitation. Sea level rise af-
fects the safety of the people; may squeeze salt
marshes; and may drown the intertidal flat zone
in front of defended coastlines. It will raise the
input of hydrodynamic energy and be followed
by a loss of mud relative to sand and a loss of
seagrass as sand waves arise in the tidal zone. The
barrier islands will be affected most by erosion.
In spite of these dim long-term prospects, one
metre of sea level rise within a century is still in
an order of magnitude where adaptations to the
consequences seem possible.
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Other than with weather or the outcome of
multiple biotic interactions, sea level is reason-
ably predictable in the long term. This allows a
careful planning of the adaptations, learning by
experience, and most importantly, there is time to
harmonize cultural, socio-economic and geo-eco-
logical consequences. Probably the most difficult
problem is that our society has not yet learned
to cope with such slow but relentless changes
- changes which demand timely adaptations so
that subsequent generations will not be faced with
more to do than they can handle.

The present coastal configuration is not sus-
tainable. Large parts of the embanked land lie
below sea level and cannot rise in concert with
the sea. Salt marshes in front of the seawalls and
in back-barrier position may, in large part, be
adapted to rise with the sea. It is known that net
surface elevation change (sedimentation minus
compaction) of salt marshes depends on the
position in the tidal basin, elevation, distance to
the source of sediment input, and structure of the
vegetation as affected by grazing. For tidal flats,
the adaptation is very uncertain and may depend
on the size and shape of tidal basins as well as a
variable sediment supply from the adjacent North
Sea. Keeping island shores in position will require
more and more effort. Concepts such as the geo-
ecological model of barrier islands (see paragraph
3.6.2) will be helpful.

In due time we should shift from online coastal
defence, with its focus on strengthening seawalls
and beaches, to a coast growing with the sea with
a focus on sand nourishments from offshore to
inshore and attempts to trap sediments behind
seawalls for raising the surface of embanked land.
Both parts of this strategy require spatial planning
and learning by experience. For the islands and
the tidal area, the aim is to keep them more or
less as they are, while in the low-lying embanked
mainland structural adaptations to survive hazards
would be an option. Without such adaptations, the
Conservation Area would risk losing its universally
outstanding natural values, and the rural area
would run an ever-higher risk of disaster if its
protective seawalls were ever breached.

Sand nourishments should be done with the
least possible energy demand or by tapping en-
ergy from offshore wind parks. Sand extraction
should be limited to offshore areas. Sand should
be supplied in a way that minimises interference
with the natural sediment dynamics. At present
there is insufficient knowledge as to how islands
and the tidal area can be maintained with sand
nourishments. This ought to be an area of research

with high priority. Raising the level of embanked
marshes may be even more challenging than
finding proper strategies for sensible sand nour-
ishments.

In conclusion, the inevitable change in species
composition in the wake of global warming is best
accommodated with a high diversity of habitats.
This aspect is already sufficiently covered by the
existing targets. Adaptation to the expected rise in
sea level seems possible by sand nourishments at
the barrier islands and in the tidal area. Without
such gradual adaptations to the consequences of
climate change, the Wadden Sea natural heritage
is at risk in the long term.

4.5. Towards excellence in
integrated management

Integrated management taking into account
ecological, socio-economic and cultural values
requires informed, involved and committed socie-
ties in the three Wadden Sea countries. Joining
the forces of the Trilateral Wadden Sea Coopera-
tion and the Wadden Sea Forum to represent the
interests of the stakeholders promises to meet
the challenges of the major issues, particularly
the envisioned adaptations to global change. The
UNESCO World Heritage nomination dossier for
the Wadden Sea, the Wadden Sea Quality Status
Report 2009, the insights and recommendations
from the 12 Scientific Wadden Sea Symposium
and the Wadden Sea Plan 2010 provide a sound
basis for a common management approach to-
wards solving the main issues. It has been proven
successful to treat the Wadden Sea as a coherent
system and to imbed the Conservation Area into a
wider regional structure of the adjacent land and
the Exclusive Economic Zones in the North Sea
belonging to the Wadden Sea countries.
Accelerating sea level rise, increasing tempera-
ture and introduced alien species complicate the
interpretation of signals received from indicators
thought to be specific for certain targets. Warming
seems to facilitate pelagic and benthic grazing
pressure on phytoplankton, suppressing blooms
which otherwise would indicate that nutrients
are still at a level too high to tolerate. Increased
benthic grazing pressure follows from invasive
alien species, notably the Pacific oysters and
American slipper limpets which have benefited
from warming. ldentifying effects caused by the
mussel fishery is hardly possible any more because
mussel recruitment is affected by warming and
intertidal mussel beds are overgrown by Pacific
oysters. Both warming and alien species con-
tribute to an increasing number of species. High

Wadden Sea Ecosystem No. 29 - 2010
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species richness would otherwise have been taken
as evidence of successful conservation manage-
ment. The crux is that these rapid changes lower
our understanding of the ecological system and
increase the risk of misinterpreting indicators. The
only way out is to intensify research and moni-
toring. Monitoring should be long term and at a
large scale, e.g. that of the tidal basins between
islands. This is a better way to quantify cumulative
impacts of exploitation instead of the present ad
hoc small-scale and short-term “research”.
Global warming inevitably entails sea-level
rise, albeit with some time lag. However, breeding
birds have recently faced higher summer floods
on salt marshes than in the past. Moreover, there
is already a rising high tide level in the German
Bight which is higher than the global rate of mean
sea level rise. This gives a foretaste of what may
come under global temperature rise. Predictions
on the magnitude of sea level rise until the end of
this century are still unreliable, but the direction
is not. Falsely assuming that sea level will not rise
as predicted and thus rejecting adaptive measures
may have more serious consequences than falsely
assuming the reverse. Adaptations such as sand

nourishments within tidal basins collide with the
target of a natural dynamic situation. What is
“natural” is hard to define under conditions of a
global change triggered by anthropogenic green-
house gas emissions (Fig. 4.8). Probably we have
to relax the geomorphological target under these
circumstances and focus on the main issue of not
losing intertidal flats.

