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Preface

In order to make good decisions, politicians need
a sound base of knowledge. This is especially true
when the future of a unique nature area such as
the Wadden Sea is at stake. In a region like this,
governed by three countries and with many dif-
ferent interests jostling for attention, it is not
enough to simply be aware of the state of the
environment and nature. We must also understand
the consequences of our political decisions. The
Quality Status Report (QSR) provides us with this
information: it describes and evaluates recent
developments, including the effects of the poli-
cies implemented by the three Wadden Sea coun-
tries.

The QSR is an invaluable source of informa-
tion, not only for policy-makers, but for the many
interest groups in the Wadden Sea region as well.
The QSR supplies objective data that helps inter-
est groups form their opinion, contributes to their
debates and enriches their dialogue with us poli-
cy-makers. Debate and dialogue are essential pre-
conditions of sensible, broadly-supported policy.

I am pleased to note that, for the first time,
the writers of the QSR have tapped into the oper-
ational data exchange system of the Trilateral
Monitoring and Assessment Program (TMAP). This
system plays a vital role in the Trilateral Wadden
Sea Cooperation. It forms the basis of the period-
ic assessments of the Wadden Sea ecosystem, as
well as the evaluation of the ecological targets
set in the Wadden Sea Plan.

This QSR gives us reason to be optimistic on
many counts, but there is also some cause for
concern. It is good to see that many of our targets
have been achieved: the salt marshes are devel-
oping well, there is enough food for fish-eating
and plant-eating birds, and the seal population is
healthy and viable, even after the 2002 distemper
epidemic. Policy to reduce the input of nutrients

is also having the desired effect: the rivers flow-
ing into the Wadden Sea are less polluted with
nutrients and other contaminants, causing a grad-
ual turnaround in the eutrophication of the Wad-
den Sea.

Causes for concern are reports of an increase
in hazardous substances in the Wadden Sea, de-
clining numbers of migratory birds and poor re-
production amongst beach-nesting birds.

Next to this inventory of developments, the QSR
also identifies subjects that warrant further study
and forecasts possible future developments. For
the future of the Wadden Sea, the QSR under-
scores yet again the importance of international
policy outside the trilateral cooperation. For ex-
ample, policy on international shipping, the in-
troduction of exotic species, climate change and
possible changes in the composition of the sedi-
ment.

All in all, the report gives us plenty of food for
thought. It will also make a vital contribution to
the 10th Trilateral Governmental Wadden Sea Con-
ference, on Schiermonnikoog, to be hosted by The
Netherlands.

As Minister of Agriculture, Nature and Food
Quality in The Netherlands and chair of the Trilat-
eral Wadden Sea Cooperation, I would like to com-
pliment all those who contributed to the QSR. They
have done an excellent job. I thank those who kept
the TMAP running and the QSR Management
Team, the Common Wadden Sea Secretariat
(CWSS) and the many scientists and volunteers
for contributing their expertise and enthusiasm.
Thanks to this joint effort, our beautiful Wadden
Sea region can count on sound policy which looks
to the future.

Cees Veerman
Minister of Agriculture, Nature and Food Quality
Chair of the Trilateral Wadden Sea Cooperation

Knowledge is the basis
of good Wadden Sea

policy

Cees Veerman
Minister of Agriculture,

Nature and Food Quality,
Chair of the Trilateral

Wadden Sea Cooperation
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Editorial Foreword

In the Trilateral Wadden Sea Cooperation, a cen-
tral role is played by the Trilateral Monitoring and
Assessment Program (TMAP) which provides the
basis for a periodic assessment of the status of
the Wadden Sea ecosystem, and for an evaluation
of the implementation status of the ecological
targets formulated in the Wadden Sea Plan. A pro-
cess to optimize the TMAP with regard to the EC
Water Framework, Birds and Habitats Directives
is presently ongoing.

In 2003, the Trilateral Working Group (TWG)
commissioned the Trilateral Monitoring and As-
sessment Group (TMAG) to organize the drafting
of a new Quality Status Report (QSR). This new
QSR was intended to be an update of the 1999
QSR rather than a full new QSR. As a consequence,
the structure of the 1999 QSR was largely kept.
Only in a few cases information is presented in a
new chapter.

For the compilation of this QSR Update 2004,
for the first time a common TMAP data exchange
system was used which has became operational
during 2004. It provides access to harmonized
monitoring data from the four TMAP data units in
the Netherlands, Niedersachsen, Schleswig-Hol-
stein/Hamburg and Denmark.

The QSR Update 2004 was prepared under the
responsibility of the TMAG and organized by the
QSR Management Team, an ad-hoc working group
under the TMAG, and the Common Wadden Sea
Secretariat (CWSS). The following persons partic-
ipated in the QSR Management Team:
Dr. Karel Essink, National Institute for Coastal and
Marine Management (RIKZ), Haren (chairman);
Mr. Carsten Dettmann, Federal Ministry for the
Environment, Nature Protection and Nuclear Safe-
ty (BMU), Bonn (2004-2005);

Dr. Hubert Farke, Nationalparkverwaltung Nied-
ersächsisches Wattenmeer, Wilhelmshaven;
Dr. Karsten Laursen, National Environmental Re-
search Institute (NERI), Rønde
Mr. Rasso Leinfelder, Federal Ministry for the En-
vironment, Nature Protection and Nuclear Safety
(BMU), Bonn (2003);
Mr. Gerold Lüerßen, Common Wadden Sea Secre-
tariat (CWSS), Wilhelmshaven;
Dr. Harald Marencic, Common Wadden Sea Sec-
retariat (CWSS), Wilhelmshaven;
Mr. Wim Wiersinga, Expertise Center, Ministry of
Agriculture, Nature and Food Quality (EC-LNV),
Ede.

This report consists of 13 chapters containing
basic information on human activities in the Wad-
den Sea and on developments in physico-chemi-
cal and ecological conditions. The material pre-
sented was made available through the four TMAP
data units  and through involvement of experts
from government institutes, universities, consult-
ants and volunteers. Factual information more
recent than December 1st, 2004 is not included.

In chapter 14 a synoptic overview is presented
viewing at the Wadden Sea ecosystem. Finally, in
chapter 15 an evaluation is given of the Targets
of the Trilateral Wadden Sea Plan (1997).

These chapters are intended to provide a basis
for discussions among experts, managers and pol-
icy makers in the preparation of the 10th Trilateral
Wadden Sea Conference (Schiermonnikoog, No-
vember 3, 2005), where the focus and tasks for
the next period of Trilateral Wadden Sea Cooper-
ation will be defined.

The Editors
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1. Introduction

Harald Marencic
Karel Essink

Adolf Kellermann
Kai Eskildsen

The Wadden Sea
(Landsat TM satellite

images of the period 2000–
2002, Source: CWSS,
Brockmann Consult).
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1.1 General Description

The Wadden Sea is a coastal sea stretching over
450 km along the North Sea coast of the Neth-
erlands, Germany and Denmark and is one of the
largest wetlands on a global scale.

A network of tidal channels, sandbars, mud-
flats, salt marshes and islands creates a transi-
tion zone between land and sea characterized by
daily changing flood and ebb tides and high dy-
namics in salinity, light, oxygen and temperature.
This has resulted in a complex system which pro-
vides a unique habitat for a rich flora and fauna
(Figure 1.1).

The great productivity and size of the Wadden
Sea provide a foundation for the reproduction of
North Sea fish stocks and for its function as a turn-
table of bird migration. The ecological importance
of the Wadden Sea thus extends from the Arctic
to South-Africa.

The Wadden Sea is an open system and there
are many interactions with the adjacent North Sea.
The quality of water, sediment and marine habi-
tats is, to an important degree, influenced by the
North Sea and activities in the catchment area of
the debouching rivers (Figure 1.2).

Harald Marencic
Karel Essink

Figure 1.1:
The Wadden Sea.
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1. 1 General Description

The OSPAR Quality Status Report for the North
Sea gives a comprehensive overview about geog-
raphy, hydrography and climate of the North Sea
and numerous influences from land-based as well
as sea-based human activities (OSPAR Commis-
sion, 2000).

The Wadden Sea region (Figure 1.3) is also an
area where people live, work and recreate. About
3.7 million people live along the Wadden Sea coast,
of which about 75,000 live inside the Wadden Sea
Area. The Trilateral Wadden Sea Plan (1997) ac-
knowledges this by stating that economic and
social values should also be maintained and en-
hanced.

With the establishment of a Wadden Sea Fo-
rum as an independent stakeholeder forum, the
inhabitants of the Wadden Sea region have been
given an opportunity to get actively involved in
the activities of the Trilateral Wadden Sea Coop-
eration. The final report of the Forum presents
common views on the future and of a sustainable
development perspective for the region (Wadden
Sea Forum, 2005).

Figure 1.2:
Bottom topography and
catchment areas of the

Greater North Sea (Source:
OSPAR Commission )

Figure 1.3:
The Wadden Sea and its
regional structure (from

Prognos, 2004)

Regional Structure:
3.7 mill. inhabitants;

6 regional centers
(Bremerhaven, Wilhelms-

haven, Emden, Groningen,
Leeuwarden, Esbjerg);

22,000 km2 area (60%
Germany, 31% Netherlands

9% Denmark);
mainly rural structure with

low population density
(141 inhabitants per km2).
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1.2.1 Trilateral Cooperation
The first trilateral Danish-German-Dutch Govern-
mental Conference on the Protection of the Wad-
den Sea was held in 1978 in The Hague and the
10th Ministerial Conference will be held on the
Dutch island of Schiermonnikoog on 3 November
2005.

The formal basis of the Cooperation is the ‘Joint
Declaration on the Protection of the Wadden Sea’
signed at the Third Wadden Sea Conference in
Copenhagen in 1982. The Joint Declaration is a
declaration of intent of the three Wadden Sea
countries to consult each other in order to coor-
dinate their activities and measures to implement
a number of legal instruments with regard to the
comprehensive protection of the Wadden Sea re-
gion as a whole including its fauna and flora. In
1987, the Common Wadden Sea Secretariat was
established to facilitate and support the Cooper-
ation.

The three countries also concluded the ‘Agree-
ment on the Conservation of Seals in the Wadden
Sea’ in 1990, which is a regional agreement un-

der the Convention for the Conservation of Mi-
gratory Species of Wild Animals (CMS, Bonn Con-
vention).

Since 1997, the arrangements of the Wadden
Sea Cooperation have been embedded in the
framework of the Trilateral Wadden Sea Plan,
which entails policies, measures, projects and ac-
tions agreed upon by the three countries. The Plan
is a statement of how the three countries envis-
age the future coordination and integration of
management of the Wadden Sea Area and of the
projects and actions that must be carried out to
achieve the commonly agreed Targets (Trilateral
Wadden Sea Plan, 1997).

1.2.1.1 Size and delimitation
The Wadden Sea Area is, in general terms, the area
seaward of the main dike (or, where the main dike
is absent, the spring-high-tide-water line, and in
the rivers, the brackish-water limit) up to 3 nau-
tical miles from the baseline or the offshore
boundaries of the Conservation Area. Additional-
ly, some adjacent inland marsh areas of the Den-
mark and Schleswig-Holstein are part of the Wad-

1.2 Protection and Management

Harald Marencic
Karel Essink

Figure 1.4:
Map of the Wadden Sea

Area and Conservation Area
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den Sea Area (Figure 1.4) After the extensions of
the Danish Wadden Sea Wildlife and Nature Re-
serve in 1998, the Schleswig-Holstein Wadden Sea
National Park in 1999, and the Hamburg Wadden
Sea National Park and Niedersachsen Wadden Sea
National Park in 2001, the delimitation of the Tri-
lateral Cooperation Area and the Conservation
Area was adapted in 2001 (Esbjerg Declaration,
2001) because parts of the national parks of
Schleswig-Holstein and Niedersachsen exceeded
the three nautical mile line.

The Conservation Area consists of the Dutch
National Planning Decree area (‘Planologische
Kernbeslissing’, PKB), the three German National
Parks and the Danish Wildlife and Nature Reserve.

The Wadden Sea Area covers an area of about
14,700 km²; the Conservation Area is about 11,200
km² (Table 1.1).

1.2.1.2 Shared Principles and Targets
The Guiding Principle of the trilateral Wadden Sea
Cooperation is ‘to achieve, as far as possible, a
natural and sustainable ecosystem in which nat-
ural processes proceed in an undisturbed way’ (Es-
bjerg Declaration, 1991, § 1). In addition, seven
Management Principles were adopted which are
fundamental to decisions concerning the protec-
tion and management of the Wadden Sea Area
(Esbjerg Declaration, 1991, § 3).

The trilateral conservation policy and manage-
ment is directed towards achieving the full scale
of habitat types which belong to a natural and
dynamic Wadden Sea. Each of these habitats needs
a certain quality (natural dynamics, absence of
disturbance, absence of pollution), which can be
reached by proper conservation and management.
The quality of the habitats is to be maintained or
improved by working towards achieving Targets
agreed upon for six habitat types: Salt Marshes,
Tidal Area, Beaches and Dunes, Estuaries, Offshore
Area and Rural Area. Targets for the quality of
water and sediment are valid for all habitats. In
addition, supplementary Targets on birds and ma-
rine mammals were adopted, as well as Targets
for landscape and cultural aspects (Trilateral Wad-
den Sea Plan, 1997).

For each Target category, trilateral policy and
management and proposals for trilateral projects
and actions necessary for the implementation of
the Targets are included in the Trilateral Wadden
Sea Plan. The trilateral policy and management is
the core of the agreements on the common pro-
tection and management of all relevant uses and
activities. An assessment on the progress in im-
plementation of the Targets is given in chapter
15.

Conservation Area Wadden Sea Area
Denmark 1,250 1,500
Germany* 9,050

Schleswig-Holstein Nat. Park 4,410
Hamburg Nat. Park 137.5
Niedersachsen Nat. Park 2,777
Nds.: NSG Ems, Elbe 34

The Netherlands* 2,600 3,900
Disputed Area (NL, FRG) 250
Trilateral 11,208.5 14,700

Targets - Trilateral Wadden Sea Plan (1997)
Landscape and Culture
Identity – to preserve, restore and develop the elements that contribute to the character, or
identity, of the landscape.
Variety – to maintain the full variety of cultural landscapes, typical for the Wadden Sea
landscape.
History – to conserve the cultural-historic heritage.
Scenery – to pay special attention to the environmental perception of the landscape and
the cultural-historic contributions in the context of management and planning.

Water and Sediment
A Wadden Sea which can be regarded as a eutrophication non-problem area.
Background concentrations of natural micropollutants in water, sediment and indicator
species.
Concentrations of man-made substances as resulting from zero discharges.

Salt marshes
An increased area of natural salt marshes.
An increased natural morphology and dynamics, including natural drainage patterns, of arti-
ficial salt marshes, under the condition that the present surface is not reduced.
An improved natural vegetation structure, including the pioneer zone, of artificial salt marshes.

Tidal Area
A natural dynamic situation in the Tidal Area.
An increased area of geomorphologically and biologically undisturbed tidal flats and sub-
tidal areas.
An increased area of, and a more natural distribution and development of natural mussel
beds, Sabellaria reefs and Zostera fields.
A favorable food availability for migrating and breeding birds.

Beaches and Dunes
Increased natural dynamics of beaches, primary dunes, beach plains and primary dune val-
leys in connection with the Offshore Zone.
An increased presence of a complete natural vegetation succession.

Estuaries
Valuable parts of estuaries will be protected and river banks will remain and, as far as
possible, be restored in their natural state.

Offshore Area
An increased natural morphology, including the outer deltas between the islands.
A favorable food availability for birds.
Viable stocks and a natural reproduction capacity of the common seal, grey seal and harbor
porpoise.

Rural Area
Favorable conditions for flora and fauna, especially migrating and breeding birds.

Birds
Favorable conditions for migrating and breeding birds:
- a favorable food availability,
- a natural breeding success,
- sufficiently large undisturbed roosting and molting area
- natural flight distances.

Marine Mammals
Viable stocks and a natural reproduction capacity of the common seal, grey seal and harbor
porpoise in the tidal areas and the offshore zone.

1.2 Protection and Management

Table 1.1:
Size of the Conservation Area and Wadden Sea Area (km²).

*Because of the disputed area in the Ems estuary, the figures for NL and
FRG are approximate.
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1.2.1.3 Trilateral Monitoring and Assess-
ment Program

The Trilateral Monitoring and Assessment Program
(TMAP) is the common monitoring program for the
Wadden Sea carried out by the Netherlands, Ger-
many and Denmark in the framework of the Tri-
lateral Wadden Sea Cooperation.

The aim of the TMAP is to provide a scientific
assessment of the status and development of the
Wadden Sea ecosystem and to assess the status
of implementation of the trilateral Targets of the
Wadden Sea Plan. After a pilot phase which start-
ed in 1994, a Common Package of monitoring
parameters including the associated data man-
agement has been implemented since 1997 (Sta-
de Declaration, 1997). Joint monitoring programs
for breeding and migratory birds and seals had
already been trilaterally implemented since 1989
and 1992, respectively, and are also part of the
TMAP.

1.2.2 International Protection
Regimes

1.2.2.1 Particularly Sensitive Sea Area
In 2002, the Wadden Sea was designated as a Par-
ticularly Sensitive Sea Area (PSSA) by the Inter-
national Maritime Organization (IMO) (Figure 1.5).
The purpose of the PSSA is to send a strong signal
to and increase the awareness of the internation-
al shipping community regarding the particular
sensitivity of the Wadden Sea Area.

The area designated as a PSSA is the marine
area of the Wadden Sea Conservation Area, com-
prising the Wadden Sea national parks in Germa-
ny and the Wadden Sea nature protection areas
in Denmark and the Netherlands. The PSSA covers
an area of approximately 13,000 km², the major
shipping routes have been excluded from the des-
ignation.

The PSSA sea does not limit shipping in the area
nor the use of the Wadden Sea harbors. The des-
ignation of the PSSA Wadden Sea is seen as a rec-
ognition of  the extensive regime of the national
and international protective measures already in

1.2 Protection and Management

Figure 1.5:
Map of the Particularly

Sensitive Sea Area (PSSA)
Wadden Sea as designated

by the International
Maritime Organization

(IMO) in 2002.

�.�
��3

�(.��.�(.������

������*�)"
(�������

�.�
��4

���	���������

�����������	
��������	
��	����	��

��
������	
��
��)��	

3$!  ! #! <! =! >!
�

'�		�����������
����



     17

Wadden Sea Ecosystem No. 19 - 2005

place in the Wadden Sea and adjacent the North
Sea. Examples are the MARPOL Special Areas
against discharge of oil and garbage, routing sys-
tems making certain routes compulsory for ships
carrying hazardous goods and compulsory report-
ing for ships.

1.2.2.2 EC Directives
Birds and Habitats Directive

The Council Directive 79/409/EEC on the conser-
vation of wild birds was adopted in 1979 (Birds
Directive) and aims at the protection of all spe-
cies of naturally occurring birds in the territory of
the member states. According to the Birds Direc-
tive, member states must classify the most suit-
able territories for the conservation of the species
listed in the Annex 1 of the Directive, as ‘Special
Protection Areas’ (SPAs). Basically, the entire Wad-
den Sea Area except the main shipping lanes and
adjacent offshore areas have been designated as
SPA (Figure 1.6).

The Council Directive 92/43/EEC on the con-
servation of natural habitats and of wild fauna
and flora (Habitats Directive) adopted in 1992,

complements the 1979 Birds Directive. It has the
aim of ensuring that biodiversity is maintained
through conservation of important, rare or threat-
ened habitats and the habitats of certain species.

In the framework of the Habitats Directive a
coherent ecological network, called NATURA 2000,
is being established. NATURA 2000 will consist of
Special Areas of Conservation (SACs) designated
according to the Habitats Directive, and the SPAs
of the Birds Directive.

Major parts of the Wadden Sea Area have al-
ready been included in NATURA 2000. Since the
1999 QSR, further areas have been nominated as
SAC in the framework of the Habitats Directive
and as SPA in the framework of the Birds Direc-
tive entailing a substantial extension of the Natura
2000 as a result of the extension of the German
national parks in 1999 and 2001. An overview of
the Habitats Directive areas in the Wadden Sea is
shown in Figure 1.7 (status September 2004). Be-
cause the nomination process has not yet been
concluded in Germany, the delimitation of Habi-
tats Directive areas may change during 2005.

1.2 Protection and Management

Figure 1.6:
Special Protection Areas

(SPAs) under the EC Birds
Directive in the Wadden

Sea Area (status
September 2004).
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Water Framework Directive
The Council Directive 2000/60/EC on establishing
a framework for Community action in the field of
water policy (Water Framework Directive, WFD)
was enacted in December 2000. It aims at a coor-
dination of all water-related measures on a Euro-
pean level. The key elements of the WFD include
the protection of all waters, surface and ground
waters in a holistic way and achieving good qual-
ity (‘good ecological status’) by 2015. A first anal-
ysis of pressure and impacts has to be reported by
the member states in 2005.

A River Basin Management Plan has to be pre-
pared by 2009 based on the results of an opera-
tional monitoring program (to be established by
2006). River management plans are to be reviewed
every 6 years.

The Wadden Sea has been assigned to six dif-
ferent River Basin Districts (RBDs) differentiated
in coastal and transitional waters. These RBDs are
the main management units of the WFD and cov-
er all types of surface and ground waters. Coastal
waters covers the areas up to 1 sm from the base-
line and with regard to the chemical status also

the territorial waters (up to 12 sm) (Figure 1.8).
The Esbjerg Declaration 2001 underlines the

importance of close cooperation with regard to
the Wadden Sea Area when implementing the
Water Framework Directive.

1.2.2.3 Other International Conventions
and Programs

The Wadden Sea countries are contractual parties
to a number of international agreements, conven-
tions and treaties, in particular, the Convention
on Wetlands of International Importance Especially
as Waterfowl Habitat (Ramsar Convention) (Fig-
ure 1.9), the Convention on Biological Diversity
(CBD), the Convention on the Conservation of Mi-
gratory Species of Wild Animals (CMS, Bonn Con-
vention) also covering the Agreement on the Con-
servation of Seals in the Wadden Sea (Seal Agree-
ment), the Agreement on the Conservation of Af-
rican-Eurasian Waterbirds (AEWA) and the Agree-
ment on the Conservation of Small Cetaceans of
the Baltic and North Seas (ASCOBANS), the Con-
vention on the Conservation of European Wildlife
and Natural Habitats (Bern Convention) and the

1.2 Protection and Management

Figure 1.7:
Special Areas of

Conservation (SAC) under
the EC Habitats Directive in
the Wadden Sea Area (with

the current status of
nomination, September

2004).
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Convention for the Protection of the Marine En-
vironment of the North-East Atlantic (OSPAR Con-
vention). The German and Dutch parts of the Wad-
den Sea have been designated as Man and Bio-
sphere (MAB) Reserves under the United Nations
Educational, Scientific and Cultural Organization
(UNESCO).

Due to the strong interactions between the
Wadden Sea and the adjacent North Sea, the tri-
lateral policy and management regarding pollu-
tion is closely related to the OSPAR and the North
Sea Conferences.

At the 5th North Sea Conference in Bergen 2002,
the North Sea ministers agreed to implement an
ecosystem approach to management which was
to be guided by a conceptual framework (Bergen
Declaration, 2002). Part of this framework are eco-
logical quality objectives (EcoQOs), to be used as
a tool for setting clear operational environmental
objectives directed towards specific management
and serving as indicators for the ecosystem health.

The development of a coherent and integrated
set of EcoQOs is currently undertaken by OSPAR
and the International Council for the Exploration

of the Sea (ICES), in coordination with the devel-
opment of marine indicators in the European En-
vironment Agency (EEA) and environmental ob-
jectives in the EC Water Framework Directive. For
the North Sea, a pilot project on the development
of EcoQOs for a selected set of ecological quality
elements was formulated (Bergen Declaration,
2002).

Ecological quality objectives relevant for the
Wadden Sea relate to the proportion of oiled com-
mon guillemots among those found washed
ashore, the level of imposex in female dog whelks,
phytoplankton indicator species for eutrophica-
tion and winter nutrient concentrations (dissolved
inorganic nitrogen and phosphorus).

1.2.3 National regimes
In the 1999 QSR, a comprehensive overview of
the national protection and management regimes
was given. In the following sections, the focus has
been placed on the main developments since then.

1.2.3.1 The Netherlands
Because the European Commission considered the
implementation of the Birds- and Habitats Direc-

1.2 Protection and Management

Figure 1.8:
Coastal and transitional

waters of the River Basin
Districts (RBDs) of the

Water Framework Directive
in the Wadden Sea Area

(only seaward parts of the
RBDs are shown).
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tive in The Netherlands as insufficient, the Nature
Protection Act (‘Natuurbeschermingswet’) needs
to be revised. A new Nature Protection Act was
accepted by the 2nd Chamber of Parliament in May
2004 and by the 1st Chamber in January 2005.
The revision also pertains to the new roles of cen-
tral government, provinces and communities in the
granting of licenses. The National Planning De-
cree (‘Planologische Kernbeslissing’, PKB) for the
Wadden Sea sets out the general policies for all
human uses in the Wadden Sea Conservation area.
In June 2005, a new policy plan will be published.
Main policy issues also concerns gas drilling and
shellfish fisheries in the Wadden Sea.

1.2.3.2 Germany
Since the Stade Conference 1997, the acts on the
three German national parks have been amended
entailing a substantial extension of the German
Wadden Sea Conservation Area and partly new
regulations.

Niedersachsen
The Niedersachsen Wadden Sea National Park Act
was amended in May 2001. The National Park was

extended seaward partly beyond the three nauti-
cal mile line off the islands of Borkum and Bal-
trum, it includes areas previously outside the Na-
tional Park in the Ems-Dollard estuary (Rysumer
Nacken), the nature reserve in the Dollard and a
transition zone between the salt marsh and the
geest south of Cuxhaven. The National Park also
covers the large majority of the islands. Compared
to the previous National Park area, well defined
parts on the islands consisting of built-up and
intensively used areas have been excluded and the
boundaries redefined.

The zoning scheme within the National Park
has been partly revised. Zone 1 was extended on
most of the islands to also include the primary
dune areas on the eastern parts of the islands.
Also in the tidal area, zone 1 was extended. The
recreational zone was partly extended. Some in-
tensively used parts of the recreational zone was
excluded from the National Park.

The area of the National Park has, as a result of
the amendment of the act, increased with about
400 km² up to 2,777 km² (277,000 ha).

1.2 Protection and Management

Figure 1.9:
Wetlands of International
Importance according to

the Ramsar Convention in
the Wadden Sea Area.
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Hamburg
The Hamburg National Park Act was amended in
April 2001. The act entails a seaward extension of
the national park up to 3 nautical miles. The ex-
tension has increased the area of the national park
by approximately 2,050 ha up to now 13,750 ha.
The amendment entails both a harmonization be-
tween the National Park law and the Habitats Di-
rective and new specifications for fishing regula-
tions within the National Park resulting in the
extension of the already existing zero-use zone
up to more than 75 % of the National Park area.
The act also entails stricter regulations of certain
recreational activities such as kite flying and the
traditional collecting of mushrooms.

Schleswig Holstein
In December 1999, an amended national park law
was enacted for the Schleswig-Holstein Wadden
Sea National Park. The amended national park law
entails a further specification of objectives, ex-
tension of the area under protection, and a new
zoning scheme.

The national park was extended seaward up to
three nautical miles in the southern part of the
national park and up to 12 nautical miles in the
northern part, which includes the whale protec-
tion area. The National Park covers about 4,410
km² (441,000 ha) which is an extension of about
1,700 km². The whale protection area is approxi-
mately 1,240 km².

The zoning scheme of the National Park was
re-designed entailing a two-zone system. Zone 1
comprises, in principle, coherent tidal basins and
covers about 36% of the area. Public access is pro-
hibited with the exception of, for example, near-
shore tidal areas, tidal flat walking routes and
commercial fishery as stipulated in Section 6 (2)
of the law. Within zone 1 an area south of the
Hindenburger dam of 12,400 ha (about 3% of the
National Park) was designated as a zone in which
all resource use has been fully prohibited. Navi-
gation is only allowed in the zero-use zone on the
marked shipping lanes. The remaining area of the
National Park is zone 2, including the whale pro-
tection area off Sylt and Amrum. Additionally, it
can be stated that hunting, which prior to the new
amendment was largely phased out, is now com-
pletely prohibited within the National Park. The
same holds for wind turbines.

1.2.3.3 Denmark
The revised Statutory Order for the Danish Nature
and Wildlife Reserve (the Danish section of the
Conservation Area) was enacted in 1998 (for de-
tails see 1999 QSR) implementing the Stade Dec-
laration (1997) and Wadden Sea Plan (1997). On
the regional level, this was done within the frame-
work of the regional physical planning. The two
county councils of Ribe and South Jutland en-
dorsed a supplementary planning document ‘The
Wadden Sea and its surroundings’ to the regional
plan in 2001.

1.2 Protection and Management
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1.3.1 Introduction
The term ‘reference area’ is commonly used for
sites representing certain conditions for purposes
of monitoring or research. In the framework of the
Trilateral Cooperation, they are first mentioned in
context of initiating the Trilateral Monitoring and
Assessment Program (TMAP) in the Esbjerg Dec-
laration of 1991. There, it was agreed to desig-
nate ‘sufficiently large areas, spread evenly over
the Wadden Sea, where all exploitation and all
disturbing activities are banned and which can
serve as reference areas for scientific purposes’
(Esbjerg Declaration, 1991, § 33.3). At the Esbjerg
Conference 2001, the ministers recalled ‘the de-
cision taken at the 6th Wadden Sea Conference
to designate reference areas, and in this respect,
to welcome the designation of a reference area
without resource exploitation in the Schleswig-
Holstein Wadden Sea 1999 in addition to the Dan-
ish zero use reference area designated in 1982,
and the Hamburg zero-use area designated in
1990, and the anticipated designation of a refer-
ence area in the Dutch Wadden Sea’ (Esbjerg Dec-
laration, 2001; §11).

1.3.2 Definition
Reference areas represent certain standards (e.g.
for libraries), conditions (e.g. for medical purpos-
es), states or stages (e.g. ecological stages). By
definition, they are designed to serve monitoring
and research. Thus, their inventory is thought to
be representative for larger units.

According to the Ministerial Declaration, Es-
bjerg 1991, areas serving as reference areas for
scientific purposes must
• have a sufficiently large size;
• be spread evenly over the Wadden Sea;
• be free of exploitation and disturbances (‘zero-

use zone’).

It is obvious that reference areas were to be es-
tablished to serve monitoring and research in the
Wadden Sea. The relation has been further speci-
fied by the Trilateral Monitoring and Expert Group
(TMEG), installed to develop the conceptual frame-
work of the Trilateral Monitoring and Assessment
Program (TMAP) in 1992.

The 1999 QSR (chapter 6.4.7) stated that ref-
erence areas meet the requirements of scientific
research and monitoring as a basic instrument for
nature protection management and politics. A pre-
condition for measurement and assessment of the
effects of anthropogenic influence on natural ec-
osystem structures and processes is the compari-
son of areas with and without human resource
utilization. The proper assessment of data and re-

sults of the TMAP depend on the existence of ref-
erence areas (TMEG, 1993). The necessity of ref-
erence areas – the only sites where ‘undisturbed’
ecosystem processes can be studied - has also been
stressed by Colijn et al. (1995), especially for the
description and understanding of changes in the
abundance of species and the assessment of sus-
tainable development.

The 1999 QSR concluded that the above listed
features are only represented by entire tidal ba-
sins, stretching from the salt marshes to the ebb
delta opening out into the adjacent North Sea.
Reise (1992, 1994) proposed a concept for such
‘core areas’ or ‘ecological priority areas’ distribut-
ed over the Wadden Sea.

1.3.3 Status
1.3.3.1 The Netherlands

In the Dutch Wadden Sea, reference areas accord-
ing ED 1991, § 33.3 have not yet been designated.
As part of the new shellfish fishery policy and in-
cluded in the coming National Planning Decree
(‘Planologische Kernbeslissing, PKB’) of an area
south of the islands Rottumerplaat and Rottume-
roog (about 6,500 ha; 2.5% of the Dutch Wadden
Sea) is proposed for designation as a reference area
(Figure 1.10). This area does not include the en-
tire tidal basin but comprises all important eco-
logical elements.

A formal decision for the designation as refer-
ence area will to be taken in 2005 after discuss-
ing the consequences for existing uses like shrimp
fisheries. The area is already closed for shellfish
fisheries since 1993.

1.3.3.2 Germany
Within the core zone of the National Park of
Schleswig-Holstein, an area of 12,500 ha called
‘Hörnum Tief’ south of the Hindenburg dam was
designated as a ‘zero-use zone’ in 1999 which
covers about 3% of the National Park area (Figure
1.10). In this area, all resource use including fish-
ery has been fully prohibited. Navigation is only
allowed in the zero-use zone on the marked ship-
ping lanes.

In the ‘Hörnum Tief’ area, regular surveys of
seals, roosting and breeding birds, blue mussel
beds, eelgrass and marcoalgae are carried out as
part of the TMAP. Since 2001, pelagic fish moni-
toring has been carried out at three stations in
the reference area in addition to the three sta-
tions in the Meldorf Bight where fish monitoring
has been carried out since 1991. Since 2002, an
automatic recording device has been installed in
the reference area during the period May – No-
vember to collect data on data, water level, hy-

1.3 Reference Areas
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drology and turbidity. Also in 2002, a benthos
mapping was carried out in the Wadden Sea sim-
ilar to the survey in 1987-1993 also covering the
zero-use-area.

Within the National Park of Hamburg, an area
of about 10,400 ha has been protected as a ‘zero-
use zone’ mainly since 1990. In this area, all re-
source use has been fully prohibited. Navigation
is only allowed in the zero-use zone on the marked
shipping lanes. Fishery is prohibited with the ex-
ception of shrimp fishery in these shipping lanes
(100 m width). The area covers about 76% of the
National Park area (Figure 1.10). An integrated
monitoring program has been established in the
Hamburg National Park according to the report-
ing requirements for the TMAP, the EC Birds and
Habitats Directives. It consists of monitoring
breeding and migratory birds, common seals, mac-
rozoobenthos, salt marsh and dune vegetation
(Umweltbehörde Hamburg, 2001).

In Niedersachen, large areas within the Nation-
al Park e.g. the islands Memmert and Mellum, and
tidal flats, the ‘Hohe Knechtsand’ are without any

resource use and disturbances by recreational ac-
tivities. However, theses zero-use areas have not
officially been designated as reference areas for
scientific purpose.

1.3.3.3 Denmark
In 1982, a reference area was designated around
the island of Langli which is free of exploitation
and disturbances and fulfills the definition of a
reference area. It covers the tidal flat (about 800
ha, about 1% of the Danish Wadden Sea) between
Langli and the Skallingen peninsula. In addition,
the island of Langli (80 ha) and a zone 300 m north,
east and south of the island are closed to the public
for most of the year (September 16 - July 15). The
area represents typical tidal and island habitats
covering one tidal basin (Figure 1.10).

Since 1983, regular monitoring of breeding and
migratory birds has been carried out on Langli and
is included in the TMAP (breeding birds since 1991,
spring tide counts of migratory birds since 1994).
A field station on Langli was run from 1983 to
2002, manned by 1-2 persons over the whole year.

1.3 Reference Areas

Figure 1.10:
Map of zero-use areas /

reference areas in the
Wadden Sea.

Note:  The designation of
the marked site in The

Netherlands as reference
area is under discussion.
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Since 2002, monitoring has been carried out dur-
ing regular visits. In addition, biological and geo-
logical research studies have been carried out on
Langli by universities and other institutes. The in-
tertidal part of the reference area is also a site of
the blue mussel monitoring program.

1.3.4 Conclusion and
recommendations

The precondition for reference areas in the sense
of the Esbjerg Declarations 1991 and 2001 is the
designation of zero-use-areas. This has been done
in Denmark, Schleswig-Holstein and Hamburg by
legislation as shown above. In line with the 1999
QSR, it has to be concluded that existing zero-

use-areas do not yet meet the scientific approach
in which entire tidal basins serve as reference ar-
eas.

To fulfill the obligations of the Esbjerg Decla-
rations 1991 and 2001 more zero-use-areas are
recommended. These areas should stretch from
the salt marshes to the ebb delta and have to be
spread over the whole Wadden Sea. Then, and
only then, can these areas serve as reference ar-
eas for monitoring and research.

Furthermore it is obvious that there is a ne-
cessity to control the zero-use in these areas in
addition to the parameter set of the TMAP Com-
mon Package.

Langli Hörnum Tief Hamburgisches Rottumeroog /
(Denmark) (Germany – Wattenmeer  Rottumerplaat

Schleswig-Holstein) (Germany– (The Netherlands)
Hamburg) (proposal)

Size and area 800 ha 12,500 ha 10,400 ha 6,500 ha
Entire tidal basin. Approx. 50% Part of tidal basin.

of tidal basin
Typology Tidal flats and Back-barrier Open Wadden Back-barrier

island habitats. tidal flats. Sea area. tidal flats.
Sub-ecosystems Tidal basin with silt, Inner tidal basin with Estuary flats with silt, Small uninhabited
included mixed, sandy flats, silt, mixed, sandy mixed, sandy tidal flats islands, primary dunes,

creeks and deep; tidal flats and tidal and tidal creek systems; salt marsh, tidal basin
island with dunes and creek systems, island island salt marshes and with sandy flats.
salt marsh and and mainland salt primary, white and
mainland salt marsh. marshes and primary grey dunes.

dunes.
Legal basis Wildlife Reserve Act National Parks Act National Parks Act Proposed for designation

1998 (Art. 7) (Art. 4) (enacted 1990, amended in PKB 2005-2015
2001) (Art. 2 to 5)

Year of  designation 1982 1999 1990 Planned in 2005
Reasons for Safeguarding the Safeguarding develop- Safeguarding the Safeguarding the natural
designation dynamics of flora and ment free of human dynamics of natural dynamic development of

fauna, natural processes intervention, as well as processes and structural habitats and species di-
and structural diversity. natural structural diver- diversity. versity.

sity and the dynamics
of processes.

Resource uses None None None None
Zero-use area Conform ED 1991 Conform ED 1991 Conform ED 1991 Conform ED 1991
Public access, Tidal flats between Shipping only along Shipping and shrimp Already closed for
shipping, fishing the island Langli and navigational routes, fishing only along shellfish fisheries.

Skallingen (mainland) entry near coastline. navigational routes; in Shrimp fisheries will
are closed for the some cases, entry close be forbidden.
public. Langli is closed to islands (e.g. Kleiner
for the public from Vogelsand) or navigation
16 September to 15 July. on two marked routes

Monitoring TMAP TMAP TMAP TMAP
program and Birds, blue mussels. Fish fauna, measuring Macrofauna, seals, Blue mussels, fish
parameters pole, theme-based birds. birds, seals

mapping.
Reference area Yes Yes Yes Yes
and purpose Undisturbed develop- Purpose under Undisturbed develop- Undisturbed develop-

ment of a tidal basin, under discussion. ment of high tidal flats ment of a tidal basin,
which represents a and semi-natural which represents a
typical ‘small scale’ dune islands including typical ‘small scale’
Wadden Sea eco- their biological Wadden Sea eco-
system. communities. system.

Representative for Tidal flats, island Back-barrier tidal flats. Mesohaline estuary flats Back-barrier tidal flats.
habitats. and partly tidal creeks,

salt marshes.

1.3 Reference Areas

Table 1.2:
Overview of zero-use areas

in the Wadden Sea and
their status in the light of
Esbjerg Declaration 1991

and 2001. For The
Netherlands, a proposal for
designation of a reference
areas is given in the new
PKB, a final decision will

be taken in 2005. For
Niedersachen, the zero-use
areas are not listed because

they have not officially
been designated as

reference areas.
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2.1 Coastal Defense

2.1.1 Introduction and
transnational aspects

This chapter concentrates on new developments
in coastal defense since 1999. For a more com-
prehensive overview of national responsibilities
and measures, the reader is referred to the 1999
Wadden Sea Quality Status Report (de Jong et al.,
1999) and to the report of the trilateral working
group ‘Coastal Protection and Sea Level Rise’ (CPSL,
2001).

Coastal defense aims to safeguard coastal low-
lands, their inhabitants and economic assets
against the forces of the sea. It consists of coastal
flood defense (protection against flooding) and
coastal protection (protection against structural
erosion). Storm surges do not stop at national bor-
ders. In recognition of this, a number of transna-
tional cooperations among coastal defense author-
ities around the North Sea and the Wadden Sea
have been initiated since 1999.

As an output of the 8th Trilateral Governmen-
tal Conference on the protection of the Wadden
Sea (Stade Declaration, 1997), a trilateral expert
group from the national coastal defense and en-
vironmental administration started to work on the
topic ‘Coastal protection and sea level rise’ in 1999.

The expert group defined common understand-
ing of processes in the Wadden Sea (morphology,
biology and coastal defense). On the basis of this,
for three scenarios (sea level rise of 10 cm, of 25
cm and of 50 cm until 2050), impacts on selected
physical, biological, and socio-economic parame-
ters were investigated. A first screening of sus-
tainable coastal defense measures (best environ-

mental practices) to ensure present safety stan-
dards in the future was conducted. Finally, the
expert group formulated several recommendations
for policy, management and research (CPSL, 2001;
Esbjerg Declaration, 2001).

A follow-up study (CPSL II) started in autumn
2003. In CPSL II, the work is focused on feasibility
studies of integrated coastal defense solutions
that maintain, in the long term, the existing safety
standards and anticipate the expected impacts of
sea level rise. At the same time, they should be
beneficial or, at least, not negative, for natural
assets, such as natural dynamics and habitat qual-
ity (see also CPSL, 2005).

In 1996, the leading coastal flood defense and
coastal protection authorities around the North
Sea initiated an informal forum, the North Sea
Coastal Management Group (NSCMG). During
yearly meetings transnational issues on coastal
defense such as climate change and EU-regula-
tions, are discussed.

As one NSCMG-activity, a consortium of na-
tional and regional coastal defense authorities
around the North Sea started an INTERREG IIIB
co-financed project ‘COMRISK – common strate-
gies to reduce the risk of storm floods in coastal
lowlands’ in 2002 (COMRISK, 2002). In five sub-
projects, different aspects of coastal flood defense
and coastal protection (e.g., national policies and
strategies, public awareness and participation,
national hydraulic boundary conditions) are eval-
uated. In addition, in four pilot areas (e.g. Ribe,
Langeoog), state of the art coastal risk analyses
are conducted. This project will be concluded in
2005.

(Photo: J. Hofstede)
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Trilateral policy and management
The interests of nature protection and sea defense mea-
sures will be further harmonized, taking into account
that the safety of the inhabitants is essential. (WSP §§
3.1.6; 5.1.2)

As a principle, it is prohibited to embank salt marshes
and loss of biotopes through sea defense measures will
be minimized. Reinforcement of existing dikes will be
carried out on the location of existing dikes and, prefer-
ably, on the land side. (WSP §§ 3.1.7; 4.1.2; 5.1.6)

In general, clay for sea defense will be extracted behind
the dikes. In special cases, i.e. where there is urgent and
sudden need and if no other deposits behind the dikes
are available, or if the extraction of suitable material is
ecologically balanced, the extraction of clay may be al-
lowed in front of the dike. In this case, the extraction
shall be carried out in such a way that the environmen-
tal impact is kept to a minimum and permanent or long
lasting effects are avoided and, if this is not possible,
compensated. (WSP § 3.1.9)

Because the natural dynamics in the tidal area are di-
rectly related to coastal defense activities on the main-
land coast, the islands and the offshore zone, future
coastal protection policies will, as a principle, be based
on these interrelationships. (WSP § 4.1.1)

The extraction of sand in the Conservation Area will be
limited to the dredging and maintenance of shipping
lanes. This sand can be used for, inter alia, sea defense
purposes. In specific cases, sand may also be extracted
for sea defense purposes. (WSP § 4.1.11)

Coastal management should aim at a natural dynamic
development taking into account the necessity to pro-
tect the security of the inhabitants on the islands and
safeguarding the stability and the infrastructure of the
islands. (WSP § 5.1.5)

In case coastal protection is carried out, Best Environ-
mental Practice will be applied. (WSP §§ 3.1.8; 5.1.7)

It is important to restore the natural dynamics. This could
be done by e.g. by allowing sand drift and restoring nat-
ural dune vegetation, as far as coastal protection is not
affected. (WSP § 5.1.9)

(Trilateral Wadden Sea Plan (WSP), 1997)

2.1.2 The Netherlands
Dikes

Both the mainland and part of the islands are pro-
tected by dikes. Not much has changed since 1999.
Currently research is being conducted to evaluate
the current safety standards as set within the ‘Wet
op de Waterkering’ (Coastal Defense Act, 1996).
The salt marshes in front of the mainland dikes
are protected and managed from a nature conser-
vation perspective according to best environmen-
tal practice. In 2001 part of the summer polders
(1.35 km2) in the area ‘Noord Friesland buitendijks’
was turned into tidal marsh. If this is successful,
there are plans to change another 8.75 km2 of sum-
mer polders into tidal marsh.

The sandy coast
The Dutch Wadden Sea islands generally have
broad beaches and dunes. These present the most
important element of coastal protection on the
North Sea coast of these islands. The Dutch coastal
defense policy is based on the principle of dynam-
ic maintenance, i.e. using sand nourishments to
maintain the coastline. Building ‘hard’ man-made
structures (e.g. groynes) is allowed in exceptional
cases only. ‘Hard’ structures are present along 6 of
the 155 km of the sandy coast of the inhabited
islands.

Currently, there is discussion as to the exact
position of the line of dunes on the barrier islands
which should - together with the dikes on the
Wadden Sea side - form a protective ring around
the villages as stipulated by the Coastal Defense
Act. Besides the protective ring around the villag-
es, the coastline is maintained at its 1990 loca-
tion. In the period 1991-2000, 23 million m3 of
sand was supplied to over 95.5 km of coastline. A
large part of these nourishments are shoreface
nourishments (applied below the low water line)
which are, in terms of costs, more successful than
beach nourishments. In 2003, the first subtidal
channel wall nourishment was carried out in the
Molengat tidal channel near Texel (J. Cleveringa,
RIKZ, pers. comm.).

Since 1999 the salt marsh area has remained
stable. The existing protection along the mainland
marshes prevent the marshes from being eroded.
The protection is being maintained in the most
environmentally friendly way possible. Sediment
deposition on these marshes by wind-driven trans-
port or wash-over is allowed and sometimes en-
couraged. This could be an extra help in maintain-
ing the island when sea level rise accelerates.

2.1.3 Germany: Niedersachsen
Dikes

In Niedersachsen, all coastal defense elements are
defined in the Dike Act (NDG, 2004). After 1999,
the reinforcement program for the main dikes was
continued (ML, 1973; BRWE, 1997). The Ems storm
surge barrier (Emssperrwerk) near Gandersum was
finished in autumn 2003. As a result, comprehen-
sive dike reinforcement measures upstream – that
otherwise would have become necessary – could
be avoided.

According to the Dike Act, salt marshes are an
important coastal defense factor in Niedersachs-
en. Aiming at integrated management of the salt
marshes, a pilot salt marsh management plan for

2.1 Coastal Defense
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2.1 Coastal Defense

the Norden region (NW Niedersachsen) was im-
plemented in spring 2003. The plan was discussed
in a working group consisting of coastal defense
and nature protection agencies, dike boards and
NGOs. It defines common goals and management
measures of coastal defense and nature conser-
vation for a period of 10 years (NLWK, 2003).

On the island of Langeoog, a relocation of a
summer dike, which is not part of the coastal de-
fense system, as a compensation measure for the
EUROPIPE I and II pipelines, started in 2002. In
all, 2.1 km2 of summer polder area will be ex-
posed to tidal dynamics (NLWK/BRWE, 2001).

The sandy coast
The western parts of the barrier islands are pro-
tected against erosion and storm surges by
groyne-revetment systems. On Norderney and
Baltrum this system has partly been reinforced
and heightened. At Norderney, the 10th beach
nourishment (250,000 m3) was carried out in
2000. On Juist and Langeoog, rear side dune re-
inforcements became necessary to guarantee
safety of the dunes against breaching under storm
surge conditions (Thorenz, 2001). Sand trapping
measures are carried out on a regular basis to build
up the seaward side of eroded dunes. In addition,
dunes are fixed by planting blow outs with mar-
ram grass or setting up sand traps where this is
necessary to maintain their coastal defense func-
tion. The eastern parts of the islands consist of
beach plains, dunes and salt marshes. Here, no
coastal protection works are carried out and nat-
ural dynamics are allowed.

2.1.4 Germany: Hamburg
Hamburg is responsible for coastal defense on the
island of Neuwerk. No reinforcement of the ring
dike around Neuwerk is planned. Alternatives for
better defenses against high storm tide water lev-
els are again under discussion.

In 2004, up to 0.6 km2 of the summer polder
at eastern Neuwerk will be exposed to the tides.
This is a legal measure of nature conservation to
compensate for sand extraction from a nearby lo-
cation. The sand is used for the expansion of pre-
mises of Airbus industries in Hamburg. In this con-
text, several constructions will be built at Neu-
werk, e.g., a new summer dike to separate the
eastern from the northern foreshore and a pump-
ing station to improve the drainage of the island.

On the artificial dune islands of Nigehörn and
Scharhörn no coastal protection works have been
carried out or are planned to protect these unin-
habited islands.

2.1.5 Germany: Schleswig-Holstein
Dikes

In 2001, a new master plan ‘Coastal Defense –
integrated coastal defense management in Schles-
wig-Holstein’ was adopted by the State Govern-
ment of Schleswig-Holstein (MLR, 2001). In this
plan, policies and strategies for coastal defense in
the next 15 years are laid down. The plan imple-
ments the principles of integrated coastal zone
management and contains visions and goals for
an integrated coastal defense management. Also,
on the basis of an evaluation of present safety
standards, a priority list for necessary dike rein-
forcements is included. In the case of a sea level
rise of 0.5 m until 2100, about 73 km of dikes
need to be strengthened along the west coast of
Schleswig-Holstein in the coming 15 years (MLR,
2001).

Also in Schleswig-Holstein, salt marshes are
regarded an important additional coastal defense
factor. Their protection and maintenance is pre-
scribed in the Schleswig-Holstein State Water Act
(version 2004). In 1995, a working group of coastal
defense and environmental authorities together
with the Board of the Coastal Marshes (‘Marschen-
verband’) established an integrated concept for
the management of the salt marshes in Schles-
wig-Holstein. To monitor the results, an Integrat-
ed Salt Marsh Board (ISMB), consisting of all stake-
holders and the public administration, was estab-
lished. In 2000, a first evaluation showed that, in
general, the salt marshes are stable or growing
(horizontally as well as vertically). As a planning
instrument, all members of the ISBM agree that
the concept is straightforward, practically orient-
ed, pertinent and integrative. Finally, the ISMB as
an instrument of information, communication,
integration and co-ordination is valued by all
members. It should be stressed, however, that a
board cannot provide an ultimate solution to ev-
ery problem. Varying opinions and demands re-
main as a consequence of the different back-
grounds of the members. Hence, the ISMB may be
seen as a win-win approach, not a win-win solu-
tion (Hofstede, 2003).

The sandy coast
Significant erosion occurs on the west coast of
Sylt and the south coast of Föhr. To balance this
erosion, between 1984 and 2003 about 30 mil-
lion m3 of sand was nourished at Sylt, and 1.7
million m3 at Föhr. Comprehensive investigations
into alternative techniques to stabilize eroding
sandy coasts (e.g., beach drainage, artificial reefs)
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2.1 Coastal Defense

resulted in the acknowledgement of sand nour-
ishment as being the most cost-effective and en-
vironmentally friendly solution (MLR, 2001).

2.1.6 Denmark
Dikes

The Danish mainland bordering the Wadden Sea
is protected against flooding by 65 km of sea dike
and 6 km of summer dike. A reinforcement project
for the Rejsby Dike and part of the Ballum Dike is
planned to be carried out in 2004-2007. The in-
habited areas on the three barrier islands Mandø,
Rømø and Fanø are protected by 28 km of sea
defense.

Salt marsh areas in front of the dikes are cre-
ated or maintained for coastal protection purpos-
es. It is aimed at to maintain a 250-300 m wide
salt marsh area in front of the dikes. The estab-
lishment of the salt marshes will continue at the
same pace as in 1999. Information on drainage
of the salt marshes is presented in Chapter 7.

The sandy coast
On the Skallingen peninsula dunes represent the
most important form of defense against flooding.
In the northern part, groynes combined with sand
nourishment protect against natural beach ero-
sion. Sand nourishment is carried out every 5 years,
the last time, in 2000, this comprised about
120,500 m3 of sand. For the southern part of Skal-
lingen considerations regarding the necessity of
coastal protection measures are still ongoing.

Up to now, sand suppletion measures have not

been necessary at Skallingen, nor at the barrier
islands. This is primarily due to the fact that the
Danish Wadden Sea coastal area is a net sedimen-
tation area.

2.1.7 Concluding remarks
Since the 1999 QSR considerable progress has
been made on the trilateral level on the way to
harmonize the interests of nature protection and
coastal defense as it has been agreed in the tri-
lateral Wadden Sea Plan (WSP §§ 3.1.6, 5.1.2). One
example is the foundation of the expert group on
Coastal Protection and Sea Level Rise (CPSL) in

Figure 2.1.1:
Coastal defense: Main

dikes, other hard
constructions and sand

nourishment in the
Wadden Sea (CPSL, 2001).
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1999. For the first time, experts from national
coastal defense and environmental administra-
tions are discussing, on a trilateral level, strate-
gies to maintain safety standards in coastal de-
fense in a sustainable way that should be benefi-
cial or, at least, not negative, for natural assets
such as natural dynamics and habitat quality.

In addition, an integration of nature protec-

2.1 Coastal Defense
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wig-Holstein and the salt marsh plan set up in
Niedersachsen in 2003.
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2.2 Civil Air Traffic

Harald Marencic2.2.1 Introduction
The number of registered take-offs and landings
results from the civil airports of the Wadden Sea
region, i.e. the airports on the islands and the ad-
jacent mainland municipalities. Others, such as
Eelde, which may also be relevant for the Wad-
den Sea Area but which are situated outside the
defined region, have not been included. Nor are
military airports included in the figures, even
though some such as Den Helder, have an impact
comparable to the civil airports.

In the 1999 QSR, there were no major changes
observed when comparing data from 1986 and
1996 for the German and Danish Wadden Sea re-
gion, whereas in the Dutch region, an increase
was observed between these years.

2.2.2 Take-offs and landings
In 2001, the total number of take-offs and land-
ings on airfields in the whole Wadden Sea region
has decreased by about 26 % compared to 1996
(see Table 2.2.1).

The relatively high number of movements in
the German Wadden Sea region compared to the
Danish and the Dutch region is due to the rela-

tively larger number of airports. All islands in the
Niedersachsen Wadden Sea Area (except Spieker-
oog) and two in the Schleswig-Holstein Wadden
Sea Area have civil airports. There is a tradition of
transportation to the islands by air from larger
urban centers to these islands.

In total 35 % of all the flights to the two Dutch
airports in 2002 (Ameland 47%, Texel, 35%) were
overland flights crossing the Wadden Sea (Jaar-
boek, 2002). The statistics for the German and the
Danish part do not allow a more precise state-
ment on this matter, but it should be noted that
the movements on the islands of the German
Wadden Sea Area are mainly airline flights and
hence also overland flights.

Helicopter flights are mainly for transport to
offshore installations. The main airports for heli-
copters in the area are Den Helder and Eelde in
The Netherlands, Wilhelmshaven in Germany and
Esbjerg in Denmark.

In 1993, the number of helicopter flights to
offshore installations in the Dutch Wadden Sea
from the two airports in The Netherlands was 266,
which is a decrease in comparison to 1988 in
which about 400 flights were recorded. In 1996,

1986 1990 1996 2001 Changes Changes in %
96 - 01 96 - 01

Netherlands
Ameland 2,571 5,590 5,968 378 6.8
Texel 21,977 29,440 19,467 -9,973 -33.9
  Total NL islands 24,548 28,000 35,030 25,435 -9,595 -27.4
Germany
Niedersachsen:
Borkum 20,236 20,338 15,746 15,420 -326 -2.1
Juist 38,074 37,552 33,582 16,762 -16,820 -50.1
Norderney 17,470 18,230 14,496 10,888 -3,608 -24.9
Baltrum 2,424 2,454 3,898 2,120 -1,778 -45.6
Langeoog 5,490 7,156 5,714 5,560 -154 -2.7
Wangerooge 20,226 22,936 21,823 18,980 -2,843 -13.0
  Total Nds. islands 103,920 108,666 95,259 69,730 -25,529 -26.8
Emden 15,714 14,846 10,916 8,566 -2,350 -21.5
Leer-Nüttermoor 10,570 16,290 12,872 9,578 -3,294 -25.6
Norden-Norddeich 12,906 14,084 14,318 11,440 -2,878 -20.1
Harle 11,214 14,036 15,756 14,350 -1,406 -8.9
Mariensiel 20,674 24,018 30,682 21,306 -9,376 -30.6
Bremerhaven 16,902 17,562 19,388 14,540 -4,848 -25.0
  Total Nds. mainland 87,980 100,836 103,932 79,780 -24,152 -23.2
Schleswig-Holstein:
Westerland/Sylt 28,494 24,370 16,616 14,314 -2,302 -13.9
Wyk/Föhr 13,436 21,026 8,136 6,778 -1,358 -16.7
Heide-Büsum 11,630 13,124 11,234 10,292 -942 -8.4
St. Michaelisdonn 15,230 15,614 17,806 4,250 -13,556 -76.1
St. Peter Ording 16,338 4,080 6,842 2,622 -4,220 -61.7
Bordelum 1,032 1,554 1,402 272 -1,130 -80.6
  Total SH 86,160 79,768 62,036 38,528 -23,508 -37.9
Denmark
Esbjerg 24,613 27,677 18,516 18,418 -98 -0.5
Tønder 6,450 11,000 6,150 5,076 -1,074 -17.5
Total DK 31,063 38,677 24,666 23,494 -1,172 -4.8

TOTAL 437,591 464,613 416,182 306,697 -109,485 -26.3%

Table 2.2.1:
Number of Landings and

Take-offs of aircraft in the
Wadden Sea region 1986–
2001. (Note: Data of FRG

flights in 2002–2004 is
not completely available

(only partly, only
commercial flights),

therefore the table refers
only to the time period up
to 2001). Source FRG: QSR
1999 (1986, 1996), Planco

report (1990, 2001):
Statistisches Bundesamt,
IHK Ostfriesland (1990,

since 1996 only
commercial flights),
Source NL: Jaarboek

Waddenzee 2002 (2001,
2002), QSR 1999 (1986,

1996), Airport Den Helder,
Ameland (2003,2004),
Source DK: QSR 1999

(1986, 1996), Ribe Amt
(2001 - 2003).
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there were 14,000 helicopter flights from Den
Helder to North Sea offshore installations. In 2003,
the airport received permission from the Ministry
of Defense to extend the number of flight move-
ments for helicopter from 16,000 flights to 20,000
a year (Airport Den Helder).

2.2.3 National developments
In Denmark, an executive order is in preparation
to implement the agreements on flight altitudes.
Negotiations have started with the National Agen-
cy for Air Traffic with a view to amending the Or-
der on the passage over particularly sensitive na-
ture areas by aircraft to the effect that a mini-
mum flight altitude for civil air traffic in the Wad-
den Sea Area will be introduced.

In Germany, the minimum flight altitude has
been 600 meters for overland flights since the 9th
Order on the amendment of the Air Traffic Order
was enacted in 1995.

In Schleswig-Holstein, public information and
voluntary cooperation with pilots and airport ad-
ministrations has increased the acceptance for
nature conservation. Negotiations started in 2000
to reach additional voluntary agreements.

In The Netherlands, a minimum flight altitude
for civil air traffic of 450 m is enforced over the
Conservation Areas with the exemption that in
specific circumstances (bad weather conditions)
corridors from the airports Texel and Ameland to
the mainland with a minimum flight altitude of

300 m may be used. Above the islands and the
adjacent 3-mile zone, the minimum flight alti-
tude is 150 m.

Additionally, specific flight routes (corridors)
were established and the noise level of civil air
traffic near airports is being monitored.

In the Netherlands, the use of ultra-light air-
craft above the Conservation Area is prohibited.
In the Wadden Sea Area outside the Conservation
Area, ultra-light aircraft have to keep a distance
of 1.5 km from ‘silence areas’ or environmental
protection areas. At the smaller airports of Ame-
land and Texel the use of these aircraft is forbid-
den. In Germany, the relevant national regulations
do not allow a prohibition of ultra-light aircraft
in the Wadden Sea Area. Flights of ultra-light air-
craft are an absolute exception in the Wadden Sea
Area.

Helicopter flight routes have not been estab-
lished in all three countries. The stipulation of the
National Agency for Air Traffic encompasses guide-
lines for helicopter flights in the Danish Wadden
Sea Area.

In Germany, the minimum flight altitude of 450
m for civil air traffic also applies for helicopters.

In The Netherlands, for civil helicopter flights
above the Wadden Sea Area, a minimum flight
altitude of 450 m was established in 1999 with
the exemption for the use of corridors in specific
circumstances from the airports Texel and Ame-
land to the mainland where the minimum flight
altitude is 150 m.

Advertisement flights are conducted to a lim-
ited extent along the beaches in the Danish Wad-
den Sea Area. In Germany, advertisement flights
are subject to major restrictions including their
compatibility with environmental conservation. In
The Netherlands, advertisement flights are forbid-
den in the Wadden Sea area with the exception of
advertisement flights from Texel directly to the
mainland. There are currently no plans for the con-
struction of new airports or the reconstruction or
expansion of existing ones in the Wadden Sea Area.
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Trilateral policy and management
The impact of civil air traffic in the Wadden Sea Area
will be limited. (WSP § 9.1.14)

New civil airports will not be constructed in the Wadden
Sea Area. (WSP § 9.1.15)

The expansion of existing civil airports in the Wadden
Sea Area is restricted to cases where this is essential in
order to increase the safety of air traffic.  (WSP § 9.1.16)

A minimum flight altitude of civil air traffic of 1,500 to
2,000 feet (450 - 600 m) is established in the Wadden
Sea Area. Exemptions can be granted for safety reasons
and will be confined to designated flight corridors situ-
ated in less vulnerable parts of the Wadden Sea Area.
(WSP § 9.1.17)

The use of ultra-light aircraft will be prohibited in the
Wadden Sea Area pending national legislation, with the
exception of scientific and enforcement purposes. (WSP
§ 9.1.18)

Advertisement flights are, in principle, prohibited in the
Wadden Sea Area. (WSP § 9.1.19)

Helicopter flight routes and altitudes are established in
such a way that the disturbance to wildlife is minimized
in the Wadden Sea Area. (WSP § 9.1.20)

(Trilateral Wadden Sea Plan (WSP), 1997)

2.2 Civil Air Traffic
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2.3 Harbors and Shipping

2.3.1 Introduction
Directly adjacent to the Wadden Sea Area, there
are several major seaports of international sig-
nificance which have considerable economic im-
portance fort the entire region. Within the Wad-
den Sea Area, a number of small ports with ferry
and supply traffic are relevant to tourism, the
supply of islands and the mainland as well as

maritime installations. The economic importance
of the ports is demonstrated by a high shipping
volume.

Access to the ports in connection with transit
traffic to Scandinavia or to the Baltic Sea has
turned the sea area off The Netherlands, the Dan-
ish and German coast into a region with the high-
est traffic concentrations in the world. The traffic
takes place mainly in the vicinity of or – to a less-
er extent – within the Wadden Sea Area

In this section, ships’ traffic density, discharge
regulations, and ports in the Wadden Sea Region
including trends and developments are described
on the basis of a study by Prognos (2004).

2.3.2 Traffic density
Due to the established traffic separation schemes
offshore, the sea traffic is divided according to the
main traffic directions into two one-way routes.
Vessels carrying dangerous goods and deep
draught vessels navigate the offshore routes far
away from the coast and are thus separated from
the other traffic according to the International
Maritime Organization (IMO) adopted mandatory
routeing system. With the exception of recreation-
al traffic, which is usually limited to the summer
months, the volume of shipping is spread evenly
over all the months of the year.

In view of the vessel traffic characteristics of
the area, the Wadden Sea and adjacent North Sea
still have an excellent record of only a few acci-
dents and incidents. For example, during the peri-
od 1995-1999, a total of almost 800,000 ship
movements in the German North Sea resulted in
just over 100 incidents, some of which resulted in

Container vessel
(Photo: K.E. Heers)

Trilateral policy and management
The extension, or major modification, of existing harbor
and industrial facilities and new construction shall be
carried out in such a way that the environmental im-
pact is kept to a minimum and permanent, or long last-
ing, effects are avoided and, if this is not possible, com-
pensated.

In the Conservation Area, new, not yet approved plans
for new construction, as well as for the extension or
major modification of existing harbor and industrial fa-
cilities, are not allowed unless such is necessary for im-
perative reasons of overriding public interest and if no
alternative can be found. (WSP § 4.1.5)

With the aim of eliminating operational pollution and
minimizing accidental pollution, an information and
guiding system for ships carrying hazardous substances
will be established. (WSP § 2.1.3)

Harbors bordering the Wadden Sea will have adequate
facilities to handle all types of residues and wastes gen-
erated by ships to meet the requirements of the MAR-
POL Convention. (WSP § 2.1.4)

To prevent spills of oil and hazardous substances to the
aquatic environment and wildlife, activities aiming at
improving enforcement (surveillance and prosecution)
of agreed regulations and policies to combat illegal dis-
charges will be continued. (WSP § 2.1.5.)

(Trilateral Wadden Sea Plan (WSP), 1997)

2.3 Harbors and Shipping

Bettina Reineking



36

Wadden Sea Ecosystem No. 19  - 2005

emergency tug deployment. Nevertheless, acci-
dents do happen in the Wadden Sea Area, such as
the ‘Pallas’ accident off the Danish and German
coast in 1998.

Despite the existence of an extensive protec-
tive regime there is still evidence that oil and
chemicals are washed ashore, containers are lost
overboard, and that bilge oil and cargo residues
are illegally discharged. Operational discharges are
possibly more significant regarding frequency than
accidental pollution, but they are difficult to quan-
tify.

2.3.3 Illegal discharges and port
reception facilities

Discharges of waste and cargo from ships at sea
still occur (see also chapter 4.4 Oil Pollution and
Sea Birds). The main part of the discharges are
illegal, that is, in contravention of the interna-
tionally accepted rules on ships’ discharges as laid
down in the MARPOL 73/78 Convention.

The aim of the EC Directive 2000/59/EC on Port
Reception Facilities for ship generated waste and
cargo residues is to reduce the incentive to dis-

2.3 Harbors and Shipping

Figure 2.3.1:
Vessel traffic in the North

Sea. Source: Ministry of
Transport, Public Works

and Water Management,
The Netherlands.
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charge ship-generated waste and cargo residue
into the sea by means of a differentiated No-Spe-
cial-Fee system (NSF). The EC Directive is the out-
come of an extremely long-lasting discussion pro-
cess within the member states and allows for a
non-hundred-percent NSF system, but for a dif-
ferentiated implementation with minimum 30%
NSF and 70% SF etc.

In terms of providing appropriate reception fa-
cilities and implementing an adequate waste han-
dling plan, the methods of implementation of the
Directive within Denmark, Germany and the Neth-
erlands as well as in the ports are very diverse.

To overcome the deficits in the implementa-
tion of the EC Directive 2000/59/EC in the Wad-
den Sea countries the implementation should be
improved and the interpretation should be har-
monized regarding principles of fees (e.g. NSF sys-
tem), parameters of fee calculation, no limitation
on quantities and types of waste, and the devel-
opment of clear definitions for exemptions.

2.3.4 PSSA Wadden Sea
In 2002, the marine area of the Wadden Sea Con-
servation Area was designated as a Particularly
Sensitive Sea Area (PSSA) by the IMO in 2002 (see
chapter 1.2) (MEPC, 2002). The PSSA Wadden Sea
is not limiting shipping in the areas or the use of
the Wadden Sea ports, but it creates additional
awareness for safe passages.

2.3.5 Ports in the Wadden Sea region
The ports in the Wadden Sea region specialize in
different cargo groups. Large ports such as Ham-

Table 2.3.1:
Key data for ports in the
Wadden Sea region and
main competitive ports.

Prognos AG 2004
according to Planco,

Schlussbericht WSR 2003,
to havenraad.nl,

Zentralverband der
deutschen Seehafenbetriebe
e.V., Port of Esbjerg. Note:

*data Esbjerg turnover of
goods in 1998 (not 1992);

**data Dutch ports
turnover of goods in 1996

(not 1992).

2.3 Harbors and Shipping

Turnover of goods total Difference Share of cargo (goods in %) Specialization
in million tons 1992/02 Container Break Bulk Categories of cargo

1992 2000 2002 [%] bulk cargo

Hamburg 64.8 76.9 86.7 33.8 44 14 42 Containers, food, ore,
coal, chemical

Bremerhaven 16.0 30.3 33.4 108.8 73 26 1 Containers, cars,
food/fish, steel

Wilhelmshaven 31.6 43.4 38.8 22.8 1 1 98 Oil, coal, chemical
Brunsbüttel 7.9 7.7 7.6 -3.8 0 0 100 Oil
Brake 4.7 5.5 5.0 6.4 1 31 62 Corn, feeding stuff, timber
Emden 1.8 3.4 3.4 88.9 0 60 36 Cars, timber, ore
Cuxhaven 1.3 1.4 1.2 -4.9 11 60 28 Ro-ro, cars, steel, fish
Esbjerg (DK) * 4.5* 4.1 4.4 -3.1 39 6 40 Containers, fish
Delfzijl/Eemshaven (NL) ** 3.3** 3.4 3.4 1.8 1 25 74 Coal, salts, food
Harlingen (NL)** 0.6** 1.0 1.1 79.7 - - 92 Salt, potatoes, sand, gravel
Den Helder (NL)** 0.1** 0.1 0.2 41.6 - - - Navy, off-shore oil industry
TTTTTotal Wotal Wotal Wotal Wotal Wadden Sea Padden Sea Padden Sea Padden Sea Padden Sea Portsortsortsortsorts 137137137137137 177177177177177 185185185185185 35.535.535.535.535.5 3636363636 1414141414 5050505050

Amsterdam (NL) 49.2 44.6 50.3 2.2 1 11 88 Ore, coal, feeding stuff,
food, chemicals

Rotterdam (NL) 291.6 318.6 322.1 10.5 20 6 74 Oil, ore, coal, food, corn,
containers

Antwerp (B) 103.6 130.5 131.6 27.0 30 20 50 Ore, steel, paper, containers
Zeebrugge (B) 33.4 35.4 32.9 -1.5 27 45 28 natural gas, food, cars

burg and Bremerhaven are all-round ports with
cargo capacities for all main kinds of goods. The
three biggest German ports are located in or near
the Wadden Sea region (Bremerhaven, Wilhelms-
haven and Hamburg). In addition, there are some
smaller and medium-sized ports which have spe-
cialized in certain market niches or product cate-
gories according to the economic structure of
their region (e.g. Eemshaven and Delzijl: chemi-
cals; Emden: automobiles; Harlingen: fish, salt,
bulk goods; Esbjerg: roll-on-roll-off and fish;
Brunsbüttel: crude oil).

In 2002, the eleven main ports of the Wadden
Sea region had a turnover of 185 million tons.
During the last ten years the volume turnover has
increased by 36% (see Table 2.3.1). The Wadden
Sea ports have grown faster than their key com-
petitors such as Amsterdam, Rotterdam, and
Antwerp. With the increase of world trade the
turnover of goods at the Wadden Sea ports will
continue to increase in the coming years. The con-
tainer segment in particular will continue to grow
rapidly, at an annual rate of 4% up to 2015.

The port and maritime sector has a significant
economic importance for the Wadden Sea Region.
About 100,000 jobs in the region depend directly
on the port and shipping industry. Additionally,
about 100,000 jobs in other preliminary and
downstream maritime sectors could be counted
as indirect jobs in the Wadden Sea Region. Ap-
proximately 5% of all jobs depend directly or in-
directly on the harbor industry in the Wadden Sea
region. Including Hamburg, even every twelfth job
is port-based in the region.
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2.3 Harbors and Shipping

Trends and developments of the Wadden
Sea ports

Up to 2015 the growth capacities for new port
enlargements in the Wadden Sea Region are lim-
ited. The main ports in the container segment,
Hamburg (Altenwerder) and Bremerhaven (CT 4)
will reach their limits of expansion and manage-
ment. A big chance for new port development will
be the Jade-Weser-Port in Wilhelmshaven. It will
expand capacities for container trade in the Wad-
den Sea Region (first step with max. container
capacity: 2.7 million TEU). Niedersachsen and Bre-
men will create a new container terminal with a
channel depth of 18 m for new generation ships.
Expert opinion calculates an employment impact
of 1,900 to 3,800 direct and indirect jobs. For
Eemshaven the construction of an environmen-
tally friendly tanker dismantling scrap yard has
been mentioned.
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2.4 Tourism and Recreation

2.4.1 Introduction
Tourism and recreational activity is a substantial
part of the public experience of the Wadden Sea,
and one which also makes an important contri-
bution to the local economy. On the other hand,
tourism and recreation influence the landscape
as well as the flora and fauna of the area. There-
fore the Wadden Sea Plan aims at a reasonable
balance between tourism and recreation on the
one hand and management of landscape and wild-
life on the other.

This chapter describes some principal develop-
ments in tourism and recreation focusing on in-
dicative parameters. An overview of land-based
tourism indicates the general trends of Wadden
Sea tourism and its economic importance. In ad-
dition, the results of two specific TMAP monitor-
ing parameters: Boats at Sea and Guided Tours,
are presented. These two parameters give an indi-
cation of the level of the recreational activity and,
over years, an impression of the trend. They are
also indicative of the potential or actual level of
disturbance of birds and seals.

With regard to management and nature con-
servation, targets on ecological and cultural-his-
toric values were adopted for the Wadden Sea Area
(Trilateral Wadden Sea Plan, 1997) whereas this
was not the case with regard to socio-economic
targets (Gätje, 2003).

Tourism and recreation in the Wadden Sea re-
gion is highly complex and therefore difficult to
monitor, describe and analyze. The 1999 QSR ex-
plained these circumstances, with a high diversi-
ty of activities related to both land and sea, the

number of areas involved (islands, coastal regions,
hinterland) and the limited, poor and inconsistent
data available. Since the publication of the last
QSR in 1999, valuable recent information on tour-
ism and recreation in the trilateral Wadden Sea
region has been collected, analyzed and evaluat-
ed within the NetForum tourism project (IRWC,
2000a; IRWC, 2000b). Within the Wadden Sea
Forum, several studies have been conducted to
evaluate the available socio-economic data, in-
cluding the tourism sector, for the whole Wadden
Sea Region (Cowi, 2004; Planco, 2003; Prognos,
2004).

2.4.2 Land-based tourism and
recreation

According to IRWC (2000a), approximately 10
million tourists and 30-40 million day trippers visit
the Wadden Sea region every year (the region be-
ing the Wadden Sea, the Wadden Sea islands and
the adjacent mainland areas). A turnover of about
1.5 billion Euro was estimated (IRWC, 2000b) (Ta-
ble 2.4.1).

A recent study published by the Wadden Sea
Forum (Cowi, 2004) gives a total number of 8.5
million overnight stays in the Danish counties of
Ribe and Sønderjylland in 2001, nearly twice as
many as stated in IRWC (2000) (Table 2.4.1.)

For the German coast, more detailed data is
available which also cover accommodation not
listed in the official statistics (Table 2.4.2). Data
in comparable detail is not available at present
for Denmark and The Netherlands.

Recent studies in Schleswig-Holstein (SGVSH

(Photo: M. Stock)

Christiane Gätje
Karsten Laursen

Hugo Eekhof
Thomas Borchardt
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and TVSH, 2003) have shown that the official tour-
ism statistics underestimate by far the real num-
bers of guests, overnight stays and, subsequently,
turnover. Boarding houses and pensions with less
than 9 beds as well as visits to friends and rela-
tives contribute a considerable share (53% of to-
tal) which is not included in the official data col-
lections (Table 2.4.2).

In the Niedersachsen Wadden Sea region, a
turnover of 1.53 billion Euro for tourism (all kinds
of accommodation) was calculated, based on 27.7
million overnight stays (Table 2.4.2) plus 2.6 mil-
lion overnight stays on camping sites and 16.5
million day trips (Bezirksregierung Weser-Ems,
2004).

Thus, as shown in Table 2.4.2, tourism figures
are substantially higher than indicated in official
statistics (accommodation facilities with more
than 8 beds). Table 2.4.2 gives a sum of 43.5 mil-
lion overnight stays for the Niedersachsen and
Schleswig-Holstein Wadden Sea region. In con-
trast, the inventory prepared by Planco (2003)
showed only 25.5 million overnight stays for the
entire German Wadden Sea region - a figure which

must to be considered as a severe underestima-
tion (Gätje, 2000a).

The daily expenditures of a tourist in Germany
have recently been calculated by dwif (Harrer and
Scherr, 2002) at 76,60 Euro (weighted average ac-
counting for different types of accommodation).
Another investigation of dwif in the Weser-Ems
region has calculated the daily expenditures on
average to be 40-46 Euro per day (RIS, 2004) As-
suming that the figures indicated are plausible, a
calculation of the total turnover is possible when
applying them to the overnight stays in the entire
Wadden Sea region using the recently available
figures quoted above (total of 69.5 million over-
night stays, Table 2.4.1). This gives a turnover es-
timate of about 2.8 to 5.3 billion Euro.

These considerations may prove that a reliable,
sound and comprehensive evaluation of the avail-
able data on overnight stays and economic turn-
over for the whole Wadden Sea region is still not
possible. The reason is that the data pool suffers
from poor and incomparable data. This has already
been stressed in the last QSR (de Jong et al., 1999).

 IRWC (2000a,b)* More recent data**
Number of beds

Denmark   70,000 units
Germany 130,000 units
The Netherlands 100,000 units
Total 300,000 units

Overnight stays Overnight stays
Denmark 4.7 million 10.1 million
Schleswig-Holstein 17.0 million 15.8 million
Niedersachsen 20.5 million 30.3 million
The Netherlands 11.0 million 13.3 million
Total 53.2 million 69.5 million

Turnover (Euro) Turnover (Euro)
Denmark 267 million
Schleswig-Holstein 688 million
Niedersachsen        ?
The Netherlands 586 million
Estimated Total 1.5 billion 2.8-5.3 billion

(own calculation, see text)

* data source and year of data collection not
specified.
** data sources:
Denmark: Cowi (2004), Danish Tourist Board,
Statistics Denmark, Danhostel, year of data col-
lection: 2001;
Schleswig-Holstein: SGVSH and TVSH (2003),
Statistisches Landesamt Schleswig-Holstein,
year of data collection: 2002;
Niedersachsen: Niedersächsisches Landesamt
für Statistik, Bezirksregierung Weser-Ems, dwif,
year of data collection: unknown;
The Netherlands: Prognos (2004), official na-
tional statistics; Toerdata Noord, Report 2003;
year of data collection: 2002.

Table 2.4.1
Tourism in the Wadden Sea

region.

Destination North Sea Coast Niedersachsen North Sea Coast Schleswig-Holstein
Type of accommodation Overnight stays Share of total Overnight stays Share of total

Accommodation facilities >8 beds 11.9 million 43%   7.5 million 47%
(recorded in official statistics)
Accommodation facilities <9 beds 13.3 million 48%   7.1 million 45%
(boarding houses, pensions)
Visits to friends and relatives   2.5 million    9%   1.2 million    8%
Total 27.7 million 100% 15.8 million 100%

Data source Niedersachsen: Accommodation facilities >8 beds: Niedersächsisches Landesamt für Statistik, other accommoda-
tions: Regionale Innovationsstrategie Weser-Ems (RIS, 2004), year of data collection: unknown.
Data source Schleswig-Holstein: Accommodation facilities >8 beds: Statistisches Landesamt Schleswig-Holstein, other accom-
modations: SGVSH and TVSH (2003), year of data collection: 2002

Table 2.4.2:
Tourism in the

Niedersachsen and
Schleswig-Holstein

Wadden Sea regions in
different types of
accommodation.
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In Schleswig Holstein, the Wadden Sea Nation-
al Park has implemented a socio-economic mon-
itoring (SEM) in 1999 (Gätje, 2000b). A rising need
to evaluate the regional tourism development and
to trace regional effects of (inter)national tour-
ism trends has been recognized. This led to a mon-
itoring concept which also provides data about
National Park visitors and residents, their expec-
tations, attitudes and opinions in order to obtain
a better public relations work and improve the
management of protected area as a whole (Gätje,
2004a; Gätje 2004b).

SEM gives, for instance, information about a

Figure 2.4.1:
Average length of stay of

tourists in the German
Wadden Sea regions
(Niedersachsen and

counties of Nordfriesland
and Dithmarschen in

Schleswig-Holstein, period
1985-2002).

trend which probably all Wadden Sea destinations
have in common: the decrease in the duration of
stay of holiday makers. In the Schleswig-Holstein
Wadden Sea region (counties of Nordfriesland and
Dithmarschen), the length of stay has more or less
continuously declined from about 12 days in 1985
to less than 9 days since 1999; in Niedersachsen
(East Frisian islands and coast), there has been a
similar decrease (Figure 2.4.1). Economic limits are
probably responsible for this fundamental change
in holiday behavior (Opaschowski, 2004), and the
trend of an increasing number of short trip visi-
tors during autumn, winter and spring.

• In The Netherlands and Germany, hovercraft and hy-
drofoil craft are forbidden in the tidal area of the
Conservation Area; new, other high speed craft are
forbidden outside the designated shipping routes in
the area;

• In Denmark, applications for new, high-speed craft
can only be granted on the basis of an Environmen-
tal Impact Assessment and if it is not in conflict
with the nature protection targets for the area.

(WSP § 4.1.23)

It is the aim to reduce disturbance caused by recreation
and tourism by introducing and applying information
systems and/or temporal and spatial zoning. (WSP §
4.1.24)

It is the aim to reduce disturbance caused by recreation
and tourism by introducing and applying information
systems and/or temporal and spatial zoning. (WSP § 5.1.8,
identical with 3.1.12).

Ground water extraction will be managed in such a way
that no negative effects on wet dune valleys occur. (WSP
§ 5.1.10)

Disturbance in significant breeding areas will be reduced
and access to these areas will be made more predictable
for birds, i.e. using only certain footpaths on salt marsh-
es, beaches and dunes (information system for visitors).
(WSP § 9.1.6)

Driving cars in breeding areas on beaches and in dunes
is prohibited. (WSP § 9.1.8)

(Trilateral Wadden Sea Plan (WSP), 1997)

Trilateral policy and management

It is the aim to reduce disturbance caused by recreation
and tourism by introducing and applying information
systems and/or temporal and spatial zoning. (WSP §
3.1.12, identical with 5.1.8).

Speed limits within the tidal area have been, or will be,
imposed where such is deemed necessary. (WSP § 4.1.9)

The recreational values of the Wadden Sea will be main-
tained and to this end,

• in the ecologically most sensitive areas, zones have
been or will be established where no recreational
activities, including excursion ships and recreational
boating, is allowed;

• the use of jet skis, water skis and similar motorized
equipment has been, or will be, prohibited, or limit-
ed, to small designated areas;

• within the Conservation Area, new marinas will be
avoided and the extension of the existing marina
capacity will only be allowed within the approved
levels;

• wind surfing has been, or will be, limited.

(WSP § 4.1.21)

Speed limits for ships have been, or will be, imposed, if
this is deemed necessary, taking into account safety, en-
vironmental and recreational factors. (WSP § 4.1.22)

The negative effects of hovercraft and hydrofoilcraft and
other high-speed craft are minimized by the following
strategies:
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2.4.3 Tidal flat walking
The ‘Number of guided tours’ is a parameter of
the TMAP Common Package. Disturbances caused
by human activities are difficult to measure. How-
ever, the registration and evaluation of the num-
ber of people using tidal flats for walks and other
activities enables an estimate of the relative dis-
turbance potential. Additionally, it gives informa-
tion on the participation of tourists in the kind of
nature activities offered by local and regional na-
ture centers and guides. Methods for data collec-
tion differ between the Wadden Sea countries.

2.4.3.1 Methods
In The Netherlands, the Stuurgroep Waddenpro-
vincies collects data and publishes it regularly in
the ‘Jaarboek Waddenzee’. So-called Type A ex-
cursions are offered by seven organizations for
large groups (50-70 participants). Type B excur-

19971997199719971997 19981998199819981998 19991999199919991999 20002000200020002000 20020020020020011111 20020020020020022222
Type A excursions 32,071 30,598 33,999 32,430 27,227 30,253
Type B excursions 4,376   4,582   5,694   5,700   5,682   4,981
Excursions for 33,000 34,928 37,575 38,822 46,230 35,963
environmental education
Total 65,071 73,142 78,274 76,952 79,583 71,197

Table 2.4.3:
Participants in guided

tours in the Dutch
Wadden Sea

(source: Stuurgroep
Waddenprovinicies).

sions are offered by individual guides. A maximum
of 12 participants is allowed. Type C-licenses are
individual hikers (no participants are allowed) and
excursions.

The numbers of A and B tour participants are
allocated by individual quota for the seven orga-
nizations and may not exceed a total number of
50,500.

In Niedersachsen, five aerial surveys have tak-
en place during low water and favorable weather
conditions since 2000. All persons on tidal flats
and beaches between the mouths of the rivers Elbe
and the river Ems are counted and their geograph-
ical position is reported on maps (Frank, 2003).
The counts distinguished hikers in groups, indi-
vidual hikers, hikers on the beach and persons on
boats.

In Schleswig-Holstein, yearly information on
the number of guided tours (flat walking) and of
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Figure 2.4.2:
Results of flight counts in

summer in the
Niedersachsen Wadden Sea

in 2000-2003 (sum of 5
flights respectively).

Figure 2.4.3:
Number of guided tours

(flat walking) and number
of participants in the

Schleswig-Holstein
Wadden Sea region (period

1999-2002).
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participants are reported on a voluntary basis to
the National Park Office from guides and NGOs.
An anonymous notification is also accepted. With
this method, it is in fact not possible to record a
hundred percent of the guided tours. However, the
figures are assumed to be close to reality, since
the number of unknown cases is assumed to be
small.

In Denmark, the Forest and Nature Agency cer-
tifies the official guides in the Danish Wadden Sea
area. These guides are mostly connected to offi-
cial nature information centers and a small num-
ber act on a private basis. The nature centers and
guides have been asked for information on their
activities, number of events and participants since
1998. The activities are divided into three cate-
gories: tours on the tidal flats, tours on ships, and
other kinds of events. This division was made to
obtain an impression as to which parts of the
Wadden Sea area were used for these events. Not
all guides submitted their information. However,
the answers probably represent the vast majority
of the guided tours.

2.4.3.2 Monitoring results
In The Netherlands hiking on tidal flats predomi-
nantly takes place on the ‘Groninger wad’ and the
eastern part of the ‘Frisian wad’. The numbers of
participants per year have been in the range of
65,000 to nearly 80,000 persons during the last
six years (Table 2.4.3).

In Niedersachsen, the total numbers of persons
counted in the Wadden Sea from aircraft varied
between 10,395 in the year 2000 and 18,378 in
2002 (sum of five flights respectively) (Figure
2.4.2). Groups of hikers (assumed to be partici-
pants in a guided tour) constitute a share of 15-
29% of the total number of persons recorded.

In Schleswig-Holstein the number of guided
tours in the Wadden Sea increased by 20% during
the period 1999-2002 (Figure 2.4.3). In 2002 near-
ly 5,000 guided tours with 116,000 participants
took place. Of these 70% of the tours were guid-
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Figure 2.4.4:
Number of guided tours

and number of
participants (period 1994-

2003) in the Danish part
of the Wadden Sea. Data

covers flat walking, sailing
trips and other kind of

activities.

ed by staff members of the NGOs, 22% under the
direction of certified National Park guides, 6% by
guides without certificate and 2% by rangers of
the National Park Service (Gätje, unpublished).

In the Danish Wadden Sea area, the number of
events reported rose from about 850 tours per year
in 1998 to 1300 in 2003 (Fig. 2.4.4), an increase
of about 57%. However, the largest increase took
place from 1998 to 1999, and during the follow-
ing years the numbers were rather stable. The
number of participants also increased during the
same period, but at a lower rate (45%). In 1998
the number of participants was 26,000 and in
2003 38,000 persons took part in the activities.
Flat walking was the most popular of the three
activities. In 1998, about 400 tours to the tidal
flats were arranged, which increased to nearly 700
in 2003. In 1998, about 15,000 persons joined the
tidal flat walking and the number increased to
21,500 participants in 2003. The number of sail-
ing tours and the group of other activities either
fluctuated or slightly increased during the same
period.

General trends
For the Trilateral Wadden Sea, the results indicate
that number of guided tours and number of par-
ticipants have increased in Denmark and Schles-
wig-Holstein in recent years. The data from Nie-
dersachsen and The Netherlands shows no clear
trend.

2.4.4 Recreational boating
Several indicators are used for the magnitude and
development of recreational boating: number of
berths in marinas, sluice passages, and aerial
counts. In The Netherlands, the harbors in the
Wadden Sea region are connected to sluices.
Therefore, sluice passages - which are available
from official statistics - are a good indicator in
this part of the Wadden Sea. In the other parts of
the Wadden Sea this parameter is monitored by
aerial surveys.

2.4 Tourism and Recreation
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2.4.4.1 Regulations
In the Dutch Wadden Sea there have been no
changes in shipping regulations during recent
years. However, some new attempts can be men-
tioned:

• In 2003, government and water sport organi-
zations started a test in order to develop new
regulations for falling dry. During the test pe-
riod ships are allowed to fall dry in more loca-
tions in the Dutch Wadden Sea, provided that
the nature is not disturbed. In the Dutch Wad-
den Sea, everyone has to respect the code of
conduct “Wad I love you” (www.waddenzee.nl/
wadikhebjelief). This code describes distur-
bance, places to avoid and what distance to
keep from seals and birds. This trial will last
four years and will be evaluated annually.

• The number of marinas in the Dutch Wadden
Sea is not allowed to increase and the total
number of berths in the marinas may not ex-
ceed 4,400.

• A general speed limit of 20 km/h has been in-
troduced outside of designated shipping lanes.

In the German Wadden Sea, no changes in ship-
ping regulations have taken place since the 1999
QSR in the three National Parks. In sensitive ar-
eas (zone 1), shipping is only allowed at high tide.
At low tide, the tidal flats are used as feeding and
resting places by the animals. Additionally, nearly
all important moulting and feeding areas for birds
and nursery places of seals are defined as seal and
bird reserves. Therein shipping is prohibited in
summer except along marked routes. Furthermore,
speed limits have to be observed (8, 12 or 16 knot).

Due to the extension and changes in the pro-
tection zones of the German Wadden Sea National
Parks in 1999 and 2001, it is intended to adapt
the protection zones of the shipping regulations
to the new shape of the National Parks.

In 1999, the Schleswig-Holstein National Park
Office was successful in making voluntary con-

tracts with water sport associations, aiming at the
protection of moulting shell ducks. Sailors, canoe-
ists and motorboat drivers agreed not to sail in
the moulting area in front of southern Dithmar-
schen from 10th of July to 10th of September. Na-
ture conservation organizations and water sport
associations jointly developed a colored leaflet
which shows moulting sites and routes to be
avoided. Similar, but less strict voluntary agree-
ments exist with fishermen.

In the Danish Wadden Sea, sailing including all
other kinds of human traffic are forbidden close
to and between the island of Langli and the pen-
insula of Skallingen in the northern part of the
Danish Wadden Sea. Additionally, sailing is allowed
in the marked sailing routes, but forbidden near
high sands with roosting sites for waterbirds and
haunts for seals. Windsurfing is restricted to three
areas on the west coast of Rømø and Fanø re-
spectively, and north of Esbjerg.

2.4.4.2 Methods
Development of marinas

The development of marinas in the Dutch Wad-
den Sea is measured every five years. The follow-
ing marinas are used in the investigation (Stuur-
groep Waddenprovincies, 2001): Den Helder, Den
Oever, Makkum, Harlingen, Lauwersmeer area
(Dokkumer Nieuwezijlen, Zoutkamp), Delfzijl, Ter-
muntenzijl, Nieuw-Statenzijl, Noordpolderzijl and
the marinas on the isles Schiermonnikoog, Ame-
land, Terschelling, Vlieland and Texel. In the Dan-
ish Wadden Sea, the number of boats in marinas
is recorded from aircraft.

Sluice passages
The Dutch Wadden Sea can only be reached by
boat through sluices, from seawards or via the
German Wadden Sea. Eight places along the Dutch
Wadden Sea Coastline have sluices: Den Helder,
Den Oever, Kornwerderszand, Harlingen, Lauwer-
soog, Delfzijl, Termuntenzijl and Nieuw Statenzijl.
The number of passages of the sluices of Termun-

Fig. 2.4.5:
Development of the

number of sluice passages
of recreational boats in

Dutch harbors connecting
to the Wadden Sea, period

1982-2002 (Den Helder,
Den Oever, Kornwerderzand,

Harlingen, Lauwersoog,
Delfzijl).
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tenzijl and Nieuw Statenzijl is negligible. The num-
ber of passages is counted every year (Stuurgroep
Waddenprovincies, 2001).

Aerial surveys
In the Dutch Wadden Sea, aerial surveys were per-
formed in 1980, 1982, 1988, 1995 and 2000. From
1995, the Stuurgroep Waddenprovincies planned
aerial surveys every five years. In 2000, three
counts of recreational boats (sailing yachts, mo-
tor yachts, flat-bottomed boats, sport fishing boats
and charter boats) were carried out in the peak
season during high and low water.

In Niedersachsen, aerial surveys took place in
May-August during 1988-1998, carried out by the
federal shipping authorities (WSD Nordwest). All
types of watercraft were registered. Because these
surveys ceased in 1998 recent monitoring data is
not available. Therefore, no conclusions can be
drawn about the scale and trends of boat traffic
in the Niedersachsen Wadden Sea.

In the Schleswig-Holstein Wadden Sea, the
‘Wasser- und Schiffahrtsamt’ (WSA) carried out
eight aerial surveys per year in the months of June,
July and August during 1986 to 2003. Number,
heading and spatial distribution of boats were re-
corded. Additionally, boats are also counted and
mapped during monitoring flights in charge of the
National Park Office which are designed to record
the numbers of seals or ducks visible at low tide.

In the Danish Wadden Sea, all kinds of leisure
boats and ships have been recorded during aerial
flights at high water by the National Environmen-
tal Research Institute (NERI). Since 1980 and up
to 2000 a total 194 flights were made, during all
months of the year. However since 1997 only 18
flights have taken place, mostly during autumn
and winter.

2.4.4.3 Monitoring results
Sluice passages and marinas

The yearly number of sluice passages in the Dutch
Wadden Sea has increased from 69,808 in 1982
to 112,432 in 2002 (the highest number since
1982). This increase occurred almost exclusively
in the period 1985 to 1995 (from 69,808 to
94,823). In 1997, the highest number was reached
(109,570 passages) which can probably be ascribed
to favorable weather conditions. On the other
hand, in 1998 the number of passages dropped to
92,679 due to bad weather conditions. During the
‘normal’ summers of 1999, 2000 and 2001, the
number of sluice passages was about 100,000.

The number of berths in the Dutch marinas has
increased from 3,411 berths in 1982 to 3,875 in
2001, which was an increase of 14% during 19
years (Stuurgroep Waddenprovincies, 2001).

During aerial surveys in the Danish Wadden Sea,
leisure boats in marinas and mooring areas along
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Figure 2.4.6:
Average number of boats

per flight in the
Schleswig-Holstein

Wadden Sea National Park
in the period 1986-2002.

Figure 2.4.7:
Monthly distribution of
leisure boats (%) in the

Danish Wadden Sea
through a year.
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the coast were recorded and the total figure was
about 1,400. Most of these were counted in the
marinas of Esbjerg, Nordby, Hjerting (all situated
in the northern part) and Sønderho (NERI data).

Aerial surveys
In the Dutch Wadden Sea, aerial surveys revealed
that the western part is the busiest, 69% of the
boats were found there (in 1995: 78%). The pro-
portion of boats in the Frisian Wadden Sea has
been stable throughout the years (10%). 11% of
the boats were found around the Engelsmanplaat.
This has doubled in number since 1995. On the
Groninger Wad and in the Ems-Dollard area, 10%
of the boats were recorded. The number of boats
in this region has increased since 1995, but it was
higher in the 1980s.