The overriding consequences of global change
demand a more integrated approach to the
targets than has been taken up to now. A more
hierarchical approach may be considered to
ease management decisions. More importantly,
adaptations in the Wadden Sea region to cope
with changing precipitation patterns and with
sea level rise have effects on coastal defence and
many cultural, social and economic values. These
have to be considered alongside geo-ecological
concerns. The Wadden Sea community has already
started along this path but there is a tremendous
challenge before us. Although sticking to the path
will be difficult, doing so offers the prospect of
successfully conserving the Wadden Sea's sublime
nature and wildlife, thereby making the region
even more worthwhile to live in.
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Figure 4.8:

Well integrated manage-
ment is required to meet
multiple targets. The salt
marsh (lower left) has
received dredged sediment
from an adjacent harbour
site which is silting up.
Construction of brushwood
groynes for land claim
disturb a seagrass bed (dark
patch in centre), and in the
shelter of these groynes,
the introduced Spartina-
grass is spreading into the
mud flat. Protecting natu-
ral values at such a shore
will be a growing challenge
when sea level rise acceler-
ates in the coming decades
(Photo: K. Reise).
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12t Int. Scientific Wadden Sea Symposium

Recomendations from the

12th International Scientific Wadden Sea
Symposium

Wilhelmshaven, 30 March - 3 April 2009

General Preamble

Nature conservation and management in the
Wadden Sea should, as formulated in the trilat-
eral Guiding Principle, aim "to achieve, as far as
possible, a natural and sustainable ecosystem in
which natural processes proceed in an undisturbed
way". Much has already been achieved in recent
decades but the Wadden Sea is still facing issues
of concern such as retarded recovery of biological
diversity, the loss of salt marshes, and ongoing
contamination with new chemical substances.
There is also the need to develop strategies to deal
with the consequences of global developments
such as climate change and invasive alien species.
Finally, in terms of policy and management, there
is an increasingly complex system of international,
European and national legal instruments and
agreements which can both lead to confusion
and/or work at cross-purposes. Therefore, there
is an urgent need for a better integration in re-
search, monitoring and management with timely
involvement and participation of all stakeholders
(researchers from various disciplines, government
agencies, NGOs and other sectors). A similar ho-
listic and integrative approach should be applied
when exploring possibilities for EU-funding.

The Twelfth International Scientific Wadden
Sea Symposium discussed these issues under the
title 'Science for Nature Conservation and Man-
agement’ Given that the trilateral Wadden Sea
Cooperation serves as an example in the wider
European or even global context, the symposium
considered the following recommendations to
be of strategic importance for the three Wadden
Governments.

1.

Recommendations to the
Trilateral Governmental
Conference 2010

Develop one comprehensive scheme for the
conservation and sustainable development of
the trilateral Wadden Sea in order to imple-
ment the various EU Directives more effec-
tively. Such a scheme will serve as an example
for the wider EU. In this context it is important
that:

a. The trilateral Wadden Sea is considered
as a sub-region according to the Marine
Strategy Framework Directive and

b. the definitions of "Good Ecological Status
| Favourable Conservation Status / Good
Environmental Status" as respectively
required by the Water Framework Direc-
tive [ Habitats and Species Directive and
the Marine Strategy Framework Directive
have to be harmonised to ensure that also
the implementation of these Directives is
harmonised.

c. the Ecosystem Approach should be applied
to Wadden Sea policy and management.

d. we must build on existing trilateral struc-
tures, agreements and instruments, includ-
ing monitoring and data handling.

Extend the trilateral cooperation area by add-
ing the adjacent off-shore conservation areas,
because there is a strong relationship between
the Wadden Sea and these areas and treat the
inshore and near offshore areas as a single
system.
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3. The monitoring efforts of the trilateral area

should not be restricted to the minimum
requirements resulting from the Natura2000,
Water and Marine Strategy Framework Direc-
tives as these do not provide sufficient infor-
mation for a proper and scientifically sound
ecosystem management of the Wadden Sea.
Accordingly, the TMAP should be expanded to
develop trilateral strategies and methodolo-
gies for monitoring and assessing the ecologi-
cal values of in particular the subtidal area.
Furthermore, a large effort should be given
to the development of conservation objec-
tives which underpin the whole management
process.

4. Where necessary and possible restore the

5.

natural structure and functioning both to
increase resilience to the impacts of accelerat-
ing sea level rise and to enhance sustainable
economic development, taking due account of
geo-morphological conditions.

The natural landscape of the Wadden Sea and
the cultural landscape of the adjacent land
area must be regarded as complementary parts
of the same landscape. Therefore cooperation
between the cultural and environmental herit-
age should be improved.

Governments need to join and reinforce ongo-
ing international efforts to prevent alien spe-
cies introductions and develop an alien species
management strategy for the Wadden Sea.
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