In the Schleswig-Holstein Wadden Sea, the air-
craft counts showed an average of 74-160 boats
per survey in the period 1986 to 2002 (Figure
2.4.6). Of these 56% were recreational boats, 19%
were fishing boats, boats from different authori-
ties account for 8% and 17% were other kinds of
watercraft (Diederichs and Grajetzky, 2004).

Considering the spatial distribution, by far the
highest number of boats has regularly been re-
corded in the area between the North Frisian is-
lands of Föhr and Amrum and the mainland, with
its intensely frequented harbors of Dagebüll, Wyk
and Wittdün.

Most boat excursions start from the harbor of
Büsum (Dithmarschen) and the harbors located
on the North-Frisian islands. In 2002, the various
regional shipping companies scheduled more the
20,000 boat trips (Diederichs and Grajetzky, 2004).
In comparison to 1992, the numbers have in-
creased by more than 50%. In contrast, the har-
bor statistics and the aerial surveys show that the
total number of arrivals and departures of all boat
types as well as the number of boats per flight
have not changed significantly during the last 16
years (Figure 2.4.6).

In the Danish Wadden Sea, pooled data from
the period 1980-2003 gives information about the
composition of types of leisure boats. Motor boats
were the most common and made up 46% of all
recorded leisure boats. Windsurfers were the sec-
ond most common with a share of 42%. Rather
few rowing and sailing boats were recorded and
they accounted for only 25 and 10% respectively.
In total 50% of the boats were counted in the
months of July and August (Figure 2.4.7), and in
this period up to 100 leisure boats were recorded
per survey.

The geographical distribution of leisure boats
in the Danish Wadden Sea showed that the north-

ern part, the area off Esbjerg, is used by a vast
majority of boats. The area between Ribe and the
southern part of Fanø is used by a small number
of leisure boats, while boats recorded in the south-
ern part of the Danish Wadden Sea are few in
number (Laursen et al., 1997). Figures indicate that
this distribution has not changed during the last
years.

Comparison between the number of leisure
boats recorded as actively sailing and the number
of boats moored in harbors or along the coastline,
showed that only up to 5% of the boats are re-
corded as in use on a given day (exclusive wind
surfers) (Laursen et al., 1997).

General trends
Only in the Dutch Wadden Sea can a clear trend
be seen with respect to the number of boats. Both
the number of sluice passages and the number of
berths have increased since 1982. In Schleswig-
Holstein, the boat traffic has not significantly in-
creased or decreased during the last 20 years. The
highest density of leisure boats and excursion
boats/ferries was observed around the North Fri-
sian islands. In the Danish Wadden Sea, data shows
a high sailing activity in the Northern part in the
Esbjerg-Fanø area. However, trends cannot be cal-
culated.

2.4.5 Conclusions and
Recommendations
Land-based tourism

Tourism has an extraordinary high economic val-
ue for the region (estimated turnover of 2.8-5.3
billion Euro) and provides an increasing number
of jobs (about 37,900 jobs in the entire Wadden
Sea region in 2000) (Prognos, 2004). Due to glo-
balization, intensified competition and modified
consumer habits, tourism in the Wadden Sea is
subject to changes, which opens up new oppor-
tunities at the same time. The growth markets of
wellness/fitness, walking/hiking, and nature-ori-
ented holidays and leisure activities fit well into
the Wadden Sea region. Also the aging popula-
tion may have a positive consequence (Prognos,
2004). Therefore, attractive outdoor and indoor
offers are important for nature experience, emo-
tional experiences and fun-oriented environmen-
tal education for all target groups, disabled and
elderly people included. However, the image of the
Wadden Sea region and its tourist attractions could
be better communicated by common promotion
in Denmark, Germany and The Netherlands (Prog-
nos, 2004).

The common package of the TMAP (Stade Dec-
laration, 1997) comprises only a few socio-eco-
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nomic parameters. Up to now, a standard program
is lacking, which leads to gaps in data. Where data
is available, comparability is often hampered due
to different methodologies (IRWC, 2000; Gätje,
2003). Therefore, the development of a (standard)
tourism monitoring in the Wadden Sea region is
long overdue. Some appropriate parameters and
standard methods have already been proposed and
discussed at the thematic TMAP expert workshops
(Marencic et al., 1996; Möller, 1996). The estab-
lishment of a socio-economic monitoring with
trilaterally harmonized data collection in the Wad-
den Sea region and an implementation within the
trilateral monitoring and assessment program
(TMAP) will ideally allow an application of appro-
priate measures and actions in tourism planning,
decision-making and management (IRWC, 2000;
Gätje, 2003).

Tidal flat walking and recreational
boating

Since the 1999 QSR an increase of tidal flat walk-
ing activities could be observed in Denmark and
Schleswig-Holstein, and it can be assumed that a
comparable development may have taken place
in other Wadden Sea regions. For recreational
boating, there has been an increase in The Neth-
erlands since 1982, but no trends could be ob-
served in the other regions.

It is difficult to evaluate the trend observed in
the two parameters. However it seems that the
figures for recreational boating are very depen-
dent on weather conditions in a given year. While
tidal flat walking probably reflects a general in-
terest from the public in seeing and learning about
the Wadden Sea, on the other hand information
on organized flat walking covers only a very re-
stricted part of the Wadden Sea area, and for a
limited number of sites which are more or less the
same from year to year. This is probably also true
for recreational boating. For these reasons, nei-
ther parameter can therefore really be considered
as an indicator for the disturbance of waterbirds
or seals in the Wadden Sea. To obtain those kind
of parameters, more detailed information is re-
quired, as demonstrated for the studies of poten-
tial human disturbance of waterbirds at roosting
sites (Koffijberg et al., 2003), and the relationship
between human activities in the Wadden Sea and
numbers of different waterbird species at partic-
ular counting sites (Laursen et al., 1997). In the
best case the two parameters can only give indic-
ative information on the trend of human activi-
ties in the Wadden Sea. However, this requires that
the methods of monitoring the parameters are
harmonized for the different regions.

2.4 Tourism and Recreation
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2.5 Fishery

2.5.1 Introduction
The main fisheries in the Wadden Sea are for brown
shrimps and blue mussels. Spisula fishery (S. soli-
da and S. subtruncata) was mentioned in the 1999
QSR as new type of shellfish fishery (started in
the late 1980s), partly carried out by fishermen
specializing in cockle fishery. This takes place off-
shore and only partly in the 3-mile zone. Aqua-
culture is not carried out in the Wadden Sea with
the exception of one oyster culture on the island
of Sylt; blue mussel culture lost can also be re-
garded as a form of aquaculture.

An overview of national shellfish policies in the
trilateral Wadden Sea was compiled in 2002
(CWSS, 2002). The following chapters give a sum-
mary of this report together with an overview of
recent developments and an update of the land-
ings of blue mussel and cockles, as well as shrimps.
In Table 2.5.1, facts and figures for shellfish fish-
eries in the Wadden Sea are given.

The focus of this chapter is on the Wadden Sea
Area and on blue mussel, cockle and shrimp fish-
eries. A more detailed analysis of the fisheries’
sector of the Wadden Sea region with emphasis
on the economic aspects is given in the Wadden
Sea Forum Report (Prognos, 2004).

An overview of fishing activities in the whole
North Sea together with an assessment of fish
stocks is given in the Quality Status Report by the
OSPAR Commission (OSPAR, 2000) and ICES
(2004).

The framework for the coastal fisheries (off the
3 sm line) is given by the Common Fishery Policy
of the European Union.

2.5.2 Blue mussel fisheries
Fisheries of blue mussels have been regulated in
all countries with regard to the amount of per-
mits, size of culture lots, fishing periods and other
regulations (see 2.5.2.1 and Table 2.5.1).

In The Netherlands and Germany, fisheries are
mainly carried out on seed mussels from wild nat-
ural beds. The seed mussels are then dispersed on
culture lots where they grow to marketable size.
The total size of culture lots in the Wadden Sea is
about 101 km² (see Table 2.5.1). In Denmark, com-
mercially sized mussels are fished from wild nat-
ural beds. In Niedersachsen, fishing for consump-
tion mussels is only allowed on sublittoral banks;
only small amount have been fished (about 200 t
in 2002). Blue mussel fishery is not allowed in the
Hamburg National Park.

Parts of the Wadden Sea Area (intertidal and
subtidal areas) are closed for blue mussel fisher-
ies.

Blue mussel fishery is strongly dependent on
natural conditions. Therefore the catches of mus-
sels show strong fluctuations per year and region.
In the last ten-year period, the years 1998 and
1999 allowed higher catches, whereas in 2001 and
2002 the lowest catches were reported.

The average annual landings of mussels in the
past 10 years (1994-2003) were about 65,000 tons
wet weight (including shells), most of them (about
39,000 t) were landed in The Netherlands (Figure
2.5.2).

The majority of landings are traded in The Neth-
erlands. A considerable part of the German land-
ings are transported to The Netherlands for pro-
cessing and trading.

Blue mussel vessel
(Photo: C. Buschbaum)

Harald Marencic
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Figure 2.5.1:
Areas in the Wadden Sea
Area, permanently closed

for mussel fishery in 2004.

2.5.2.1 National developments
The Netherlands

Fishing for blue mussels in the Dutch Wadden Sea
is only done for seed mussels. Seed mussels are
spread on mussel culture lots. The area designat-
ed for culture lots is 7,200 ha of which 3,550 ha

are currently in use. The culture lots are situated
in the subtidal of the western part of the Dutch
Wadden Sea.

The average annual landings of mussels from
culture lots in the past 10 years (1994-2003) were
39,132 tons of gross weight (including shells). An

Figure 2.5.2:
Landings of blue mussels in

the Wadden Sea 1965-
2003 (in tons wet weight)
(sources: DFU, Fischerblatt,

RIVO, PVIS).
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Trilateral policy and management
The negative effects of cockle fishery are being limited
by:

•  Cockle fishery is not allowed in the German part of
the Conservation Area;

• Cockle fishery is not allowed in the Danish part of
the Wadden Sea Area, with the exception of some
small areas along the Esbjerg shipping lane and in
the Ho Bay;

• Cockle fishery is allowed in the Dutch part of the
Wadden Sea Area, but has been limited by the per-
manent closure of considerable areas; there are pos-
sibilities for additional restrictions to safeguard food
for birds. A co-management scheme with the fish-
ing industry is in operation, in which the protection
and enhancement of the growth of wild mussel beds
and Zostera fields are central elements.

(WSP §§ 4.1.16; 9.1.3).

The negative effects of mussel fishery are limited by the
permanent closure of considerable areas. In addition, the
management of fishery on mussels aims at, inter alia,
protecting and enhancing the growth of wild mussel beds
and Zostera fields. (WSP §§ 4.1.17; 9.1.4).

Mussel fishery will, in principle, be limited to the subtid-
al area. Based on national management plans, which are
documented in the Progress Report, fishery on the tidal
flats may be granted. The fishery sector is called upon to
exchange information on the existing practices and to
investigate possibilities for minimizing impacts of mus-
sel fishery, in general and seed mussel fishery, in partic-
ular. (WSP §§ 4.1.18, 9.1.5).

The current area of mussel culture lots will not be en-
larged. (WSP § 4.1.19)

The existing permit for oyster culture will remain in force
for traditional reasons. According to this permit, the im-
ported oysters originate

from hatcheries and are under veterinary control. New
permits will not be granted. (WSP § 4.1.20)

overview of facts and figures is given in Table 2.5.1.
The National Planning Decree (Planologische

Kernbeslissing, PKB) for the Wadden Sea sets out
the general policies for all human uses in the
Wadden Sea conservation area, including shell-
fish fisheries. In 2005, a new policy plan will be
published.

With regard to shellfish fisheries, the PKB re-
fers to the Sea and Coastal Fisheries Policy Docu-
ment (Structuurnota Zee- en Kustvisserij) which
was published in 1993 and has since formed the
basis for fisheries policy. The policy focuses on
three keystones: closed areas, food reservation for
birds and co-management (CWSS, 2002).

On the basis of an interim report in 1998 and
new observations in 1999 and 2000 it was decid-
ed to take additional measures in order to enhance
the restoration of blue mussel beds in the Wad-
den Sea and to improve the food availability for
birds, by additional closure of 5% of the intertidal
area for cockle fishery (and 10% for mussel fish-
ery) of areas with high potential for blue mussel
beds and new measures to prevent food shortage
for birds (CWSS, 2002; Ens et al., 2004).

This 2nd policy phase was accompanied by a
comprehensive research program (EVA II) which
began in 1999 and ran until 2004 (LNV, 2003;
Ens et al., 2004; www.eva2.nl).

Four main policy questions were addressed con-
cerning the effects of fishery on benthic biotopes,
the effectiveness of closed areas and food reser-
vation for birds and, the requirements with re-
gard the EC Birds and Habitats Directive and ad-
ditional policy measures to be taken to counter
possible adverse effects from fishery. New insights
gained with regard to the effects of shellfish fish-
ery on benthic biotopes and food availability for
eider ducks and oystercatchers as well as the func-
tioning of the ecosystem as a whole. In 2004, the
Dutch shellfish organizations published a plan for
future fisheries management based on the EVA II
results (ODUS, 2004).

The results of the scientific research program
EVA II were used as a basis for the development
of a new shellfish policy which was adopted by
Parliament in October 2004 (LNV, 2004). which
contains some a significant change, including the
discontinuation of mechanical cockle fishery in
the Wadden Sea as of 1 January 2005: The new
policy holds for:
• re-opening of the ‘5%-areas’ which were ad-

ditionally closed in 1999,
• end of the food reservation policy in the Wad-

den Sea due to the ban of mechanical cockle
fishery,

• blue mussel seed fishery in subtidal areas is
only allowed on instable mussel beds in au-
tumn,

• experimental fishery accompanied with re-
search on unstable intertidal blue mussel beds
and seed fishery on unstable beds if at least
2,000 ha of one year old mussel beds are left,

• stimulation of alternative sources for blue
mussel seed (farming).

Germany: Niedersachsen
In the Niedersachsen part of the Conservation Area
seed mussels are fished in the subtidal and cer-
tain parts of the intertidal area. Consumption
mussels may only be fished in the subtidal (in 2002
about 200 tons).

Five licenses have been issued for mussel seed
fishing. There are culture lots with a total size of
maximum 1,300 ha. The average annual landings

2.5 Fishery
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According to the National Park Law fishing for
seed mussels is only permitted with a license ac-
cording to §40 and 41 of the Schleswig-Holstein
Fisheries Law. The areas where fishing is allowed
have been fixed in the Schleswig-Holstein mussel
fishing program, which has been issued in accor-
dance with §40-1 of the Fisheries Law.

Since 1997 a mussel fishing program for the
use of mussel resources in the National Park of
Schleswig Holstein has been in force which was
amended within the framework of the revision of
the National Park Law in 2000. A Framework
Agreement between the Ministry and the fisher-
ies sector for the period until end of 2016 has been
agreed upon. The main elements contained in the
agreement are the specification of the conditions
under which mussel seed fishery and mussel fish-
ery may be carried out and the development of
fishing and culture practices in the period under
consideration (CWSS, 2002). A detailed overview
of the recent monitoring and management is giv-
en by Nehls and Ruth (2004).

Denmark
In the Danish part of the Conservation Area fish-
ing for wild blue mussels is allowed in three areas
with a total size of 28,700 ha (42% of the Tidal
Area; see Figure 2.5.1) and fishing for cockles in
three small areas in the Grådyb. Mussel culture is
not allowed.

The annual landings of wild blue mussels were
on average 4,507 metric tons gross weight in the
period 1994-2003. The minimum landing size is
50 mm in length. The data has been summarized
in Table 2.5.1.

Because of overfishing and severe winters,
which in the 1980s caused a decline in numbers
of some waterbird species, and reduction of in-
tertidal mussel beds, mussel fisheries in the Dan-
ish Wadden Sea have been severely restricted since
the end of the 1980s. The number of licenses has
been reduced from 40 to 5 and an annual quota
of mussels is negotiated with the Ministry for En-
vironment, allowing for a surplus as food for stag-
ing birds, based upon stock assessments by the
Danish Fisheries Research Institute. In recent years
the quota has been a maximum 10,000 tons.

In 2002, the Danish Directorate for Fisheries
has given permission to a nature restoration
project for blue mussel beds in parts of the Dan-
ish Wadden Sea. The project is a cooperation be-
tween the Danish Fishermen’s Association and the
Danish Institute for Fisheries Research, with the
latter as the responsible partner. The project has
the intention to restore mussel beds in ‘Ribe Løb’

of mussels (from cultures and wild mussels) over
the period 1994-2003 were 7,278 metric tons
gross weight. The facts and figures have been sum-
marized in Table 2.5.1.

According to the National Park Law seed mus-
sel fishing is allowed in a number of explicitly spec-
ified parts of zone I (the most protected zone) and
the whole of zone II (intermediate protection
zone). The area of zone I which permanently closed
for mussel fishing has a total size of approximately
93,480 ha. The major parts are formed by one area
between Weser and Elbe and the Borkum Riff
ground (Figure 2.5.1) It has to be stressed that
not all parts of zone 1 are suitable for mussel fish-
ing.

Blue mussel fishery is regulated according to
the Niedersachsen Fishery Ordinance of 1992 by
the State Fisheries Administration. The National
Park Administration is consulted in the licensing
procedure.

Seed mussel fishing is only allowed within the
framework of a management plan (Bewirtschaf-
tungsplan, 2004), issued jointly by the fisheries
and nature protection authorities. The manage-
ment plan takes account of the protection aims
as laid down in §2 of the National Park Law. The
first management plan was issued for the period
1999-2003 (CWSS, 2002) and was recently
amended for the period 2004-2008 based on the
results of a scientific research project carried out
2000-2003 (Herlyn and Millat, 2004). The frame-
work, main principles and measures of the previ-
ous management plan remained unchanged. Ac-
cording to the plan, 29 of the total of the de-
scribed 102 mussel bed sites have been excluded
from seed mussel fisheries: 12 sites already ex-
cluded according to the National Park Law, 12
additional sites excluded according to the man-
agement plan and five additional sites which are
voluntarily excluded from fishery to enable a long-
term monitoring and a reliable calculation of the
total blue mussel stock.

Germany: Schleswig-Holstein
In the Schleswig-Holstein National Park, fishing
for seed mussels is only allowed within the sub-
tidal part of zone 2 and in the subtidal part of
four defined areas in zone 1. Fishing for seed mus-
sels in the intertidal of the National Park is for-
bidden (CWSS, 2002).

The average annual landings from culture lots
in the period 1994-2003 were 15,167 metric tons
gross weight. The total size of the culture lots in
2003 was 2,200 ha. The facts have been summa-
rized in Table 2.5.1.

2.5 Fishery
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NL NDS SH DK

Size Tidal Area (ha) according 250,000 183,400 222,000 68,500
to trilateral definition (WSP)

Intertidal (ha) 124,000 144,000 141,000 55,400

% Intertidal 49.6 78.5 63.5 80.9

Average annual mussel 37,712 (91-2000) 7,332 (91-2000) 20,837 (91-2000) 4,152 (91-2000)
landings (metric tons gross) 39,132 (94–03) 7,278 (94-03) 15,167 (94-03) 4,507 (94-03)

(from culture lots) (culture + wild) (from culture lots) (wild mussels)

Mussel culture in use (ha) 6,500 1,300 (maximum) 2,200 -
used: 3,560

Number of licenses 89 (seed fishing 5 (vessels) 8 5
vessels),
82 mussel culture

Quota For seed mussels On the basis of stock
assessment. In recent
years 10,000 tons

Permanently closed 42,540 93,480 141,000 28,700
area (ha) (this area covers (this area covers (this area covers

18% of total about 10 % of total 100% of intertidal
intertidal stock)1) area of intertidal mussel beds)

mussel beds)2)

Additional restrictions Intertidal: Seed Additionally 17 sites Min. size consumption
fishery on unstable closed in accordance mussel = 5 cm
mussel beds only if with Management
at least 2000 ha Plan (about 10% of
of 1-year old mussel intertidal mussel
beds are left. beds)2)

Average annual Mechanical: 23,215 53 (1999) - 7,000 gross weight
cockle landings (1991-2000) = 1,118 t ww
(tons wet weight) Non-mechanical: 2,333 (1990-1999)

(2000) 1994-2003: 969
1994-2003: 21,0563)

Number of licenses/vessels 23/37 1 (1999) - 1
(8-14 vessels active
in Wadden Sea) 3)

Permanently closed area 100% 100% of 100% of 99% of
for cockle fishery (mechanical cockle conservation area conservation area conservation area

fishery)3)

Additional restrictions Min. size 16 mm

Spisula landings 34,630 No landings No landings 1,978
annual average (1996-1999) since 1996 since 1995 (1992-1995)
in tons fresh weight 36,160 t 1996-1998 no landings
(period) (1998–2003) 2,846

(1999–2003)
Number of licenses 46 of which 8 active None 6 5 (1 active)

Restrictions Size >30 mm - Size >30 mm

Only outside 3-mile zone Size >35 mm

Oyster culture Not practiced Not practiced 1 oyster culture lot 1 license (not used)

1) Based upon average annual biomass in spring 1999-2001. Permanently closed area is about 26% of the intertidal area.
2) Average of 5 years (1999-2003): range 9.5-13.2 %. Additionally, about 10% of the mussel bed areas (average 1999-2003) is
closed for fisheries (range: 8.4-12.5%) (Herlyn and Millat, 2004). The closed area covers 33.8% of the National Park area; not all
parts of the closed area are suitable for fishing.
3) Mechanical cockle fishery in the Dutch Wadden Sea was closed on 1 January 2005. No cockle fishery in 2004 because of a legal
procedure against the licensing procedure.

Table 2.5.1:
Shellfish fishing. Overview

of facts (modified from
CWSS, 2002). Updates are

given in bold.

2.5 Fishery
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and ‘Jørgens Lo’. Up to 1,000 tons of blue mussel
seed will be fished in 2002 in the Horns Reef area,
more than 10 km west of the Wadden Sea con-
servation area, and be placed on the seabed in
the Wadden Sea Area. The time period for the
project is three years. The restored mussel beds
will be monitored and fisheries will not be allowed
in this period. The Danish authorities have finan-
cially supported the project.

2.5.3 Cockles
Fisheries of cockles have been regulated in all
countries with regard to the amount of permits,
size of culture lots, fishing periods and other reg-
ulations (Table 2.5.1).

Most parts of the Wadden Sea Area are closed
for cockle fisheries; it is not allowed in the Ger-
man National Parks and the Danish Wadden Sea
with the exception of some small areas along the
Esbjerg shipping lane and Ho Bay. In The Nether-
lands, mechanical cockle fishery was stopped as
of 1 January 2005 (see chapter below).

The average annual cockle landings for the pe-
riod 1994-2003 are about 22,000 tons (wet
weight), almost all landed in The Netherlands. In
2000 to 2003, the landings were lower than in
1998 and 1999 (Figure 2.5.3).

2.5.3.1 The Netherlands
The average annual cockle landings from mechan-
ical fishing in the Dutch Wadden Sea were 21,056
metric tons of gross weight for the period 1994-
2003 (Figure 2.5.4). There is also non-mechanical
fishing of cockles and the amount fished in 2000
was about 2,333 metric tons (350 tons of meat).

Management of cockle and blue mussel fish-
ing in The Netherlands have many similarities and
are therefore treated within the same common

shellfish fishery policy (Sea and Coastal Fisheries
Policy Document, Structuurnota Zee- en Kustvis-
serij) (CWSS, 2002).

A new shellfish policy was adopted in 2004
(LNV, 2004) which contains some significant
changes, including the discontinuation of mechan-
ical cockle fishery in the Wadden Sea as of 1 Jan-
uary 2005, re-opening of the ‘5%-areas’ which
were additionally closed in 1999, end of the food
reservation policy in the Wadden Sea due to the
ban on mechanical cockle fishery.

In 2004, the European Court of Justice con-
cluded that the Dutch Government was only al-
lowed to give permits for mechanical cockle fish-
ery in the Wadden Sea if there was no reasonable
doubt that cockle fishery had no harmful conse-
quences for the ecosystem according to the EC
Habitats Directive. Accordingly, the Dutch Admin-
istrative Court had to consider the case of me-
chanical cockle fishery again and no cockle fish-
ery was carried out in 2004.

An overview of facts and figures is shown in
Table 2.5.1.

2.5.3.2 Germany
Cockle fishery in the Schleswig-Holstein was
stopped in 1989 and in the Niedersachsen Na-
tional Park in 1992 and is not allowed in the Ham-
burg National Park.

2.5.3.3 Denmark
There is one license for cockle fishing. Cockle fish-
ing is restricted to three small areas in the Grådyb,
of which one may be fished per year. Of the four
areas, only two are currently suitable for fishing.
Recent applications for a license for fishing cock-
les in another area and for trading for another area
were rejected.

Figure 2.5.3:
Landings of cockles in the

Wadden Sea 1977-2003
(in tons wet weight)

(sources: DFU, Fischerblatt,
RIVO, PVIS).
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In the period 1994-2003 an average annual
amount of about 969 tons wet weight of cockles
was fished (Figure 2.5.4).

2.5.4. Other Shellfish Fisheries
2.5.4.1 The Netherlands

In recent years fishing for Spisula subtruncata has
been carried out in the offshore area. The average
annual landings in the period 1996-2003 were
about 36,160 tons of fresh weight (about 3,600 t
meat).

Currently, a comprehensive policy for the fish-
ery of Spisula (and other shellfish species) is un-
der preparation. It is expected that decisions about
the new policy will be taken in of 2005.

2.5.4.2 Germany
In Niedersachsen, there has not been any fishing
of Spisula species or other shellfish species in the
Wadden Sea Area since 1995.

In Schleswig-Holstein, fishing of razor clam
(Ensis spp.) is not allowed in the Conservation Area.
Spisula solida fishing may only be carried out out-
side the 3-mile zone. Since 1996, there has not
been any Spisula fishing. There is one license for
oyster (Crassostrea gigas) culture in Schleswig-
Holstein. The culture area has a size of 30 ha.

In the Hamburg National Park, shellfish fishing
is forbidden in the whole area.

2.5.4.3 Denmark
In Denmark, about five licenses have been issued
for Spisula fishing, but only one vessel has been
fishing in two offshore areas. The minimum land-
ing size is 13 mm in width and about 35 mm in
length. The total Danish reported landings were
7,885 t over the years 1992 to 1995. In 1996, the
whole S. solida stock in the two fishing areas dis-

appeared, probably because of the cold winter of
1995/96. In 1999, Spisula fishing started again
with an annual average of 2,846 t/yr (1999-2003).

There is one license for oyster culture in Den-
mark which is currently not in use.

2.5.5 Shrimp Fishery
In all three Wadden Sea countries, the main fish-
ery activities for brown shrimp (Crangon crangon)
are carried out outside the Wadden Sea on the
North Sea side of the islands, where fishing is also
possible during winter. The Wadden Sea Conser-
vation Area closed to shrimp fishery only in 95%
of the area of the Hamburg National Park in Ger-
many. Generally, there are no substantial differ-
ences in policies and practices within the Trilater-
al Cooperation Area.

The total number of vessels involved in shrimp
fishing is about 500 (about 240 in Germany, 25 in
Denmark and 230 in The Netherlands) (Breckling,
pers. comm). The data about landings, recorded in
each country, does not differentiate between the
yield fished in or outside the Wadden Sea Area.
The yearly average catch in the total landings of
shrimp for the period 1994-2003 was about
25,000 t (Figure 2.5.4).

2.5.5.1 The Netherlands
In The Netherlands, shrimp fishery is carried out
by 230 licensed vessels (of which 90 vessels are
operating in the Wadden Sea). The total average
annual catch in The Netherlands (including that
from vessels outside the Wadden Sea) was about
10,000 t in the time period of 1994-2003.

2.5.5.2 Germany
In the German part, the shrimp catch has been on
average around 11,000 t/yr. In Schleswig-Holstein,

2.5 Fishery

Figure 2.5.4:
Landings of brown shrimps
in 1981-2003 (in tons wet

weight) (sources: DFU,
Fischerblatt, PVIS) (DK:

data for 1991 – 2002 for
Danish vessels).
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99 vessels (2003) are mainly involved in shrimp
fishery. In Niedersachsen, shrimp fishery was car-
ried out by 101 vessels which were exclusively fish-
ing for shrimps and an additional 35 vessels, nor-
mally fishing flatfish, but fished shrimps in that
year (in total 136 vessels for shrimp and flatfish
fishing in 2003) (Fischerblatt, 2004). Shrimp fish-
ery for animal consumption is regularly carried out
in Niedersachsen in the second half of the year.
The landings are around 600-1,200 t/yr which is
about 20% of the amount landed for human con-
sumption in Niedersachsen.

Since the establishment of the National Park
of the Hamburg Wadden Sea in April 1990, fish-
ing of shellfish and shrimp in the core zone of the
National Park, which is nearly the entire Conser-
vation and Wadden Sea Area, has been prohibit-
ed. According to the National Park Law there are
exceptions for fishing shrimp for human consump-
tion in three tidal inlets within the core zone,
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which are also the only designated and marked
navigable waters in the Conservation Area. All
other areas outside the Conservation Area and
inside the Wadden Sea Area are not suitable for
shrimp fishing.

2.5.5.3 Denmark
In the last ten years, between 21 and 27 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 Rømø. The SL has been enforced
since 1977. In the last ten years, the Danish land-
ings have been on average around 2,000 t (only
Danish vessels) and about 3,400 t annually (in-
cluding vessels from other EU countries) (in Fig-
ure 2.5.5 Danish data are total landings including
foreign vessels). The main landing harbors are
Havneby and Esbjerg.

2.5 Fishery
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2.6 Hunting

In the 1999 QSR, an overview of the hunting reg-
ulations in the Wadden Sea Area was presented.
The major changes in policy and practice regard-
ing hunting is given in the text below.

2.6.1 The Netherlands
In The Netherlands, hunting on migratory species
has been legally forbidden in the whole country
since 2001 (with major restrictions already in
1999).

Hunting in the Conservation Area (PKB Area) is
confined to areas above the mean-high-water
level, namely the salt marshes and the dunes, and,
outside the Wadden Sea Area, to some inland
areas.

The amended Act on Flora and Wildlife got into
force in 2002. The Act forbids hunting on non-
migratory species in the areas falling under special
conservation measures like the Birds Directive
areas, which includes large parts of the islands
(dunes and salt marshes). Hunting or scaring may
only be allowed as a measure for crop damage
control. The use of lead pellets is generally forbid-
den.

2.6.2 Germany
A Federal Decree concerning the hunting seasons
was amended in April 2004. Amongst others, the
hunting season for harbour seals was suspended
reflecting the factual situation since 1974, which
is a hunting ban on seals.

In the Hamburg Wadden Sea, hunting is gener-
ally forbidden.

In Schleswig-Holstein, hunting has not been
carried out in the National Park in the past and is
now forbidden according to the National Park Act
of 1999 (§ 29 Abs. 4 No. 2 of the Hunting Act).
The State Hunting Act was amended in July 2002
with regard to hunting on island and mainland
areas. Regular hunting on brent goose (Branta
bernicla), bean goose (Anser fabilis) and gulls is
now completely forbidden. Hunting on barnacle
goose (Branta leucopsis) and wigeon (Anas
penelope) is allowed in case crop damage occurs
(Koffijberg et al., 2003).

In Niedersachsen, hunting in the tidal area
ceased completely in 1994. Since 2001, hunting
in tidal areas as well as on the uninhabited islands
of Mellum, Memmert and Minsener Oog is forbid-
den according to the State Hunting Act. Hunting
on waterfowl is forbidden by the National Park
Act in the core zone on the mainland since 2001.
On the inhabited islands, there is an open season
for hunting on water birds in the core zone during
a maximum of 10 days per year. Hunting on hare,
rabbit and deer is carried out in some parts of the

national park and (more frequently) in inland
agricultural areas outside the national park.

Areas without hunting have been established
on all islands, in the Leybucht area and some
smaller salt marsh areas between Elbe and Weser.
Additionally, restrictions concerning hunting
intensity have been imposed in the majority of
the (mostly state owned) hunting grounds by civil
law.

Lead pellets are not used in the German Wad-
den Sea Area except in Niedersachsen.

2.6.3 Denmark
According to the Statutory Order on the Wadden
Sea Nature and Wildlife Reserve, hunting of mi-
gratory birds is allowed within the Conservation
Area in areas of salt marshes, along the mainland
coast and on Mandø and Rømø. Hunting is hence
allowed in a narrow strip along the major part of
the coast. Hunting is also allowed from anchored
vessels and by wading west of a line between the
islands from 1 October to 31 January. In compen-
sation, hunting has been forbidden in some state-
owned areas on Skallingen, Fanø, Mandø and
Rømø. The latter areas are now included in the
Reserve as a result of the revision of the Order in
1998, when the Danish section of the Conserva-
tion Area has been expanded by some 1,500 ha to
include both mainland and island areas.

An advantage of this solution is that a
comprehensive area of strict protection has been
created in the Ho Bay and Skallingen, which
includes the main habitats of the Wadden Sea Area
(offshore, dunes, natural salt marshes, tidal area,
island). The use of lead pellets, in generally, is
forbidden in Denmark.
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Trilateral policy and management
Hunting of migratory species has been, or will be, pro-
gressively phased out in the Conservation Area or in an
ecologically and quantitatively corresponding area in the
Wadden Sea Area. (WSP § 9.1.11)
Lead pellets will not be used in the Wadden Sea Area.
(WSP § 9.1.12)
Hunting of non-migratory species is, in principle, only
allowed in the Conservation Area, if migratory species
are not harmed. (WSP § 9.1.13)
(Trilateral Wadden Sea Plan (WSP), 1997)

Harald Marencic
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2.7 Military Activities

The military activities in the Wadden Sea Area in-
volve exercise and shooting ranges for ground forc-
es and aircraft, testing areas for military equip-
ment, low altitude flight and air target areas for
military aircraft, and associated flights of aircraft
and helicopters.

The main point of military activities is situated
in the western Dutch section of the Wadden Sea
Area. The 1999 QSR stated that, in general, mili-
tary activities and exercise areas have been re-
duced during the last decade in all of the area.
Since then, no major new developments could have
been reported (Jaarboek Waddenzee, 2002, Joint
Progress Report 2001). In The Netherlands, the
regulations for military activities is laid down in
the ‘Structuurschema Militaire Terreinen’ which
was adopted by Parliament in December 2004. In
2002. the general minimum flight height was
raised from 300 to 450 m (with an exception for
military helicopters and the approach of the shoot-
ing range Vliehoors) and the low-altitude flight
route (see Figure 2.7.1) was closed.

A map of the localities of the exercise areas

and the activities in the Wadden Sea Area is in
Figure 2.7.1.

A recent study revealed that a considerable
amount of conventional ammunition was dumped
in the coastal areas of the North Sea after the end
of World War II (Nehring, 2005).

2.7.1 Military exercise areas
Zeefront

Zeefront consists of relatively small shooting ex-
ercise ranges near Den Helder outside the Wad-
den Sea Area. The anti aircraft artillery range in
Den Helder was closed in 2005. Part of the secu-
rity zone was located within the Wadden Sea Area.

Mokbaai
The Mokbaai entails an amphibian exercise ground
with a military barrack and 100 persons perma-
nently stationed. The exercises, involving zodiaks,
landing crafts and helicopters of the naval forces,
are confined to work days. By planning the exer-
cises, the breeding and moulting periods of birds
are taken into account. In order to ensure the nav-

Figure 2.7.1:
Military activities in the
Wadden Sea Area (from

QSR 1999).

Harald Marencic
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Trilateral policy and management
Disturbance caused by military activities has been, or
will be, reduced and the possibilities for further concen-
trating and/or phasing out military activities will be reg-
ularly examined. (WSP § 9.1.21)

The negative effects of low altitude flight routes of mil-
itary aircraft have been, or will be, reduced by reducing
the number of flights and the maximum speed. (WSP §
9.1.22)

Action to minimize disturbance caused by military air
traffic in the Wadden Sea area will be taken on a coor-
dinated basis. (WSP § 9.1.23)

High priority will be given to the assignment of redun-
dant shooting ranges as nature protection areas. (WSP §
9.1.24)

(Trilateral Wadden Sea Plan (WSP), 1997)

igation of landing crafts the shipping lane in the
Mokbaai is regularly dredged.

Breezanddijk
The site is a test shooting range in the IJsselmeer
from a position on the Afsluitdijk used about to a
maximum of 85 days per year. In 2001 and 2002
it was used 21 and 28 days respectively. The ac-
tivity does not take place inside the Wadden Sea
Area and only limited noise disturbance results
from the tests.

Vliehors
The shooting range for NATO-military aircraft is
situated on the Vliehors, a large sandbank on the
west side of the island of Vlieland. It is used on
work days for the firing of guns and rockets and
dropping of bombs. Practices with bombs, rock-
ets and gunning from fighter planes occur an av-
erage of 180 days per year. In 2002, it was used
during 17 weeks. On average, about 3,300 air-
craft movements were registered per year during
the period 1997–2002.

The security zone is located north of the island
off the coast in the Wadden Sea Area. The danger
zone, which primarily stretches out into the Wad-
den Sea (depth 12 km), has a total surface area of
105 km². The target area, including the standing
points for shooting, covers a surface area of 1.5
km².

In order to limit disturbance, the dropping of
explosive bombs is excluded in the period from
15 April to 1 September.

Furthermore, the flight route has been situat-
ed off the coast to limit the disturbance of the
neighboring island Texel.

In 2003, the shooting with tanks was stopped
at the military site Vliehors and the use of the
shooting range was strongly diminished.

Vlieland
The location was used for tank firing and was
closed in 2004. The shooting period was confined
to 1 September to 15 April in order to limit the
disturbance. The security zone was situated south
of the island. In 2003, the location was used for
13 weeks in total.

Marnewaard
This shooting range for machine guns is situated
directly adjacent to the Wadden Sea Area north-
east of the embanked Lauwersmeer and encom-
passes an area of 2,500 ha. The security zone is
situated in the Wadden Sea Area. The shooting
range is used to a maximum of 42 days per year
(14 weeks per year, three day per week). In 2002,
it was in use for 10 weeks and in 2003, due to
reconstruction work, for 16 days (WaddenInzicht,
2005).

Meldorfer Bucht
The Meldorfer Bucht location is a testing site for
new weapons by the German Ministry of Defense.
The tests are undertaken from platforms on the
seawall and the target areas are situated in the
Meldorfer Bucht (see map). The security zone cov-
ers an area of about 12,000 ha, of which about
10,000 ha are within the zone 1 of the national
park. The projectiles are recovered from the Wad-
den Sea by the use of helicopters and also, to en-
sure that the area is safe prior to any tests, heli-
copters fly over the area.

The number of test days has been reduced from
70-90 days to about 10-20 days per year. The tests
are mostly carried out from November to the end
of March. From mid June to mid September, which
is the main moulting time for shelducks and in
which the large majority of the total population
of shelducks is present in the area, no tests are
undertaken. From 1998 on, no further tests have
been undertaken until the shooting activities were
resumed again in 2001.

Rømø
The northern part of the island of Rømø is a shoot-
ing range for NATO-military aircraft for gun and
rocket shooting at low altitudes. The security zone
covers the northern part of the island and part of
the tidal inlet between Mandø and Rømø. A larg-
er area is restricted for air traffic during exercise
time. The activities are primarily carried out dur-
ing summer but, normally, not in July.

Ho Bay, Skallingen and Oksbøl
Ground forces are allowed to carry out landing
exercise operations in the Ho Bay and at the coast
of Skallingen north of the 55°38´ latitude. The
large exercise and shooting range Oksbøl is locat-
ed north of the Wadden Sea Area. In connection

2.7 Military Activities
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with exercises on the exercise and shooting range
in August to September flights are undertaken 1-
2 days in the northern Danish Wadden Sea Area
in flight corridors.

2.7.2 Other military activities
Other military activities concern the air traffic and
associated traffic connected with the use of the
exercise areas. In the Dutch Wadden Sea Area,
helicopters are, e.g., used as stand-by during ex-
ercises on the locations. Specific helicopter routes
have been designated to limit the disturbance, for
example, off the coast of the islands and the min-
imum flight altitude is 500-600 feet under nor-
mal weather conditions.

In the Dutch Wadden Sea, the recently adopt-
ed management plan (‘Structuurschema Militaire
Terreinen’) entails the ultimate closing of the low-
altitude-flight route (which crosses area between
the island of Schiermonnikoog and Ameland, see
Figure 2.7.1), an increase of the minimum flight
altitude of military aircraft over the Wadden Sea
to 300-400 m and a shift of the approach corri-
dor to the shooting range Vliehors from the Wad-
den Sea to the open North Sea (Jaarboek Wad-
denzee, 2002).

In Germany, the minimum flying-altitude for
military aircraft was changed in 2002. For major
parts of the German Wadden Sea, due to its sta-
tus as national park, military aircraft must adhere
to a minimum flying altitude of 3,000 feet (915
m) for jet aircraft and 2,000 feet (610 m) for all
other aircraft including helicopters unless specif-

ic operations or weather conditions dictate oth-
erwise.

The Leybucht, the Außenweser and the Jade,
including the Jadebusen, belong to a low altitude
flying-area with a minimum flying-altitude of 500
feet (152 m).

There are several military airports in the vicin-
ity of the Wadden Sea Area (De Kooy and Leeu-
warden in The Netherlands; Jever, Wittmund, Nor-
dholz, Eggebek/Tarp and Kropp in Germany; Skryd-
strup, Denmark) but there is no direct relation-
ship with the use of the Area.

2.7.3 Abandoned exercise areas
In addition to the reductions indicated above, three
exercise areas have been abandoned:

• Den Helder/Lutjewaard shooting exercise range
in the Conservation Area;

• Noordvaarder on the island of Terschelling
since 1 July 1995; the exercises have been
transferred to the Vliehors; the former exer-
cise area has been cleaned of ammunition re-
mainders; the designation of the area as a
nature reserve will be considered in the frame-
work of the overall conservation regime of the
islands;

• Königshafen exercise area on the island of Sylt
has been abandoned since October 1992; the
exercise area was situated outside the Con-
servation Area.

2.7 Military Activities
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2.8 Gas and Oil

Figure 2.8.1
Gas and oil exploitation

sites and pipelines in the
Wadden Sea (source:
1999 QSR, Jaarboek
Waddenzee 2002).

Harald Marencic

The 1999 QSR gave a detailed overview on the
exploration and exploitation of gas and oil in the
Wadden Sea Area. This chapter gives a short over-
view about the present status and focuses on
major new developments since 1999.

An overview of oil and gas exploration and ex-
ploitation activities is given in Figure 2.8.1.

2.8.1 The Netherlands
There are four gas exploitation areas in the Wad-
den Sea area: the large Groningen field, Ameland,
Blija and Zuidwal. There are two areas for future
exploitation: Moddergat and Lauwersoog. Zuid-
wal is located in the Dutch Conservation Area
(PKB). The proven total gas reserve in the Dutch
Conservation Area has been estimated by the NAM
at about 40 billion m³. About 80% can be pro-
duced through existing infrastructure. These fields
are situated north of the exploration locations
Moddergat and Lauwersoog from which 5 wells
were drilled under the Wadden Sea in the period
1994 till 1998. According to TNO-NITG, the addi-
tional futures (potential non-proven reserves) are
estimated between 30 and 130 billion m³. This is
in agreement with estimates of NAM. The Minis-

try of Economic Affairs, estimates the reserves
between 25 and 35 billion m³ and estimates the
futures at 42 billion m³. For exploring the Wad-
den Sea futures, no detailed plan exists at this
moment. An EIA procedure to take Lauwersoog
and Moddergat in production was started in 2005.

The exploitation of natural gas at the ‘Zuidw-
al’ concession area (Vermilion) in the middle of
the western part of the Dutch Wadden Sea near
Harlingen concerns a deposit which has been es-
timated to encompass about 22 billion m³ of ex-
ploitable natural gas. Exploitation started in 1989.
A new well was drilled in 2004. The natural gas is
exported via a pipeline to a treatment installa-
tion at Harlingen. All solid wastes from the ex-
ploitation site are transported to land and the pro-
duced water is returned to the reservoir.

In the Noord Friesland concession area (NAM/
Mobil), which extends over the mainland, the
Conservation Area and the Wadden Sea Area. On
Ameland, three sites have been situated on the
island itself. On the west cape, the Hollum loca-
tion (non-producing), close to Ballum an explo-
ration site (not operational) and on the east cape
an active production site ‚Ameland-Oost‘. At sea,
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a small satellite platform and a larger production
platform ‚Ameland-Westgat‘ are situated north of
Ameland at about 3 km offshore. At the latter plat-
form, the gas is purified and dried before trans-
port. Solid wastes are transported to shore and
the produced water is returned to the reservoir.
Due to the decreased gas pressure in the reser-
voir, the gas needs to be recompressed at a sepa-
rate, but connected compression platform. Via the
so-called NGT pipeline, which runs north of the
islands and crosses the Wadden Sea east of Rot-
tumeroog (Figure 2.8.1) the high-calory gas is
transported to shore.

In the channel between Ameland and Schier-
monnikoog a third structure was build, a so-called
monopile. The monopile is not yet connected to
Ameland and is called N7. The monopile contains
3 wells, connecting to gas fields under the coast-
al zone and awaiting further development.

The potential impact due to subsidence, caused
by the gas production has been monitored since
1987. In March 2000, the report and program was
presented to the public and discussed with a num-
ber of independent experts at the University of
Groningen (Begeleidingscommissie Monitoring
Ameland, 2000). No significant impact was found

and no loss of natural values after 13 years of gas
production and 18 cm of subsidence (de Vlas and
Marquenie, 2003). In general, the measured im-
pact was far less as predicted in 1987 (Marquenie
and de Vlas, 2005). The program was improved
based on the public debate and continued for an-
other 10 years. Public reports will be prepared ev-
ery five years.

In 2003, additional measures were taken on the
Ameland offshore production platforms in order
to reduce the light intensity. The measures are
aimed to mitigate the potential disturbance and
desorientation of migrating birds.

Adjacent to the Wadden Sea Area, there is the
production site ‘Blija Ferwerderadeel’ located on
the mainland coast and also producing from un-
der the Wadden Sea. The total gas production de-
creased from about 2.5 in 1997 to about 1 billion
m³ in 2003 (see Figure 2.8.2). For comparison, the
gas production in the ‘Groningerveld’ was 33.5
billion m³ in 2003.

The prognoses for subsidence caused by gas
extraction in the Ameland area was recalculated
in 2003, taking into account the already assessed
subsidence. This allowed for a much more accu-
rate prediction for the remainder period. The total

Figure 2.8.3:
Gas production in the

Niedersachen Wadden Sea
(in million m³) (source:

WEG Jahresberichte).

Figure 2.8.2:
Gas production (in million
m³) in the Dutch Wadden

Sea (source: Jaarboek
Waddenzee;

* = approximate figures).
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subsidence in the center is now estimated to
amount to 31-37 cm (mid-value 34 cm) in 2020
after the closure of the field in 2018. The new
prognoses was published as part of the new min-
ing law as a document for public consultation.

2.8.2 Germany
Concessions cover most of the German part of the
Wadden Sea (see Figure 2.8.3). To date, zero-dis-
charges are applied at all installations in the Ger-
man Wadden Sea Area.

2.8 Gas and Oil

Trilateral policy and management

Discharges from oil and gas exploration and
exploitation activities

The exploration and exploitation of the energy resourc-
es in the North Sea, as well as in the Wadden Sea Area,
has to comply, at least, with the international agree-
ments in the appropriate fora. This results i.a. in a pro-
hibition to discharge oil-based muds and cuttings.
Dumping or discharge of water based muds and/or cut-
tings is only allowed in line with relevant PARCOM agree-
ments. (WSP § 2.1.8)

The leaching of toxic substances from protective coat-
ings of pipelines and other installations will be avoided
by the use of appropriate materials. (WSP § 2.1.9)

In the Conservation Area, offshore activities that have
an adverse impact on the Wadden Sea environment will
be limited and zero-discharges will be applied. In the
Wadden Sea Area outside the Conservation Area, dis-
charges of water-based muds and cuttings will be re-
duced as far as possible, by applying Best Available Tech-
niques and by prohibiting the discharge of production
water from production platforms. (WSP § 2.1.10)

Infrastructural works
New infrastructural works which have a permanent or
long-lasting impact should not be established in salt
marshes. (WSP § 3.1.14)

New licenses for the construction of pipelines in the
salt marshes for the transport of gas and oil shall not be
issued unless such measures are necessary for impera-
tive reasons of overriding public interest. In that case,

the method of construction and the planning of the lo-
cation line shall be such that the environmental impact
on the Wadden Sea ecosystem is kept to a minimum and
permanent, or long lasting, negative impacts are avoid-
ed. (WSP § 3.1.16; Reference to 4.1.13)

Mineral extraction and infrastructure
In the Conservation Area, new exploitation installations
for oil and gas will not be permitted. Exploration activi-
ties are permitted within the Conservation Area if it is
reasonably plausible that deposits can be exploited from
outside the Conservation Area. Net loss of nature value
must be prevented. Therefore, exploration activities will
be regulated in space and time.
Associated studies, mitigation and compensation mea-
sures should be carried out where appropriate. (WSP §
4.1.10)

The construction and planning of pipelines shall be such
that the environmental impact on the Wadden Sea eco-
system is kept to a minimum and permanent, or long
lasting, negative impacts are avoided, and if this is not
possible, compensated. In the Conservation Area, new
licenses for the construction of pipelines in the tidal area
for the transport of gas and oil shall not be issued unless
such measures are necessary for imperative reasons of
overriding public interest and if no alternative can be
found. (WSP § 4.1.13; Reference to 3.1.16)

 In order to prevent a further loss of dune areas, the
existing infrastructure will, in principle, not be extended
and new constructions will, in principle, not be allowed.
(WSP § 5.1.4)

(Trilateral Wadden Sea Plan (WSP), 1997)

Figure 2.8.4:
Oil production Mittelplate

(in tons) (source: WEG
Jahresberichte 2000,

2003).
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2.8.2.1 Niedersachsen
There are two sites where natural gas is exploited
in the Niedersachsen Wadden Sea Area. ‘Leybucht
Z 1’ in the exploitation field ‘Juist-Leybucht I’ of
the concession area ‘Juist’ is situated in the Con-
servation Area: The production started in 1977.
‘Manslagt Z 1’ in the exploitation field ‘Groothusen
II’ of the concession area ‘Groothusen’ is situated
in the Ems estuary outside the Conservation Area.
The production started in 1993 and stopped in
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2.8 Gas and Oil

October 2000 because of an occlusion of the drill-
hole. It is currently investigated whether the pro-
duction can be resumed.

Currently the concessionaires are not planning
any exploration and exploitation activities within
the boundaries of the Niedersachsen part of the
Conservation Area (National Park). Seismic inves-
tigations have not been carried out in the Nieder-
sachsen Wadden Sea Area in the last few years.

Gas is transported from the Norwegian conti-
nental shelf of the North Sea via the Nordpipe
pipeline to the Phillips Petroleum treatment plant
‘Rysumer Nacken’ west of Emden and the ‘Europipe
I+II’ which has been in operation since October
1995 (see Figure 2.8.1).

2.8.2.2 Hamburg
According to the Act on the Hamburg Wadden Sea
National Park, it is prohibited to explore and ex-
ploit energy resources in the Hamburg Wadden
Sea Area.

2.8.2.3 Schleswig-Holstein
According to the Act on the National Park Schles-
wig-Holstein Wadden Sea, the exploitation of nat-
ural oil reserves is only permitted in the region of
the Mittelplate and the Hakensand south of
Trischen situated in the southern part of the
Schleswig-Holstein Conservation Area (National
Park). This requires specific approval by the respon-
sible ministry. In 1985, the consortium Mittelplate
initiated the construction of the exploitation site
‘Mittelplate A’, the production started in 1987.

References
Begeleidingscommissie Monitoring Ameland, 2000. Monitor-
ing effecten van bodemdaling op Ameland-Oost. Report of
the Commission Monitoring Subsidence, NAM, Assen, The
Netherlands. ISBN 90-76690-05-7.

InterWad, 2005. WaddenInzicht, Overheidsinfo van jaar tot
jaar (Het Jaarboek Waddenzee vanaf 2003).

Jaarboek Waddenzee, 2002. Werkgroep Kennisbeheer Wad-
denzee, RIKZ, Haren.

Marquenie, J.M. and de Vlas, J., 2005. The impact of subsid-
ence and sea level rise in the Wadden Sea: Prediction and
field verification. In: Managing European Coasts. J. Vermaat
et al. Edts. Springer – Verlag Berlin Heidelberg. Pp 355-363.

Mittelplate Konsortium, 2004. History of Mittelplate oil pro-
duction. Brochure, 08/2004.

Vlas, J. de and Marquenie, J., 2003. The impact of subsidence
and sea level rise in the Wadden Sea. Special summary report
of findings. NAM, Assen, The Netherlands.

WEG, 2003. Jahresbericht 2003. Wirschaftsverband Eröl- und
Ergasgewinnung e.V., Hannover.

According to current estimates by the consor-
tium running Mittelplate (RWE Dea and Winter-
shall) there are still more than 100 million t of
crude in several layers of oil-bearing sandstone at
depths between 2,000 and 3,000 meters. Around
60 million t are considered to be recoverable.

In 1998, drilling operations started to exploit
part of the oil from the eastern section of the ‘Mit-
telplate’ field from the mainland. In 2000, onshore
production started at the Dieksand land station in
Friedrichskoog.

The crude oil is transported daily from the plat-
form Mittelplate to Brunsbüttel by three specially
constructed tankers and from here pumped to the
refinery near Hemmingstedt. Oil production is
therefore restricted by transport capacity and tidal
regime. In 2003, the State Mining Authority ap-
proved plans for a pipeline link between the Mit-
telplate production site and the Dieksand land sta-
tion in Friedrichskoog (Mittelplate Konsortium,
2004). The pipeline construction in the Wadden
Sea is scheduled for the period March - May 2005
in order to avoid disturbance of moulting geese.

2.8.3 Denmark
The Danish part of the Wadden Sea is part of the
concession area of the North Sea but licenses are
not issued and, according to the Statutory Order
on the Nature Reserve Wadden Sea, exploitation
of gas and oil in the Danish part of the Conserva-
tion Area is prohibited.
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2.9.1 Introduction
In the Wadden Sea Conservation Area, the con-
struction of wind turbines is prohibited in all three
countries according to the Danish Statutory Or-
der, the German National Park Acts and the Dutch
Conservation Area (PKB area).

In the rest of the Wadden Sea Area - on the
islands and the adjacent mainland outside the
Wadden Sea Conservation Area - the construc-
tion of wind turbines and wind farms is only al-
lowed if important ecological and landscape val-
ues are not negatively affected.

Policies are in force regarding the construction
of wind turbines outside the Wadden Sea Area
(along the coast and off-shore) which take into
consideration landscape and ecological criteria.

The following chapters focus on development
in the Wadden Sea Area and the adjacent offshore
area.

2.9.2 The Netherlands
The construction of wind turbines is not allowed
in the Dutch Wadden Sea Conservation Area (PKB
area). According to the Dutch Wadden Sea Man-
agement Plan (Beheersplan), generating wind en-
ergy is only allowed in an area of 1-2 km outside
the Dutch part of the Conservation Area if adja-
cent to suburban areas.

2.9 Wind Energy

Horns Rev wind farm
(Photo: Elsam A/S)

Trilateral policy and management
The construction of wind turbines in the Conservation
Area is prohibited. (WSP § 1.1.4, identical with 9.1.9).

The construction of wind turbines, in the Wadden Sea
Area outside the Conservation Area, is only allowed if
important ecological and landscape values are not neg-
atively affected. (WSP § 1.1.5, identical with 9.1.10).

(Trilateral Wadden Sea Plan (WSP), 1997)

Name Capacity
(MW) Location Characteristic Status

Wind Farm Q7-WP 120 24 km west of 60 turbines (2 MW) Permit licensed to
(outside 12 sm) Egmond an Zee E-Connection

(Noord Holland) (February 2002),
building will probably
start in 2005

Near Shore Windpark 100 8 - 18 km west 36 turbines (2.75 MW), Building license
‘Egmond’ of Egmond an Zee starting with 3 turbines published and now in
(inside 12 sm) (Noord Holland) juridical procedure

Location Beverwijk Near shoreline, Application for license
‘Corus’ near Egmond in preparation

(Noord Holland)

Location Maasvlakte Near shoreline, Application for license
Massvlakte (Zuid-Holland) in preparation

Table 2.9.1:
Offshore wind farm

projects in
The Netherlands

Harald Marencic
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Figure 2.9.1:
Offshore wind farms in the
North Sea adjacent to the

Wadden Sea (status
February 2005).

In the German EEZ, only
pilot projects are shown,

further extension areas of
wind farms are not

indicated.

There are no plans or permits in the territorial
sea north or west of the Wadden Sea; this area
has been closed for wind turbines according na-
tional spatial policy.

In the Netherlands, there are currently four off-
shore wind farm projects in different stages of li-
censing, which are located at the west coast (off
Egmond an Zee) (Table 2.9.1, Figure 2.9.1).

2.9.3 Germany
In Germany, a political aim was set to build off-
shore wind turbines with an installed capacity of
around 20,000-25,000 MW by the year 2030. The
development of this renewable energy production
will be carried out under the precautionary princi-
ple in a step-by-step approach and in an ecologi-
cally and economically compatible way. In the first
phase (up to 2006), about 500 MW and in the mid

term (up to 2010) about 3,000 MW could be
achieved. By 2030, about 15% of the electric pow-
er production could be delivered by offshore wind
energy. The aim is to increase the share of elec-
tricity consumption generated by wind power on–
and offshore to at least 25 % within the next thirty
years (BMU, 2002).

An overview of offshore wind farm projects in
Germany is given separately for territorial waters
(up to 12 sm) and the German EEZ, because the
competences for the licensing procedure of off-
shore wind farms and their cables vary in the EEZ
and the 12 sm zone. In the EEZ the Federal Gov-
ernment is responsible and the licensing proce-
dure falls under the Offshore Installations Ordi-
nance (‘Seeanlagenverordnung’) whereas in the 12
sm zone the German ‘Länder’ are responsible and
carry out regional planning procedures. The con-

2.9 Wind Energy
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struction of wind turbines along the coastline is
also subject to the national building regulations
(‘BauGB’). Thorough Environmental Impact Assess-
ments are carried out both in the EEZ and in the
12 sm zone. The German Renewable Energy Sourc-
es Act (EEG), which is also applicable for EEZ and
12 sm zone, contains a regulation that electricity
from offshore wind farms will only be eligible for
payment if sited outside of nature and bird con-
servation areas. This measure is designed to dis-
courage intervention in these protected Natura
2000 areas.

The routing of cables from offshore wind farms
to the mainland power grid network is currently
under discussion. In December 2004, a cable con-
nection from the wind farm ‘Borkum West’ via the
island of Norderney to the mainland was approved.

2.9.3.1 Niedersachsen
In the Conservation Area, the construction of wind
turbines is prohibited but exemptions are possi-
ble, for example, on the islands (see 1999 QSR).

Within the regional planning program, a pro-
posal for two offshore wind energy areas within
the 12 sm zone was endorsed in December 2003
by the Government. It concerns the area ‘Riffgatt’
(15 km off the island of Borkum) and ‘Norder-
gründe’ (near the Weser mouth) (Table 2.9.2, Fig-
ure 2.9.1).

With regard to cable routing, a decision was

Name Capacity
(MW) Location Characteristic Status

Nordergründe 125 between Wangerooge 25 turbines, each 5 MW Spatial planning
and Cuxhaven concluded in December

2003, environmental
assessment in preparation

Riffgat 198 15 km northwest 44 turbines EIA in preparation
off Borkum

Name Capacity
(company) (MW) Location Characteristic Status
Borkum West 60 45 km north of Borkum 12 turbines in pilot phase Approved November 2001
(Prokon Nord) (planned 208)

Borkum Riffgrund-West 280 50 km northwest of 80 turbines in first phase Approved February 2004
(Energiekontor)  Borkum (planned 485)

Borkum Riffgrund 750 38 km north of Borkum 77 turbines in first phase Approved February 2004
(PNE2 Riff I GmbH) (panned 180)

Amrumbank West 400 36 km southwest of 80 turbines Approved June 2004
(Amrumbank West GmbH) Amrum

Nordsee Ost 30 km northwest 80 turbines in first phase Approved June 2004
(Winkra mbH) of Helgoland (planned 170)

Butendiek 240 34 km west of Sylt 80 turbines Approved December 2002
(Butendiek GmbH)

Sandbank 24 280 90 km west of Sylt 80 turbines in pilot phase Approved in August 2004
(Sandbank 24 GmbH) (planned 900)

North Sea Windpower 240 40 km north of Juist 48 turbines in pilot phase Approved in February 2005
(Enova GmbH)

Table 2.9.2:
Offshore wind farm

demonstration projects
within 12 sm zone in

Niedersachsen (sources: BR
Weser-Ems; BR Lüneburg).

Table 2.9.3:
Overview of approved

offshore wind farm pilot
projects in the German
North Sea EEZ (outside

territorial waters >12 sm)
(sources: BSH, February

2005; OSPAR, 2005).

taken in September 2004 to connect the wind
farm ‘Nordergründe’ to the mainland power grid
in Wilhelmshaven.

2.9.3.2 Schleswig-Holstein
According to ordinance, the construction of wind
turbines is not allowed in the Wadden Sea Con-
servation Area. The same is valid for all Halligen,
the geest parts of the islands Amrum, Föhr and
Sylt, geological formations under protection as
well as the areas seaward of the dikes in the
Wadden Sea Area. Wind energy installations are
not allowed in, or close to, feeding and roosting
areas for birds. Generally, distances of 50-1000
m from these areas have to be respected.

At the moment, there are wind energy instal-
lations on the islands of Föhr (twelve wind tur-
bines), Pellworm (six) and Nordstrand (seven) with
an average and maximum power of 220 kW and
800 kW, and average and maximum height of 30
m and 42 m and an average and maximum rotor-
diameter of 23.7 m and 31 m.

2.9.3.3 Hamburg
The construction of wind turbines is not allowed
in the entire Hamburg Wadden Sea Area.

2.9.3.4 German North Sea EEZ
Outside the 12 mile zone, in the German EEZ, the
Federal Maritime and Hydrographic Agency (BSH)
is in charge of licensing offshore wind farm

2.9 Wind Energy
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Name Capacity
(MW) Location Characteristic Status

Horns Rev 160 14 – 20 km off 80 turbines In operation since 2002
Skallingen

Rønland 17 1 km off the coast 8 turbines Permission given in 2002
(Limfjord) In operation since 2003
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Table 2.9.4:
Offshore wind farms in the

Danish part of the North
Sea (source: Skov- og

Naturstyrelsen).

projects. In December 2004, about 24 projects
were in some kind of planning stage for sites in
the North Sea (BSH, 2005, Figure 2.9.1). In Table
2.9.3, an overview is given of the pilot projects
which have been approved by the BSH until Feb-
ruary 2005.

2.9.4 Denmark
The Danish Government’s energy action plan ‘En-
ergi 21’ targets a reduction in CO2 emissions by
50% by 2030 (as compared to 1988). As the erec-
tion of additional land-based wind farms would
create unacceptable concentrations of wind tur-
bines, the target is to establish 4,000 MW at sea
by 2030. In the first phase up to 2008, a capacity
of 705 MW should be achieved (5 sites, each 120
to 150 MW).

At the moment, two wind farms are in opera-
tion in the North Sea (Table 2.9.4), with the Horns
Rev wind farm as the biggest one (ELSAM, 2005).

An additional seven wind farms are in opera-
tion in the Baltic Sea (total 250 MW). There are
procedures going on to develop one or two more
sites, with a combined capacity of about 500 MW.

In the Danish Conservation Area, there are no
wind turbines, and the construction of wind tur-
bines will not be allowed here, although nothing
is particularly mentioned in the newly revised Stat-

utory Order for the Conservation Area, which came
into force on 1 March 1998. According to § 13-4
of the Statutory Order, the construction of wind
turbines is not allowed in the sea territory of the
Wadden Sea Area. In accordance with the region-
al planning documents of the counties, no new
wind turbines will be allowed in the Wadden Sea
Area.

In the Wadden Sea Area (outside the Conser-
vation Area), there is one farm (sixteen turbines)
at the northern part of the island of Fanø (estab-
lished around 1983) and a group of three turbines
in the northern part of Ho Bugt (established around
1990). The farm and group are both encompassed
by a local planning scheme and can be replaced
by similar new ones in accordance with these
plans.

On the mainland outside the Wadden Sea Area,
there are scattered areas on the geest where sin-
gle and groups of turbines and wind farms are lo-
cated: east of Esbjerg, near to the salt marshes of
Måde; in the Tjæreborg marsh; a wind farm at
Hjerpsted Bakkeø up to the Wadden Sea; a few
wind turbines in Tønder Marsh and a reservation
area for large wind turbines in the lower geest up
to the marshlands north of the river Konge Å.

2.9 Wind Energy
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In the 1999 QSR detailed statistics on sand ex-
traction were presented. The text below merely
presents the major changes in policy and practice
regarding extraction of sand and shells from the
cooperation area. The operative trilateral policy
and management is presented in the colored box.

2.10.1 The Netherlands
2.10.1.1 Shells

A new national policy on shell extraction was for-
mulated in 1998 (VenW, 1998), which included
additional investigation of gaps in knowledge
(Reijngoud, 2001). Since 2002, the national poli-
cy was revised (VenW, 2001). As a consequence,
210,000 m³ of shells were allowed to be extract-
ed annually, of which 90,000 from the Wadden
Sea proper, and 120,000 from the outer delta’s
and the coastal zone. The coastal zone directly
bordering the islands is closed because of absence
of exploitable shell deposits. Licenses granted al-
low stationary dredging only.

In 2003, the amount of extracted shell (about
64,000 m³ in the Dutch Conservation Area, and
70,000 m³ in the outer Wadden Sea) was below
the maximum quota (Interwad, 2005).

In 2004, an evaluation was made, taking into
account morphologic behaviour of extraction pits,
ecological effects, natural calcimass production
and exploitability (van der Meulen, 2004) and the
national policy was revised. The two most impor-
tant changes include a closing of areas where
yields were low and limitation of shell extraction
to three locations.

The total allowable amount of shells to be ex-
tracted is based on long-term average of natural
production and is now fixed at 190,000 m³/yr (pre-
viously 210,000 m³/yr) and will be further decrease
towards 171,000 m³/yr. Extraction is not allowed
anymore in the tidal inlets Eierlandsche Gat, Zee-
gat Ameland and Lauwers. Any extraction in the
Ems estuary remains subject to the Environment
Protocol (1996) of the Ems-Dollard Treaty between
The Netherlands and Germany.

An issue for further attention is the importance
of subtidal shell deposits for epibenthic biodiver-
sity. This is being studied in an area in the eastern
Dutch Wadden Sea with an initial survey carried
out in 2002/2003. The study will be evaluated not
earlier than 2009.

2.10.1.2 Sand
In the course of 1998 commercial sand extraction
in the Wadden Sea was phased out completely. In
1998, a total of 516,000 m3 of sand was extracted
mainly from navigational channels in the Dutch
Wadden Sea. No new licences have been granted.
Commercial sand extraction was moved to the
North Sea outside the 20 m depth contour.

From 1999 onwards, extraction of sand is al-
lowed only as a side product of necessary mainte-
nance dredging in navigational routes. This result-
ed in the extraction of 79,000 m3 (in 1999), 86,000
m3 (in 2000), 88,000 m3 (in 2001), 329,000 m3 (in
2002) and 436,000 m3 of sand in 2003.

2.10.2 Germany
2.10.2.1 Shells

The extraction of shells in the German National
Parks is not allowed. For the Ems-Dollard area,
policies with regard to shell extraction will be laid

2.10 Extraction of Sand and Shells

Trilateral policy and management
The extraction of sand in the Conservation Area will be
limited to the dredging and maintenance of shipping
lanes. This sand can be used for, inter alia, sea defense
purposes. In specific cases, sand may also be extracted
for sea defense purposes. (WSP § 4.1.11)

The extraction of sand in the Wadden Sea Area outside
the Conservation Area should make maximum use of
sand generated by the maintenance of shipping lanes. It
should be carried out in such a way that the environ-
mental impact is kept to a minimum and permanent, or
long lasting, effects are avoided and, if this is not possi-
ble, compensated. Permits for small scale extractions of
sand will remain in force. Small scale extractions of mud
and sea water for medical purposes will remain permit-
ted. (WSP § 4.1.12)

Increased attention will be given to the role of the off-
shore zone in the total Wadden Sea sand balance. (WSP
§ 7.1.2)

Sand extraction will only be carried out from outside
the Wadden Sea Area. Exemptions for local coastal pro-
tection measures may be granted, provided it is the Best
Environmental Practice for coastal protection. (WSP §
7.1.3)

With regard to the extraction of shells, the Wadden Sea
Plan announces a study into the shell production in the
Wadden Sea Area with the aim of obtaining information
on natural accretion, on the basis of which new quota
for sustainable shell extraction will be fixed. (WSP § 4.2.5)

(Trilateral Wadden Sea Plan (WSP), 1997)

Karel Essink
Harald Marencic
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1999 2000 2001 2002 2003
Sylt 706,000 1,674,000 1,068,000 948,000 948,000
Föhr 0 422,000 0 0 0
Hooge 0 0 42,000 0 0

Table 2.10.1:
Amounts of sand

extractions and sand
nourishment (m³) in
Schleswig-Holstein.

down in the Environmental Protocol of the Ems-
Dollard Treaty between The Netherlands and Ger-
many.

2.10.2.2 Sand
Sand extraction for commercial purposes is not
allowed in the Niedersachsen National Park. Sand
is only extracted for dredging of shipping lanes
and coastal defence purposes.

Sand extraction in the Hamburg National Park
is not allowed.

In the Schleswig-Holstein National Park, no
sand for commercial purposes is extracted. In the
period 1999-2003, on average 1.1 million m³ per
year was extracted for coastal defense purposes.
Between 1999 and 2003 about 5.4 million m³ of
sand have been nourished at Sylt, and 0.4 million
m³ at Föhr (chapter 2.1).

In the Wadden Sea outside the Conservation
Area (National Parks) sand has been extracted 13
km west of the island Scharhörn (location ‘Del-
phin’, size about 920 ha) since 2002. The sand is
used for the expansion of premises of Airbus in-
dustries in Hamburg; the total amount of sand to
be extracted will be about 8 million m³. In this
context, compensation measures were realized at
the island Neuwerk.

Adjacent to the Wadden Sea, two sand extrac-
tion areas (HBH 1, Brewaba 1) are in a planning
procedure. They are located near Nordergründe
outside of the Wadden Sea Area. It is planned to
extract about 20 million m³ of sand from an area
of about 900 ha.

2.10.3 Denmark
2.10.3.1 Shells

The extraction of shells is not allowed in the Dan-
ish part of the Wadden Sea Area.

2.10.3.2 Sand
The extraction of sand for commercial purposes is
not allowed in the Danish part of the Wadden Sea
Area. Permission for the extraction of sand for sea
defense purposes may be granted if such material
cannot be found behind the dike or can not be
collected in combination with the deepening of
shipping lanes.

In the past years, the possibility of using
dredged material for sea defense purposes has not
been used.

Sand extracted for deepening of shipping lanes
to Esbjerg and Fanø and is dumped back into the
system (see chapter 2.11).

2.10 Extraction of Sand and Shells
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2.11 Dumping of Dredged Material

Trilateral policy and management
The impact of dumping dredged materials will be mini-
mized. Criteria are, amongst others, appropriate dump-
ing sites and/or dumping periods. (WSP §§ 4.1.15; 6.1.13)

(Trilateral Wadden Sea Plan (WSP), 1997)

Harald Marencic

Area OSCOM Code 1998 1999 2000 2001 2002 2003average/year
Germany
Schlesw.-Holst. D10-13,40,49, 124,000 164,000 108,000 85,000 122,000 63,000 111,000

52,53
Elbe D14,47 9,653,000 4,830,000 5,574,000 4,800,000 4,445,000 3,718,000 5,503,333
Weser D15,16,39,46 3,974,000 447,000 412,000 460,000 888,000 57,000 1,039,667
Jade D17-20,41,42 5,030,000 2,175,000 2,375,000 2,315,000 2,348,000 1,609,000 2,642,000
East Friesland D21-28,30-33, 159,000 167,000 156,000 152,000 153,000 155,000 157,000

36,43-45,50
Ems D34,37-38 5,158,000 2,760,000 2,391,000 1,988,000 2,673,000 2,188,000 2,859,667
Total FRG 24,098,000 1,0543,000 1,1016,000 9,800,000 10,629,000 7,790,000 12,312,667

Netherlands
West NL13 425,414 473,136 838,408 714,427 437,772 345,826 539,164
Middle NL14 880,637 773,680 0 0 507,758 542,098 450,696
East NL15 785,903 1,068,436 0 0 453,873 311,310 436,587
Total NL 2,091,954 2,315,252 838,408 714,427 1,399,403 1,199,234 1,426,446

Denmark
Esbjerg RIB01-08 n.d. 1,583,165 1,891,415 1,071,786 1,093,500 834,739 1,294,921
Rømø SJ-02 n.d. 31,350 14,835 14,705 10,949 15,420 17,452
Total DK n.d. 1,614,515 1,906,250 1,086,491 1,104,449 850,159 1,312,373

TOTAL 26,189,954 14,472,767 13,760,658 11,600,918 13,132,852 9,839,393 14,832,757

Table 2.11.1:
Amounts of dumped

dredged material (tons dry
weight) per area and

country (period 1998–
2003) (source: OSPAR
annual reports; for the
period 1989-1997 see
1999 QSR Table 2.10).

Material dumped into the Wadden Sea mainly
originates from dredged material removed for the
maintenance of shipping lanes. In specific cases,
dredged material may be used for sea defense
purposes.

The amounts of dredged material dumped into
the whole Wadden Sea Area varied between about
9-26 million t/yr (dry weight) during the period
1998 - 2003 (average 14.8 million t/yr) (see Table
2.11.1 and Figure 2.11.1). On average, 12.3 mil-
lion t/yr (dry weight) were dumped into the Ger-
man part of the Wadden Sea, 1.4 million t into
the Dutch and 1.3 million t into the Danish Wad-
den Sea. The dumping sites and the average
amount for each region are shown in Figure 2.11.2.

Because maintenance dredging is the main
source of dumped material, the amounts depend
mainly on natural variation of sedimentation and
resuspension processes. In general, no trend in the
amounts of dredged material dumped into the
Wadden Sea can be observed. However, since
1999, yearly amounts have been decreased in the
Elbe, Jade and Weser areas compared to the years
before (Figure 2.11.1). A comparison with earlier
data before is difficult to be made because the
reporting requirements to OSPAR changed from
tons wet weight of dredged material to tons dry

weight in 1995.
Reference values of dredged material, so-called

‘Action list levels’, should be developed on regional
basis. An overview on national action levels for
dredged material is given by OSPAR (OSPAR Com-
mission, 2004a). Most countries use a ‘3 category
action level’ approach in which two discriminato-
ry concentration levels are used. Concentrations
of contaminants in the material falling below the
lower limit represent those of little concern. Those
falling between the lower and the upper concen-
tration level may trigger further investigation of
the material proposed for dumping. Those con-
centrations above the upper level generally mean
that dumping of the material at sea is not permit-
ted. Where action levels have not been developed,
a ‘case by case’ approach is taken for each appli-
cation considered individually (OSPAR Commis-
sion, 2004a).

As Contracting Parties to the OSPAR Conven-
tion of 1992, The Netherlands, Germany and Den-
mark are obliged to report each year to the OSPAR
Secretariat on all dumping operations of the pre-
vious year. The ‘OSPAR Guidelines for the Man-
agement of Dredged Material’ were adopted in
1998, revised in 2004 and are being implemented
in national guidelines (OSPAR Commission, 1998,
2004b).

2.11.1 The Netherlands
The amounts of dredged material dumped into the
Dutch Wadden Sea did not show significant
changes during the period 1998-2003 and vary
between 0.8-2 million t (dry weight) per year (see
Table 2.11.1) with an annual average of 1.4 mil-
lion t which is a slight decrease compared to the
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Figure 2.11.1:
Amounts of dumped

dredged material in the
Wadden Sea (tons dry

weight) (period 1989 –
2003 (dumping areas see

Table 2.11.1). Data source:
OSPAR Annual Reports,

1999 QSR. Until 1995 (for
NL until 1994), data were

reported as tons wet
weight; for comparison,
the figures before 1995

have been converted to dry
weight (wet weight/1.97).

period 1989-1997 when an annual average of 1.9
million t were reported in the 1999 QSR.

In the Fourth National Policy Document on
Water Management of 1998, the Dutch govern-
ment agreed to the development of a new assess-
ment system. With the classic assessment system,
the Uniform Content Test (UGT), the content of
33 different contaminations were tested accord-
ing to specified standards. During period 1998-
2002, scientific research was performed to devel-
op an alternative method of testing dredged ma-
terial. This research resulted in the policy recom-
mendation to switch from the UGT to a so-called
Chemical-Toxicity-Test (CTT).

In order to get a better insight into the com-
bined toxic effects of contaminants in dredged
material, so-called levels for three sediment bio-
assays were selected and implemented into the
Dutch legislation (Schipper et al., 2003; Stronk-
horst et al., 2003). Since bioassays represent a new
element in assessment of dredged material, there
is at this stage no representative dataset avail-
able to develop quality standards for dumping of
dredged material within the Surface Water Con-
tamination Act (Wvo) and Maritime Water Con-
tamination Act (Wvz), in the sense of test values
that when they are exceeded leads to disqualifi-
cation of a particular batch of dredged material.
As such, use is still being made of a measurement
obligation and signal function for bioassays.

In The Netherlands, all measured contaminant
contents, except PAHs, are normalized to a ‘stan-
dard soil’ composition. Sediment quality criteria
have been developed for selected heavy metals (As,
Cd, Cr, Cu, Hg, Ni, Pb, Zn), mineral oil (C10-40),

sum of 10 PAH compounds, sum of 7 PCBs (PCB
28, 52, 101, 118, 138, 153, 180), HCH-isomers,
Heptachlor Heptachlorepoxide, Aldrin, Dieldrin,
Endrin, DDT incl. derivates, HCB, TBT; additionally,
levels for 3 bio-assays (only valid for the North
Sea) were defined (OSPAR Commission, 2004b).

2.11.2 Germany
The highest value of 24 million t were reported in
the year 1998. In the following years until 2003,
the amounts decreased to values between 7.8-11
million t (dry weight) per year due to a decrease
in the Elbe, Jade and Weser areas. The annual av-
erage for the period 1998-2003 was with 12.3
million tons lower than for the period 1998-1997
with 22 million tons (dry weight).

In 1999, the ‘Directive for dredged material
management in Federal Coastal Waterways’ en-
tered into force which incorporates the relevant
provisions of the latest guidance provided under
the London, OSPAR and Helsinki Conventions (HA-
BAK, 1999).

These guidelines are set up for the Federal
Waterway and Shipping Administrations and are
therefore only applicable to Federal waterways and
not to waterways under the responsibility of the
federal states. A working group with members of
federal and state authorities has been installed to
develop common guidelines regarding dumping
operations in German coastal waters, estuaries and
rivers.

Permits for dredging/dumping of dredged ma-
terial are issued by the competent authorities of
the Federal States (‘Länder’). Permits are not is-
sued for dredging/dumping activities of the Ger-
man Federal Waterway and Shipping Administra-
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tions (the responsible Directorate does not issue
permits for its own activities). However the dredg-
ing/dumping activities of the Federal Waterway
and Shipping Administrations are governed by
national regulations which are in accordance with
OSPAR and London Convention requirements.

Action levels for trace metals and organic con-
taminants in dredged material applied to dredged
material from German federal waterways for trace
metals and organic contaminants represent ‘man-
agement’ values. They were introduced in 1992
and 1997, respectively. The action levels are nei-
ther ecotoxicological quality criteria nor quality
targets. These action levels are not applied to
dredged material from waters under the respon-
sibility of the Federal States.

Action levels are related to the sediment frac-
tion < 20 µm, dry weight and exist for selected
heavy metals (As, Cd, Cr, Cu, Hg, Ni, Pb, Zn) and
organic compounds (PCB 28, 52, 101, 118, 138,
153, 180, HCHs, HCB, Pentachlorbenzene, Oc-
tachlorostyrene, DDT, DDD, DDE, six PAH com-
pounds and mineral oil).

For TBT, action levels were implemented in
2001. They were agreed between the Federal Au-
thorities and the Federal States and are applica-
ble to dredged material from all coastal water-
ways. The implementation of action levels is tiered
in three phases according to the schedule of IMO
for the ban of TBT in antifouling coatings of ships,
although with a time lag of two years. Action lev-
els for tributyltin (TBT) in dredged material (in µg
TBT/kg total sediment) were defined with a lower
level of 20 and an upper level of 600.

The upper level decreases from 600 µg TBT/kg
in 2001 to 300 µg TBT/kg in 2005 and to 60 µg
TBT/kg in 2010.

2.11.3 Denmark
Dredged material dumped in the Danish Wadden
Sea mainly originates from maintenance dredg-
ing of navigation channels and harbors of Esbjerg
(about 0.8-1.8 million t dry weight/yr) and Rømø
(about 10,000-31,000 t dry weight/yr) resulting a
total annual average of 1.3 million t dry weight
for the period 1998-2003.

Figure 2.11.2:
Map of dumping sites and
yearly average amount of

dumped dredged material in
the Wadden Sea in the

period 1998-2003. Data
source: OSPAR. Map

modified from 1999 QSR.
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There are no specific action levels in Denmark,
but general principles for dumping of dredged
material have been laid down following the guide-
lines from the London Convention 1972 and the
OSPAR Convention.

The guiding principle for dredged material pro-
posed for dumping is that the concentration of
heavy metals in the dredged material must not
exceed the (local) background value more than
twice.

Denmark is currently developing its system for
licensing disposal at sea, and the planned approach

is to use locally-derived background concentra-
tions. The current view of the EPA is to develop a
3-category system according to the above limits.

The administrative practices are undergoing a
thorough revision involving the Parliament. The
main cause for this has been the elevated levels
of TBT in many harbors.

Revised regulations are expected to be final-
ized during 2005.

2.11 Dumping of Dredged Material
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3. Climate
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3.1 Introduction
Since there is little difference within the Wadden
Sea area in major climatic conditions (de Jong,
1999), the main focus should be on climate change
in Northwest Europe and its effects on the Wad-
den Sea system. The only exception might be lo-
cal wind climate, a subject which has - until now
- received little attention, but which may be im-
portant in understanding future coastal and Wad-
den Sea development. In this chapter we will ap-
ply new insights to consider the present-day situ-
ation and look forward into this century to form
an idea of the changes that may be expected.

3.2 Climate change
3.2.1 Global changes

A few years ago, the Intergovernmental Panel on
Climate Change stated that ‘Most of observed
warming over the last 50 years is likely due to
increases in greenhouse gas concentrations due
to human activities’ (IPCC, 2001). Since the 19th
century, average global atmospheric temperature
has risen by some 0.6 ± 0.2 °C. For the future, a
global average temperature rise of 1.4-5.8 °C by
2100 is predicted, with, however, large local dif-
ferences. As a result, changes in the rate of global
sea level rise between 9 and 88 cm (mean: 48 cm)
are expected for the period 1990-2100. Also,
storminess will probably increase outside the trop-
ics and waves may become higher. In the north-
ern hemisphere, precipitation at higher and inter-
mediate latitudes has increased during the 20th
century by 0.5-1% per decade, coinciding with a
probable increase in the number of extreme rain-

fall events. In the future it is expected that, at
intermediate latitudes, the amount of precipita-
tion will continue to increase and will be accom-
panied by an increase in extremes (Verbeek, 2003).

3.2.2 Local changes in forcing
parameters in the Wadden Sea

Temperature of atmosphere and water
Temperature records over the past 120 years show
that during the last two decades the air tempera-
tures at the Bilt (The Netherlands) were on aver-
age some 0.7 °C higher than in the first two de-
cades (Wessels et al., 2000). In the short term (i.e.
from year to year), the temperature in the Wad-
den Sea region depends mainly on the dominant
wind direction, but, in the longer term, mainly on
global climate development (Verbeek, 2003). It is
therefore expected that up to 2100 the air tem-
perature in the Wadden Sea region will increase
by on average 2 oC (range: 1-6 oC) (Wessels et al.,
2000; IPCC, 2001; Verbeek, 2003). Sea-water tem-
perature is expected to continue to rise similarly
since it is closely correlated with the temperature
of the atmosphere (Becker and Pauly, 1996; Wes-
sels et al., 2000). It should, however, be noted that
serious cooling in Northwest Europe may occur if
the North Atlantic Current starts flowing north-
ward at a slower rate due to its own warming and
to an increased freshwater influx from the North
Pole (Clark et al., 2002; Dickson et al., 2002). Fig-
ure 3.1 shows the long-term development of wa-
ter temperature in the westernmost part of the
Wadden Sea, which is a reflection of the west
European climatic variability (van Aken, 2003). An
overall increase in water temperature has been
apparent since about 1980.
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Relative sea level
Tide-gauge data indicates a relative sea level rise
of a few mm/year during the last century, about
half of which is attributed to large-scale subsid-
ence (Töppe, 1993; Dillingh and Heinen, 1994).
Also, most stations show a faster rise in Mean High
Water (MHW) level than of Mean Low Water
(MLW). In The Netherlands, there are no indica-
tions of an accelerated rise of MHW, MLW or Mean
Sea Level (MSL). In Germany, however, clear ac-
celerations have been observed (Hofstede, 1999a).
Töppe (1993) suggests that these changes are the
result of long-term cyclic processes rather than
of climatic change. The marked differences be-
tween the various Danish, German and Dutch
measuring stations in the Wadden Sea, however,
strongly suggest a dominant role for civil engi-
neering works, such as the dredging of channels
(Rakhorst, unpubl.). The rate of relative sea level
rise is expected to increase by 10-100 cm/century
between 2000 and 2100.

Storminess
Storm activity and the related storm surge and
wave conditions in the Wadden Sea show pro-
nounced inter-annual and inter-decadal variabil-

ity (Figure 3.2). Since ca.1960 storm activity in
the Northeast Atlantic has increased, but storm
activity in the 1990s is comparable to that at the
beginning of the last century (WASA, 1998). Alex-
andersson et al. (2000) made an update of the
WASA-analysis and showed that in the past few
years the storm activity over the Northeast Atlan-
tic and North Sea had decreased. This is in agree-
ment with the decadal fluctuations in storm ac-
tivity with maxima around 1920, 1950 and 1990
described by Schmidt (2001) and Weisse et al.,
(2005) for the North Sea. Storm surges and severe
wave conditions also show pronounced annual and
decadal variations (e.g., Flather et al., 1998; Lan-
genberg et al., 1999; Weisse et al., 2002).

Projections of the expected increase in atmo-
spheric greenhouse gas concentrations indicate a
moderate increase in storm activity over the North
Sea towards the end of this century. Using differ-
ent (A2, B2) IPCC SRES emission scenarios (see
Houghton et al., 2001), Woth et al. (2005) forced
a storm surge model for the North Sea with me-
teorological data sets from various atmosphere
models. The results indicate that the largest in-
crease in storm surges is to be expected along the
Wadden Sea coast, while changes along the En-
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Figure 3.1:
Plot of the annual mean

sea surface temperature in
the Marsdiep tidal inlet
from 1861 to 2003. The
thick line shows the 10-

year running average
(Data: Royal Netherlands

Institute for Sea Research,
Texel, The Netherlands).

Figure 3.2:
Number of times per

winter (1 Oct. – 15 March;
1882-2003) that a storm

over the North Sea
resulted in a water level

enhancement >90 cm
during high water in

Delfzijl, The Netherlands.
Red line: 15-year running

average (Data: Doekes,
RIKZ; Können, 1999).
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glish east coast and the Jutland (Denmark) west
coast are smaller. This large-scale pattern is con-
sistent with results from earlier studies (e.g., Lan-
genberg et al., 1999; Kaas, 2001).

Precipitation
After the little Ice Age, roughly since 1825, the
Wadden Sea climate has become more maritime
in character and precipitation has increased, in
The Netherlands with 12% between 1900 and
2000 (Können, 1999). For the period 2000-2100
a further increase in precipitation in the winter
half year of approx. 12% (range 6-25%) is ex-
pected in The Netherlands (Table 3.1). Also for the
summer half year the average precipitation is ex-
pected to increase by (central estimate) some 2%
(range 1-4%). These figures are comparable to
those estimated for Germany and Denmark. Ex-
treme precipitation events have gradually in-
creased since the 1970s (Klok, 1998). It is expect-
ed that this trend will continue with a 10% in-
crease per degree Celcius (Verbeek, 2003).

Increased precipitation may also lead to in-
creased run-off through rivers to the Wadden Sea.
This may result in a further decrease of salinity of
the Wadden Sea water (cf. Marsdiep tidal inlet;
van Aken, 2003).

3.3 Geomorphological and
 ecological changes

3.3.1 Introduction
The geomorphologic response of the Wadden Sea
to the observed and expected changes in forcing
factors varies regionally. The same holds for the
ecological response, which depends on both the
hydraulic and the geomorphological change. Most
important are the changes in wave climate and
the rate of sea level rise. Locally, changed wind
directions, freshwater run-off and precipitation
may be important. Below, the combined effects
will be presented for the salt marshes, the Wad-
den Sea proper and the North Sea coast.

3.3.2 Salt marshes
Geomorphology

Higher rates of relative sea level rise (locally en-
hanced by human-induced subsidence due to ex-
traction of minerals) and higher storm surge fre-
quencies will result in a higher flooding frequen-
cy of the salt marshes. This may cause regression
of the plant-cover if the vegetation does not trap
enough sediment to compensate for, or even out-
pace, mean high-water rise. Furthermore, erosion
will occur when, in the pioneer zone (the border
between marshes and tidal flats), sedimentation

is insufficient to compensate for sea level rise,
causing formation of cliffs.

An accelerated rate of relative sea level rise of
up to 60 cm/century will until 2050 not lead to
large problems for the mainland salt marshes if
these are bordered by brushwood groynes result-
ing in sedimentation rates which are higher than
sea level rise rates (Oost et al., 1998). Problems
will occur for the pioneer zone  where sedimenta-
tion cannot keep up with sea level rise. At 85 cm/
century of sea level rise, it is expected that some
mainland salt marshes will start to decay locally.
On the barrier islands (at least in the Dutch Wad-
den Sea) salt-marsh sedimentation rates are low-
er than on the mainland. Here, it is expected that
at a sea level rise of 85 cm/century, regression of
the salt marsh vegetation will occur after 2025
(e.g., Dijkema, 1997).

Cliff erosion is already occurring on the salt
marshes on the islands and locally on the main-
land (e.g., Janssen-Stelder, 2000). Wave heights
exceeding 20 cm (during storm surges) result in
strong erosion of the marshes and of the mud-
flats in front (Janssen-Stelder in Brinkman et al.,
2001). It is therefore expected that cliff erosion in
particular will increase when the rate of sea level
rise or of storm frequencies increases (Janssen-
Stelder, 2000; Brinkman et al., 2001). Local ef-

3. Climate

Low Central High
estimate estimate estimate

Mean precipitation in summer + 1 % + 2 % + 4 %
Mean evaporation in summer + 4 % + 8 % + 16 %
Mean precipitation in winter + 6 % + 12 % + 25 %
Annual maximum for 10-day + 10 % + 20 % + 40 %
sum of winter precipitation

Table 3.1:
Estimated change in

precipitation and
evaporation in The

Netherlands in 2100 based
on three scenarios. From:
IPCC (2001) and Verbeek

(2003).

(Photo:
Nationalparkverwaltung,

Wilhelmshaven)
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fects will be strongly dependent on local measures
taken to protect the marshes.

Observations in England showed that a con-
siderable lowering of the intertidal mudflats was
caused by an increase in extreme precipitation (K.
Dyer, pers. com.). If this applies to the Wadden
Sea, this would be another factor causing cliff for-
mation.

Ecology
Increased cliff erosion due to changed storm con-
ditions and accelerated sea level rise will decrease
the area of salt marshes, and therefore cause loss
of habitat for birds such as Brent geese (Ens in
Brinkman et al., 2001). On the other hand, rapid
relative sea level rise will slow down the rapid
vertical accretion of tidal marshes with respect to
sea level, thus resulting in a slower loss of rare
salt marsh species (Oost et al., 1998).

3.3.3 The Tidal Area
Geomorphology

The various geomorphological features of the
Wadden Sea, such as outer deltas, barrier islands,
tidal flats and channels, are in most cases in a
dynamic equilibrium with the prevailing current
and wave conditions. This is caused by the con-
tinuous transport and redistribution of sediment.
At a constant rate of sea level rise, a tidal inlet
system will import sediment.

The tidal inlet system is expected to compen-
sate for changes in the rate of sea level rise up to
a critical limit (see Table 3.2). A possible excep-
tion is the Lister Tief inlet which is either eroding
or not yet in equilibrium (Wang and van der Weck,
2002). The precise critical limit for the rate of sea
level rise that can still be compensated for by sed-
imentation depends in part. on the size of the tid-
al basin. The larger the basin the lower the critical
limit (Oost et al., 1998; Stive et al., 1998; van Goor
et al., 2001; Kragtwijk, 2001). In the Dutch Wad-
den Sea, assuming the present wave conditions,
this critical limit is thought to be 30 cm/century
for large tidal basins and 60 cm/century for small
tidal basins. Above this limit the tidal flats will
‘drown’.

The effects of sea level rise up to 2050 are rather
limited. Models predict a relative lowering of the
intertidal flats of maximally 20 cm. Locally, sub-
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sidence due to extraction of minerals may result
in an additional lowering of 15 cm.

There has been little study of the effects of
changes in storminess and wave-action in the
back barrier area (Hofstede, 1999b). An increase
in storm frequency might result in a lowering of
the tidal flats (cf. Jansen-Stelder, 2001), possibly
enhanced by the concomitant destruction of sea-
grass areas and mussel banks. Surprisingly, how-
ever, model studies by van Goor (2001) show that
the probability of tidal flats drowning will de-
crease with increasing storminess. This is due to
increased sand imports from the North Sea coasts
of the barrier islands. If correct, and combined
with the above observation by Jansen-Stelder (in
Brinkman et al., 2001), this may lead to the de-
velopment of more pronounced inner deltas, while
the more landward parts of tidal flats may be-
come deeper. Another effect of stronger wave-
action will probably be increased channel dynam-
ics, especially in the outer deltas and near the
inlets.

Ecology
Climate change may change the ecosystems in
the Wadden Sea, the adjacent North Sea zone
and on the mainland. These changes are expect-
ed to be minor until 2050. An increase in tem-
perature may lead to changes in species compo-
sition, due to species adapted to a cooler envi-
ronment retreating northward, whereas new spe-
cies from southern areas will appear.

Climate change may lead to a range of eco-
logical effects, such as an increase in viral infec-
tion (cf. Brussaard et al., 1999; Harvell et al., 1999;
Mulder and Peperzak, 2003), and a faster growth
of bacteria causing faster mineralization of or-
ganic matter (Mulder and Peperzak, 2003). The
phytoplankton species composition may change
as a result of increasing temperatures and changes
in the nutrient supply (L. Peperzak, pers. com.;
Peeters et al., 1999). Increased occurrence of al-
gal blooms may cause problems because of their
toxicity (e.g. dinoflagellates) and accompanying
oxygen deficiency (e.g., Peperzak, 2003). It is not
known whether the growth rate of zooplankton
species will increase or decrease due to climate
change (Peperzak, 2003). Climatic changes in the
north Atlantic area and changes in position of
the North Atlantic Current are thought to have
already caused shifts in zooplanktic copepod as-
semblages in European coastal waters (Beaugrand
et al., 2002; Frid and Huliselan, 1996).

Lowering of the tidal flats in the Wadden Sea
is expected to lead to a decrease in zoobenthic
biomass (Beukema, 2002). An increased stormi-

Table 3.2:
Loss of relative height of

tidal flats (in cm) according
to various sea level rise

(SLR) scenarios (Oost, in
prep.).

Expected loss of relative height (cm)
of tidal flats in 2050

SLR scenario Minimum Maximum
18 cm/century 0 0
60 cm/century 0 11
85 cm/century 5 18
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ness may lead to a decrease of epibenthic species
such as oysters, blue mussels and seagrass. Chang-
es in the discharge of fresh water will probably
only have local effects. Milder winters will affect
the reproductive success of bivalves and probably
lead to reduced stocks (see chapter 8.2 Macro-
zoobenthos).

The Wadden Sea area is important as a nursery
and a migration route for many fish species. Tem-
perature changes may have a significant impact,
for example, on growth (Wanink, 1999), also
changing the species composition of fish (cf. Atrill
and Power, 2002).

Bird numbers, and species composition, may
change 10% or more until 2050, due, for exam-
ple, to changes in food availability (decrease in
tidal flat benthos) and loss of roosting sites (due
to erosion), this being dependent on the rate of
loss of intertidal area by drowning. Milder win-
ters, on the other hand, may be beneficial for birds
since their energy uptake requirement will be
smaller (Moss, 1998; Mulder and Peperzak, 2003).

For the common seal, suitable haul-out places
may decrease in number, possibly affecting its re-
production success in the Wadden Sea, and caus-
ing the population to decrease. Higher tempera-
tures may cause enhanced occurrence of viral in-
fections (Harvell et al., 1999).

3.3.4 Beaches and dunes
Geomorphology

Under conditions of sea level rise and changing
wave climate, the reinforced coasts (dikes, tetra-
pods) will not change much. Sandy coasts, how-
ever, will change.

In the long term, the position of the North Sea
sandy coast is determined by the balance between
sand supply from the North Sea and transport of
sand from the coast into the Wadden Sea. Sand
supply from the North Sea is limited (van der Molen
and Swart, 2001; van der Molen, 2002). The trans-
port of sand to the Wadden Sea via the inlets and
wash-overs may thus result in coastal erosion.
Accelerated sea level rise, increasing the sand de-
mand in the back barrier areas, will result in a re-
treat of the North Sea coasts through faster ero-
sion and faster flooding of the coasts (Mulder,
2002). Locally, however, exceptions occur. At
present, the west coast of the island of Sylt is re-
treating as a result of sea level rise. The eroded
sediments drift to the north and to the south and
probably partly accumulate on the beaches of
Rømø and Amrum. As a result, the coastlines of
the latter two islands are stable, or even accret-
ing, despite the observed sea level rise.

It can be calculated that the rate of coastal
retreat can increase up to a long-term average of

about 8 m/yr, i.e. until the critical upper boundary
of the rate of sea level rise above which tidal flats
start to drown. It is estimated that for a sea level
rise scenario of 60 cm/century, the total sand de-
mand and sea level rise may result in a coastal
retreat up to 3 times faster than at present, and
up to 3.5 times more rapid in the case of a sea
level rise of 95 cm/century. Such retreats, howev-
er, can and probably will largely be counteracted
by sand nourishment of beaches or foreshores, thus
preserving the characteristic sandy coast dynam-
ics of the Wadden Sea coasts.

More frequently occurring storm surges tend
to make the coast more dissipative, resulting in
flat beaches. Calculations indicate that the already
quite dissipative character of the Dutch Wadden
Sea coast is not very likely to change much.

A higher storm surge frequency and higher
water levels will also influence the unprotected
parts of barrier islands, either via wash-overs or
via flooding of the backbarrier side. For several
areas above MHW-level it has been observed that
wash-over and spit-formation may help to keep
up with sea level rise while retreating in a land-
ward direction (Hofstede, 1999a). An increase in
sea level will also result in stronger erosion of the
dunes. The exact rates of such erosion are not yet
known. If dunes are to protect inhabited areas,
more work will be needed to maintain them at
higher rates of sea level rise.

Changes in wind- and thus wave climate may
result in increased dynamics for the coasts and
ebb-tidal deltas. An increase in storm activity has
resulted in a retreat and decrease in sand volume
of the ebb-tidal delta of the Hörnum inlet (Ger-
man Wadden Sea) since 1960 (Hofstede, 1999a).
This is in contrast with a possible increase in tidal
volume in the backbarrier area if sea level rise can-
not be fully compensated by sedimentation, re-
sulting in a larger sand volume of the ebb-tidal
delta. It is unclear which effect will dominate in
the future.

Ecology
On the barrier islands an increase in sea level may
lead to higher groundwater tables, resulting in veg-
etation changes in the lower dune valleys and a
possible enhancement of peat growth. Also, sa-
linity gradients may change, resulting locally in a
shift in distribution of plant and animal (mainly
invertebrates) species. More frequent flooding may
also lead to eutrophication and calcification of the
soil, leading to a decrease of species having a pref-
erence for poor soil conditions such as orchids and
lichens (Ketner-Oostra and van der Loo, 1998).
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3.4 Conclusions
Climate changes in the Wadden Sea area are main-
ly related to large-scale (e.g. Northwest Europe-
an) changes in climate. The precise response of
the Wadden Sea system, however, depends to a
large extent on local conditions and configura-
tion of the tidal basins.

Changing rates of sea level rise, a changing river
discharge and changes in the storminess and
wave-action may change the geomorphology of
the Wadden Sea area. In the Dutch basins and
probably also in most of the others too tidal flats
are expected to be able to keep up with sea level
rise due to faster sedimentation up to a critical
limit of sea level rise of 3 mm/yr (for large tidal
basins) to 6 mm/yr (for small basins). For salt
marshes, this critical limit is at least 8.5 mm/yr,
and for the pioneer zone 3-6 mm/yr. Above the

critical limit flats and marshes will ‘drown’. The
increasing sediment demand in the tidal basins
will trigger a faster erosion of the sandy North
Sea coasts. Combined with the direct effect of a
rising water level, it is estimated that the total
coastal erosion will increase to 250% of the
present level of 6 mm/yr and to 330% at 8.5 mm/
yr. This can be compensated for by nourishments.

Effects of changes in temperature, in hydrody-
namic regime and in geomorphology on the ecol-
ogy of the coastal zone are expected to be minor
up to 2050, with the exception of the possibility
of more frequently occurring toxic algae blooms.
Possible effects are a shift in species composition,
changed growth rates, a decrease in benthos bio-
mass and of benthos consuming birds (in case of
lowering of the tidal flats), and the risk of increased
viral infections.
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QSR Subarea Description
NL1 Western Dutch Wadden Sea. The area receives fresh water directly from Lake IJsselmeer by the sluices of

Den Oever and Kornwerderzand at an average rate of 16.3·109 m3/y. The water mass which originates from
the river Rhine passes Lake IJsselmeer in about 50 days. The coastal North Sea water entering the Wadden
Sea at the Marsdiep constitutes about 15% Rhine water.

NL2 Eastern Dutch Wadden Sea. The area receives a minor freshwater source from Lake Lauwers and an indus-
trial waste line. The area is considered to be dominated by coastal North Sea water.

NL3 Ems-Dollard estuary. The freshwater sources to the area are the river Ems (90%) and Westerwoldsche Aa
(10%) at a total average rate of about 3.4·109 m3/y. Industrial and harbour activities border the estuary at
Emden, Delfzijl and Eemshaven.

NDS1 Niedersachsen Wadden Sea. The area is slightly influenced by local fresh water sources. Only small harbours
are present. The area is considered to be dominated by coastal North Sea water.

NDS2 Jade Basin. The harbour of Wilhelmshaven is the main activity in the area. Virtually no fresh water enters
the area. The area is considered to be dominated by coastal North Sea water, which becomes enriched by
sediment efflux of components during high tide.

NDS3 Weser estuary. The river Weser is the main freshwater source at an average rate of 11.3·109 m3/y. The river
borders are densely populated. Harbour activities are present at the cities of Bremen and Bremerhaven.

SH1 Elbe estuary. The river Elbe is the main freshwater input into the area at an average rate of 24.5·109 m3/y,
which is about 43% of the total freshwater input in the international Wadden Sea. The river is bordered by
large cities (e.g. Hamburg), harbours and industrial activities.

SH2 Eider estuary. The river Eider constitutes a relatively small freshwater source of about 0.9·109 m3/y on
average. The population density is moderate. Some small recreational and fisheries harbours are present.

SH3 Halligen. Virtually no freshwater input and a low population density. The area is considered to be dominated
by coastal North Sea water.

DK1 Sylt-Rømø basin. The area is physically bordered by the dams connecting Sylt and Rømø to the mainland.
The area is considered to be dominated by coastal North Sea water. The freshwater input from southern
Jutland was about 0.8·109 m3/y in 1990, which was about 1.3·109 m3/y to DK1 + DK2 in the same year.

DK2 Ribe and Konge Å estuary (Knudedyb), Rejsby and Brøns Å (Juvredyb). The rivers Ribe, Konge, Rejsby and
Brøns Å are small rivers, thus constituting a small freshwater input. The input to DK1 + DK2 is about 1.2·109

m3/y on average. The area is considered to be dominated by coastal North Sea water.
DK3 Varde and Sneum Å estuary (Grådyb). The last natural estuary of the Wadden Sea. The city of Esbjerg is the

main center of population and harbour and industrial activity. The area is considered to be dominated by
coastal North Sea water.

Figure 4.1.1:
Map of the Wadden Sea

with subareas used for
evaluation and assessment

of hazardous substances.

Table 4.1.1:
QSR coding and description

of the Wadden Sea
subareas.
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4.1.1 Data sources
Riverine inputs of hazardous substances were
mainly extracted from annual reports by OSPAR,
and augmented with information from national
OSPAR contact points. Atmospheric inputs were
available only for the Dutch Wadden Sea.

Information about reallocation of dredged
material and its content of hazardous substanc-
es was taken from OSPAR (2003). Concentrations
of metals and organic compounds in sediment
and biota were taken from the TMAP data units,
the 1999 QSR database at RIKZ Haren and from
other national data centers or data originators.

4.1.2 Assessment procedure
In the assessment procedure a contaminant was
followed from its riverine source to the accumu-
lation in sediment and biota. The data was eval-

4.1 Introduction

uated visually for temporal and spatial trends over
the period 1985-2002/03. The actual concentra-
tions were compared with background and ecotox-
icological assessment criteria, as accepted by
OSPAR (1997). Before data evaluation, harmonized
parameterisation was checked and quality con-
trol of data performed.

The results of all assessments are summarized
at the end of each paragraph. Similarity in trends
was not checked for (cor)relation, for example
between input and concentration in sediments.

For the purpose of the assessment, the Wad-
den Sea was divided into 12 subareas consistent
with the QSRs of 1993 and 1999 (Figure 4.1.1).
Some of the areas are of an estuarine nature due
to riverine water input. Subareas will be referred
to by their QSR code as shown in Table 4.1.1.
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4.2 Natural Contaminants

4.2.1 Introduction
The entire Wadden Sea is covered by both the
OSPAR agreements on chemical compounds and
the EC Water Framework Directive (WFD). OSPAR
agreements cover the entire North Atlantic and
bordering seas; the delimitation of the WFD ex-
tends to the 12 nautical miles territorial bound-
ary for priority compounds.

In the WFD, some metals and natural organic
micropollutants are proposed as priority compound
quality standard and assessment is based on an-
nually averaged total concentrations in water. The
Expert Group on Analysis and Monitoring of Pri-
ority Substances (AMPS) is presently looking for a
suitable sediment monitoring program within the
WFD. OSPAR (2002) decided on a ‘List of Chemi-
cals for Priority Action’. Copper and zinc are not
included in the preliminary WFD and OSPAR lists,
whereas nickel and organic tin are a new focus of
attention. Nickel could not be included in this QSR
due to data not being available for all Wadden
Sea subareas.

The 1999 QSR summarized that, in general, riv-
erine inputs and concentrations in sediment and

biota of metals had decreased with the exception
of mercury concentrations. Some hot spots, how-
ever, could be identified, for example, for mercury
in sediment and blue mussels. Here, concentra-
tions were higher than the background levels or
ecotoxicological assessment criteria proposed by
OSPAR. A detailed summary of the 1999 QSR re-
sults is given below for each compound evaluat-
ed.

4.2.2 Metals (Cd, Cu, Hg, Pb, Zn)
4.2.2.1 Data

Riverine input data is available as yearly submis-
sions to OSPAR. Denmark does not report metals
to OSPAR. Data for polycyclic aromatic hydrocar-
bons (PAHs) is not reported to OSPAR and so is
not readily available.

Due to the large differences in both annual and
river flow, the riverine metal loads into the Wad-
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Figure 4.2.1:
OSPAR reported fluvial

metal input (ton·yr-1) into
the Wadden Sea. Flow rate

is shown for comparison
(sources: D:

Umweltbundesamt; NL:
Rijkswaterstaat).

 Target
Background concentrations of natural micropol-
lutants in water, sediment and indicator species
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den and North Sea vary profoundly (Figure 4.2.1).
To reduce this variability, riverine loads were re-
calculated to a ‘standard’ flow rate of 109 m3 y-1

(Figure 4.2.2) which can also be used in terms of
yearly-averaged concentration in river water (ton
10-9 m-3).

Data on atmospheric input originate from pub-
lished data and model calculations.

Disposal of dredged material from estuarine
harbors is a displacement of deposited mainly
marine suspended particulate matter (SPM) to
which many chemical compounds adhere. The
physical impact by volume and the trend in con-
taminant levels may be considered as quality cri-
teria for the aquatic environment (OSPAR, 2003).
Trends in dredged material concentrations in the
Elbe estuary are shown as an example.

Intercomparison of monitoring data for metals
in sediment is still hampered by different meth-
ods used in monitoring, sample preparation and
analyses (ref. 1999 QSR). To partly overcome this
problem, the correction procedure of Koopmann
et al. (1993) was applied to achieve intercompa-
rability between data obtained from <20 µm and

<63 µm sediment grain size fractions.
Alternatively, standardization to 1% Total Or-

ganic Carbon (TOC) was introduced by Cato, 1977
and Johannesson et al., 2003. Though this meth-
od is not sensitive for differences in grain size, it
is, however, quite sensitive to the accuracy of TOC
measurements, especially in the lower TOC range
(< 0.5%). For intercomparison purposes, the met-
al/aluminium ratio proposed by OSPAR (1997,
2002) could not be applied due to still existing
differences in sediment destruction methods (ref.
1999 QSR).

All data for metal concentrations in blue mus-
sel (Mytilus edulis) and flounder (Platichthys fle-
sus) were recalculated to dry, homogenized tissue
weight.

4.2.2.2 Cadmium
Input

All rivers showed a continuing decrease in cadmi-
um loads, taking into account flow and precipita-
tion rate related variations (Figure 4.2.1). Elbe and
Weser generally return a factor of 4 higher than
Lake IJssel, Ems and Eider, both in load and year-
averaged concentration. The high river flows of
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Figure 4.2.2:
OSPAR reported fluvial

metal input into the
Wadden Sea. All fluxes

(ton·y-1) have been
recalculated to a standard

flow of 109 m3·y-1. Year-
averaged water

concentrations follow the
same trend. The real river

flows are added for
comparison (sources: D:
Umweltbundesamt; NL:

Rijkswaterstaat).
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2002 (comparable to 1987) caused a relative in-
crease in cadmium input. The Elbe flooding of 2002
does not show up in the cadmium data.

Atmospheric input of 158 kg y-1 is about 3% of
the total riverine input (5,520 kg y-1) (Table 4.2.1).

Concentrations in dredged material and
sediment

During 1988-2002, the year-averaged cadmium
concentrations in dredged material from the Elbe
estuary showed a continuous decrease (Figure
4.2.3). This reduction is consistent with the de-
crease in riverine input and concentrations in sed-
iments

In the south-western Wadden Sea subareas
(NL1 to NDS3) sediment cadmium concentrations
decreased significantly as early as the first half of
the 1990s, and this trend continued until 2002
(Figure 4.2.4). The north-eastern subareas (SH1 to
DK2) do not show this trend, because cadmium
levels there have always been relatively low. For
DK3 no data was available.

In the Dutch Wadden Sea, Ems-Dollard (NL1-
NL3) and Halligen (SH3) subareas, the cadmium
content of the sediment is 2-3 times higher than
elsewhere in the Wadden Sea, where cadmium
concentrations are at or below the background
(Pachur et al.,1995). Everywhere in the Wadden
Sea, the reported cadmium levels are within the
range of the provisional ecotoxicological assess-
ment criterion (OSPAR, 2004) (Table 4.2.3).

Concentrations in blue mussel
Temporal trends are obscured by highly variable
concentrations in mussel tissue (Figure 4.2.5).
Considering the average values, cadmium levels
in SH1 decreased between 1994 and 1997, which
would be consistent with the decreasing trend in
Elbe input. The longer data series show in the same
trend for the periods 1985-1996 and 1996-2002.

Geographical differences in mussel cadmium
levels, with concentrations in NL3, NDS3, SH1, DK1
to DK3 being about twice as high as in NL1, NL2,
NDS1, NDS2 and SH3 would be consistent with
the lower cadmium concentrations in Lake IJssel
and River Eider. Levels in NDS3, possibly coincid-
ing with the higher Weser concentrations, and in
DK1 are amongst the highest. Here the proposed
background (OSPAR, 1997, 2002; assuming 85%
water in wet weight) is exceeded by a factor of 2-
3.

Concentrations in flounder
As for blue mussels, the high variability of cadmi-
um levels in flounder livers complicates the de-
tection of temporal trends (Figure 4.2.6). This vari-
ability can be partly attributed to inconsistent age
composition of samples and age dependent accu-
mulation.

In subarea NL1, a decreasing frequency of high
maxima suggests a temporal trend of decreasing
cadmium levels. In contrast, subareas NDS1 and
SH1 may show an increasing trend as from 1996.
In SH1 the sudden increase of high values in 2002
and 2003 may be the consequence of the 2002
Elbe flood.

Subarea SH1 shows the highest levels, which
cannot be cross-checked with blue mussels, due
to missing data for the period 1998-2002. Levels
in NL3, NDS1, NDS3 and DK3 are about half of
those in SH1. Levels in NL1 and NDS2 are at about
a quarter of those in SH1. Except for subarea NDS1,
this picture is consistent with the data on blue
mussels. Mobilization of residual cadmium in the
Elbe estuary may be the cause of the elevated lev-
els in flounder, which migrate between marine and
fresh water.

Metal input Dutch
Compound Wadden Sea 2001 (kg y-1)
Cadmium 158
Copper 3,934
Mercury 39
Nickel 3,021
Lead 6,984
Zinc 16,337

Figure 4.2.3:
Trends in year-averaged
metal concentrations in

Elbe estuary dredged
material (mg kg-1 dry

weight, sediment fraction
<20 µm) disposed of at sea

(source: OSPAR, 2003).

Table 4.2.1:
 Atmospheric metal input

into the Dutch Wadden Sea
in 2001 as modelled and
calculated from ground

stations (source: Bleeker
and Duyzer, 2003).
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4.2 Natural Contaminants

QSR 1999 (period 1985-1996)
A strong input reduction of 50-75% was concluded for Lake
IJssel, Ems and Elbe, extending to a reduction of concentra-
tions in sediments and blue mussel (for the Elbe estuary).
Concentrations are within, but at the high end of the range
of background values and ecotoxicological assessment cri-
teria.
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Figure 4.2.5:
Cadmium (Cd) contents in

Wadden Sea blue mussel
Mytilus edulis (mg·kg-1 dry

weight). Average (—) and
minimum/maximum range

(|) is shown.
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Figure 4.2.4:
Cadmium (Cd) contents in

Wadden Sea sediments
(mg·kg-1 dry weight in the
fraction <63 µm). Average

(—) and minimum/
maximum range (|) is

shown.
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4.2.2.3 Copper
Input

The concentrations of copper in the Elbe remained
at the reduced level of 1994

Year-averaged concentrations show a decreas-
ing gradient from Elbe, Weser, Ems, Lake IJssel to
Eider, where the Elbe has twice the Eider concen-
tration. The reduction in riverine loads has been
marginal since 1989, except for the Elbe, with a
highly increased load in 2002 (Figure 4.2.1).

The actual riverine input is strongly related to
river flow and thus precipitation. This implies that
a period of reduction in water concentration, co-
inciding with an increasing riverine flow, covers
up strong reductions. This situation occurred in
Lake IJssel, the Ems and Weser between 1985 un-
til 1987.

The atmospheric input (Table 4.2.1) to the Dutch
Wadden Sea area is about 2% of the total riverine
input to that area (Bellert et al., 2004).

Concentrations in sediment
The copper concentrations in sediment vary greatly
(Figure 4.2.7). The standardized concentrations (in
the <63 µm fraction), however, show a stabilized
level for most Wadden Sea subareas in the last
decennium. Most concentrations are at the pro-
posed background levels. Relatively high levels
were found in DK2, DK1 and NL1, surpassing the
Wadden Sea background level of 10.3 µg·kg-1 (ref.
1999 QSR).

Anomalous levels were found in SH3 and DK2
in sediments with less than 0.5% TOC (Figure
4.2.8). In DK2, levels elevated by a factor of 5-6
were found at one, probably sandy location with a
very low TOC content. In SH3, levels elevated by a
factor of 2-3 were recorded. This might indicate
analytical limitations in sediments of such low TOC
contents, but also local contamination or cross-
contamination of the sample. The observed anom-
aly in relation to low TOC did not apply to lead or
zinc levels.

In all subareas, copper levels were within the
range of the provisional ecotoxicological assess-

QSR 1999
The Elbe showed a significant reduction in input between
1993 and 1994. In the Ems and Eider areas a reduction of
copper concentration in blue mussels was apparent, which
correlated with a riverine water concentration rather than
with the load.

Copper concentrations were largely at the agreed background
in sediment and mussels (except for the Elbe) and within
the range of ecotoxicological assessment criteria (OSPAR,
1997).
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Figure 4.2.6:
Cadmium (Cd) contents in

liver of Wadden Sea
flounder Platichthys flesus

(mg·kg-1 dry weight).
Average (—) and minimum/

maximum range (|) is
shown.
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ment criterion in 2002-2003, the SH-subareas also
in 2000.

Concentrations in blue mussel
Significant temporal trends could not be discerned
due to large interannual and sample variation (Fig-
ure 4.2.9). In the subareas SH3 to DK3 the data
suggests a rapid increase by a factor of 2 between
1997 and 2002. Subarea SH1 may show a reduc-
tion, following the strong reduction in Elbe input
(see Figure 4.2.1).

Subareas NL3 to NDS3 exhibit the lowest levels
in 2001-2002, whereas subarea SH3 shows the
highest levels. Here, the proposed background
(OSPAR, 1997, 2002; assuming 85% water in wet
weight) is exceeded by a factor of 3. Concentra-
tions in subareas NL3 to NDS3 are at the top of
the proposed background. Concentrations in sub-
areas NL1, NL2, SH1 and DK1 to DK3 are about
twice the proposed background level.

Figure 4.2.7:
Copper (Cu) contents in
Wadden Sea sediments

(mg·kg-1 dry weight in the
fraction <63 µm). Average

(—) and minimum/
maximum range (|) is

shown.

Figure 4.2.8:
Copper (Cu) contents in
Wadden Sea sediments
from SH3 (mg·kg-1 dry

weight in the fraction <20
µm) and DK2 (mg·kg-1 dry
weightin the fraction <63

µm) as function of total
organic carbon content

(%TOC). All available data
from 1984 – 2003.
For anomalous high

concentrations at low
(DK2) and high (SH3)

organic carbon content see
text.
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4.2.2.4 Mercury
Input

The dramatic reduction in Elbe mercury loads and
concentration in 1994 was followed by a contin-
ued, but smaller decrease until 2002 (Figure 4.2.1).
The Weser loads and concentrations peaked be-
tween 1991 and 1997. Uniquely, the Weser water
concentration of mercury seems to increase with
the river flow rate, indicating that the Weser mer-
cury input depends on the atmospheric wet dep-
osition rate. This may imply that, unlike the other
rivers, the Weser input has its source predomi-
nantly in land run-off.

Year-averaged mercury concentrations, derived
from OSPAR flux data, are over 10 times higher in

the Elbe, Weser and Ems, than in Lake IJssel and
Eider. The mercury concentrations tended to in-
crease in Weser and Ems between 2000 and 2002.

Atmospheric input (Table 4.2.1) to the Dutch
Wadden Sea is about 2% of the total riverine in-
put into that area (Bellert et al., 2004).

Concentrations in sediment
In the <63 µm sediment fraction, the most obvi-
ous downward trend was observed in subarea SH1
between 1996 and 2000, probably as a response
to the decreased Elbe input (Figure 4.2.10). Due
to overlap in interannual maxima and minima,
however, this trend is not significant. The reduc-
tion of sediment concentrations can be estimated
at 80-90% between 1996 and 2000. In the sub-
areas NL1 to NDS2, a moderate downward trend
has occurred in the past 18 years reaching a max-
imum reduction of about 70% in NL3. Subareas
NDS1 to NDS3, SH2 and SH3 reached comparable
levels in 2003 to 1984 with a slight elevation in
between. In 2002/2003 averaged sediment mer-
cury levels are a factor of 10 (NL1) to 3 (NDS1 to
NDS3) higher than the background. Subareas SH1
and SH2 approached background value in 2000;
no more recent data is available.

In all subareas, sediment concentrations were
within the range of the provisional ecotoxicolog-
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Figure 4.2.9:
Copper (Cu) contents in
Wadden Sea blue mussel

Mytilus edulis (mg·kg-1 dry
weight). Average (—) and

minimum/maximum range
(|) is shown.

QSR 1999
A strong reduction of Elbe mercury input occurred by 1987
as a consequence of decreasing annual flow, but most dra-
matically between 1993 and 1994. The Elbe water mercury
concentration started to decrease already in 1991, but
dropped more than sixfold between 1993 and 1994. Mer-
cury levels in biota of the Elbe estuary followed this trend,
which was not observed in Elbe estuarine sediments. The
Weser input and concentrations are suspected to be increas-
ing. Mercury levels in the other Wadden Sea subareas are
well below those in the Elbe subarea without showing a
particular trend.

4.2 Natural Contaminants
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ical assessment criterion for mercury (OSPAR, 2004)
in 2000/2003.

Concentrations in blue mussel
In subarea SH1, a significant reduction (factor 6)
was realized between 1994 and 2000, following
the strong decrease of Elbe input (Figure 4.2.11).

Speculatively, the slight, insignificant increase in
the 2003 data may have been caused by the Elbe
2002 flood. In subareas DK1 and DK2, however, a
significant increase occurred of a factor of 2 be-
tween1998 and 2003. This might be the result of
residual sediment transport mediated mercury
contamination originating from the Elbe.

Figure 4.2.11:
Mercury (Hg) contents in
Wadden Sea blue mussel

Mytilus edulis (mg·kg-1 dry
weight). Average (—) and

minimum/maximum range
(|) is shown.

Figure 4.2.10:
Mercury (Hg) contents in

Wadden Sea sediments
(mg·kg-1 dry weight in the
fraction <63 µm). Average

(—) and minimum/
maximum range (|) is

shown.
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In most subareas, mercury levels were a factor
2 to 4 higher in 2002/2003 than the proposed
background (OSPAR, 2002; assuming an average
85% water content). Lowest levels were reached
in subareas SH1 and NDS2, though still at the high
end of the background. Highest levels were found
in subareas DK2 and DK1, exceeding the back-
ground by a factor of 6 and 9 respectively.

 Concentrations in flounder
The high variability of mercury concentrations in
flounder muscle tissue complicate trend detec-
tion (Figure 4.2.12). Based on a general decrease
in maxima, a downward trend by a factor of 4 can
be observed in subareas NL1, NL3 and SH1. In sub-
area SH1, the occurrence of higher maxima in
2003 may be related to the Elbe flood of 2002.

Assuming 80% water content in muscle tis-
sue, mercury levels are within the proposed back-
ground range (OSPAR, 2004).

Concentrations in bird eggs
Mercury contents in eggs of the common tern
(Sterna hirundo) and oystercatcher (Haematopus
ostralegus) are reported in chapter 4.5. The initial
strong decrease in this contents between 1981
and 1993 was continued, with the exception, how-
ever, of oystercatcher eggs from Trischen (SH1),

where a significant upward trend occurred. Evalu-
ation of the 6 year period 1998-2003 shows a
significant upward trend for Balgzand (NL1),
Trischen (SH1) and Langli (SH2) for mercury in
oystercatcher eggs; at Minsener Oog (Jade) in com-
mon tern eggs, but no longer a significant trend
in the Elbe subarea SH1.

The relatively high Balgzand levels cannot be
related to the IJsselmeer input and probably orig-
inate from local sources. The relatively high levels
at Trischen, however, may be related to the input
from Elbe and Weser.

At the location of Minsener Oog (Jade, NDS3)
concentrations in common tern eggs may be re-
lated to the mercury input from the Weser, which
was increasing between 1998/2000 and 2002 both
in flux and concentration, suggesting that the
feeding grounds are in the Weser estuary.

4.2.2.5 Lead
Input

The dramatic reduction in the Elbe input and con-
centration stabilized at the 1994 level, with a
slight increase up to 2002 (Figure 4.2.1).

The load and concentration in the Weser were
variable with a slight overall increase (1985 com-
pared with 2002). An intermediate concentration

Figure 4.2.12:
Mercury (Hg) contents in

muscle of Wadden Sea
flounder Platichthys flesus

(mg·kg-1 dry weight).
Average (—) and minimum/

maximum range (|) is
shown.
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and input peak (1991-1999) temporarily caused
more than a doubling of concentration and input.
Year-averaged concentrations of lead in Elbe and
Weser water, derived from OSPAR flux data, were
at the same level and 2-3 times higher than in
Lake IJssel, Ems and Eider in 2002.

Lead input and concentrations of Lake IJssel
and Ems did not show a significant trend. The Ei-
der has a very small input compared to the other
rivers, but both its input and water concentration
were about twice as high in 1996 – 2002 com-
pared to 1990 – 1995. The source, however, is
unknown.

The atmospheric input of lead (Table 4.2.1) is
about 4% of the total riverine input.

QSR 1999
The Elbe showed the strongest reduction in lead input be-
tween 1993 and 1994. This was reflected by decreasing levels
blue mussels, but less prominent in sediments. The Weser
showed large annual and periodical variations in both input
and concentration which were suspected of increasing. Lead
concentrations in the Weser surpassed those of the Elbe in
the period 1994 – 1996. In the other Wadden Sea subareas
no trends were detected.

Overall, lead concentrations in the Wadden Sea were close
to background and within the ecotoxicological assessment
criteria of OSPAR (1997).

Concentrations in sediment
Most subareas showed a downward trend of lead in
sediment, which was most clear in subareas NL3
and SH1 (Figure 4.2.13). Significant trends can-
not be determined due to large inter-sample vari-
ations, however both maxima and minima are
decreasing. Particularly in subarea SH3, the max-
imum values of both original and standardized
data tend to be associated with very low silt (less
than 1% <20 µm) and relatively high contents of
organic carbon (6 – 7 %) (Figure 4.2.14). Because
the original analytical results in the silt fraction
of the very sandy sediments are high, it can be
concluded that at some sites in subarea SH3 the
few silt particles present are a factor of 4-5 more
contaminated. Since this phenomenon occurs spe-
cifically in subarea SH3 and with respect to lead
and zinc associated with a low fraction <20 µm,
it may originate from a local source which is prob-
ably related to shipping. Alternatively, it may turn
out to be the result of cross-contamination. Since
the copper anomaly in SH3 and DK2 is associated
with low organic carbon content, this is presum-
ably not related to sources.

Except in subareas SH1 to SH3, sediment lead
levels frequently exceed the proposed background
by a factor of 2-4. In subarea SH3, one location is
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Figure 4.2.13:
Lead (Pb) contents in

Wadden Sea sediments
(mg·kg-1 dry weight in the
fraction <63 µm). Average

(—) and minimum/
maximum range (|) is

shown.
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exceeding the background by a factor of 5-10.
In subareas NL1 to NDS3 and SH3, the sedi-

ment lead levels in 2000/2003 were frequently
higher than the high end of the range of the pro-
visional ecotoxicological assessment criterion for
lead (OSPAR, 2004). The level at the one anoma-
lous location in subarea SH3 was up to a factor of
4 higher.

Concentrations in blue mussel
Lead levels in subarea SH1 were reduced by a fac-
tor of 3 in the period 1994-1997, directly follow-
ing the strong input reduction by the Elbe river
(Figure 4.2.15). On the other hand, subareas DK1
and DK2 showed a trend increasing by a factor of
2 between 1998 and 2003.

Only in subareas NL1 to NL3 the lead content
in blue mussels was 2-3 times higher than in the
other subareas of the Wadden Sea (Figure 4.2.16).
Proposed background levels are exceeded by up
to 4 times, while in the other subareas levels are
at the high end of the background (OSPAR, 2004;
assuming 85% water content).

4.2.2.6 Zinc
Input

The period of drastic reduction of zinc input by
the Elbe ended by 1997 (Figure 4.2.1). The Elbe
and Weser had the higher zinc concentrations,
being 4- to 8-fold the concentrations in Lake IJs-
sel, Ems and Eider. Recent trends are nearly ab-
sent and mainly flow-related.

The atmospheric input of zinc (Table 4.2.1) to
the Wadden Sea is about 1% of the summed riv-
erine input.

Concentrations in sediment
As for most metals, the zinc levels in the sedi-
ment fraction < 63µm were variable, preventing
any trend detection (Figure 4.2.17). Based on year-
averaged data, however, most subareas showed a
gradual downward trend during the last 18 years.
In subarea SH1, there is no direct relationship to
the strongly decreased Elbe input between 1994
and 1997.

The extreme values in subarea SH3 are related
to the sandy nature of the sediments, containing
very little silt (see above). Except for DK1, con-
centrations in all subareas were at or below the
proposed background. In subarea SH3, one sandy
location with very low silt content exceeded the
background by a factor of 5 in 2000. At this same
location, where also higher copper and lead levels
were found (see above), the upper limit of the pro-
visional ecotoxicological assessment criterion for
zinc was reached (OSPAR, 2004). In all other sub-
areas of the Wadden Sea, concentrations were
below this criterion.

Figure 4.2.15:
Lead (Pb) contents in

Wadden Sea subareas SH1
and DK1 blue mussel

Mytilus edulis (mg·kg-1 dry
weight). The SH1 trend line

shows a direct reduction
following the Elbe input

pattern (see Figure 4.2.1).
In DK1 the trend is

increasing.

Figure 4.2.14:
Lead (Pb) contents in

Wadden Sea SH3
sediments (mg·kg-1 dry

weight in the fraction <20
µm) as function of the

fraction <20 µm and of
the total organic carbon

content (%TOC). For
anomalous high lead

contents at low fractions
<20 µm and high TOC

values see text.
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QSR 1999
The Elbe showed the most dramatic drop in both input and
concentration of zinc between 1993 and 1994. Zinc con-
centrations in both sediments and mussels followed this
trend. The Elbe input of zinc influenced the entire Schles-
wig-Holstein Wadden Sea area.

Other Wadden Sea subareas displayed no significant input
trends. The same holds for sediments, except for the west-
ern and eastern Dutch Wadden Sea. Possible reduction of
zinc in sediments (Ems estuary) and mussels (Jadebusen)
after a peak period was noted. Zinc concentrations were
near the background level by 1996.
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Figure 4.2.17:
Zinc (Zn) contents in

Wadden Sea sediments
(mg·kg-1 dry weight in the
fraction <63 µm). Average

(—) and minimum/
maximum range (|) is

shown.

Figure 4.2.16:
Lead (Pb) contents in

Wadden Sea blue mussel
Mytilus edulis (mg·kg-1 dry

weight). Average (—) and
minimum/maximum range

(|) is shown.
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Concentrations in blue mussel
It is well known that blue mussels are capable of
regulating specifically their internal zinc concen-
trations through the formation of metallothion-
ines. Nevertheless, despite the variable concen-
trations, a distinct upward trend between 1989
and 1999 can be discerned in subarea NL1 and to
a lesser extent in NL2 (Figure 4.2.18). On the oth-
er hand, subareas SH1 and NDS2 show a decrease
in zinc concentrations between 1996 and 2002.

As a result of the increase subareas NL1 to NL3,
NDS3, SH1and DK1 were all at the comparable
level of about 100 mg kg-1 dry weight in 2002.
Lowest levels were found in subarea NDS2, fol-
lowed by NDS1, SH3, DK2 and DK3. Zinc levels are
at proposed background levels in all subareas of
the Wadden Sea (OSPAR, 2004; assuming 85%
water content).

4.2.2.7 Summary of metal trends and
target evaluation

• Major reductions in input and concentration
of metals in the Wadden Sea mainly occurred
in the late 1980s until the early 1990s, con-
tinuing moderately until 2002.

• The Elbe region (subarea SH1) is an exception,
where levels of cadmium, mercury, lead and,

only in blue mussels, zinc decreased in the late
1990s.

• The proposed background in sediments was
exceeded by mercury (factor 3-10) and lead
(factor 2-4) and thus the Target was not met.
Zinc exceeded the background only in subar-
ea DK1 (by a factor 2).

• Cadmium (factor 2-3), copper (factor 3 in SH3),
mercury (factor 2-9) and lead (factor 2-4 in
NL1 to NL3) are exceeding the proposed blue
mussel background and thus the Target.

• At one anomalous location in subarea SH3, the
backgrounds of copper, lead and zinc were
exceeded. Also the Ecological Assessment Cri-
terion (EAC) for zinc was exceeded at this one
sandy location. A similar situation was ob-
served in subarea DK2 for the EAC for copper.
Whether this is real or an analytical or cross-
contamination error needs to be investigated.
The sources of copper and both lead and zinc
are presumably not the same.

• Incidents, such as the Elbe flood of 2002,
showed short-term effects only (increased cad-
mium and mercury levels in flounder liver and
muscle respectively). This effect could not be
demonstrated in sediment or blue mussels due
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Figure 4.2.18:

Zinc (Zn) contents in
Wadden Sea blue mussel

Mytilus edulis (mg·kg-1 dry
weight). Average (—) and

minimum/maximum range
(|) is shown.
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to the absence of data for these matrices and
for other metals.

Nickel, a new compound of high priority in both
OSPAR and Water Framework Directive, needs to
be included in the monitoring of the Wadden Sea.

Harmonization of methods to improve compa-
rability, and quality and availability of data stored
in databases has progressed little since the 1999
QSR, neither for JAMP nor TMAP.

4.2.3 Organic micropollutants (PAHs)
4.2.3.1 Data

The availability of data for polyaromatic hydro-
carbons (PAHs) is limited to concentrations in sed-
iments and blue mussels (Mytilus edulis) reported
to OSPAR. This concerns the ‘6 of Borneff’ (Fluo-
ranthene, Benzo-b/k-Fluoranthene, Benzo-a-
Pyrene, Indeno-123, cd-Pyrene, and Benzo-ghi-
Perylene).

4.2.3.2 Inputs
No data is available for riverine inputs, in part
because PAHs dissolve poorly in water. Atmospher-
ic input of PAHs has been reported for the Dutch
Wadden Sea for 2000 and 2001 from modelling
and ground station data (Duyzer and Vonk, 2002;
Table 4.2.2). An average of ca. 800 kg y-1 of 6 of
Borneff PAHs is deposited in the Dutch Wadden
Sea. Except for dibenzo(ah)anthracene, the input
in 2001 was on average 40% lower than in 2000.

Dutch Wadden Sea
Compound 2000 (kg/y)  2001 (kg/y)
Acenaphthene 712 461
Acenaphtylene 19 22
Anthracene 60 35
Benzo(a)anthracene 23 17
Benzo(a)pyrene 36 31
Benzo(b)fluoranthene 72 78
Benzo(ghi)perylene 33 34
Benzo(k)fluoranthene 46 61
Chrysene 71 46
Dibenzo(ah)anthracene 4 10
Phenanthrene 1863 1442
Fluoranthene 553 590
Fluorene 1142 711
Indeno(123,ghi)pyrene 29 34
Naphthalene* 1188 1017
Pyrene 274 296
Sum 6Borneff (bold) 769 828
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Figure 4.2.19:
Sum of 6 of Borneff PAHs

(mg kg-1 dry weight) in the
sediment fraction < 63 µm
in the Dutch Wadden Sea.

Bars indicate minimum/
maximum values.

Figure 4.2.20:
Sum of 6 of Borneff PAHs

(mg kg-1 at 5% organic
carbon) in the sediment
fraction < 63 µm in the
Dutch Wadden Sea. Bars

indicate minimum/
maximum values.

Table 4.2.2:
Atmospheric input of PAHs

into the Dutch Wadden
Sea. Bold: 6 of Borneff

PAH, *= volatile (source:
Duyzer and Vonk, 2002).

4.2 Natural Contaminants

4.2.3.3 Concentrations in sediments
The sum of 6 of Borneff PAHs in the sediment frac-
tion <63 µm is plotted in Figure 4.2.19. No signif-
icant trends were observed, while subareas NL1-
NL3 are at an equal level of about 0.5 mg kg-1 dry
weight. Average levels in subarea NL2 tend to in-
crease consistently between 1988 and 2002. The
same picture occurs when standardized to 5%
organic carbon in the sediment (Figure 4.2.20).

Danish PAH data were available in a non-com-
parable format only, whereas the two-year series
allows no trend assessment either.
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Table 4.2.3:
Agreed Ecotoxicological

Assessment Criteria by
OSPAR (2004). Sediment
was not unambiguously

defined, it is assumed that
the < 63 µm fraction was
meant. For wet weight to

dry weight conversions:
mussel was set at 85% WW

and flounder at 80% WW
(muscle tissue). DW = Dry

weight, WW = wet weight.
f: firm; p: provisional, n.d.:

no or insufficient data
available, n.r.: not relevant

to current JAMP.

Compound Water Sediment Fish Mussel
(µg l-1) (mg kg-1 DW) (mg kg-1 WW) (mg kg-1 DW)

As 1-10 1-10
Cd 0.01-0.1 0.1-1
Cr 1-10 10-100
Cu 0.005-0.05 5-50
Hg 0.005-0.05 0.05-0.5
Ni 0.1-1 5-50
Pb 0.5-5 5-50
Zn 0.5-5 50-500

DDE n.r. 0.0005-0.005 (p) 0.005-0.05 (f) 0.005-0.05 (f)
Dieldrin n.r. 0.0005-0.005 (p) 0.005-0.05 (f) 0.005-0.05 (f)
Lindane (�-HCH) 0.0005-0.005 (f) n.r. 0.0005-0.005 (f) n.r.

Napthalene 5-50 (f) 0.005-0.5 (f) n.r. 0.5-5 (p)
Phenanthrene 0.5-5 (p) 0.1-1 (f) n.r. 5-50 (p)
Anthracene 0.001-0.01 (p) 0.05-0.5 (f) n.r. 0.005-0.05 (p)
Fluoranthene 0.01-0.1 (p) 0.5-5 (p) n.r. 1-10 (p)
Pyrene 0.05-0.5 (p) 0.05-0.5 (p) n.r. 1-10 (p)
Benzo-a-Anthracene n.d. 0.1-1 (p) n.r. n.d.
Chrysene n.d. 0.1-1 (p) n.r. n.d.
Benzo-k-Fluoranthene n.d. n.d. n.r. n.d.
Benzo-a-Pyrene 0.01-0.1 (p) 0.1-1 (p) n.r. 5-50 (p)
Benzo-ghi-Perylene n.d. n.d. n.r. n.d.
Indeno-123,cd-Pyrene n.d. n.d. n.r. n.d.

Sum7 PCB n.r. 0.001-0.01 (p) 0.001-0.01 (f) 0.005-0.05 (f)
TBT 0.00001-0.0001 (f) 0.000005-0.00005 (p) n.r. 0.001-0.01 (f)

4.2 Natural Contaminants

4.2.3.4 Summary of trends and target
evaluation

The available data on organic micropollutants does
not show a significant trend neither in deposition
nor in sediment content.

The sediment content of PAHs in the Wadden
Sea is slightly elevated when compared to Bar-
ents Sea sediments (~0.87 mg kg-1 at 5% organic
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carbon), but well below Skagerrak sediments
(~2.36 mg kg-1 at 5% organic carbon). No natural
background was denoted by OSPAR (2004).

For individual PAHs, ecotoxicological assess-
ment criteria were agreed by OSPAR (2004), a few
of which are firm (Table 4.2.3). None of the PAHs
exceeded the range of these ecotoxicological as-
sessment criteria.
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4.3.1 Introduction
Compounds which are not of biogeochemical or-
igin and usually solely man-made are referred to
as ‘xenobiotics’, unknown to nature as we know
it. A large variety of xenobiotics are included in
the ‘List of chemicals for priority action’ (OSPAR,
2002) and the proposed ‘Priority list’ of the Water
Framework Directive. Some compound groups,
however, though classified as xenobiotics have
been found to be produced in minute amounts by
versatile micro-organisms such as fungi (Hoekstra
and de Leer, 1995). Most of the PBT criteria (Per-
sistant, Bioaccumulative, Toxic) apply to xenobi-
otic compounds, making them environmentally
hazardous. An important, newly emerging mode
of ‘toxicity’ from many xenobiotics is hormonal
disruption (see chapter 4.6).

The 1999 QSR summarized that, in general, riv-
erine inputs and concentrations in sediment and
biota of most of the investigated xenobiotics had
decreased, but that for some compounds elevated
concentrations could still be observed, especially
with regard to tributyltin (TBT).

4.3.2 PCBs
4.3.2.1 Input

Riverine inputs of PCBs as reported by OSPAR are
shown in Figure 4.3.1. The Elbe shows the most

remarkable decrease in PCB input between 1988
and 1991. The dry year of 1996 rendered a rela-
tive peak in PCB input and water concentration in
the Weser and Ems. The relative peak concentra-
tion of PCBs was highest in the Weser and Ems.
Whether concentration peaks and relatively dry
years correlate is still not clear (cf. de Jong et al.,
1999). PCB inputs have not reported for the Eider
since 1997 and not for the Elbe since 2000. Wes-
er and Ems water concentrations are amongst the
highest, being about twice as high as in Lake IJs-
sel. Weser inputs seem currently the highest, in
the absence of data for the Elbe and Eider.

Atmospheric input as modelled for the Dutch
Wadden Sea by Duyzer and Vonk (2002) is pre-
sented in Table 4.3.1. This limited data suggests a
reduction between 2000 and 2001; confirmation
by extended monitoring is required.

Disposal of dredged material from harbors in
estuaries is a displacement of deposited mainly
marine suspended particulate matter (SPM). The
physical impact by volume and the trend in con-
taminant levels may be considered as quality cri-

4.3 Xenobiotics

Figure 4.3.1:
OSPAR reported fluvial

PCBs and Lindane (�-HCH)
emissions (kg·y-1) into the

Wadden Sea. Top panels
show actual input rates

bottom panels at
standardized flow (109

m3·y-1) (sources: D:
Umweltbundesamt; NL:

Rijkswaterstaat).

QSR 1999
The Elbe input reduced dramatically between 1989 and 1991.
The inputs of Lake IJssel, Ems, Weser and Eider fluctuate
around a comparable level. It is suggested that river flow
reduction after a wet period causes a concentration increase
in the first year after the reduction. The following years PCB
concentrations drop again.

PCB concentrations in sediments, mussel and bird eggs show
a negative trend between 1985 and 1991 of 50 – 75%. In
the case of the Elbe this was clearly correlated with the
riverine input, which increased again between 1994 and

 Target
Concentrations of man-made substances as re-
sulting from zero discharges
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teria (OSPAR, 2003). As an example, the trend of
PCB concentrations in Rotterdam harbour sludge
(fraction <2 mm) shows a 75% reduction between
1988 and 2001 (Figure 4.3.2). Most of the Rotter-
dam harbor sludge is disposed off in the Dutch
North Sea coastal waters, from where the materi-

al is transported towards the western Dutch Wad-
den Sea.

4.3.2.2 Concentrations in sediment
No data is available for the German and Danish
Wadden Sea. In subarea NL1, the sum of 6 PCBs
(�6PCB) in the <63 µm fraction of the sediment
decreased, causing the disappearance of the geo-
graphical trend of concentrations decreasing from
west to east as present in 1993 and 1996 (Figure
4.3.3).

Assuming that congener PCB 52 represents 1%
of the �7PCB, the maximum concentrations re-
corded in subarea NL1 for �6PCB exceed the ec-
otoxicological assessment criterion of OSPAR.

4.3.2.3 Concentrations in blue mussel
�6PCB values show variable trends and non-ex-
plainable variations in some subareas (Figure
4.3.4). In the northern Wadden Sea (subareas SH3
to DK2) a significant decrease occurred between
1994 and 2003. The levels in subareas SH3 to DK3
are about 25 µg kg-1 dry weight, compared to ~80
µg kg-1 dry weight in subareas NL1 and NL2. In
NL1 and DK3 no further decrease in concentra-
tions occurred between 2000 and 2002/03.

The data in subareas NL3 to SH1 is difficult to
interpret due to extreme and non-explainable in-
terannual variations. In all these subareas the over-

Figure 4.3.3:
Average �6PCB (PCB 28,

101, 118, 138, 153, 180)
contents of sediment (µg

kg-1 at 5% organic carbon).
In recalculation to �7PCB

(including PCB 52) for
comparison with OSPAR

data, it was assumed that
PCB 52 represents 1% of
the mixture. Vertical lines

represent the range
between maximum and

minimum data.

Figure 4.3.2:
Trends in PCB

concentrations in
Rotterdam harbour dredged

material (mg kg-1 dry
weight, fraction < 2 mm)

disposed of at sea (source:
OSPAR, 2003).

Table 4.3.1:
Atmospheric deposition of

Sum of 6 PCB congeners in
the Dutch Wadden Sea

area (source: Duyzer and
Vonk, 2002.

Dutch Wadden Sea
Compound 2000 (kg y-1)  2001 (kg y-1)
Sum of CBs 28, 101, 118, 9.2 2.9
138, 153, 180

Lindane (�-HCH) 30 15

Sum o,p’-DDD (Dichlorodi- 7 1
phenyldichloroethane) /
DDE (Dichlorodiphenyldi-
chloroethylene)

Hexachlorobenzene 3 2
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all trend seems to be downward, reaching a level
of about 40 µg kg-1 dry weight in 2002/03, which
is intermediate between NL1, NL2 and DK1 to DK3.

The concentrations of �6PCB in blue mussels
exceed the OSPAR (2004) maximum background
range by a factor of 6 (DK) to 35 (NL), assuming
an 85% water content of the blue mussel tissues.
Based on �6PCB and taking into account a 1%
contribution of PCB 52 in �7PCBs, concentrations
in the Danish Wadden Sea are within the range of
the firm ecotoxicological assessment criterion
(OSPAR, 2004). Concentrations in subareas NL3
to SH3 are at the maximum of the range, and in
NL1 and NL2 exceeded the range up to a factor of
2.

4.3.2.4 Concentrations in flounder liver
The longest available time series (for subarea NL3),
�6PCB concentrations show a consistent decrease
from 1986 to about 1998. Since then, no further
decrease seems to occur (Figure 4.3.5). For other
subareas of the Wadden Sea data series are much
shorter, and do not show an overall trend

Recent �6PCB levels in flounder liver are com-
parable in subareas NL1 to SH1 (about 100 µg kg-

1 wet weight). In subarea DK3, levels are a factor
6-7 lower (16 µg kg-1 wet weight). The concen-
trations in subareas NL1 to SH1 are at the maxi-

mum, those in subarea DK3 at the lower end of
the firm ecotoxicological assessment criterion
(EAC) (OSPAR, 2004). Adult flounders exceed the
maximum EAC by a factor of 2 to 4.

4.3.2.5 Concentrations in bird eggs
The long-term data for concentrations of PCBs in
eggs of the common tern and oystercatcher show
a rather strong decrease until ca. 1992, after which
trends were not clear any more. In recent years in
some subareas of the Wadden Sea, concentrations
seem to be increasing again (see chapter 4.5).

The concentrations of �6PCB congeners in com-
mon tern (Sterna hirundo) in 2002 show a spatial
gradient of values decreasing from west (NL1) to
north (DK3), with the Elbe estuary (SH1) being an
exception and showing the highest values (Figure
4.5.2). In the oystercatcher (Haematopus ostrale-
gus) the PCB concentrations are more equally dis-
tributed, with the exception of Skallingen (DK3),
where concentrations are lower by a factor of 4-
5.

Concentrations in eggs of the common tern are
on average twice as high as in eggs of the oyster-
catcher. This can be attributed to the higher trophic
level, and therefore a higher biomagnification fac-
tor, of the common tern, a fish eater, as compared
to the oystercatcher, a benthos eater.

Figure 4.3.4:
Average �6PCB (PCB 28,

101, 118, 138, 153, 180)
contents of blue mussel

(Mytilus edulis) tissue (µg
kg-1 dry weight). In

recalculation to �7PCB
(including PCB 52) for

comparison with OSPAR
data, it was assumed that
PCB 52 represents 1% of
the mixture. Vertical lines

represent the range
between maximum and

minimum data.
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4.3.3 Lindane (�-HCH)
Lindane is a neurotoxin and energy metabolism
inhibitor. Crustaceans are especially sensitive; the
inhibiting effect on carbohydrate metabolism af-
fects winter survival. The compound is carcino-
genic and active as an endocrine disrupter in birds
and mammals. Metabolism is impeded by pres-
ence of chlorobenzenes. Lindane is still used in
creams and shampoos to control lice and mites.

Lindane is one of the hexachlorocyclohexane
isomers and most frequently used, but is in fact
the one of least environmental concern. The �-
HCH isomer, always occurring in the technical Lin-
dane mixture, is considered a larger problem, since

it was observed as the predominant environmen-
tal pathway of the relatively well water-soluble
HCHs (Deutch et al., 2002) and was found more
frequently in human blood and breast milk (WWF,
2004). The available data for the Wadden Sea does
not show accumulation of HCH isomers other than
Lindane in blue mussels and flounder liver.

4.3.3.1 Input
The Lindane input by the Elbe and water concen-
trations dramatically increased between 1996 and
2000, followed by a similarly dramatic decrease
in 2001 (Figure 4.3.1). The cause of the increasing
Lindane input and concentrations in the late
1990s, equalling 1986 levels, is not known. A re-
lation with the Elbe flood (August 2002) is not
likely, because the increase started as early as in
1996. The other rivers showed an ongoing decrease
throughout the assessment period.

4.3.3.2 Concentrations in blue mussel
Most subareas of the Wadden Sea show a down-
ward trend (Figure 4.3.6). Subarea SH1, however,
showed a significant increase between 1994 and
1998, which suddenly collapsed in 1999. During
recent years, Lindane levels in blue mussels were
at the same level in all subareas of the Wadden
Sea.
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Figure 4.3.5:
Average �6PCB (PCB 28,

101, 118, 138, 153, 180)
contents of flounder

(Platichthys flesus) liver
tissue (µg kg-1 wet weight).

In recalculation to �7PCB
(including PCB 52) for

comparison with OSPAR
data, it was assumed that
PCB 52 represents 1% of
the mixture. Vertical lines

represent the range
between maximum and

minimum data.

QSR 1999
The Elbe input of Lindane (�-hexachlorocyclohexane) sharply
decreased between 1985 and 1992 and showed an inter-
mediate peak between 1993 and 1996. The Lindane input
pattern was correlated with the flow rate pattern of the
River Elbe. Lake IJssel, Weser and Ems showed a comparable
reduction between 1985 and 1996.

The input reduction was reflected in Lindane concentrations
in bird eggs, except in the Eider area (subarea SH2) in eggs
of the common tern (Sterna hirundo). Lindane water con-
centrations were within the range of the OSPAR provisional
ecotoxicological assessment criterion (EAC) of 5-50 ng·l-1.
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Figure 4.3.6:
Average Lindane (�-HCH)

contents of blue mussel
(Mytilus edulis) tissue (µg

kg-1 dry weight). Vertical
lines represent the range

between maximum and
minimum data.
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Figure 4.3.7:
Average Lindane (�-HCH)

contents of flounder
(Platichthys flesus) liver

tissue (µg kg-1 wet weight).
Vertical lines represent the

range between maximum
and minimum data.
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4.3.3.3 Concentrations in flounder liver
Lindane contents of flounder liver (Figure 4.3.7)
have been rather variable. Only in subarea SH1
did a distinct downward trend occur between 1994
and 2003, reaching a 80% decrease. In 2002, lev-
els were highest in subareas NL3 to NDS3. In sub-
area DK3 the Lindane levels were a factor 10 low-
er than in subareas NL3 to NDS3.

The firm ecotoxicological assessment criterion
(EAC) (OSPAR, 2004) was exceeded for certain
length classes of flounder in subareas NL3 (2002,
up to factor 2), NDS1 (2001, up to factor 7) and
NDS2 (2002, up to factor ~2). If �-HCH is includ-
ed, subarea NL3 exceeded the EAC in 2002 by a
factor of 4.

4.3.3.4 Concentrations in bird eggs
Between 1991 and 2003, concentrations of Lin-
dane in eggs of the common tern and oystercatch-
er showed a steady decrease in most subareas of
the Wadden Sea. An intermediate peak appeared
in the Elbe area between 1998 and 2002. In sub-
area NL3, however, Lindane concentrations in eggs
of the oystercatcher increased significantly since
1998 (see chapter 4.5).

The geographical distribution of Lindane con-
centrations is similar for eggs of both bird spe-

cies. In 2002, the western Dutch Wadden Sea (NL1)
showed elevated levels, which were twice as high
as in the eastern Dutch Wadden Sea (NL2), Ems-
Dollard (NL3), Niedersachsen (NDS1) and the Dan-
ish Wadden Sea (DK1, DK3). Peak levels were found
in the Elbe area (SH1, SH2 and SH3), about 4-5
times higher than in the low-level areas. In the
northern Wadden Sea, the oystercatcher eggs in
2002 showed a gradient of decreasing concen-
trations from Elbe (SH1; ca. 8 µg·kg-1 fresh weight)
to Skallingen (DK3; ca. 3 µg·kg-1 fresh weight).

4.3.4 DDT, DDD, DDE
4.3.4.1 Input

Dichlorodiphenyldichloroethylene (DDE), as the
end product of DTT breakdown, primarily accumu-
lates in the environment at higher trophic levels,
such as in humans (Polder et al., 2002; WWF,
2004). The DDT/DDE ratio in humans was typical-
ly around 0.14 and is decreasing, indicating a re-
duced DDT input in the environment. These com-
pounds were not addressed in the 1999 QSR.

4.3.4.2 Concentrations in blue mussel
In subarea NL3, concentrations of DDT (not shown),
DDD (Figure 4.3.8), and to a lesser extent also of
DDE (not shown), showed a 75% decrease between
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Figure 4.3.8:
Average DDD contents of

blue mussel (Mytilus
edulis) tissue (µg kg-1 dry

weight). Vertical lines
represent the range

between maximum and
minimum data.
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Figure 4.3.9:
Average DDD contents of

flounder (Platichthys
flesus) liver tissue (µg kg-1

wet weight). Vertical lines
represent the range

between maximum and
minimum data.
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Figure 4.3.10:
Average DDE contents of

flounder (Platichthys
flesus) liver tissue (µg kg-1

wet weight). Vertical lines
represent the range

between maximum and
minimum data.
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1988 and 2002. The shorter time series of other
subareas showed the same trend (e.g. SH3).

DDE levels are typically twice as high as the
DDT and DDD levels. �DDTs (sum of DDT, DDD, DDE)
is relatively high in subareas NL3, SH1 and SH3.

The Elbe flood (2002) caused the DDD and DDE
levels in blue mussels in SH1 to increase by a fac-
tor of 3 in 2003. DDT levels did not increase, which
indicates that the Elbe flood primarily caused
mobilization of historical contamination. This is
in accordance with the observed increase of con-
centrations of DDD and DDE in Elbe suspended
matter in August 2002 (CWSS, 2002).

4.3.4.3 Concentrations in flounder liver
In subareas NDS2 and SH1, high and variable DDT
levels were recorded. The source of the high con-
centrations in subarea NDS2 may be of unknown
local origin. In subarea SH1, generally high con-
centration occurred, particularly of DDD (Figure
4.3.9) and DDE (Figure 4.3.10). In subareas NDS2
(only DDT) and SH1 (�DDTs) concentration levels
are up to a factor 6 higher than in other subareas
of the Wadden Sea.

No data is available to check for Elbe flood
(2002) related anomalies in concentrations in
flounder liver.

4.3.5 Hexachlorobenzene (HCB)
4.3.5.1 Input

HCB (hexachlorobenzene) was widely used as a
pesticide and in synthesis processes until it was
banned in most open applications in 1988. HCB,
however, is still a by-product of the production of
chlorinated organic solvents, though strictly reg-
ulated. HCB is highly persistent and bioaccumu-
lative. HCB levels found in human blood are
amongst the highest of organochlorines together
with DDE (metabolite of DDT), �-HCH and PCBs
(WWF, 2004).

4.3.5.2 Concentrations in sediment
The average HCB content in sediments decreased
in NL1 – NL3 between 1988 and 2002 (Figure
4.3.11). Though not significant, it constitutes a
50% reduction.

HCB contents in sediments in DK1 to DK3 are
at the lowest levels of NL1, but show large varia-
tions coinciding with low organic carbon contents
of the sediment.

4.3.5.3 Concentrations in blue mussel
Subareas NL3 and SH1, which were ‘hot spot’ ar-
eas in the 1999 QSR, showed a concentration re-
duction of over 90% (NL3, 1988-2002) and 80%
(NDS1, 1997-2002; SH1, 1996-2000) (Figure
4.3.12). In subarea SH1, the Elbe flood of 2002
may have caused the blue mussel levels to increase
by a factor of 3 in 2003.

HCB levels in blue mussels are higher in subar-
eas NDS3 (factor 7), SH1 and SH3 (both factor 3)
as compared to other subareas of the Wadden Sea.
This may be related to residual south to north
transport along the North Sea coast of historical
(as in NL3 and SH1) or recent local sources.

4.3.5.4 Concentrations in flounder liver
As in blue mussels, HCB levels in flounder liver
were very high in subareas NL3 and SH1 (Figure

Figure 4.3.11:
HCB contents of sediment

(µg kg-1 at 5% organic
carbon). Vertical lines

represent the range
between maximum and

minimum data.

QSR 1999
HCB, used as biocide in wood conservation and crop protec-
tion, is widely present in the biosphere. Its highly volatile,
bioaccumulative and persistent properties made it a ‘black
list’ compound. In the Ems-Dollard (NL3) and Elbe (SH1, SH2)
subareas relatively high concentrations were found in sedi-
ments, blue mussels and eggs of the common tern and oys-
tercatcher. While the Ems generally showed a downward
trend, there was an increasing trend in the Elbe region to-
wards the end of the evaluation period.

Common tern eggs showed bioaccumulation levels higher
than oystercatcher eggs, which in line with the HCB prop-
erties and the higher trophic level of the fish eating com-
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Figure 4.3.13:
Average HCB contents of

flounder (Platichthys
flesus) liver tissue (µg kg-1

wet weight). Vertical lines
represent the range

between maximum and
minimum data.
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Figure 4.3.12:
Average HCB contents of

blue mussel (Mytilus
edulis) tissue (µg kg-1 dry

weight). Vertical lines
represent the range

between maximum and
minimum data.
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4.3.13). In subarea NL3, a 96% reduction of HCB
concentrations was recorded between 1984 and
2002, after sanitization of the local source in the
Ems estuary in 1985. A similar reduction was
achieved in SH1 between 1995 and 2001. The Elbe
flood of August 2002 caused increased HCB lev-
els (by a factor of 5) already in autumn of that
year (flounders were sampled in October), decreas-
ing again in 2003.

In subarea DK3, HCB levels in flounder liver are
a factor 4 lower than in subareas NL1 SH1, sug-
gesting contamination of the entire south-west-
ern Wadden Sea by historical sources.

4.3.5.5 Concentrations in bird eggs
Trends in HCB concentrations in eggs of the oys-
tercatcher and common tern are described in chap-
ter 4.5. HCB concentrations in oystercatcher eggs
at Delfzijl (NL3) showed a decrease of approx. 80%
between 2001 and 2003.

4.3.6 Organotin compounds
(TBT, TPT)

Tributyltin (TBT) acts as a hormone disruptor, caus-
ing molluscs to develop female sterility (imposex),
finally leading to the extinction of the popula-
tion. For further information see section 4.7.1.

Triphenyltin (TPT) compounds were not ad-
dressed in the 1999 QSR. TPT is mainly applied as
biocide for potato crops, and is as toxic as TBT.

4.3.6.1 Inputs
No input data is available from monitoring. Mod-
els have been developed to estimate leaching out
of applications (in: Bellert et al., 2004).

Organic tin compounds have been extensively
monitored in The Netherlands. Some results will
be shown.

4.3.6.2 Concentrations in water
Buty ltin compounds have been monitored main-
ly in marinas. In the western Dutch Wadden Sea
(NL1), concentrations of TBT and its metabolites
showed a strong decrease between 1990 and 2002
(Figure 4.3.14). Most prominent was the 60% re-
duction of TBT in 1993, the year that use of TBT in
anti-fouling paints on ships <25 m was banned
(see Eltink, 2004).

In 2002 the high firm ecotoxicological assess-
ment criterion (OSPAR, 1997) was exceeded by a
factor of 300 in the marinas of the Dutch Wadden
Sea (NL2).

4.3.6.3 Concentrations in sediment and
suspended matter

In the Dutch Wadden Sea, butyl and phenyl tin
compounds have been monitored in suspended
matter (SPM, 3 samples per year) as well as in sed-
iment (once every 3 years). TBT was generally dom-
inant in estuarine and marine sediments, except
for one location close to shipyards building sea-
going vessels (Bellert and van den Ven, 2003). TPT
levels were dominant in fresh-water sediments,
and were very high in agricultural (potato crop)
areas (Bellert and van den Ven, 2003). Concentra-
tions in SPM are in the same range as in sedi-
ment. As an example, in figure 4.3.15 data series
are shown for butyl and phenyl tin compounds in
SPM in subarea NL3. Taking August and Novem-
ber concentrations, normalized to 5% organic car-
bon, a downward trend can be observed from ap-
prox. 2001 onwards, especially for TBT.

At all locations in the Dutch Wadden Sea, TBT
constitutes ~60% of all butyl tin compounds. The
data for 1998-2002 indicates a dominance of TPT
in the Phenyl tin compounds of 40-70%. By 2003
the dominance of TPT was reduced to ~20%,
whereas DPT makes up 50%. This probably indi-
cates a decrease in source related input of TPT
and a more persistent behavior of its metabolites.

In 2002, the high provisional ecotoxicological
assessment criterion (OSPAR, 2004) was exceed-
ed by a factor of 400 in sediments of the Dutch
Wadden Sea (NL1 to NL3).

4.3.6.4 Concentrations in blue mussel
Organotins in blue mussel are dominated by TBT
(Figure 4.3.16), with concentrations of ~250 µg
kg-1 dry weight in subarea NL3 and 150 µg kg-1 dry
weight in NL2 over the period 1999-2002. The
concentrations of the metabolites DBT and MBT
are much lower: at ~20 to 5 % level, respectively.

QSR 1999
Tributyltin compounds (usually applied as TBT-oxide or TBT-
chloride) were extensively used in antifouling and stabilizer
applications. The marine source is mainly from ships. TBT
accumulates in sediments and biota. Highest concentrations
were found in marinas, up to 100 fold the levels in more
remote reference areas. Intercomparison between Wadden
Sea regions was hampered because of methodological dif-
ferences in both sampling and analysis.
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Figure 4.3.14:
Butyltin compounds in

water (ng l-1) of marinas in
the Dutch Wadden Sea.
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Similarly, TPT is dominant above its metabolites
DPT and MPT. This data indicates a selective accu-
mulation of TBT by blue mussels, which is likely to
be reflected in butyl tin concentrations in the com-
mon eider (see below).

In 2002, the high firm ecotoxicological assess-
ment criterion (OSPAR, 2004) was exceeded by a
factor of 15 in subarea NL2 and a factor of 25 in
NL3.

Figure 4.3.17 shows TBT and TPT concentra-
tions in blue mussels in the German Wadden Sea
(Jade Bight, NDS2) for the time period 1985-1999.
TPT concentrations are decreasing after a phase
out of its use as antifouling paint in the mid 1980s.
TBT concentrations remain unchanged (about 200
µg kg-1 dry weight in the period 1995-1999) even
after the EU-ban for use as antifouling paint in
small ships in 1991 (Rüdel et al., 2003).

Figure 4.3.15:
Average organic tin

contents of sediment in
fraction <63 µm (µg kg-1

dry weight). nBT graph
NL2: TBTs/DBTs/MBTs:

concentrations in sediment.
Vertical line represent the
range between maximum
and minimum data. nBT:

butyltins, nPT: phenyltins.
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Figure 4.3.16:
Average organic tin

contents of blue mussel
(Mytilus edulis) tissue (µg
kg-1 dry weight). TBT, DBT,

MBT = Tri-, Di-,
Monobutyltin. TPT, DPT,

MPT = tri-, di-,
monophenyltin.
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Figure 4.3.17:
Concentration (µg kg-1 dry

weight) of organic tin
compounds in blue mussels

(Mytilus edulis). TBT:
Tributyltin. TPT:

Triphenyltin (source: Rüdel
et al., 2003).
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4.3.6.5 Concentrations in harbour seal
and common eider

Dead harbour seals, stranded on the Dutch Wad-
den Sea and North Sea shores during the PDV-
epidemic of 2002, were collected and their livers
were analyzed for organotins. The results show
that TBT was metabolized to DBT and MBT, the
latter being present in higher concentrations than
TBT. Concentrations were age-dependent (Figure
4.3.18).

In contrast, triphenyltin (TPT) was not as easily
metabolized as TBT, as shown by high concentra-
tions in the liver relative to TBT (70 and 15 µg kg-1

respectively in adults). Considering the similar tox-
icity of TBT and TPT and the assumed lower toxic-
ity of their metabolites, TPT poses a higher envi-
ronmental risk to seals than TBT. A roughly esti-
mated daily intake of organotins of ~8 µg kg-1 body
weight was considered too low to reach the level
of Ah-receptor inhibition (1000 µg kg-1 body
weight) described by Vos et al. (2003).

In the livers of common eider, found dead in
the winters of 1999 and 2000, extremely high DBT
concentrations were found, whereas TBT and MBT
represented only ~4% of the total butyltin con-
tent (Figure 4.3.19). Concentrations of phenyltin
compounds were lower (20–25% of the butyltin
compounds) with TPT and DPT as the major con-
stituents, representing 38% and 31% respective-
ly of the phenyltins. This data suggests that TBT in
blue mussels, the primary food source of the com-
mon eider, is transferred to the bird and readily
metabolized and detoxified to DBT, reaching lev-

els 10-fold of those in blue mussels. It still needs
to be clarified whether the largely enhanced lev-
els of TBT-metabolites, though less toxic, exert
negative effects on the biota of the Wadden Sea.

Phenyltin levels in blue mussels are at about
10% of butyltins. TPT is relatively persistent in blue
mussel, which was also noted for harbours seal.

In conclusion, it appears that biomagnification
of organotin compounds occurs primarily in birds
(common eider) and to a lesser extent in marine
mammals (harbour seal). Such biomagnification
in lung-breathing organisms, as opposed to gill-
breathing animals, was also reported for bromi-
nated flame retardants (Boon et al., 2002).

4.3.7 Pesticides

A large series of polar pesticides (Atrazine, Chlo-
orfenvinfos, Chloroprofam, Chlorotoluron, Diuron,
Irgarol-1051, Isoproturon, Linuron, Methabenzthi-
azuron, Metolachlor, Pirimicarb, Propoxur, Si-
mazine, Terbutryne, Terbutylazine, Methyl-tolclo-
fos) has been monitored in Dutch Wadden Sea
water since 1997 (atrazines) or 2002. Frederiks et
al. (2004) report that Chlortoluron, Diuron, Iso-
prouron, Irgarol, Metolachlor, Propoxur, Terbutryne
and Terbutylazine exceed the target levels set by
the Dutch policy (MinVenW, 1998).
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Figure 4.3.19:
Average (bars) and

minimum/maximum
(vertical lines)

concentration of organic
tin compounds (µg kg-1 dry

weight) in liver tissue of
common eider (Somateria

mollissima) (N = 12) found
dead in the winter of 1999

and 2000. The di- and
monobutyl and phenyltins

are metabolites of
tributyltin (TBT) and

triphenyltin (TPT),
respectively (source:

Werkman et al., 2000).

QSR 1999
Regular monitoring of pesticides (except Lindane, HCB) in
the Wadden Sea area was absent. Dutch and German pesti-
cide surveys (1990-1996) showed the presence of a large
variety of pesticides , whereas this was not expected on the
basis of biodegradation tests. The most frequently detected
compound groups belong to the organic phosphates, triaz-
ines (and derivates), and phenylurea herbicides. Herbicide
concentrations were found at levels potentially harmful to
eelgrass (Zostera marina).

4.3 Xenobiotics

Figure 4.3.18:
Concentration (µg kg-1 dry

weight) of organic tin
compounds in liver of the

harbour seal (Phoca
vitulina) found dead in

2000. Dibutyltin (DBT) and
monobutyltin (MBT) are

TBT metabolites.
Diphenyltin (DPT) and

monophenyltin (MPT) are
TPT metabolites.

Accumulation of butyltins
and triphenyltin (TPT)

increases with age, (source:
Eltink, 2004).
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4.3.8 Summary of trends
The persistency of most xenobiotics presents the
largest problem in reaching the goal of downward
trends of concentrations in the sediment and bio-
ta of the Wadden Sea. This was shown by the re-
sidual south to north transport into the Wadden
Sea and the risk of remobilization from old depos-
its as shown by the Elbe flood in 2002.

Most of the ‘old’ xenobiotics are still present in
the Wadden Sea environment, but show a con-
tinuing downward trend. The relatively ‘new’ xe-
nobiotics such as organotin compounds may have
started to decrease slightly, but are still bioaccu-
mulating. Their chronic effects on birds and ma-
rine mammals need to be clarified.

PCBs are still wide-spread, but concentrations
have decreased considerably over the past 20 years.
They still, however, exceed agreed background lev-
els by many times.

Lindane and its metabolites are mostly decreas-
ing, though �-HCH is persistent in the higher
trophic levels.

In the Wadden Sea, elevated levels of DDT and
DDE in subareas NL3, SH1 and SH3 further de-
creased in the 1990s. The Elbe flood of 2002 caused
an increase of levels in blue mussel in subarea SH1.

HCB decreased in all subareas of the Wadden
Sea, with a relatively late response in the higher
trophic level (bird eggs).

Organotin compounds in the water of Dutch
marinas decreased between 1990 and 2002 by
about 60%. Since 2002, concentrations in partic-
ulate suspended matter also decreased. The share
of the primary compound TPT in the total of phe-
nyl tin compounds decreased recently, indicating
a reduction in input of TPT.

The Targets for xenobiotics are difficult to as-
sess, because no values have been attached to
‘concentrations …as resulting from zero discharg-
es’. When in the course of time concentrations do
not continue to show decreasing trends, this may
in practice be considered as having reached the
target.

With regard to PCBs, the maximum levels in
sediment (NL1), and liver tissue of adult flounder
exceeded the OSPAR ecotoxicological assessment
criteria.

For Lindane, the OSPAR ecotoxicological assess-
ment criteria are exceeded in liver tissue of floun-
der in subareas NL3, NDS1 and NDS2.

For TBT the OSPAR ecotoxicological assessment
criteria are exceeded in water, sediment and mus-
sels in NL1 to NL3 by a large factors. It is likely,
however, that most if not all Wadden Sea subar-
eas exceed these OSPAR criteria. Relevant data,
however, was not readily available.
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4.4 Oil Pollution and Seabirds

 4.4.1 Introduction
Oiled seabirds washing ashore, dead or alive, have
had a signalling function since the very early days
of oil pollution at sea. The number of dead oiled
seabirds on the coastline is not in itself a reliable
parameter for monitoring changes in oil pollu-
tion at sea. The percentage of birds that is oil con-
taminated among the birds found washed ashore
(called the ‘oil rate’), however, has proven to be a
useful monitoring tool (Camphuysen and Franek-
er, 1992; Stowe, 1982; Vauk et al., 1989). Differ-
ences in oil rates between sea areas have clearly
indicated that chronic oil pollution was more in-
tense around shipping lanes than elsewhere. In
recent years, beached bird survey techniques have
been further refined and species-specific oil-rates
were introduced as the main instrument to mea-
sure trends in chronic oil pollution at sea (Cam-
phuysen and Franeker, 1992; Camphuysen and
Heubeck, 2001).

 4.4.1.1 Ecological importance
Chronic oil pollution is a constant threat to sea-
birds and other marine life. Oiled seabirds are the
most visible and obvious casualties resulting from
oil spills, but the sensitivity to oil of other marine
organisms and coastal habitats is enormous (Baker,
1983; Bergman, 1985; Kingston, 1992). This is
particularly true for soft-sediment environments,
such as the Wadden Sea, and attempts to mini-
mize oil pollution in this area were initiated long
ago. However, the most important sources of
chronic oil pollution in terms of casualties among
seabirds are typically situated offshore, such as
shipping and offshore oil and gas exploration
(Dahlman et al., 1994). Tens of thousands of sea-
birds are known to wash ashore oiled each winter
in the southern North Sea alone (Camphuysen,
1989), but as yet it has been difficult to demon-
strate effects in terms of major population de-
clines. There are various explanations for this, one
of which is the lack of adequate data (age com-
position of casualties and information on breed-
ing origin; Heubeck et al., 2003), but of greater
significance is probably the overall success of sea-
birds due to, for example, shifts in prey availabil-
ity due to the overfishing of predatory fish (Cam-
phuysen and Garthe, 2000).

 4.4.1.2 Conclusions of the 1999 QSR
Oil pollution of the seas was recognized as a prob-
lem in the first half of the 20th century and both
national and international regulations to control
discharges of oil were introduced. The introduc-
tion of MARPOL 73/78 (International Convention
for the Prevention of Marine Pollution from Ships)

was eagerly awaited, but as reported in the 1999
QSR, investigations had not provided evidence for
a sudden improvement since Annex I (Regulation
for the Prevention of Pollution by Oil) of this Con-
vention came into effect in 1983. At the same time,
however, and partly contrary to observations dur-
ing aerial surveys where no significant trends could
be found, declining oil rates among beached birds
were seen as a clear sign that the situation was
improving (Camphuysen, 1998; summarized in the
1999 QSR). Yet, it was concluded that despite
these apparent declines, oil rates were still very
high, particularly for pelagic seabirds of the North
Sea. Within the Wadden Sea, the decline was most
prominent, and this was seen as a positive effect
of joint efforts to clear this area from chronic pol-
lution by extensive surveillance of near-shore
waters and consistent clean-up operations when
the Wadden Sea became under threat by local-
ized spills.

 4.4.2 Policy
 4.4.2.1 Trilateral policies

Shipping activities are a continuous source of con-
tamination of the marine environment with oil,
garbage and hazardous substances (de Jong et al.,
1999). Information on temporal changes and spa-
tial differences in the oil pollution of the marine
environment is being provided by Beached Bird
Surveys carried out according to standardized
methods and on a long-term basis. Trilateral pol-
icies for the reduction of pollution from ships were
agreed at the Ministerial Conferences in Stade
1997 (Trilateral policy and management, §2.1.3-
5) and in Esbjerg 2001 (Esbjerg Declaration: shore
reception facilities §54-56, impacts of shipping
§57-62, PSSA Wadden Sea §63-66). The aim of
all these measures was the elimination of opera-
tional oil pollution, combating illegal discharges
and minimizing accidental pollution by oil from
shipping.

 4.4.2.2 ‘Special Area’ concept
A new and important feature of the MARPOL Con-
vention was the concept of Special Areas (regard-
ing oil MARPOL Annex I). These areas are consid-
ered so vulnerable to pollution by oil that oil dis-
charges within them have been completely pro-
hibited, with only minor and well-defined excep-
tions. The 1973 Convention identified the Medi-
terranean, the Black Sea, the Baltic Sea, the Red
Sea and the Gulf area as Special Areas. The North
Sea was excluded, despite its fisheries, rich wild-
life and its status as one of the most polluted sea
areas in the world (Couper, 1983). This was al-
tered in September 1997 with the adoption of the
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1997 amendment that came into force on 1 Feb-
ruary 1999: North West European waters were
designated a Special Area under MARPOL Annex
I. This region covers the North Sea and its ap-
proaches (including the Wadden Sea), the Irish Sea
and its approaches, the Celtic Sea, the English
Channel and its approaches and part of the North
East Atlantic immediately to the West of Ireland.
In Special Areas, discharge into the sea of oil or
oily mixtures from any oil tanker and ship over
400 t is prohibited. The expectations from this step
are considerable, because the amounts of oil that
are allowed to be spilled at sea in Special Areas
are so small that oiled seabirds should not occur,
except in occasional oil incidents. Obviously, the
declaration of a Special Area status is just one
step. Intensified or at least continuous control
through aerial surveillance and harbor inspections
is required to prosecute offenders and to bring il-
legal discharges down to acceptable levels.

 4.4.2.3 PSSA Wadden Sea
In 2002, following a joint application of Denmark,
Germany and The Netherlands, the Wadden Sea
was designated as a Particularly Sensitive Sea Area
(PSSA) by the International Maritime Organiza-
tion (IMO) (Reineking, 2002). A PSSA is an area
that needs special protection because of its sig-
nificance for recognized ecological or socio-eco-
nomic or scientific reasons. In addition, the area
should be at risk from international shipping ac-
tivities. The designated PSSA Wadden Sea is the
marine area of the Wadden Sea Conservation Area,
comprising the Wadden Sea national parks in Ger-
many and the Wadden Sea nature protection ar-
eas in Denmark and The Netherlands. The major
shipping routes have been excluded from the PSSA.

The PSSA Wadden Sea designation will send strong
signals to the international shipping community
and increase awareness of the particular sensitiv-
ity of the area to impacts from shipping, such as
oil.

 4.4.3 Sources of pollution
Chronic oil pollution is not only restricted to min-
eral oil, but in fact, numerous lipophilic substanc-
es are involved, including mineral oil, while few
studies were capable of discriminating between
types. While incidents with non-mineral oils are
known to occur (Camphuysen et al., 1999), and
adverse effects are well known (Bommelé, 1991),
the scale and trends in levels of non-mineral oil
pollutants in the marine environment are very
uncertain (Timm and Dahlmann, 1991; Hak, 2003).

With regard to mineral oil pollution within the
North Sea area, there is good evidence that ordi-
nary ships’ fuel oils, deliberately discharged with
bilge waters, are the main source of oil pollution
(Vauk et al., 1987; Vauk et al., 1989; Dahlmann et
al., 1994; Fleet and Reineking, 2000, 2001; Reinek-
ing and Fleet, 2002). Since the 1980s, when oil
sampling and analysis in Germany began, fuel oil
residues from shipping were identified as the main
source of chronic oil pollution, accounting for
nearly 90%.

Aerial surveys have shown a clustering of slicks
around the major shipping lanes in the south and
in the south-east (Directie Noordzee, 1995, 2001;
Schallier et al., 1996; von Viehbahn, 2001). Figure
4.4.1 shows the high concentrations of oil pollu-
tion especially in the area with intensive sea traf-
fic (traffic separation scheme) off the coast of The
Netherlands, but also off the coast of the North

4.4 Oil Pollution and Seabirds
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Figure 4.4.1:
Standardized density of oil
spills in the period 1989-

1998 for the German
Bight. Source: von

Viebahn, 2001.
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of Schleswig-Holstein. According to the reported
oil spills off the Dutch and German coast (see Fig-
ures 4.4.2 and 4.4.3) there is a decline in compar-
ison to the 1990s.

The clustering of oil slicks around the busiest
shipping areas is clearly reflected in oil rates found
on beach-washed bird corpses, both in the past
(Stowe, 1982) and in recent years (Furness and
Camphuysen, 1997; Camphuysen, 2003; Fleet and
Reineking 2001). This would suggest that the main
source of pollution remained the same over time.
It should be stressed, however, that, with the ex-
ception of a 3.5 year study on the German coast
in the period 1997-2001 (Dahlmann and Seche-
haye, 2000; Fleet and Reineking, 2001), there is
fairly little concrete information about the sourc-
es of pollution in recent years. Regular analysis of
oil residues found on beached birds and beaches
would provide an insight in any changes in source
of oil pollution at sea, and would therefore show
where measures for pollution control should be
tightened.

 4.4.4 Oiled Seabirds
Systematic beached bird surveys, organized to as-
sess the fraction of oiled seabirds washed ashore
among the total number of dead birds found on
beaches (oil rate), have been intense for decades,
particularly in Denmark, Germany and The Neth-
erlands (Joensen, 1972 a,b; Joensen and Hansen,
1977; Reineking and Vauk, 1982; Averbeck et al.,
1993; Camphuysen, 1989, 1997; Reineking, 1997;
Fleet and Reineking, 2000, 2001; Durinck and Skov,
2001; Fleet et al., 2003). Earlier results indicated
slow but consistent declines in oil rates over the
past decades (Camphuysen, 1997, 1998; Durinck
and Skov 2001; Fleet and Reineking, 2001). Nev-
ertheless, oil rates in the Southern North Sea and
in the Wadden Sea area throughout the 1980s
and 1990s were regarded unacceptably high, par-
ticularly for pelagic seabirds. The enforcement of
a Special Area status in 1999 should lead to fur-
ther decreases in oil rates among seabirds; so far,
results have not become evident.

Since the 1999 QSR, oil rates of the most com-
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Figure 4.4.2:
Reported oil spills on the
Dutch Continental Shelf
1992-2003. (Data from

Directoraat-Generaal
Rijkswaterstaat, Directie

Noordzee; data before
1992 is not reliable).

Figure 4.4.3:
Reported oil spills in the

German North Sea 1986-
2003. (Data from the

‘Maritimes Lagezentrum
Havariekommando’).
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mon seabird found on North Sea beaches, the com-
mon guillemot Uria aalge, an indicator for marine
oil pollution, have been proposed as one of the
Ecological Quality Objectives (EcoQOs) (Camphuy-
sen, 2004) by the Biodiversity Committee (BDC)
of the OSPAR Commission. The EcoQO, as agreed
by the 5th North Sea Conference, was defined as:
the proportion of oiled common guillemots should
be 10% or less of the total found dead or dying
individuals of this species, in all areas of the North
Sea. Common guillemots were chosen on the ba-
sis of their wide distribution in winter and their
sheer abundance: sufficiently large samples could
be obtained each winter in all North Sea coun-
tries to calculate a reliable oil rate figure. The
methodology of both the surveys and the subse-
quent analysis of data has been described previ-
ously (Camphuysen and Dahlmann, 1995; Camp-
huysen and Meer, 1996; Camphuysen and Heu-
beck, 2001).

 4.4.5 Trends in oil rates in the
Wadden Sea area

In the following analysis, the Danish-German-
Dutch North Sea coast has been subdivided into
ten sub-regions based on the planning of surveys
in each of the participating countries (Table  4.4.1).

Within the sub-regions a distinction was made
between (1) coast exposed to the Wadden Sea
(mainland coast as well as island coast facing the
mainland) and (2) coast exposed to the North Sea
(on islands). The second column (DK) comprises
data for the Danish Wadden and North Sea, the
last column (NL mainland) includes data for the
Dutch mainland coast of the North Sea south of
the Wadden Sea.

For common guillemots, one conclusion can be
drawn straight away: the EcoQO of 10% oiled has
not yet been reached, although an overall decline
in oil rates since the mid-1980s is obvious (Table
4.4.1; Figure 4.4.4). The results give a modest in-
dication 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%. On the Schleswig-Holstein (SH) North Sea
exposed coast in Germany, the average oil rate
since 1999 is 34%. This is significantly lower than
the average for the winters 1992/93 to 1997/98
(62%). On the North Sea exposed coast in Nieder-
sachsen (Nds), this difference was less apparent.
Nevertheless, the lowest three oil rates recorded
in the period 1992/93-2002/03 in this region were
measured in the last three years, with the lowest

Table 4.4.1:
Oil rates in common guillemots (% oiled of total number found) in the sub-regions in and around the Wadden Sea in
winter 1984/85-2002/03. Blank cells indicate insufficient data (sample <25 individuals), or no sampling effort.
DK = Danish west coast including Wadden Sea; FRG Hel ns = Helgoland (North Sea exposed), German Bight; FRG Nds ws
= Wadden Sea exposed coasts in Niedersachsen; FRG Nds ns = North Sea side of the islands in Niedersachsen; FRG SH ws
= Wadden Sea exposed coasts in Schleswig-Holstein; FRG SH ns = North Sea side of the islands Schleswig-Holstein; FRG
SH + Nds ws = Wadden Sea exposed German coasts; NL ws = Dutch coasts Wadden Sea exposed; NL islands = North Sea
side of the Dutch Wadden Sea islands; NL mainl = Dutch North Sea coast southwards of Den Helder.
ns = North Sea exposed (coast of the islands facing the North Sea),
ws = Wadden Sea exposed (mainland coast as well as island coast exposed to the mainland).

4.4 Oil Pollution and Seabirds

DK FRG FRG FRG FRG FRG FRG NL NL NL
Winter Hel Nds Nds SH SH Nds+SH

ns ws+ns ns ws+ns ns ws ws islands mainl.
1983/84 78.7
1984/85 75.8 86.6 43.3 92.3 71.0
1985/86 78.0 89.3 77.8 47.7 82.4 96.5 73.4
1986/87 90.1 92.0 90.9 80.0
1987/88 77.5 81.0 39.1 85.0 95.5 99.0
1988/89 78.4 73.7 39.4 52.7 86.7 58.0
1989/90 66.2 62.4 59.3 30.9 30.0 67.8 66.7
1990/91 74.8 58.1 21.7 62.5 84.1
1991/92 85.2 67.1 73.3 40.8 96.7 96.5
1992/93 31.1 47.8 43.4 21.4 22.2 18.4 28.1
1993/94 54.2 46.0 78.4 57.5 36.1 20.0 50.3
1994/95 71.3 85.3 65.5 72.0 35.7 46.2 33.3 47.2
1995/96 48.8 20.0 35.0
1996/97 63.3 61.0 79.6 66.7 83.3
1997/98 55.6 55.4 34.5 43.8 62.5
1998/99 43.8 41.4 25.4 24,8 26.0 3.3 27.1 25.6
1999/00 59.6 78.9 53.5 33.3 16.7 72.7 22.2 65.3
2000/01 54.8 43.1 14.3 60.0 41.7
2001/02 46.6 36.5 33.3 30.8 17.4 60.0
2002/03 56.0 29.3 36.4 60.0 98.2
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value on record (29%) in 2002/03. Camphuysen
(2003) observed a reverse trend in oil rates in pe-
lagic seabirds in 2002/03 (Table 4.4.1), but con-
cluded that this might have been caused by an
unfortunate coincidence of oil incidents (includ-
ing the ‘Tricolor’ in the Channel and the ‘Assie
Eurolink’ that sank north of Terschelling). It should
be noted, however, that high oil rates in common
guillemots occurred again in winter 2003/04
(70%; NZG/NSO unpubl. data; not included in the
present analysis), indicating that chronic oil pol-
lution levels are still high.

Oil rates fluctuate from year to year, and where
oil incidents or significant local spills may raise
oil rates, natural mortality events have a tenden-
cy to lower the values found. These fluctuations
introduce some noise in the signal received, but
we chose not to arbitrarily remove values from
the time series, but rather to work with the vari-
ability in the material as it was found. It is very
interesting to note that several of the more dras-
tic variations between seasons are synchronous
in all or at least most sub-regions studied (Table
4.4.1; Figure 4.4.4).

Common guillemots may not be considered a
typical example of the Wadden Sea avifauna; other
abundant seabirds deserve attention. For most
inshore species, as exemplified by shelduck and
herring gull, recent oil rates are generally much
lower than historic levels within the Wadden Sea.
In the Danish part of the Wadden Sea, a recent
increase in the oil rates of gulls and other inshore
species has been recorded (Durinck and Skov,
2001). Common eider Somateria mollissima, shel-
duck Tadorna tadorna, and herring gull Larus ar-
gentatus were selected as numerous representa-
tives of the Wadden Sea bird population. Because
individual winter seasons did not always provide

sufficient samples, the data was grouped in time
intervals and overall oil-rates were calculated. The
most recent period (1999-2003, i.e. after the area
became designated as a Special Area) may now
be compared with results from the 1990s and
1980s (Table 4.4.2). Exceptionally high, starvation-
induced natural mortality in the eider over the
most recent winters, leading to artificially low-
ered oil rates, hindered the possibilities for a com-
parison of results prior to and after 1999. Two
trends are apparent: (1) higher oil rates in the
1980s than in recent years, and (2) for each spe-
cies, higher oil rates along North Sea shores than
within the Wadden Sea itself. The first trend is in
agreement with overall declines in oil pollution
reported in Western Europe, the second is in line
with earlier conclusions that the North Sea (and
the shipping lanes in it) is much more oil-con-
taminated than the Wadden Sea area.

 4.4.6 Conclusions
The results of beached bird surveys in the Wadden
Sea area and its approaches indicate that oil rates
have declined significantly over the last decades.
The decline is most prominent in the Wadden Sea
itself, whereas oil rates of birds found along North
Sea shores (including the North Sea side of the
Wadden Sea islands) are consistently higher than
those in the Wadden Sea. Pelagic seabirds, nota-
bly common guillemots, still have relatively high
oil rates and the recent designation of North West
European waters as a Special Area under MARPOL
Annex I (enforced in 1999) has not yet lead to a
drastic further decline in oil contamination levels
on beached birds. Data from the German North
Sea coast suggests further declines after 1999,
but recent observations in The Netherlands (win-
ter 2002/03, and winter 2003/04) suggest a re-
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Figure 4.4.4:
Logit-transformed oil

rates in common
guillemots in the areas

around the Wadden Sea
(cf. Table 4.4.1) and

overall declining linear
trends in the Dutch

Wadden Sea + mainland,
in Denmark, and in two

areas at the German North
Sea coast (Helgoland and
North Sea exposed coast
in Niedersachsen). Logit
values of 0.0 refer to oil
rates to 50%; 100% and

0% are infinitely large
positive and negative

values respectively.
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versed trend, with very high oil rates in pelagic
seabirds and repeated strandings of oil slicks on
beaches (NZG/NSO unpubl. material). This rever-
sal can only partly be attributed to some unfor-
tunate recent oil incidents, such as the sinking of
the Tricolor and the Assie Eurolink in December
2002. For most inshore species, as exemplified by
shelduck and herring gull, recent oil rates are gen-
erally much lower than historic levels within the
Wadden Sea).

It is too early yet, to assess effects of the des-
ignation of the PSSA Wadden Sea in 2002. Long-
er data sets are necessary to find correlations to
the measures taken on the different levels to re-
duce oil pollution in the area concerned.

 4.4.7 Target evaluation
A specific target regarding beached oiled birds has
not been formulated in the Wadden Sea Plan un-
til now. However, the Ecological Quality Objec-
tive (EcoQO), as developed within the OSPAR
framework and described above, can be applied
and evaluated.

Although an overall decline in oil rates since
the mid 1980s is obvious, the Ecological Quality
Objective (EcoQO) of an oil rate of less than 10%
in common guillemots has not yet been reached.

 4.4.8 Recommendations
Continuation of beached bird surveys in each of
the three countries as an important monitoring
tool to evaluate trends in chronic oil pollution at
sea is strongly recommended. The analysis pre-
sented here suffered from inconsistencies over
time in the choice of sub-regions, shortening data
series and reducing the statistical power of the

material. It is therefore strongly recommended to
keep the most recent subdivision of the survey area
in the future, so that trends can be followed with
greater confidence.

It is of great importance to maintain the spread
of observer activity over the entire winter period,
and not to fall back to a level of isolated mid-
winter surveys. The Beached Bird Surveys in the
framework of the TMAP should be ensured over
the entire winter period with harmonized survey
frequency in the three Wadden Sea states.

The implementation of the analysis of oil from
bird feathers and beach samples is strongly rec-
ommended (cf. Dahlmann et al., 1994; Fleet and
Reineking, 2001). Uncertainties with regard to the
sources of oil pollution, issues that are difficult to
deal with in aerial surveys and satellite monitor-
ing programs, can be solved this way. Oil analysis
of beach and/or feather samples can also be suc-
cessfully used as legal evidence in prosecuting oil
discharge by ships (Dahlmann, 1991) and for North
Sea wide oil pollution control measures.

With North West European waters established
as a Special Area under MARPOL Annex I, a lot
has been achieved. However, just making an area
a Special Area is rather pointless if this is not en-
forced by (national) law and if this law is not ad-
equately implemented. It is clear that additional
measures are required to make sure that mariners
obey the regulations and stop discharging oil or
oily waters (<15 ppm) within this area. Among
others, the following actions regarding pollution
prevention as well as control and enforcement
measures would help to reduce chronic oiling as a
threat to marine wildlife:

Table 4.4.2:
Grouped oil rates in shelduck, common eider and herring gull (% oiled of total number found) in the sub-regions in and
around the Wadden Sea since winter 1984/85. Blank cells indicate insufficient data (sample <25 individuals). See Table
4.4.1 for sub-regions.
ns = North Sea exposed (coast of the island facing the North Sea),
ws = Wadden Sea exposed (mainland coast as well as island coast facing the mainland).

4.4 Oil Pollution and Seabirds

DK FRG FRG FRG FRG FRG FRG NL NL NL
Hel Nds Nds SH SH Nds+SH
ns ws+ns ns ws+ns ns ws ws islands mainl.

Shelduck
 <1990 17.0 50.9 10.2 4.8 21.9 21.7
1990-1998 2.3 0.0 9.9 8.7 1.3 8.9 3.3
1999-2003 4.3 0.0 1.9 3.9
Common eider
 <1990 55.1 29.1 16.7 58.2 10.8 51.4 95.5
1990-1998 44.2 15.9 7.5 14.1 23.0 26.4 6.7 3.4 15.4
1999-2003 0.0 3.4 1.4 2.7 1.6 1.2 2.1 14.2
Herring gull
 <1990 31.6 18.0 1.5 12.6 12.2 23.1 20.2
1990-1998 23.6 17.5 6.1 1.6 12.5 16.7 1.2 4.1 21.0 14.4
1999-2003 8.6 0.0 4.0 4.5 1.2 3.4 11.1 25.0
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• Mandatory on-board transponders and oil fin-
gerprinting of all vessels in North Sea waters
would facilitate surveillance, enforcement and
the prevention of pollution;

• Harmonization and implementation of the EC
Directive 2000/59/EC on port reception facil-
ities, including 100% indirect financing of
waste collection;

• Implementation of a ship accreditation sys-
tem for skippers who promote and adopt best
environmental practices and have clean envi-
ronmental records;

• Increase of co-operation between EU-coun-
tries, including information exchange and in-
creased frequency of joint exercises regard-
ing, for example, aerial surveys;

• Stronger legal deterrence. Imposed (minimum)
fines must be increased to clearly reflect the
full extent of the crimes under both shipping
and environmental laws;

• Improvement / extension of aerial surveillance.
As a more specific step to try and reduce oil rates
in seabirds (and to protect sensitive areas), it is
recommended to identify, monitor and protect

4.4 Oil Pollution and Seabirds

sensitive areas at sea in the North Sea, also areas
other than the PSSA Wadden Sea. Spatial pat-
terns and seasonal trends in vulnerable concen-
trations of seabirds in the North Sea and west of
Britain have been identified and published. De-
spite this knowledge, there is little evidence that
this information is being used to improve plan-
ning of clean-up operations (e.g. Tricolor incident),
in the decision process to either immediately com-
bat illegal spills at sea or leave them to disperse
naturally (and slower), or in the planning of aerial
surveillances for oil at sea. A stronger emphasis
on the most vulnerable areas could help to re-
duce the oil problem.

A final step is education. During training of sea
cadets it should be emphasized that even a very
small amount of discharged oil can cause imme-
diate and serious damage to the environment, and
that it is not so much the amount of oil spilled
but the time and location where the oil is released
that leads to significant mortality among seabirds
and other marine wildlife. It may at least be hoped
that the information provided will be remembered
and that an illegal discharge will be recognized
as a criminal act by the offender himself.
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Figure 4.5.1:
Sampling sites and geographical variation of the

contaminants analyzed in common tern and
oystercatcher eggs in the Wadden Sea in 2002. The

Netherlands: 1 Balgzand, 2 Griend, 3 Julianapolder, 4
Delfzijl; Germany, Niedersachsen: 5 Dollart, 6 Minsener

Oog, 7 Mellum (6 and 7 = Jade), 8 Hullen, 9
Neufelderkoog (8 and 9 = Elbe estuary); Germany,

Schleswig Holstein: 10 Trischen, 11 Norderoog;
Denmark: 12 Margrethekoog, 13 Langli. At sites 5, 7, 8,
11 and 13 only oystercatcher eggs, at sites 6, 9 and 12

only common tern eggs were taken; at all other sites
eggs of both species were collected.

4.5 Contaminants in Bird Eggs

Peter H. Becker
Jacqueline Muñoz Cifuentes

Common tern breeding pair
(Photo: Dietrich Frank)
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4.5.1 Introduction

Since 1998, the parameter ‘Contaminants in Bird
Eggs’ has been implemented in the Trilateral Mon-
itoring and Assessment Program (TMAP) (Becker
et al. 2001). Each spring, eggs of the common tern
and oystercatcher were sampled from a total of
13 breeding colonies in the Wadden Sea (Figure
4.5.1). In these eggs concentrations of mercury,
polychlorinated biphenyls (PCBs) and a number of
organochlorines, including pesticides, were deter-
mined. This contribution presents and evaluates
the latest levels of contaminants in bird eggs from
the Wadden Sea and their recent trends as re-
ported in more detail in Becker and Muñoz Cifu-
entes (2004). We focus on the geographical vari-
ation of contamination from The Netherlands to
Denmark in 2002, and on temporal trends for three
periods, viz. 1998–2003, 1991–2003 and 1981–
2003. For the first time, temporal trends of chlor-
dane levels, which have been analyzed since 1998,
are presented.

4.5.2 Geographical trends
The results presented in Figure 4.5.2 reveal that in
2002 the central part of the German Wadden Sea,
and the Elbe estuary in particular, still are the hot
spots for chemical contamination. The lowest res-
idue levels in eggs of common tern and oyster-
catcher were recorded in the Danish Wadden Sea.
Within the Dutch Wadden Sea, the concentrations
of most chemicals (mercury, PCBs, DDT, and chlor-
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Figure 4.5.2:
Geographical variation of

the contaminants analyzed
in common tern and

oystercatcher eggs in the
Wadden Sea in 2002. The

Netherlands: 1 Balgzand, 2
Griend, 3 Julianapolder, 4

Delfzijl; Germany,
Niedersachsen: 5 Dollart, 6
Minsener Oog, 7 Mellum (6
and 7 = Jade), 8 Hullen, 9
Neufelderkoog (8 and 9 =

Elbe estuary); Germany,
Schleswig Holstein: 10

Trischen, 11 Norderoog;
Denmark: 12

Margrethekoog, 13 Langli.
At sites 5, 7, 8, 11 and 13
only oystercatcher eggs, at

sites 6, 9 and 12 only
common tern eggs were
taken; at all other sites

eggs of both species were
collected. Mean

concentration (ng·g-1 fresh
weight of egg content) and

95% confidence intervals
are presented. At most

sites, n=10 eggs per species
were analyzed.
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danes) decreased from west to east. For PCBs and
chlordanes, this spatial trend continued towards
the north-eastern Wadden Sea, indicating pol-
lutants mainly originating from southwest sources
(e.g. Rhine). In addition, the Ems estuary was rec-
ognized as a pathway discharging contaminants
into the Wadden Sea, which was reflected by
higher levels of HCB and chlordanes in oyster-
catcher eggs.

4.5.3 Temporal development
An overview of temporal trends as observed in
the periods 1991-2003 and 1998-2003 is pre-
sented in Figure 4.5.3 and Table 4.5.1. When con-
sidering the data from 1981–2003 for the cen-
tral German Wadden Sea, it is noted that residue
levels in eggs of common cern and oystercatcher
have decreased markedly since the beginning of
the 1990s, especially regarding mercury, �PCB,

HCB and �HCH (Figure 4.5.4). During the 1990s,
these levels were roughly less than half of those
observed in the previous decade. Since the mid
1990s, however, the decrease of egg concentra-
tions seemed to have stagnated at levels still above
the target concentrations. The data from 1998–
2003 surprisingly reveals a recent increase of the
concentration levels of some of the pollutants (Fig-
ure 4.5.3, Table 4.5.1; e.g. mercury: Balgzand, Jade,
Trischen, Langli; �PCB: Dutch Wadden Sea, Jade;
�DDT: Dutch Wadden Sea, Elbe). Chlordane con-
centrations in eggs of common tern and oyster-
catcher seem to show an overall increase at most
sampling locations.

Concomitant with the overall decreasing con-
centration levels of contaminants in bird eggs, the
strong inter-site and inter-specific differences as
present during the 1980s have also decreased (Fig-
ure 4.5.5).
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Figure 4.5.3:
Temporal trends of

mercury, HCB, sum of
HCH-isomers (�HCH), sum
of DDT and its metabolites

(�DDT), sum of PCB
congeners (�PCB), and
sum of cis- and trans-

chlordane, cis- and trans-
nonachlor (�Chlordane)

concentrations in eggs of
common tern (left) and

oystercatcher (right) from
selected sampling sites in
1991-2003. Arithmetric

means (ng·g-1 fresh weight
of egg content).
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4.5.4 Ecotoxicological aspects
The current levels of contaminants in bird eggs
were generally below the known critical concen-
trations for birds’ reproduction. Hatching success
of the common tern at relatively high and low
contaminated sites at the German Wadden Sea
coast did not differ (Thyen et al., 1998; Becker et
al., 2003). More recently, Muñoz Cifuentes (2004)
presented data from the mid 1990s suggesting
that at the Elbe estuary reproductive success of
the common tern, common gull and herring gull
was affected by organochlorine contamination.
Monitoring of birds’ breeding success is not in-
cluded in the TMAP Common Package of moni-
toring parameters.

4.5.5 Target evaluation
The available data on concentrations of contami-
nants in bird eggs indicates that the burden of
pollutants in the Wadden Sea is slowly proceed-
ing towards the Wadden Sea Plan Targets. On the
other hand, the stagnation and, more recently,
some increases, point to local problems from re-
cent anthropogenic discharges. Among these are
contaminants prohibited a long time ago, such as
chlordanes.

The present concentrations of PCBs and DDT,
especially in the eggs of common tern, are still
very high in comparison with the proposed target
levels, whereas for HCB and HCH the target may
be reached fairly soon. In the case of mercury, the
recent concentrations measured in eggs of oys-
tercatcher and common tern, e.g. at the Elbe es-
tuary, are still higher than target concentrations.
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Figure 4.5.4:
Temporal trends of

concentrations of mercury
(left) and PCB (right)

(�PCB: sum of 32 PCB
congeners; ng·g-1 fresh

weight; arithmetic means)
in eggs of common tern
and oystercatcher from

selected breeding sites in
the central German

Wadden Sea in 1981-
2003. Data for 1981-

1990 after Becker et al.
(1991, 1992).
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4.5.6 Conclusions
The monitoring of mercury and organochlorines
in bird eggs in the TMAP has significantly con-
tributed to the understanding of the dynamics and
trends in levels of these hazardous chemicals in
coastal birds in the Wadden Sea environment.

In 2002, the central part of the German Wad-
den Sea, and the Elbe estuary in particular, was
still a hot spot for chemical contamination and
supplementary inputs in the western part of the
Wadden Sea were obvious.

Since the beginning of the 1990s, concentra-
tion levels of most contaminants decreased, lev-
eling off in the mid-1990s. However, since 1998,
the concentration levels of some chemicals have
increased again, which may indicate new inputs
or remobilization of these chemicals from sedi-
mentary deposits.

Recent observations of coastal birds’ reproduc-
tive success in the Elbe estuary underline the ne-
cessity of a continued effort to reduce anthropo-
genic inputs of hazardous chemicals into the Wad-
den Sea in order to avoid impacts on bird popula-
tions and the ecosystem.

4.5.7 Recommendations
Considering the current contamination status of
bird eggs on the Wadden Sea coast and its recent
development, we recommend:

• to continue the monitoring of the TMAP pa-
rameter ‘Contaminants in Bird Eggs’ in a long-
term perspective, especially at the identified
hot spots, in order to separate short term fluc-
tuations from long-term trends and to use the
parameter as an early warning of marine pol-
lution by chemicals;

• to continue the monitoring of chemicals, such
as chlordane and PCBs, which still remain in
the environment although their use is pro-
hibited by law;

• to supplement the geographical coverage of
contaminant monitoring in bird eggs with an
additional sampling site at the mouth of the
Rhine; and

• to implement within the TMAP the parame-
ter ‘Breeding Success’ providing a sensitive
ecotoxicological indicator.
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Figure 4.5.5:
Temporal, spatial and

interspecific variation in
�PCB concentrations (sum

of 32 congeners) in eggs
of common tern and

oystercatcher from
selected breeding sites on
the German Wadden Sea
coast between 1987 and

2003. Mean concentration
(ng·g-1 fresh weight of egg

content) and 95%
confidence intervals are

presented.

Hg n HCB n �����PCB n �����DDT n �����HCH n �����Chlordane n
Common Tern
Balgzand 1998-2003 n.s. 60 n.s. 60 n.s. 60 0,278* 60 -0,528*** 60 0,438*** 60
Griend 1993-2003 -0,320** 100 -0,363*** 100 n.s. 100 n.s. 100 -0,698*** 100

1998-2003 n.s. 60 n.s. 60 0,282* 60 0,419** 60 n.s. 60 0,726*** 60
Julianapolder 1998-2002 n.s. 33 n.s. 33  0,771*** 33  0,647*** 33 -0,653*** 33 n.s. 33
Delfzijl 1998-2003 n.s. 60 -0,258* 60 n.s. 60 n.s. 60 -0,506*** 60 0,318* 60
Minsener Oog 1991-2003 -0,251** 130 -0,334*** 129 n.s. 130 -0,195* 130 -0,274** 130
(Jade) 1998-2003  0,418** 60 0,291* 60  0,476*** 60  0,418** 60 n.s. 60 0,418** 60
Elbe 1991-2003 -0,626*** 135 -0,228** 135 -0,269** 135 n.s. 135 -0,250** 135

1998-2003 n.s. 60 -0,653*** 60 -0,422** 60 n.s. 60 -0,601*** 60 n.s. 60
Trischen 1991-2003 -0,548*** 120 -0,448*** 120  -0,387*** 120 -0,352*** 120 -0,355*** 120

1998-2003 n.s. 60 -0,270* 60 n.s. 60 n.s. 60 -0,352** 60 0,382** 60
Norderoog 1991-2003 n.s. 109 -0,352*** 110 -0,205* 110 -0,341*** 110 -0,588*** 110

1998-2003 n.s. 40 n.s. 40 -0,320* 40 n.s. 40 -0,478** 40 n.s. 40
Oystercatcher
Balgzand 1998-2003  0,396** 60 -0,283* 60 n.s. 60 n.s. 60 -0,536*** 60 0,654*** 60
Griend 1994-2003 -0,278* 82 -0,315** 82 n.s. 82 n.s. 82 -0,389*** 82

1998-2003 n.s. 60 n.s. 60 0,263* 60 0,408** 60 n.s. 60 0,620*** 60
Julianapolder 1998-2003 -0,337* 58 -,448*** 58  0,443*** 58 0,533 58 -0,647*** 58 0,634*** 58
Delfzijl 1998-2003   -0,579*** 60 -0,261* 60  0,460*** 60  0,626*** 60 -0,542*** 60 0,682*** 60
Dollart 1991-2003 n.s. 85 -0,322** 75 0,320** 75 n.s. 75 n.s. 75

1998-2003 -0,330* 36  0,600*** 36  0,677*** 36  0,716*** 36 0,368* 36 0,414* 36
Mellum (Jade) 1991-2003  -0,276** 130 -0,562*** 130 -0,359*** 130 -0,494*** 130 -0,625*** 130

1998-2003 n.s. 60 n.s. 60 -0,381** 60 n.s. 60 -0,285* 60 n.s. 60
Elbe 1991-2003   0,334*** 130 -0,424*** 130 -0,218* 129 n.s. 130 -0,289** 130

1998-2003 n.s. 60 -0,286* 60 n.s. 60 0,403** 60 n.s. 60 0,510*** 60
Trischen 1991-2003  -0,373*** 118 -0,346*** 118 -0,406*** 118 n.s. 118 -0,503*** 118

1998-2003  0,423** 58 -0,627*** 58 n.s. 58 n.s. 58 -0,336* 58 n.s. 58
Norderoog 1991-2003 -0,276** 129 -0,512*** 129 n.s. 129 n.s. 129 -0,490*** 129

1998-2003 n.s. 59 -0,389** 59 n.s. 59 n.s. 59 n.s. 59 0,268* 59
Langli 1999-2002  0,453** 40 n.s. 40 n.s. 40 n.s. 40 -0,579*** 40 n.s. 40

Table 4.5.1:
Temporal trends in pollutant levels in Common Tern and Oystercatcher eggs for one or two time periods. Chlordanes studied since 1998. For significant
trends, Spearman rank coefficients (rs) calculated on the basis of n eggs and p-values are presented. N.s.: not significant, *<0.05, **<0.01***<0.001.
Positive trends are given in bold.
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New compounds are being developed continuous-
ly. Life Cycle Analysis (LCA) is an important fea-
ture in this development, but still no guarantee
for environmental safety. In the marine environ-
ment, compounds are still being found that should
have been eliminated in waste water treatment
plants. Diffuse application is an uncontrollable
source of many compounds. The need for ever
more effective compounds and their great eco-
nomic importance still results in powerful pollut-
ants ending up in the environment. In this sec-
tion, some compounds/groups of high political
priority are described for the first time in a QSR
Wadden Sea.

4.6.1 Brominated Flame Retardants
(BFRs)

BFRs are widely produced and used throughout
the world to reduce the flammability of materi-
als, mostly synthetic polymers. Flame retardants
(FRs) slow down the initial burn rate, thereby in-
creasing the time span to ‘flash-over’, the mo-
ment that the generated heat sets all combusti-
ble materials on fire instantly.

The compound group belongs to the (haloge-
nated) flame retardants ((H)FRs) and can be split
into four different types (BSEF, 2000):
• Tetrabromobisphenol-A (TBBPA)
• Hexabromocyclododecane (HBCD)
• Polybrominated Biphenyls (PBBs)
• Polybrominated Diphenyl Ethers (PBDEs)
As BFRs are considered to be the most cost and
performance effective, they constitute 25-39%
of the global application of flame retardants, and
are mainly used in construction materials (e.g.
foams), electronics (e.g. circuit boards, plastic
housing) and electrical isolation materials. Other
groups of FRs are also in use, where the choice
depends on the type of application. On the world
market (1998) BFRs have a share of 39% (BSEF,
2000).

DeCarlo (1979) was the first to report on BFRs
in environmental samples, but only recently have
BFRs been recognized as an environmental prob-
lem by policy in the Water Framework Directive.
Nearly 20 years later, BFRs were found in sperm
whales (Physeter physeter) (de Boer et al., 1998).
Here, a parallel to the story of PCBs is apparent.
Due to their high lipophily and bioconcentration
the compounds HBCD, TetraBDE (BDE 52-81),
PentaBDE (BDE 82-104) and HexaBDE (BDE 128-
169) are considered to pose an environmental
problem. Both lipophility and bioconcentration are
determined by the bromination level, where mo-
lecular weights greater than 700 are highly lipo-

philic but have no tendency to bioconcentrate in
fish (Hardy, 2004). Deca-BDE (BDE 209) is sup-
posed to be one of these non-bioconcentrating
BFRs, due to either a low uptake rate (Hardy, 2004;
BSEF, 2000), or a rapid metabolism (Boon et al.,
2002). Recently, however, WWF (2004) showed by
far the highest BFR levels in human blood serum
for Deca-BDE. Since cases of bioaccumulation
were all found in lung-breathers, the uptake of
this group of compounds may be faster than the
metabolism and/or excretion.

4.6.1.1 Inputs
Few data are available on riverine, atmospheric or
point source inputs of BFRs. In a recent study at
near-Wadden Sea locations, BFRs in wet precipi-
tation were below detection limits (Peters, 2003).

In Europe two BFR manufacturing plants are
located near the borders of the North Sea, viz.
GLCC (Aycliffe, UK) and Dead Sea Bromine (Ter-
neuzen, NL), and thus through sea currents con-
necting to the Wadden Sea. At the latter location
high concentrations of HBCD were found in wet
precipitation (Peters, 2003).

4.6.1.2 Concentrations in sediment
Historical data about BFRs in sediment of the
Dutch Wadden Sea is shown in Figure 4.6.1. Deca-
BDE (BDE 209) was by far the dominant BFR
(emerging between 1965 and 1978) at a 10 to 20
times higher concentration than Tri-BDE (BDE-28),
Tetra-BDE (BDE-47) and Penta-BDE (BDE 99).

Sediment concentrations in the Dutch North
Sea coastal zone and Wadden Sea were reported
by Åkerman et al. (2004) and Klamer et al. (2002).
In both reports BFRs show highest maxima of
BDE209 and HBCD in the Wadden Sea and off
Terschelling both in sediments and suspended
matter (Figure 4.6.2). Only the Western Scheldt at
Hansweert (close to the Dutch-Belgian border) had
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Figure 4.6.1:
PBDE concentrations (µg

kg-1 organic carbon) in
dated layers of a sediment

core acquired at the
western Dutch Wadden

Sea. The insert shows the
values of BDE 28, 47 and

99 at an enlarged scale.
Concentrations below the
detection limit are shown

as negative values (source:
Zegers et al., 2003).
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dro- and lipophobic properties of these compounds
have found extensive application in repellents and
coatings. The largest producer in the USA (3M)
announced to phase out PFOS and PFOA in May
2000, due to revealed wide distribution of these
compounds in wild life and humans (WWF, 2004).

4.6.2.1 Concentration in sediment and
biota

In 2003, PFOS and PFOA were found in sediments
of all Dutch freshwater and estuarine/marine lo-
cations investigated (Schrap et al., 2004; Åker-
man et al., 2004). In Wadden Sea sediments PFOA
was below the limit of detection of the not yet
fully validated analytical procedure. PFOS contents
ranged from 1.5-0.4 µg kg-1 (at 5% organic car-
bon).

In 2003, first data on presence of PFOS and
PFOA in blue mussels (Mytilus edulis) and floun-
der (Platichthys flesus) were all below the limit of
detection (Schrap et al., 2004). These compounds
do however occur in humans. In the Detox cam-
paign of the World Wildlife Fund, PFOS and PFOA
were analyzed in human whole blood (WWF,
2004). Seven to eight perfluorinated acids were
found, in which PFOA and PFOS were predomi-
nant.

4.6.3 IRGAROL
The compound N’-tert-butyl-N-cyclopropyl-6-
(methylthio)-1,3,5-triazine-2,4-diamine (IRGAROL
1051) is used as the active ingredient of anti-foul-
ing agents and paints. Its application is world wide
and the compound is found in coastal and estua-
rine waters and sediments. Few measurements on
IRGAROL are available. IRGAROL is not recognized
as a ‘chemical of priority action’ (OSPAR, 2002)
nor subject to ‘ecotoxicological assessment crite-
ria’ (OSPAR, 2003).

4.6.3.1 Input
Anti-fouling paints containing IRGAROL were in-
troduced on the European market around 1985,
being solely produced by Ciba Specialty Chemi-
cals Inc. (Rasenberg and van de Plassche, 2002).
Main sources of environmental contamination are
located at maintenance sites (shipyards) and har-
bors (leaching). IRGAROL leaches out of the paints
at about 2.6-5 ng·cm-2·day-1. In comparison, TBT
leaches at a rate of 4,000-5,000 ng·cm-2·day-1 (Ra-
senberg and van de Plassche, 2002).

4.6.3.2 Concentrations in water,
sediment and biota

In the few measurements available, IRGAROL rang-
es from 28 (in marinas) to 0.2 (open Dutch Wad-
den Sea) ng·l-1 in water and was not demonstrat-
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Figure 4.6.2:
Contents (µg·kg-1 organic

carbon) of poly-bromo-di-
phenylethers (PBDEs 209,
47, 99) and hexa-bromo-
cyclododecane (HBCD) in

suspended matter and
along the Dutch and

Belgian coast (BE), in the
Dutch Wadden Sea and

Ems estuary in 2003.
Number following location

name indicates the distance
off the coast (km), (source:

Åkerman et al., 2004).

higher levels (data not shown). In 2003, BDE209
levels ranged from 25 µg kg-1 in suspended matter
to 200 µg kg-1  in sediments. HBCD levels ranged
from 30 µg kg-1 in suspended matter to 45 µg kg-1

in sediments (all levels normalized at 5% organic
carbon).

4.6.2 PerFluorinated Octane Sul-
fonates (PFOS)

Perfluoroctane sulfonate (PFOS) and perfluoroc-
tanoic acid (PFOA) belong to the group of perflu-
orinated chemicals (PFCs), in which fluorine is
strongly bonded to variable lengths of carbon
chains (e.g. Teflon). PFOS and PFOA are syntheti-
cally produced or (PFOA) the break-down product
of PFCs. The heat stable, persistent and both hy-

4.6 Newly Emerging Xenobiotics
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ed in sediments (Bellert and van de Ven, 2003).
Ecotoxicological effects are not expected at con-
centrations of up to 0.24 ng·l-1 (van Wezel and
van Vlaardingen, 2001), implying that IRGAROL
exceeded this upper limit by a factor of more than
100. Although IRGAROL is considered as hardly
biodegradable, bioaccumulation does not occur
due its quick elimination and low Log Kow.

4.6.3.3 Ecotoxicological risks
IRGAROL acts on the photosynthetic capacity by
blocking the photosystem II (Holt, 1993), imply-
ing main toxicological risk to algae, macrophytes
and photosynthetic bacteria. Scarlett et al. (1997)
reports 50% effect levels (EC50) on photosynthetic
activity of the green alga Enteromorpha intesti-
nalis at 2.5 µg·l-1. Chronic toxicity on growth of
the diatom Skeletonema costatum was reported
at concentrations higher than 0.14 µg·l-1 (Jongb-
loed and Luttik, 1996).

4.6.4 Alkylphenols
Alkylphenols (APs, a.o. octylphenol, nonylphenol)
and their ethoxylates (APEs, e.g. Triton X-100) are
used as additives in plastics and as the active in-
gredient in industrial non-ionic detergents and
emulsifiers. Octyl- and nonylphenol isomers are
most commonly used (>90%), being the world’s
second largest class of non-ionic surfactants (Met-
calfe et al., 1996). Environmental sources are
cleansing applications (textile, tapestry, bulk tanks)
and agricultural pesticide emulsions (Maguire,
1999). APs are moderately water soluble, while
APEs are more soluble.

Alkylphenols are of environmental concern due
to their hormonal disruptive action (xeno-estro-
gens). Maguire (1999) concluded that initial break-
down of parent NPEs occurs readily in sewage
treatment plants, resulting, however, in metabo-
lites more persistent in the environment and tox-
ic to aquatic organisms. Nonylphenol is such a
breakdown product, showing acute or chronic tox-
icity at about 20 or 4 µg·l-1 respectively, in fish,

invertebrates and algae (Servos, 1999). Municipal
effluents in The Netherlands in 1999 had alkyl-
phenol concentrations up to 1.5 µg·l-1, compared
to up to 39 µg·l-1 in untreated industrial waste.
The effluent solids, however, contained up to 70
mg·kg-1 dry weight nonylphenolethoxylate and
3.4-12 mg·kg-1 dry weight nonylphenol (Vethaak
et al., 2002). The number of ethoxylate units and
water solubility of APEs is inversely related. Non-
ylphenol is poorly soluble in water and tends to
adsorb to sediment and bioaccumulate, as shown
by its octanol-water partition coefficient (Log Kow)
of 4.3 (Maguire, 1999). This explains the observa-
tions in the municipal effluents.

4.6.4.1 Input
APs and APEOs in wet precipitation mainly con-
sisted of nonylphenolethoxylate (NPE) and its par-
ent nonylphenol (Peters, 2003). Around the Dutch
Wadden Sea, the concentrations were at minimum,
ranging 0.03-0.04 µg·l-1.

Major input of alkylphenols into the environ-
ment originates from agricultural applications
where there is no possibility for sewage treatment.
In The Netherlands, agriculture is responsible for
77% of the NPE input into the environment,
whereas it uses only 35% of the total NPE con-
sumption (Groshart et al., 2001b).

4.6.4.2 Concentrations in sediment and
biota

In the Dutch Wadden Sea and Ems estuary, con-
centrations of NP and NPE in sediment and sus-
pended matter were 34 and 33 mg·kg-1 DW, re-
spectively. NPE concentrations in flounder (Plat-
ichthys flesus) were low (0.1 mg·kg-1 wet weight)
and below the detection limit in blue mussels
(Mytilus edulis) (Vethaak et al., 2002).

In the German Wadden Sea (NDS2), the con-
centrations of NP and NPE in blue mussels (Myti-
lus edulis) have decreased strongly since the 1980s
after the production was stopped completely in
Germany (Figure 4.6.3) (Wenzel et al., 2004).

4.6 Newly Emerging Xenobiotics

Figure 4.6.3:
Contents of nonylphenol

(NP) and nonylphenol
monoethoxylate (NP1EO)

(µg kg-1 wet weight) in
blue mussels in the Jade

Bight (NDS2) (source:
Environmental Specimen

Bank, Wenzel et al., 2004).
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4.6.5 Bisphenol-A
Bisphenol-A (BPA) is an important intermediate
in the production of epoxy resins, polycarbonate
and flame retardants. The global production of BPA
increased from 1.1 million ton in 1993 to an esti-
mated 2,6 million ton in 2002. Its chemical prop-
erties make BPA relatively hydrophilic (Groshart
et al., 2001a).

BPA is toxic to fish and invertebrates (at 1-
10·103 µg·l-1) and readily degradable (Staples et
al., 1998). Toppari et al. (1995) report estrogenic
potential, which is why BPA is included in the list
of suspect endocrine disruptors (see section 4.7.1).

4.6.5.1 Input
Major emission sources to surface waters estimat-
ed by Groshart et al. (2001a) are thermal paper
recycling (~72 %) and production of plastics (PVC,
Phenoplast, ~21 %).

4.6.5.2 Concentrations in water,
sediment and biota

Vethaak et al. (2002) report high concentrations
of BPA (100-320 ng·l-1) in surface water of the
Dutch Wadden Sea and Ems-Dollard estuary in
1999. These high concentrations may be related
to the industrialized area of Delfzijl, and compare
to levels in polder ditches and rivers Rhine and
Meuse. In comparison, concentrations found in
other Dutch coastal waters range from below de-
tection limit (North Sea) to 80 ng·l-1 (Western
Scheldt) (Vethaak et al., 2002).

BPA was not found in sediment of the Dutch
locations investigated (Vethaak et al., 2002), but
BPA did occur in Wadden Sea flounder (Platich-
thys flesus) muscle tissue (1.2-2.6 µg·kg-1 wet
weight [24% dry weight]) and blue mussel (Myti-
lus edulis) tissue (18-22 µg·kg-1 wet weight [~20%
dry weight]) (Vethaak et al., 2002).

4.6.6 Phthalates
Phthalates are a large group of ‘softeners’ widely
used in many plastics. In some plastics, such as
flexible PVC, phthalates constitute 50% of the
total weight. Alternative applications are phtha-
late additions to heat-exchange fluids, ink, paint,
adhesives, pesticides (Vethaak et al., 2002). About
2.7·109 kg·y-1 of phthalates are produced globally
(van Wezel et al., 1999), the major part of which
is used in PVC (WWF, 2004).

In the marine environment Di (2-ethylhexyl)
phthalate (DEHP) is predominant. Due to its high
hydrophobicity (Kow = 7.5; Staples et al., 1997)
DEHP adsorbs to sediments and suspended mat-
ter (Furtmann, 1999) and bioaccumulates. Due to
their bi-polar structure phthalates may form mi-
celles in water, increasing their apparent solubil-
ity (Staples et al., 1997).

Biodegradation of phthalates occurs, with a
reported half-life of 20-40 days for DEHP. DEHP,
however, is found in North Sea sediments in high
concentrations (Åkerman et al., 2004).

Due to the wide spread use of phthalates, spe-
cifically of DEHP, in plastics, uncontaminated sam-
pling is a tedious job.

4.6.6.1 Input
Vethaak et al. (2002) report high levels of DEP and
DEHP in Dutch sewage sludge of up to 15 mg·kg-1

dry weight to 50 mg·kg-1 dry weight respectively.
Most input is from diffuse sources and thus not
well documented.

4.6.6.2 Concentrations in sediment,
suspended matter and biota

In fluvial sediments and suspended matter, con-
centrations of DEHP were found to be up to 50
times higher than in marine sediment and sus-
pended matter (Vethaak et al., 2002).

In Figure 4.6.4 the latest data about DEHP in
suspended matter of the Dutch Wadden Sea is
shown, obtained from samples collected with a
specially prepared centrifuge in order to minimize
DEHP contamination (Åkerman et al., 2004). Con-
centrations in suspended matter of the Wadden
Sea locations ranged 150 – 350 µg kg-1 at 5% or-
ganic carbon (3-7 mg kg-1 org. C).

Vethaak et al. (2002) only report Di-ethylphtha-
late (DEP) concentrations in flounder (Platichthys
flesus) of 10 µg·kg-1 wet weight for the western
Dutch Wadden Sea. In comparison, DEHP was the
predominant phthalate present in the blood of 45
out 47 members of the European Parliament, rang-
ing from 37 to 1200 (median: 160) µg·kg-1 whole
blood (WWF, 2004).
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Figure 4.6.4:
Content of di(2-

ethylhexyl)phthalate
(DEHP; mg kg-1 organic

carbon) in suspended
matter of the Belgian-

Dutch North Sea coast, in
the Dutch Wadden Sea and

Ems estuary in 2003.
DEHP-free sampling

equipment was used.
(source: Åkerman et al.,

2004).
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4.6.7 Polycyclic musk fragrances
Polycyclic musk compounds such as Galaxolide
(HHCB) and Tonalide (AHTN) are used as substi-
tutes for the more expensive original musk in per-
sonal care products. In contrast to the original
fragrance, synthetic musks are persistent in the
environment and accumulate in aquatic organ-
isms. Synthetic musk compounds are only slight-
ly toxic but are long-term inhibitors of the cellu-
lar defense system (multixenobiotic resistance),
which may aggravate adverse effects of other pol-
lutants.

In Figure 4.6.5, HHCB and AHTN concentra-
tions are shown for blue mussels since adverse
effects of these substances on the cellular de-
fense system have been demonstrated in this spe-

Figure 4.6.5:
Contents of polycyclic

musk compounds
Galaxolide (HHCB) and

Tonalide (AHTN) (µg kg-1

wet weight) in blue
mussels in the Jade Bight

(NDS2) (source:
Environmental Specimen

Bank, Wenzel et al., 2003).
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4.7.1 Xeno-hormonal disruption
OSPAR addresses substances with known or sus-
pected potential endocrine disrupting effects un-
der its Hazardous Substances Strategy, but has not
(yet) addressed endocrine disruption as a selec-
tion criterion. OSPAR will await the outcome of
appropriate test methodologies for endocrine dis-
rupting effects in other international forums such
as the OECD and the EC before deciding what cri-
teria could be applied for such effects in the ap-
plication of the DYNAMEC mechanism (OSPAR,
2003).

4.7.1.1 Reference to the 1999 QSR
In the 1999 QSR only limited attention was given
to endocrine disruptors, i.e. substances that have
a disrupting effect on hormonal processes in or-
ganisms including man. PCBs and Tributyltin (TBT)
are examples of earlier endocrine disruptors, held
responsible for reproductive failures in harbour
seals (PCBs) and abnormal development of repro-
ductive organs in marine snails (TBT). Since the
1990s, harmful effects of endocrine disrupting
compounds in the aquatic environment have at-
tracted the attention of scientists and water qual-
ity managers around the world. The Scientific
Committee for Toxicity, Ecotoxicity and the Envi-
ronment of the European Union reported on the
impact of hormone disrupting substances in vari-
ous species (SCTEE, 1999). The European Commis-
sion (CEC, 1999) announced a plan for follow-up
actions including a list of potentially hormone dis-
rupting compounds and the development of an
international monitoring program. In 2000, the
European Parliament accepted a resolution de-
manding that the precautionary principle be ap-
plied to hormone disrupting compounds.

4.7.1.2 Endocrine disrupting compounds
In The Netherlands, some 30 compounds were list-
ed as most suspect of causing hormone disrup-
tion and relevant for the Dutch aquatic environ-
ment (Gezondheidsraad, 1999). A base-line study
was conducted on the occurrence of natural and
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Category Chemical group Specific chemical
Estrogens Natural estrogenic hormones 17�-estradiol, 17�-estradiol, estrone

Xeno-estrogens Synthetic estrogenic hormones 17�-ethynyloestradiol
Alkylphenol (ethoxylates) Nonylphenols

Nonylphenol ethoxylates
Octylphenols
Octylphenol ethoxylates

Bisphenol-A

Phthalates DMP, DEP, DBP, DPP, BBP, DMPP,
DCHP, DEHP, DOP

Thyroid-hormone Brominated flame retardants Polybromobiphenyls (PBBs)
disrupting compound Polybromodiphenyl ethers (PBDEs)

Table 4.7.1:
Overview of estrogens and
xeno-estrogens measured
in the LOES-study in The

Netherlands (from: Vethaak
et al., 2002).

Joop F. Bakker
Martine van den Heuvel-

Greve
Dick Vethaak

synthetic estrogens in the aquatic environment
(Vethaak et al., 2002, 2005). Table 4.7.1 gives an
overview of the compounds measured by this study
in the Wadden Sea area. The study showed that
almost all selected (xeno-)estrogens were found
in municipal and/or industrial waste water. With
the exception of three of the hormones, all of these
compounds were detected in the aquatic environ-
ment. In general, no specific spatial pattern could
be detected, except for high concentrations of
polybrominated diphenyl ethers (especially BDE
209) in the Western Scheldt estuary (SW Nether-
lands). Bisphenol-A, alkylphenol ethoxylates and
phthalates in particular were present both in fresh
and marine waters, indicating diffuse contamina-
tion.

Levels of most (xeno-)estrogens in the Dutch
aquatic environment were comparable to those
reported for, for example, Germany and Denmark.
Only phthalates in biota from the Wadden Sea
were found in higher concentrations than in oth-
er countries. Also high concentrations of Bisphe-
nol-A (up to 330 ng/l) were measured occasional-
ly in the Dutch Wadden Sea. In this case, howev-
er, on the basis of the available ecotoxicological
data and the measured concentrations, it can be
concluded that Bisphenol-A alone does not seem
to pose a threat to fish in the Dutch Wadden Sea
(Belfroid et al., 2002). On the other hand, recent
experimental studies indicate that Bisphenol-A
provokes negative effects in snails (Gastropoda)
at far lower water concentrations than in fish
(Oehlmann et al., 2000).

Offshore oil/gas drilling platforms were identi-
fied as a possible source of the alkylphenols NPE
and NP (Vethaak et al., 2002, 2005). The high con-
centrations of these substances at such offshore
locations have recently been confirmed by Jonker
et al. (2004). It is not clear whether the actual
source is drilling and production activities or ship-
ping in the same area.

Newly emerging compounds suspect of endo-
crine disruption include polybrominated flame
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retardants, such as polybrominated diphenylethers
(e.g. penta 2,2’,4,4’,5 BDE99), tri-Bromo-bisphe-
nol A and hexabromo-cyclododecane, artificial
musks and possibly perfluorinated surfactants (e.g.
perfluoro-octylsulphonate, PFOS).

4.7.1.3 Estrogenic Biomarkers
Estrogenic effects in surface waters were estimat-
ed by measuring the concentrations of the yolk
protein vitellogenin (VTG) in blood plasma of male
fish. VTG concentrations in flounder from the
Wadden Sea and Ems estuary were mostly low.
None of the flounder had the intersex condition
‘ovotestis’, where female oocytes are found in male
testis tissue. This contrasts to the VTG concentra-
tions and ovotestis found in flounder in the estu-
aries of the polluted rivers Mersey and Tyne in
Great Britain (see Vethaak et al., 2005).

So far, there is little indication for estrogenic
effects in fish in the Wadden Sea, which may be
the result of the limited number of field studies
on hormonal disruption in fish and invertebrates
in these waters. In the UK and the southern Baltic
Sea, such studies have provided clear evidence of
endocrine disruption in a variety of fish species
such as eelpout and sand goby (Allen et al., 2002;
Gercken and Sordyl, 2002).

4.7.1.4 Foodweb transport
Estrogenic activity in the estuarine and marine
environment is strongly adsorbed on sediment
particles (Allen et al., 2002). Flounder and other
species feeding on benthic invertebrates may ob-
tain estrogenic exposure from sediments by their
food. Accumulation of nonylphenol in estuarine
copepods could be a source to higher trophic lev-
els, such as juvenile fish (Scott et al., 2004). En-
docrine disrupting effects have recently been ob-
served in the hyperbenthic crustacean Neomysis
integer in the Western Scheldt. (www.vliz.be/
projects/endis). It can be concluded that apart from
TBT-induced effects in snails our knowledge of
endocrine disruption in invertebrates in the Wad-
den Sea is generally very limited (Gezondheidsraad,
1999).

4.7.2 Biological effect assessment
techniques

4.7.2.1 Bioassay assisted assessment
Bioassays are laboratory tests with organisms that
are exposed to a compound, mixture or environ-
mental sample and give information on the ef-
fects of chemicals, chemical mixtures or known
and unknown pollutants present in the environ-
ment. These tests are used for risk assessment of
surface water, effluents, sediments and dredged

material. Bioassays can be divided into in vivo and
in vitro tests (Legierse, 2001). In in vivo bioassays
organisms are exposed to compounds or samples
under controlled conditions taking several days to
weeks. They are used regularly for the ecological
risk assessment of individual compounds and for
the determination of environmental quality stan-
dards (Fan et al., 1995; van Leeuwen and Hermens,
1995). Recently bioassays have been implement-
ed in the assessment of environmental samples,
such as dredged material (Stronkhorst et al., 2003).
In vivo bioassays can be subdivided into acute bio-
assays (short tests using criteria such as survival)
and chronic bioassays (longer term tests, looking
at more sensitive criteria such as reproduction,
growth or behavior). Examples of commonly used
marine and estuarine test organisms in bioassays
are the bacterium Vibrio fischerii (MICROTOX Sol-
id Phase), the amphipod Corophium volutator, the
sea urchin Echinocardium cordatum and the poly-
chaetous worm Nereis virens.

In vitro bioassays are quick tests (~28 hours)
that use simple biological systems such as bacte-
ria, cells or sub-cellular fractions. They are used
as screening assays that provide an indication of
possible detrimental ecological effects of com-
pounds or mixtures. They can be subdivided into
mechanism-based in vitro bioassays (reacting to
a specific mode of action, such as the detection
of endocrine disruption by binding to receptor
sites) and broad-spectrum bioassays (reacting to
different modes of action). Examples of common-
ly used toxicity mode of action assays are the gen-
eral or acute toxicity (Vibrio fischerii in MICRO-
TOX), dioxin-type toxicity (DR-CALUX), estrogen-
ic activity (ER-CALUX) and genotoxicity (Vibrio fis-
cherii in MUTATOX).

Bioassays of harbor sediments
In 1999-2000 a large number of harbors around
the Dutch Wadden Sea were assessed for sedi-
ment quality (Stronkhorst et al., 2003). The acute
in vivo amphipod bioassay with Corophium volu-
tator revealed that for 5 harbors the threshold of
24% mortality was exceeded (Table 4.7.2). This
threshold is based on research experience and sta-
tistically based toxicity assessment criteria from
the literature (e.g., McGee et al., 1999). For C. vo-
lutator such information is limited to a study in
the vicinity of a North Sea oil platform where lower
infaunal species diversity was associated with a
50 % mortality response in the C. volutator acute
bioassay (Roddie and Thain, 2001).

According to the acute in vivo sea urchin (Echi-
nocardium cordatum) bioassay, more than half of
the harbor sediment samples tested were signifi-
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Harbour/bioassay Number of Test result Percentage that
samples exceed threshold of

Microtox Solid Phase Average TU 48 TU
Delfzijl 13 32 31
Eemshaven 6 41 33
Lauwersoog 5 73 80
Wadden islands 13 31 31
Harlingen 18 50 50
Afsluitdijk 12 49 50
Den Helder 12 54 58
Corophium volutator Average % mortality 24% mortality
Delftzijl 13 16 8
Eemshaven 5 23 40
Lauwersoog 1 13 0
Wadden islands 9 11 11
Harlingen 12 16 42
Afsluitdijk 6 13 0
Den Helder 5 8 20
Echinocardium cordatum % Mortality 35% mortality
Delftzijl 13 51 62
Eemshaven 6 46 67
Lauwersoog 4 80 75
Wadden islands 13 43 54
Harlingen 18 53 78
Afsluitdijk 12 33 42
Den Helder 12 49 83

Table 4.7.2:
Results of different

bioassays on dredged
material from harbors in

the Dutch Wadden Sea in
1999-2000. TU = Toxic
Units (see text) (from:

Stronkhorst et al., 2003).
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Figure 4.7.1:
Typical Estrogenic activity

(EEQ nmol kg-1 dry weight)
by the ER-CALUX assay

(top panel) and dioxine-
type toxicity (TEQ ng kg-1

dry weight) by the DR-
CALUX assay (lower panel)
in suspended matter from
the Belgian-Dutch North

Sea coast, The Dutch
Wadden Sea and Ems

estuary, (source: Åkerman
et al., 2004).
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cantly toxic compared to the lower threshold lim-
it for sea urchin mortality (Table 4.7.2). These are
strong indications that the harbor sediments along
the coast of The Netherlands are still contami-
nated. Because sea urchins are not always readily
available, and mortality differences among repli-
cates cause statistical problems, research has been
started to culture the species in order to improve
the (statistical) performance of this bioassay.

The results of the in vitro Microtox Solid Phase
test show that on average more than 50% of the
samples exceed the threshold of 48 Toxic Units
(Table 4.7.2). The use of this bioassay to classify
the ecological risks of harbor sediments was dis-
cussed and the conclusion drawn that for this
purpose the applicability of the test needs further
elucidation.

Bioassays of sediments and suspended matter
In a survey in 1999/2000 sediments from differ-
ent locations in the Dutch Wadden Sea (in and
outside harbors) were assessed with in vitro bio-
assays (Microtox SP and DR-CALUX) and in vivo
bioassays using Corophium volutator, Crassostrea
gigas, Brachionus plicatilis and Echinocardium
cordatum (van den Brink and Kater, 2000) and
experimentally using Nereis virens (Kater et al.,
2000). Mortality thresholds in C. volutator and N.
virens and average responses were exceeded at a
number of non-harbor locations. The results
showed no significant correlation with the con-
taminant levels of PAHs, PCBs and metals mea-
sured in these sediments. Only organic tin com-

pounds were significantly correlated with the Mi-
crotox SP and DR-CALUX response. Non-analyzed
toxic compounds (i.e. mineral oil, organochlorine
pesticides) or rather water soluble compounds
might have shown better correlations.

Recently, in-vitro bioassay activity was mea-
sured in sediment or suspended matter extracts
from locations along the Belgian-Dutch North Sea
coast, the Wadden Sea and Ems estuary (Åkerman
et al., 2004). Some results presented in Figure 4.7.1
show relatively low estrogenic activity in the Wad-
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den Sea and Ems estuary against high activity in
the Western Scheldt. Dioxin-type toxicity does not
show geographic differences.

Bioassays of water
Biological effect assessment of Dutch Wadden Sea
water is reported by Åkerman and Smit (2003). In
a pilot study with in vitro bioassays Microtox (for
general toxicity), Mutatox (for genotoxicity) and
ER-CALUX (for estrogenic activity) responses were
found at several locations. The bioassays still need
full validation for the water phase, but are con-
sidered a promising tool for the assessment of
Wadden Sea surface water in the future.

4.7.2.2 TIE and EDA assisted assessment
Environmental anthropogenic contamination orig-
inates from numerous production, application and
waste sources constituting a multitude of chem-
icals with intended or unintended effects on the
biosphere. A relatively minute number of those
chemicals, most of which have been recognized
to be hazardous, are adopted in monitoring pro-
grams. From this view chemical monitoring alone
is a poor approach for hazard assessment of the
biosphere. This has been recognized in the Water
Framework Directive, where the member states
have to define both ecological and chemical tar-
gets. Not complying with either of the targets,
however, does not elucidate the cause, and thus
fails to indicate necessary measures in response.
Nor does it shed light on the chronic risks from
various anthropogenically elevated contaminant
concentrations in the environment. Linking eco-
logical effects and risk to chemical compounds is
a prerequisite for establishing sustainable man-
agement of the environment. Effect Directed Anal-
ysis (EDA) offers functionality to link compounds
to biological effects. This serves as a basis in the
efforts to link (ecological) effects to their caus-
ative toxicants.

The principle of Effect Directed Analysis (EDA)
and Toxicity Identification Evaluation (TIE) is to
use the response in a biological (test) system to
direct the chemical-analytical pathway towards
identifying the compounds causing this response
(Brack, 2003; Ankley et al., 1991). The biological
test systems are based on sets of bio-active struc-
tures responding to chemical compounds. At
present they include tests with whole-organism
in-vivo bioassays and cell-based in-vitro bioas-
says, and biochemical tests with biomarkers, bio-
sensors and immunoassays, thus ranging from in-
tact organisms to cell-free, bio-active cell com-
ponents or molecules. Examples are described in
section 4.7.2.1.

Ideally, a biological test system would respond
to different (groups of) compounds, where the
sequence of biological tests is sensitive enough
to cover both a wide scope of biologically active
chemical compounds as well as a wide range of
pollution levels. Individual tests may, preferably,
respond to a narrow range of compounds. In this
way the EDA test battery and analytical sequence
will respond to tracing back biological and eco-
logical deteriorating effects due to its compound
source. The chemical compounds identified by EDA
can be denoted as ‘key toxicants’ and constitute
the true priority compounds.

Additionally, the available chemo-analytical
tools can, by concentrating the environmentally
present compounds, boost the sensitivity of ap-
propriate biological test systems to the level of
ecological effect prevention.

In both aspects, hazard and risk, EDA is a use-
ful tool in solving confounding factors in reach-
ing the WFD targets such as ‘good ecological sta-
tus’ from the key-toxicant view.

Once a biological response is recorded, indi-
cating a potential or actual undesirable effect, the
responsible compounds may be identified and
counter measures designed. Measures derived this
way should be more effective and thus more cost-
effective than the current priority pollutant ap-
proach, which is usually based on correlation be-
tween effects and pollutant concentrations.

Several case studies of TIE and EDA reported in
the literature were able to identify causative com-
pounds with different degrees of certainty (Tho-
mas et al, 1999; Burgess et al., 2000; Hollert et
al., 2002; Pessala et al., 2003; Klamer et al., 2004).
Klamer et al. (2004) could attribute ~ 50% of the
dioxin-type toxicity in Wadden Sea harbour sedi-
ment, assessed with the DR-CALUX assay (Aarts
et al., 1993; Murk et al., 1996), to dioxin-like com-
pounds.

4.7.3 Environmental quality and flood
events

The Elbe flooding event during August 2002 was
expected to cause an increased input of contam-
inants to the Wadden Sea and subsequent con-
centration changes in the environmental matri-
ces. Unexpectedly, hardly any changes in Elbe riv-
er input or concentrations were observed (Nies et
al., 2003). Exceptions were some increased con-
taminant levels in bird eggs (see section 4.4), in-
creased concentrations of hexachlorobenzene,
DDD and DDE in blue mussels and of cadmium
and hexachlorobenzene in liver of flounder (see
section 4.2).
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4.8.1 Data management and quality
assurance

Data management and quality assurance of chem-
ical data (heavy metals and xenobiotics) in differ-
ent matrices (except for bird eggs) is still a prob-
lematic issue in the Trilateral Monitoring and As-
sessment Program, which is rooted in existing
national monitoring programs. On one hand, this
ensures cost effectiveness, but on the other it
hampers intercomparability of methods which
were not well harmonized. During the prepara-
tion of this QSR problems were encountered re-
garding, for example, grain-size correction of con-
centrations in sediment, switched wet / dry weight
data in blue mussels, and possible sample con-
tamination.
It is therefore strongly recommended to regularly
execute a thorough quality screening of Wadden
Sea database data, based on the experiences of
this QSR preparation and carried out by person-
nel trained to check chemical monitoring data.

4.8.2 Newly and politically emerging
compounds

Newly and politically (e.g., Water Framework Di-
rective) emerging compounds are not yet part of
the TMAP, while certain matrices may efficiently
be analyzed for some of those compounds.

It is recommended to update the TMAP by con-
sidering additional chemical analyses in bird eggs,
mussels, flounder and sediment, especially orga-
notins, brominated flame retardants and perflu-
orinated surfactants. In risk assessments, the ap-
parent bio-magnification at the level of lung-
breathing organisms should be taken into ac-
count. Of course, harmonization of sampling,
preparation and analytical methods should be
given proper attention.

The current organization of monitoring of con-
taminants in bird eggs (‘one-lab-approach’) could
be a source of inspiration.

In the Water Framework Directive compound
levels negatively influencing the chemical and
ecological targets are of priority importance. This
demands a different type of assessment of chem-
ical monitoring data, e.g. by looking for those lo-
cations where contaminant levels deviate from
the average.

Thomas, K.V., Thain, J.E. and Waldock, M.J., 1999. Identifica-
tion of toxic substances in United Kingdom estuaries. Envi-
ron. Toxicol. Chem. 18 (3): 401-411.
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and Water Management, Den Haag/Lelystad, RIZA/RIKZ-re-
port no. 2002.001, pp. 292.
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5. Eutrophication

5.1 Introduction
Eutrophication is one of the factors that influ-
ence the quality of the Wadden Sea area. Since
the earliest nutrient measurements in the Wad-
den Sea (Postma, 1954; Postma 1966; Hickel,
1989) a clear increase has been documented (e.g.
de Jonge and Postma, 1974; Hickel, 1989; van
Beusekom et al., 2001). Among the negative ef-
fects associated with the increased nutrient loads
are Phaeocystis-blooms (Lancelot et al., 1987), a
decline in seagrass (de Jonge and de Jong, 1992),
increased blooms of green macroalgae (Reise and
Siebert, 1994) and anoxic sediments (‘black spots’)
(de Jong et al., 1999).

A trilateral Target was adopted to aim for a
Wadden Sea which can be regarded as a eutroph-
ication non-problem area (Trilateral Wadden Sea
Plan, 1997). The concept of the eutrophication
problem and non-problem-areas has been devel-
oped in the framework of OSPAR (1997).

The following sections summarize the findings
of the 1999 QSR (de Jong et al., 1999), the re-
sults of a recent exercise to develop Wadden Sea
specific eutrophication criteria and the results of
the OSPAR Common Procedure in 2003. In the
chapter 5.2 ‘Data analysis’, recent trends in nu-
trient loads, nutrient concentrations and in phy-
toplankton and macroalgae biomass are described.

A Target evaluation and recommendations are giv-
en. The present report updates and extends the
data analysis of the 1999 QSR (de Jong et al., 1999)
and of the report on ‘Wadden Sea Specific Eutro-
phication Criteria’ (van Beusekom et al., 2001).

5.1.1 Findings of the 1999 QSR
In the 1999 QSR trends in nutrient concentra-
tions of the Wadden Sea were analyzed by Bakker
et al. (1999) for the period 1985-1996. The au-
thors noted that nutrient concentrations in the
Wadden Sea during winter depend to a large ex-
tent on salinity. Therefore, actual concentrations
cannot be directly compared unless they are stan-
dardized to a certain salinity. Details of the ‘con-
centration – salinity’ method are given in Bakker
et al. (1999). The analysis in the 1993 and 1999
QSR (de Jong et al., 1993; Bakker et al., 1999) are
based on winter concentrations normalized to
standard salinities of 10 and 27.

The clearest decrease was observed for phos-
phate (PO4, Dissolved Inorganic Phosphorus or DIP)
which decreased by about 50% in most of the
Wadden Sea. In the Dutch Wadden Sea winter
phosphate concentrations of about 1 µM are ob-
served, which gradually increase towards the es-
tuaries of Weser and Elbe, where concentrations
of 2-4 µM prevail. In the North Frisian and Dan-
ish Wadden Sea again concentrations of about 1
µM prevail.

No equivalent decrease was observed for ni-
trogen, although ammonium showed a clear
downward trend in the Ems, Weser and Elbe es-
tuaries, presumably due to the progressive imple-
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mentation and technical improvement of waste
water treatment plants. Nitrate showed an up-
ward trend in the western Dutch Wadden Sea and
a downward trend in the Ems, Weser and Elbe es-
tuaries. Winter nitrate concentrations in the Wad-
den Sea (27 psu) range between 20–110 µM but
in most parts are about 50 µM. The 1999 QSR
also stated that reductions in phosphate have not
led to a reduction of biological phenomena which
may be related to nutrient loading, notably aver-
age chlorophyll concentrations, the duration of
Phaeocystis blooms in the Marsdiep and growth
of macrozoobenthos. Although specific eutrophi-
cation criteria had not been developed by that
time, the QSR 1999 concluded that the target had
not yet been reached.

5.1.2 Wadden Sea specific
eutrophication criteria

Recently, a literature study and data analysis was
carried out aiming at developing Wadden Sea spe-
cific eutrophication criteria (van Beusekom et al.,
2001). The study was necessary to specify the tri-
lateral Target ‘to achieve a Wadden Sea which can
be regarded as a eutrophication non-problem area’.
The work was done in close cooperation with ac-
tivities within the framework of the OSPAR Com-
mon Procedure through which relevant parts of

the OSPAR Convention Area are designated as ei-
ther non-problem, potential problem or problem
areas with regard to eutrophication.

The literature review highlighted the impor-
tance of organic matter import from the North
Sea for the Wadden Sea eutrophication. Statisti-
cal analysis of long term data from the Dutch
Wadden Sea showed that high riverine input of
TN (total nitrogen) enhances organic matter turn-
over as indicated by autumn values of N reminer-
alisation products (NH4, NO2) in both the Rhine-
influenced western part and in the North Sea-in-
fluenced eastern part of the Dutch Wadden Sea.
It was proposed to use autumn values of N rem-
ineralisation products (NH4+NO2) as a measure of
the eutrophication status.

In all Wadden Sea areas an increased eutroph-
ication was observed from ~1960-1996. In both
the southern Wadden Sea (Den Helder - Elbe) and
in the northern Wadden Sea (Elbe - Esbjerg) pri-
mary production has increased. Whereas along the
southern Wadden Sea variability of autumn val-
ues of N remineralisation products can be related
to nitrogen input, no such relation is found in the
northern Wadden Sea. Instead a possible relation
between nitrate in the coastal zone and autumn
values of N remineralisation products in the Sylt-
Rømø Bight was found.

Two contrasting situations were postulated:

• the southern Wadden Sea with intense parti-
cle accumulation and a strong coupling of pro-
ductivity and remineralisation with variations
in nitrogen input via the Rhine and the Meuse
and

• the northern Wadden Sea with less intense
particle accumulation, where nutrient input
from the west into the German Bight and not
the Elbe river input determine primary produc-
tion in the German Bight and consequently
the organic matter import into the Wadden
Sea.

Background concentrations of NH4+NO2 were pro-
posed for the western Dutch Wadden Sea and
amount to about 3 µM (situation in early 1930s).
Accordingly, the present eutrophication status of
the western Dutch Wadden Sea is on average 5
times higher than during the early 1930s. For the
other Wadden Sea areas, background values were
assigned based on present NH4+NO2 levels and
assuming a similar increase in eutrophication sta-
tus throughout the entire area. Based on the eval-
uation of eutrophication criteria, the Wadden Sea
was assessed as a ‘Eutrophication Problem Area’.

The OSPAR Common Procedure
In 1997, the OSPAR Commission adopted the so-called ‘Common Procedure’ for the iden-
tification of the eutrophication status of the Maritime Area of the OSPAR Convention
(OSPAR, 1997). The Common Procedure distinguishes three areas:

• ‘Problem Areas’ are those areas for which evidence of an undesirable disturbance to
the marine ecosystem due to anthropogenic enrichment by nutrients exists

• ‘Potential Problem Areas’ are those areas for which there are reasonable grounds for
concern that undesirable disturbance may occur

• ‘Non-Problem Areas’ are those for which such concerns do not exist.

The ‘Common Procedure’ consists of two steps, the ‘Screening Procedure’ and the ‘Com-
prehensive Procedure’ (COMP). The Screening Procedure identifies with a ‘broad brush’
approach those areas that are likely to be eutrophication Non-Problem Areas. It was not
applied to the Wadden Sea because it was claimed to be at least a Potential-Problem Area.
The Comprehensive Procedure identifies Problem Areas and Potential Problem Areas based
on parameters from a ‘holistic checklist’ and if necessary based on region specific criteria.
The latter were developed for the Wadden Sea by van Beusekom et al. (2001) and are
grouped according to the Comprehensive Procedure below:

‘Causative Factors’ (Cat. I) are atmospheric and riverine nutrient input. The effect of the
increased nutrient input is best seen in changes in the annual nutrient cycle.

‘Supporting Factor’ (Cat. II) for Wadden Sea eutrophication is the import of organic matter
from the adjacent North Sea.

‘Direct Effects’ (Cat. III) of eutrophication could be observed in all biota of the Wadden Sea.
However, no clear dose-response relation could be identified. Other factors like weather,
temperature of more complex interaction also play important roles in the proliferation of
eutrophication effects.

Indirect Effects such as changes in zoobenthos biomass and species composition were
observed but no clear dose-response relation could be identified.

5. Eutrophication
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5.1.3 OSPAR eutrophication
assessment

The whole OSPAR convention area was screened
with the Common Procedure (see Box). The Wad-
den Sea was classified as a eutrophication prob-
lem area by Denmark, Germany and The Nether-
lands (OSPAR, 2003). As criteria, deviations from
background levels were used. All three countries
used nutrient enrichment, increased chlorophyll
levels, problems with nuisance macroalgae and
algal toxins as criteria. Differences and uncertain-
ties in the assessment of the effects on macro-
benthos and oxygen dynamics were apparent (Ta-
ble 5.1).

5.2 Data analysis
5.2.1 Causative factors

5.2.1.1 River Input
Riverine input data is based on monitoring data
that was interpolated to daily loads (Lenhart and
Pätsch, 2001; updated until 2002). The major
sources influencing the southern Wadden Sea are
Haringvliet, Maassluis, Noordzeekanaal, IJsselmeer
and Ems. The first sources are in a wider sense
part of the Rhine - Meuse delta. Major sources for
the central Wadden Sea (Jade - Eiderstedt) are the
rivers Weser and Elbe. The latter rivers are also

The Netherlands Germany Denmark
Cat I: Riverine Input (50% above background) + + +

Winter Concentrations + + +
Wadden Sea (>6-7 µM N)
Estuaries    (>18-30 µM N)

N/P ratios + + +
Cat II: Chlorophyll levels (Max. >22-24 µg/l) + + +

Phytoplankton Indicator Species + + -
Macrophytes + + +

Cat III: Oxygen Problems + ?
Changes/Kills of Macrobenthos NK ? -
Changes in organic matter + ? -

Cat IV: Algal toxins + + +

Table 5.1:
Summary of the Wadden

Sea Eutrophication
Assessment by OSPAR

(OSPAR, 2003). All three
Wadden Sea countries

assessed the Wadden Sea
as a Problem Area:‘+‘

indicates that the
assessment criterion was

applied.

Southern Wadden Sea
Source Discharge Total Nitrogen Total Phosphorus
Haringvliet 27.5% 27.2% 22.1%
Maassluis 47.4% 47.2% 57.2%
Noordzeekanaal 3.0% 2.9% 4.6%
IJsselmeer 19.3% 17.6% 13.8%
Ems 2.8% 4.6% 2.3%

Central and northern Wadden Sea
Source Discharge Total Nitrogen Total Phosphorus
Weser 31.1% 31.7% 30.1%
Elbe 62.0% 61.9% 64.3%
Eider 2.5% 2.2% 2.5%
County Ribe 3.4% 3.2% 2.1%
Jutland 0.9% 1.0% 0.9%

Table 5.2:
Mean relative contribution

of major fresh water
sources to nutrient input
into the southern (1977-

2002) and central Wadden
Sea (1980 to 2002). For

the Eider and Danish
rivers, data since 1990,
resp. 1995 was used as

reported to OSPAR
(Data source: OSPAR,

Umweltbundesamt).

major nutrient sources for the northern Wadden
Sea, where small rivers (Eider, Danish rivers) con-
tribute about 6-7 %. The relative contributions of
the above mentioned river sources are compiled
in Table 5.2.

The high interannual variability of riverine
nutrient input is largely due to two factors: dif-
ferences in interannual freshwater discharge and
a general decrease in nutrient concentrations. Fig-
ures 5.1–5.2 show that peaks in freshwater dis-
charge coincide with peaks in nutrient loads. In
general, the annual nutrient loads correlate sig-
nificantly with the annual freshwater discharge.
The correlation is much better for total nitrogen
(TN) than total phosphorus (TP) (southern Wad-
den Sea: r² = 0.62 for TN and r² = 0.37 for TP;
central Wadden Sea: r² = 0.76 for TN and r² =
0.35 for TP). Normalized nutrient loads (annual
nutrient load divided by annual discharge) show
a steady decreasing trend for TN and TP for the
entire Wadden Sea (Figure 5.3). Since 1985 the
specific TN load to the southern and central Wad-
den Sea decreased on average each year by 2.1-
2.2%. The specific TP load decreased stronger than
the specific TN load and amounted on average to
3.3% per year for the southern Wadden Sea and
2.5% per year for the central Wadden Sea.

5. Eutrophication
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5.2.1.2 Atmospheric Input
Van Beusekom et al. (2001) estimated a total (wet
+ dry) nitrogen deposition in the Wadden Sea of
about 1.7 g N m-2 y-1. Recent studies suggest a
somewhat lower atmospheric deposition of about
1.2 g N m-2 y-1: Model calculations predict a total
atmospheric nitrogen deposition in the coastal
North Sea of about 1 g N m-2 y-1 (de Leeuw et al.,
2001). Aertebjerg et al. (2002) indicate a total at-
mospheric deposition in the Danish Wadden of 1.2
–1.4 g N m-2 y-1. OSPAR (2004) compiled time se-
ries around the North Sea. They mention an aver-
age wet deposition of 0.8 g N m-2 y-1 (total depo-
sition: ~1.2 g N m-2 y-1) with no trend. An esti-
mated mean atmospheric N load of about 1.2 g N
m-2 y-1 or 15.6 kT y-1 for the entire Wadden Sea

Figure 5.1:
Major annual freshwater

discharges influencing the
southern Wadden Sea

(Rhine, Meuse,
Noordzeekanaal, IJsselmeer

and Ems) and the central
and northern Wadden Sea
(Weser, Elbe). Data source:

DONAR, Lenhart and Pätsch
(2001).

Figure 5.2:
Major riverine TP and TN

loads to the southern
Wadden Sea (Rhine, Meuse,
Noordzeekanaal, IJsselmeer

and Ems) and to the central
and northern Wadden Sea
(Weser, Elbe). Data source:

DONAR, Lenhart and Pätsch
(2001).

Figure 5.3:
Specific nitrogen and

phosphorus load (mean
annual load / mean annual
discharge) to the southern

Wadden Sea (Rhine, Meuse,
Noordzeekanaal, IJsselmeer

and Ems) and to the
central and northern

Wadden Sea (Weser, Elbe).
Data source: DONAR,

Lenhart and Pätsch (2001).

shows that this atmospheric nitrogen input is
comparable to the input of the Ems (cf. van
Beusekom et al., 2001).

5.2.1.3 Winter concentrations
Winter concentrations in the North Sea depend
strongly on salinity (e.g. van Bennekom and Wet-
steyn, 1990; Körner and Weichart, 1992). Mon-
itoring data by the German Federal Maritime and
Hydrographic Agency (BSH) reflects the gradual
decrease in riverine nutrient input (van Beusekom
et al., 2004) and show a decrease of nitrate at a
salinity of 30 from ~55 µM in 1978 to ~45 µM
in 2000 – 2003 (actually, values for nitrate +
nitrite were reported, but nitrite contributes only
a small amount).
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Figure 5.4:
Trends in winter nitrate +

nitrite concentrations
(µmol/l) (December –

February) in the 12
subareas of the Wadden
Sea. The concentrations

are normalized to a salinity
of 10 (blue) and 27

(black). The horizontal
lines represents the mean

value, the vertical lines
indicate the 95%

confidence interval of the
mean. Black dots: mean
values based on salinity

gradient. Blue dots: mean
values (no significant
salinity gradient). The

numbers below the dots
indicate the number of

data used for the analysis.
Data: TMAP Data Units.

Phosphate decreased in that period from ~2.5
µM to ~1.0 µM. Also in the Wadden Sea, winter
nutrient concentrations correlate with salinity. In
order to describe trends and to compare the dif-
ferent areas the winter concentrations were nor-
malized to a salinity of 27. This estimate was only
made if a significant correlation between nutri-
ent concentrations and salinity was present. If not,
the mean winter concentration was calculated.
Details of this method are given in the 1999 QSR.

Figures 5.4 and 5.5 present updates of the QSR
1999 for nitrate (+ nitrite) and phosphate. Winter
nitrate concentrations do not show a significant
trend. Near estuaries the mean nitrate concen-
trations are somewhat higher (~65 µM) than in
the other areas (~52 µM). Phosphate concentra-
tions in winter did show a strong decrease from
about 2 µM in 1985 to about 1.1 µM after 1995.
Near estuaries the concentrations are higher and
are at present ~ 2-3 µM.

5.2.2 Direct effects
5.2.2.1 Phytoplankton

Phytoplankton biomass and productivity
The analysis of chlorophyll data (an indicator of
phytoplankton biomass) focuses on summer chlo-

rophyll means (May-September) instead of an-
nual means. The available data is summarized in
Table 5.3. Long time series (15-27 years: Dutch
Wadden Sea, Norderney, Sylt) that cover the en-
tire seasonal cycle are shown in Figures 5.6 – 5.8.

Western Dutch Wadden Sea
Cadée and Hegeman (2002) summarize trends in
phytoplankton biomass and productivity in the
Marsdiep area (western Dutch Wadden Sea). They
observed an increase in primary production from
about 100-150 g C m-2 y-1 in 1965 to about 400
g C m-2 y-1 in 1994. Since then a decrease to val-
ues of about 200 g C m-2 y-1 has been observed.
Mean annual chlorophyll levels decreased slight-
ly.

The analysis of long-term phytoplankton com-
position in combination with nutrient budget data
(Philippart et al., 2000) suggested that the time
series could be divided into three periods: a rich
but phosphorus-controlled period (1974-1977),
a more eutrophic, nitrogen-limited period (1978-
1987) and a phosphate-limited period (1988-
1993).

Mean summer chlorophyll-a levels (May-Sep-
tember) as observed by the Dutch Monitoring pro-
gram amount to 18 µg Chl-a/l and are among

%'�

�

���

���

���

	��

���

�� � �� �� �� � �	 �	 �� �� �� �� �	 �	 �	 �	 �� �� �	

�	 �
 �� �� �� �	 �
 �� �� �� �	

%()�

�	 �
 �� �� �� �	 �
 �� �� �� �	


 
 � � � � 	 	

�

���

���

���

	��

���

� 
 � �� 
 � �� � � � � � � 	 	 	 	 
 	

�	 �
 �� �� �� �	 �
 �� �� �� �	

%()�

�

���

���

���

	��

���

�	 �
 �� �� �� �	 �
 �� �� �� �	

	 � �� � �� � 	 	 � � � 	 	 � � � �

)*�

�

���

���

���

	��

���

� � � � 
 � � �� �� �� � 	 �� �� �� �� �� �� ��

(+�

�	 �
 �� �� �� �	 �
 �� �� �� �	
�

���

���

���

	��

���

� 	 � � � � � 	 � 	 � � � 	 �

(+�

�	 �
 �� �� �� �	 �
 �� �� �� �	
�

���

���

���

	��

���

%'�

�	 �
 �� �� �� �	 �
 �� �� �� �	

�	 �� �� �� 	� �� 	� �� 	� �
 �
 �� �	 �� �	 �� �� �� �	

�

���

���

���

	��

���
%'�

�	 �
 �� �� �� �	 �
 �� �� �� �	

�� �� �� �� �� � � �� �� � �� � �� �� �	 �� �� �� ��

�

���

���

���

	��

���

)*�

� � � � � � 	 � � � � � � � 
 � 
 �

�	 �
 �� �� �� �	 �
 �� �� �� �	
�

���

���

���

	��

���

� � � � � � � � � 
 � � 
 
 � 
 
 � 	

)*�

�	 �
 �� �� �� �	 �
 �� �� �� �	
�

���

���

���

	��

���

%()�

�

���

���

���

	��

���

�	 �
 �� �� �� �	 �
 �� �� �� �	


 � 	 � � � � � � � 	 	

�	 �
 �� �� �� �	 �
 �� �� �� �	

(+�

	 � 	 �

�

���

���

���

	��

���

5. Eutrophication



146

Wadden Sea Ecosystem No. 19  - 2005

Figure 5.5:
Trends in winter phosphate

concentrations (µM)
(December – February) in

the 12 subareas of the
Wadden Sea. The

concentrations are
normalized to a salinity of

10 (blue) and 27 (black).
The horizontal lines

represents the mean value,
the vertical lines indicate

the 95% confidence
interval of the mean. Black

dots: mean based on
salinity gradient. Blue dots:
mean values (no significant

salinity gradient). The
numbers below the dots
indicate the number of

data used for the analysis.
Data: TMAP Data Units.
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the highest in the Wadden Sea. They show a
marked decrease from about 20 µg Chl-a/l in1976-
1985 to about 11 µg Chl-a/l in 1996-2002.

Eastern Dutch Wadden Sea
Mean summer chlorophyll levels (May-September;
Dutch Monitoring program) amount to 19.9 µg
Chl-a/l and are the highest in the Wadden Sea.
They show no decreasing trend.

Niedersachsen Wadden Sea
Mean summer chlorophyll concentrations at Nor-
derney (~17 µg Chl-a/l) are lower than in the
Dutch Wadden Sea. A decreasing trend from about
20 µg Chl-a/l around 1990 to ~15 µg Chl-a/l dur-
ing the last five years has been observed.

Schleswig-Holstein Wadden Sea
Summer chlorophyll concentrations in the north-
ern Wadden Sea are lower than in the southern
Wadden Sea. A clear spatial gradient is present
showing higher chlorophyll concentrations (~14
µg Chl-a/l) near the Elbe-Weser estuary decreas-
ing to 6.3 µg Chl-a/l in the Sylt Rømø Bight. Only
in the latter area, a decreasing trend is observed
that correlates with TN loads from the Rhine/
Meuse and Elbe/Weser.

Danish Wadden Sea
Summer chlorophyll concentrations in the Danish
Wadden Sea are about 8.6 µg Chl-a/l. No tempo-
ral trends or correlations with riverine input could
be identified.

Spatial Trends
Summer levels in the southern Wadden Sea are
about twice as high as in the central and north-
ern Wadden Sea (Table 5.3). The highest levels are
near the major nutrient sources (Dutch Wadden
Sea: IJsselmeer. Southern Schleswig-Holstein
Wadden Sea: Weser and Elbe) and decrease with
increasing distance from the estuaries. The latter
gradient is clearer in the northern Wadden Sea.

Relation with nutrient input
Relations with riverine nutrient input (Table 5.3)
were identified for the western Dutch Wadden Sea,
for Norderney (Niedersachsen Wadden Sea) and
for the Sylt Rømø Bight (northern Wadden Sea).
We chose the TN input via Rhine and Meuse as a
common driver that possibly reflects Europe-wide
climatic and agricultural trends (see below) In all
cases a significant correlation (p<0.01) existed
with the TN input during December (previous year)
until August. The same time window was used in

5. Eutrophication
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Figure 5.6:
Seasonal cycle of

chlorophyll in the western
and eastern Dutch Wadden

Sea, 1977-2002.
Data: TMAP Data Units

and DONAR.

Figure 5.7 (left):
 Seasonal cycle of
chlorophyll in the

Niedersachsen Wadden Sea
(Norderney), 1985-2002.

Data: TMAP Data Units and
NLÖ (M. Hanslik).

Figure 5.8 (right):
Seasonal cycle of

chlorophyll in the North
Frisian Wadden Sea (Sylt-
Rømø-Basin), 1983-2003.

Data: TMAP Data Units and
AWI (J. van Beusekom).
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the eutrophication criteria study (van Beusekom
et al., 2001). In all cases, about 1/3 of the vari-
ability was explained by TN input. Interestingly,
the relative influence of the riverine TN load on
the chlorophyll levels (regression coefficient/ long-
term mean chlorophyll) was similar for all sites
(Table 5.3).

These results indicate that summer chlorophyll
might be used as a eutrophication indicator. Us-
ing TN input via Rhine and Meuse does not nec-
essarily imply that other sources are not impor-
tant. The ‘statistical significance’ of the correla-
tion with the Rhine/Meuse time-series is proba-

bly related to the size of this river system, reflect-
ing both the general precipitation pattern over
North Western Europe and Europe-wide changes
in the use of fertilizers, implementation of water
treatment plants, changes in land use and burn-
ing of fossil fuels. It should be noted that the tem-
poral patterns in the Rhine-Meuse system are very
similar to the patterns in the Weser-Elbe-system
(Figure 5.1 – 5.3). In fact, TN and TP loads of both
systems are significantly correlated (TN: r²=0.76;
p<<0.00001; N=23, TP: R²=0.81; p<<0.00001;
N=25).
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Toxic and nuisance blooms
Dutch Wadden Sea

The duration of Phaeocystis blooms in the Mars-
diep area decreased from a maximum of about
140 days during the early 1990s to about 60 days
in 2000 (Phillipart et al., 2000). Data from the
Dutch monitoring program shows that since 1996,
Phaeocystis sp. bloomed (>106 cells/l) between 68
and 33 days.

Since the 1999 QSR, some toxic blooms were
observed: Fibrocapsa japonica bloomed once dur-
ing 2001 (>10,000 cells /l), but no negative ef-
fects were reported. Dinophysis acuminata bloom-
ed (>100 cells/l) 29 days during 2001 and 23 days
during 2002. These blooms caused increased DSP
(diarrhetic shellfish poisoning) levels in mussels.

Niedersachsen Wadden Sea
Some conspicuous blooms were observed. In Sep-
tember 1999 the dinoflagellate Prorocentrum red-
fieldii reached up to 320,000 cells/l between
Spiekeroog and Wangerooge. Critical cell numbers
of the dinoflagellate Dinophysis spp. were observed
in late summer 1997, 2000, 2001 and 2002 and
harvesting of mussels was temporarily stopped.

Schleswig-Holstein Wadden Sea
The most conspicuous blooming alga was Chat-
tonella. This alga was responsible for fish kills in
Danish and Norwegian waters in 1998. In that year
the southern limits of the bloom were northwest
of Sylt, where up to 0.17 Mio cells/l were observed.
In May 2000, a Chattonella bloom reached up to
106 cells/l northwest of Sylt. No negative effects
were observed in this part of the Wadden Sea. A
major Phaeocystis bloom was observed in 2000.
Toxic dinoflagellates (Dinophysis spp., Alexandri-
um tamarense) were regularly observed. In 1998,

shellfish harvest was temporarily stopped south
of Sylt. In 1999 up to 1000 cells/l were observed
near Sylt - but without toxic effects.

Danish Wadden Sea
An overview of potentially toxic blooms was giv-
en by Aertebjerg et al. (2003). Phaeocystis blooms
occurred each year along the Danish West coast
(major bloom in 2000). The potentially toxic Chat-
tonella bloomed along the Danish coast in 1998,
2000 and 2001. These blooms were accompanied
by fish kills. Karenia mikimotoi (Gyrodinium aure-
olum) bloomed in 1997 accompanied with dead
benthic invertebrates. Prorocentrum micans
bloomed in 1997 and 1999. In 1999 DSP was found
in shellfish. No toxic blooms were observed in 2002
and 2003 (Amterne Vadehavssamarbejde, 2003,
2004).

5.2.2.2 Macroalgae
Compared to rocky shores, macroalgae used to
cover sediments only to a minor extent. However,
from the late 1970s to 1980s green algae started
to occur in thick mats covering vast areas of tidal
sediments in the Wadden Sea (Reise, 1983; de
Jonge et al., 1993; Reise and Siebert 1994; Kolbe
et al., 1995) as well as in coastal areas elsewhere
in the world (Fletcher, 1996). This development
peaked in 1990-1993 with algal mats covering
up to 20% of the intertidal area in the German
Wadden Sea. Since then green algae remained
abundant and thick mats occurred locally but never
regained the massive proportions of the early
1990s. The summer of 2004 was the first with
green algae returning back to their marginal oc-
currences prior to the 1980s. A monthly assess-
ment of green algal mass at a site near Sylt, where
no green algae occurred in the 1970s and earlier,

Table 5.3:
Comparison of summer chlorophyll levels (µg/l; May-September) in different parts of the Wadden Sea and
their correlation with TN input via Rhine and Meuse. In the case of a significant correlation a factor
relating riverine input with chlorophyll levels is given. This factor is the slope of the regression multiplied
by 106 divided by the mean chlorophyll level. The ‚statistical significance‘ of the correlation with the
Rhine/Meuse time-series is probably related to the size of this river system, reflecting both the general
precipitation pattern over Northwestern Europe and Europe-wide changes in the use of fertilizers,
implementation of water treatment plants, changes in land use and burning of fossil fuels. Data source:
TMAP Data Units, DONAR, LANU (J. Göbel), NLWKN (M. Hanslik), AWI (van Beusekom), Lenhart and Pätsch
(2001).

Area Period Mean Trend/Factor Correlation and significance
Western Dutch Wadden Sea 1976-2002 18.0 Yes/2.7 r²=0.43 n=27 p=0.0002
Eastern Dutch Wadden Sea 1976-2002 19.9 No Trend
Niedersachsen Wadden Sea 1988-2002 16.6 Yes/2.1 r²=0.308 n=18 p=0.008
(Norderney)
Southern Schleswig-Holstein 1990-2002 14.2 No Trend* r²=0.002 n=13 p=0.868
Northern Schleswig-Holstein 1990-2002 7.4 No Trend* r²=0.12 n=13 p=0.245
Sylt-Rømø-Bight 1984-2002 6.3 Yes/2.7 r²=0.345 n=19 p=0.008
Danish Wadden Sea 1990-2002 8.6 No Trend* r²=0.18 n=12 p=0.15

*Also no trend with Elbe/Weser Input (Jan. - August).
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reflects fairly well the general development
throughout the 1990s and to the present (Figure
5.9). Interannual and seasonal fluctuations are
large, filamentous Enteromorpha tend to domi-
nate but occasionally other green algae achieve
dominance. The sediment underneath algal mats
turned anoxic, benthic animals escaped or died,
and suffocated seagrass decayed.

Although massive green algal developments
have been generally related to coastal eutrophi-
cation (Fletcher, 1996), there is no apparent spa-
tial or temporal relation of this phenomenon to
riverine nitrogen or phosphorus loads into the
Wadden Sea. As several taxa of green algae are
involved, a general cause or combination of causes
is likely which may involve remineralisation rates
and turbidity at the tidal flats, temperature and
turbulence, nutrient competition with phy-
toplankton or grazing by invertebrates.

5.2.3 Indirect effects
5.2.3.1 Autumn NH4+NO2 as indicator of

organic matter turn-over
In the report on ‘Wadden Sea Specific Eutrophi-
cation Criteria’ (van Beusekom et al., 2001) it was
suggested to use the intensity of the seasonal cy-
cle of NH4+NO2 (more specifically, the autumn
values) as an indicator of the organic matter turn-
over in the Wadden Sea. The seasonal cycles of
the major component NH4 are shown in Figures
5.10 - 5.12 for the Dutch Wadden Sea, the Nied-
ersachsen Wadden Sea (Norderney) and the North
Frisian Wadden Sea (Sylt). The analysis for the
Dutch Wadden Sea was based on a multiple re-
gression with mean autumn NH4+NO2 concentra-
tions as the dependent variable and riverine TN

input, autumn chlorophyll levels and temperature
as independent variables.

We repeated the analysis for the Dutch Wad-
den Sea and for Norderney. The results confirm
that the autumn values are good eutrophication
indicators for the southern Wadden Sea. NH4 and
NO2 concentrations in the Dutch Wadden show a
gradual decrease in the Western part, but trends
in the eastern part are less obvious. Nevertheless,
in both parts of the Dutch Wadden Sea, the river-
ine total nitrogen input (December-August) was
significantly correlated with the autumn NH4+NO2

levels (Table 5.4). Chlorophyll did not significantly
influence the relation in the western Dutch Wad-
den Sea, but had a major impact in the eastern
part. For the Niedersachsen Wadden Sea (Norder-
ney) a significant partial correlation exists between
the Rhine-Meuse TN input and autumn NH4+NO2

concentrations (years 1986-2001). The overall
multiple correlation is not significant.

In contrast to the southern Wadden Sea, the
autumn NH4+NO2 concentrations in the North Fri-
sian Wadden Sea (Sylt) show an increasing trend
suggesting an increased eutrophication status. NO3

concentrations in autumn, however, show a de-
creasing trend (significantly correlated with the
TN load via Rhine and Meuse). This suggests that
autumn values of NH4+NO2 are not good indica-
tors of organic matter turnover in the northern
Wadden Sea. On the other hand, the lower
NH4+NO2 values and lower summer chlorophyll
levels in the northern Wadden Sea are in line with
a generally lower eutrophication status of the
northern Wadden Sea.

3�4�

,�������� ��

,���� ����

.�������� ��

�

���


��

�� �� �� �	 �� �
 �� �� �� �� �� �� ��

��
�
��

����

Figure 5.9:
Phytomass (g organic dry
weight per m²) of green
algal genera at a site in

Königshafen near Sylt in
the northern Wadden Sea,

measured monthly from
May to October on an area
of 2500 m² between 1991
and 2003 (Reise, unpubl.).
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5.2.4 Effects of decreased nutrient
input

Within the framework of the Dutch EVA-II project
evaluating the effects of shellfish fishery a model
study was carried out on the effects of decreased
riverine nutrient inputs in the western Dutch
Wadden Sea (Brinkman and Smaal, 2003). The
model showed a response in the form of decreased
primary production, and therefore a decreased
carrying capacity for filter feeding bivalves. Good
field data for filter feeders, however, is not avail-
able to prove or refute the outcome of the model.

5.2.5 Target evaluation
Targets on the chemical quality of the Wadden

Sea ecosystem aim at natural levels of nutrient
concentrations and nutrient input. They are pre-
requisite for a naturally developing phytoplank-
ton and phytobenthos.

Background concentrations of NH4+NO2 in au-
tumn as a proxy of organic matter turnover in the
Wadden Sea have been estimated at about 3 µM
for the western Dutch Wadden Sea (van Beusekom
et al., 2001; van Beusekom, 2005). Background
TN concentrations of about 45 µM (~0.6 mg/l) for
rivers entering the North Sea have been estimat-
ed by Laane (1992) being about 7-8 times lower
than present values of about 4-5 mg/l (Figure 5.3,
left panel).

Riverine nutrient input shows a gradual de-
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Figure 5.10:
Annual and seasonal

ammonium cycle in the
Dutch Wadden Sea.

Data: TMAP Data Units and
DONAR.

Figure 5.11 (left):
Annual and seasonal

ammonium cycle in the
Niedersachsen Wadden Sea

(Norderney).
Data: TMAP Data Units and

NLÖ (M. Hanslik).

Figure 5.12 (right):
Annual and seasonal

ammonium cycle in the
North Frisian Wadden Sea

(Sylt Rømø Bight).
Data: TMAP Data Units and

AWI (J. van Beusekom).
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crease and the Wadden Sea ecosystem is respond-
ing: In several areas, summer chlorophyll levels
and the intensity of organic matter turnover (us-
ing NH4+NO2 as a proxy) decrease and correla-
tions with riverine nutrient input exist. The com-
bination of dry years (low nutrient loads) and de-
creasing TN concentrations in the rivers Rhine and
Meuse have lead to rather low TN loads during
the 1990s. Still, NH4+NO2 levels are about 50%
higher than those observed during the 1960’s and
about three times higher than under non-prob-
lem conditions (Table 5.5).

No background values for nutrients have been
specifically deduced here for the other parts of
the Wadden Sea or the North Sea coast because
little reliable data exists from a time of low an-
thropogenic influences (OSPAR, 2000; Bakker et
al., 1999).

As a first approximation it can be assumed that
all Wadden Sea areas have a similar relative devi-
ation from pristine conditions as in the western
Dutch Wadden Sea (Table 5.5; compare van
Beusekom et al., 2001). Comparing the background
estimates with recent values shows that the en-
tire Wadden Sea is a ‘Eutrophication-Problem-
Area’ with present levels being three to five times
higher than under pre-industrial conditions. This
implies that the target has not been reached yet.

5.3 Conclusions
5.3.1 Main Results

The main results are grouped according to the
categories used in the OSPAR ‘Comprehensive Pro-
cedure’.

5.3.1.1 Category I: Nutrients
Riverine nutrient input showed a gradual decrease
during the period 1997-2002. This is reflected by
the phosphate concentrations in winter in the
Wadden Sea that decreased since the mid 1980’s
to winter levels of about 1 µM. Salinity normal-
ized nitrate + nitrite concentrations in the Ger-
man Bight in winter reflect the decreasing TN load,
but in the Wadden Sea proper no consistent trend
is yet detectable.

5.3.1.2 Category II: Direct effects on
primary producers

The decreasing nutrient input (TN loads by Rhine
and Meuse) had a significant effect on the phy-
toplankton biomass (as chlorophyll) in summer in
most of the southern Wadden Sea. In the north-
ern Wadden Sea a less clear picture emerges. Only
in the Sylt-Rømø-Bight, decreasing summer chlo-
rophyll levels correlate with riverine TN input.

Toxic blooms are observed in all parts of the
Wadden Sea, but no increasing trend or relations
with nutrient input are evident. The most con-
spicuous blooms were observed in 1998 and 2000
along the Danish west coast, and were large, ich-
thyotoxic Chattonella blooms. The main nuisance
blooms were due to Phaeocystis. Long-term data
from the Marsdiep (western Dutch Wadden Sea)
shows a decreasing trend in bloom duration.
Present macroalgae abundance is below the max-
imum levels observed during the early 1990s.

5.3.1.3 Category III: Direct effects on
organic matter

The decreasing nutrient input (TN loads by Rhine
and Meuse) had a significant effect on the au-
tumn NH4+NO2 values in the southern Wadden
Sea. The autumn NH4+NO2 values are a good indi-
cator of organic matter turnover in the southern
Wadden Sea.

In the northern Wadden a less clear picture
emerges. In the Sylt-Rømø-Bight an increasing
trend of autumn NH4+NO2 values was observed
suggesting an increased organic matter turnover
but a decreasing trend in autumn NO3 values was

Western Dutch Wadden Sea (1977-2002)
Dependent: Sum of NH4 and NO2 (Month 9-11)
Independent: Rhine/Meuse TN load (Month 12-8)
Covariable: Chlorophyll (Month 9-11), Temperature (Month 9-11)

Results
N=26 p=0.00078 R²=0.53 Outlier: none
Variable Beta B P

TN load 0.66 0.00005 0.0003
Chl a -0.11 -0.15 0.46
Temp 0.14 0.77 0.238
One outlier  identified. Omission would increase R² from 0.53 to 0.56

Eastern Dutch Wadden Sea (1977-2002)
Dependent: sum of NH4 and NO2 (Month 9-11)
Independent: Rhine/Meuse TN load (Month 12-8)
Covariables: Chlorophyll (Month 9-11), Temperature (Month 9-11)

Results
N=26 p=0.0081 R²=0.408 Outlier: none
Variable Beta B P

TN load 0.36 0.00003 0.045
Chl a -0.40 -0.62 0.029
Temp 0.20 1.16 0.25
No outliers identified.

Niedersachsen Wadden Sea (1986-2001)
Dependent: sum of NH4 and NO2 (Month 9-11)
Independent: Rhine/Meuse TN load (Month 12-8)
Covariables: Chlorophyll (Month 9-11), Temperature (Month 9-11)

Results
N=16 p=0.15 R²=0.346 Outlier: none
Variable Beta B P

TN load 0.60 0.00003 0.029
Chl a -0.23 -0.47 0.36
Temp -0.20 -0.96 0.44
No outliers identified.

Table 5.4:
Results of the multiple
regression between TN

input via Rhine and Meuse
and the N remineralisation

in the Wadden Sea.

5. Eutrophication
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observed that correlated with TN input. Data from
the other parts of the northern Wadden Sea did
not reveal any trends.

5.3.1.4 Regional differences
The data analysis highlights regional differences
in Wadden Sea eutrophication. In general, the
summer phytoplankton biomass and the autumn
NH4+NO2 values in the southern Wadden Sea are
about twice as high as in the northern Wadden
Sea. This suggests a more intense eutrophication
of the southern Wadden Sea. The reason for this
fundamental difference is not yet known, but a
possible relation with a more efficient particle
accumulation in the southern Wadden Sea has
been proposed (van Beusekom et al., 2001). The
geographical distribution of phytoplankton bio-
mass reflects the importance of nutrient loads as
higher values are observed near the main fresh-
water sources (Rhine-Meuse-IJsselmeer and Elbe-
Weser).

5.3.1.5 Background values
Compared to background TN concentrations of
about 45 µM (~0.6 mg/l) in rivers entering the
North Sea (Laane, 1992) present day mean TN val-
ues of 4-5 mg/l are about 7-8 times higher. The
present day organic matter turnover rates in the
Wadden Sea (as indicated by NH4+NO2 values) are
about 3-5 times higher than the rates expected
with background riverine TN loads (Table 5.5). Van
Raaphorst et al. (2000) estimated a background
TN concentration in the Wadden Sea of 17 µM,
being 6-7 times higher than present TDN (Total
Dissolved Nitrogen) values. Brockmann et al.
(2004) developed background values of TN and
chlorophyll-a for the German Bight. They found
about 3-5 times higher TN and chlorophyll levels
in the Wadden Sea as compared to pristine condi-
tions.

5.4 Recommendations
5.4.1 Management

The target of a Wadden Sea without eutrophica-
tion problems has not yet been reached. There-
fore it is recommended continuing to implement
current policies to reduce nutrient input, espe-
cially with regard to nitrogen compounds.

5.4.2 Monitoring and research
5.4.2.1 Comparison between the

northern and southern Wadden Sea
The present study reveals some fundamental dif-
ferences between the southern and northern Wad-
den Sea: In the southern Wadden Sea summer
chlorophyll levels are found twice as high as in
the northern part despite similar winter nutrient
concentrations. NH4+NO2 also reach about two
times higher levels in the southern parts compared
to the northern parts.  Also, suspended matter con-
centrations in the southern Wadden Sea are higher
than in the northern Wadden Sea. A possible ex-
planation is that the southern Wadden Sea accu-
mulates suspended matter and organics more ef-
ficiently. Research directed towards understand-
ing the differences between the northern and the
southern Wadden Sea should be supported.

5.4.2.2 Exchange rates with the
North Sea

In order to compare nutrient concentrations in the
different parts of the Wadden Sea, especially if
they are locally produced (such as NH4 or NO2) the
residence time of water in different tidal basins
should be known. Up to now, no estimates of res-
idence times have been calculated for the entire
Wadden Sea using the same methodology or model
data.

5. Eutrophication

Table 5.5:
Classification of the Wadden Sea into Non-Problem, Potential Problem and Problem Areas based on autumn
concentrations of NH4+NO2 (µM) as proposed by van Beusekom et al. (2001) and modified with data from the recent
study. The division into sub-regions is based on the availability of seasonal data. The present autumn values refer to
values during the period 1997-2002. Non-problem conditions were based on background values for the western Dutch
Wadden Sea. Values for the other areas are proportionally assigned on the basis present day values (1997-2002). Values
for the Sylt Rømø Bight are based on the measured data and not calculated as in the table presented by van Beusekom et
al. (2001). All threshold values were formally derived and an uncertainty range of ± 1µM should be added.

Area Non- Potential ‘Present’
Problem Problem Problem values

conditions conditions conditions (1997-2002)
Western Dutch Wadden Sea <3.0 µM 3.0 µM <>  8.3 µM > 8.3 µM 9.9 µM
Eastern Dutch Wadden Sea <4.0 µM 4.0 µM <> 10.2 µM > 10.2 µM 19.8 µM
Niedersachsen Wadden Sea <3.2 µM 3.2 µM <>  8.2 µM > 8.2 µM 10.1 µM
Sylt Rømø Bight <1.9 µM 1.9 µM <>  4.2 µM > 4.2 µM  6.1 µM
Danish Wadden Sea <2.5 µM 2.5 µM <>  6.5 µM > 6.5 µM 10.2 µM
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5.4.2.3 Influence of filter feeders: in
particular of new invaders

The present study suggests that summer chloro-
phyll levels may be used as an indicator of the
eutrophication status because of the significant
correlation with riverine nutrient input in some
areas. In order to use this parameter as an assess-
ment criterion, the role of suspension feeders in
the summer chlorophyll dynamics should be in-
vestigated. Special emphasis should be directed
toward invaders. Crassostrea and Crepidula are
invaders, important filter feeders and recent trends
towards warmer winter and summers suggest an
enhanced spread (Diederich et al., 2005; Thieltges
et al., 2004). Also, meroplankton data from the
northern Wadden Sea shows an enhanced occur-
rence of larvae from Ensis americanus (M. Strass-
er, pers. comm.). It therefore remains an open ques-
tion whether the recent decline in summer chlo-
rophyll levels is due to a decreased riverine nutri-
ent input or to increased filtration rates.

5.4.2.4 Importance of coverage of the
entire seasonal cycle

The present study was based on nutrient and chlo-
rophyll data that covers the entire annual cycle

5. Eutrophication
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