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PREFACE
We often talk about the “priceless value” of nature of the Wadden region. Nature that is
celebrated in art, books, and films, but also the nature on which fishermen, farmers and the
tourist industry depend for their daily existence. What do we know about this value of the
Wadden region and does it make sense to express this value in numbers and euros?
Nature in the Wadden region is valuable in several respects. As the largest interconnected nature
reserve in the Netherlands, which is internationally recognized with the UNESCO World
Heritage status, the value of the Wadden region to nature is evident. The socio-cultural value
for the local population who has lived from and with the sea for centuries is also obvious. And
clearly, a Wadden economy without healthy nature is unthinkable. Sectors such as fishing,
agriculture and tourism owe their existence to healthy nature in the Wadden region.
The studies that have been carried out in recent years into specific aspects of the value of
nature in the Wadden region are important but also fragmented. What is missing is a systematic
analysis of the social and economic value of different ecosystems in the Wadden region, where
different values are combined in a complete picture of the natural value of the Wadden Sea.
While environmental economists have investigated countless island regions across the globe, the
valuation of nature in the Wadden region is still in its infancy. This is all the more remarkable
given the fortunate research position of the Wadden region with excellent data and experienced
scientists.
A better insight into the total value of nature of the Wadden region can help us to address
numerous complex challenges facing the Wadden region. For example, estimating the
importance of healthy ecosystems can be a good means of increasing the awareness of
policymakers, citizens and entrepreneurs of the natural values that are now often undervalued.
An estimate of the value of nature also comes in handy when making investment decisions
in which the monetised effects for nature can be explicitly included in economic assessments.
Moreover, knowing the willingness to pay for nature conservation by citizens and tourists can
provide a good insight into the feasibility of setting up a system of sustainable financing for
nature management.
It is high time to estimate the “priceless value” of nature of the Wadden region. It is time we
utilise the abundantly available information and expertise and convert it into impactful and
actionable research outcomes. Therefore, I am very pleased that with this report of the Wadden
Academy we can take a convincing first step in this important challenge.
Pieter van Beukering
Portfolio holder Economy of the Wadden Academy
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1. Introduction
The Challenge of Governing Natural Capital in the Wadden
Sea
The Wadden Sea Region is an intertidal area spanning the countries of The Netherlands,
Germany and Denmark, that has been recognized as a UNESCO World Heritage site due to its
globally unique geological and ecological features. The nature Wadden Sea and Islands boast
an impressive range of ecosystems and nature, with a plethora of biodiversity and habitats.
Arising from the ecosystems of the Wadden Sea are a wide range of economic, social and
cultural benefits, known as ecosystem services. Examples of Economic, Social and Cultural
benefits may be found in:
▪ Economic revenues from fishery and tourism (Baer et al., 2017; Bjarnason et al., 2017;
Gelderman et al., 2019)
▪ Social coastal protection to floods by natural systems (Zijlstra et al., 2017; Zhu et al.,
2020)
▪ Cultural aspects arising from nature in the regional identity (Gee & Burkhard, 2010,
Schroor et al, 2017)
As a wide range of ecosystem services are all benefitting different stakeholder groups,
however, unavoidable conflicts and competition arise over the shared resources and the
conservation of natural values. For example, fishermen stakeholders may want to use natural
areas to gain fishery revenues from while environmentalists want to keep natural areas as
undisturbed as possible to allow nature to flourish, showing a competition over space.
In addition to conflicts and competition over values arising from the natural world, the system
is under pressure from economic activities less reliant on ecosystems (e.g. Bahlke, 2017; Baer
& Nehls, 2017; Dolch et al., 2017; Fleet, et al., 2017; van Beusekom et al, 2017; van der Valk
et al., 2017) - like international harbors (Bahlke, 2017) or gas extraction (Baer & Nehls, 2017).
See Figure 1 for an indication of the concentration of activities in the Wadden Sea. On top of
the internal conflicts in ecosystem services and the pressures from other economic activities,
global environmental effects, like climate change (e.g. Philippart et al., 2017; Baer et al., 2017;
Dolch et al., 2017; Esselink et al., 2017; Zijlstra et al., 2017) and invasive species (Büttger et al.,
2017) may compromise the resilience of the Wadden Sea ecosystems and, therefore, the
Wadden Sea ecosystem services.
Taking full advantage of the ecosystem services benefits of the Wadden Sea, therefore,
requires an integrative governance approach. Considering the wide range of ecosystem
services and pressures present in the Wadden Sea, proper governance may therefore require
knowledge across scientific disciplines, across national boundaries and involving many
stakeholders with contrasting discourses. While many attempts at understanding human
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economic activities are often made, ecosystem services that do not yield direct economic
benefits, but for example cultural or social benefits are often overlooked and knowledge
underdeveloped, necessitating a thorough overview of the current benefits researched and
included in Wadden Sea management decisions.

The Aim
To foster an extensive, much needed, understanding of the ecosystem services to be managed,
any initial analysis needs to identify the data that is needed for integrated governance and the
availability of this data. As a result, the purpose of this study is to identify important knowledge
gaps in the assessment of Natural Capital in the Wadden Sea and the required data to properly
balance the use of different ecological values, ecosystem services and economic activities,
thereby taking into account outside pressures, like climate change. Building on the insights
from the first aim, the second aim of this study is to translate the data gaps identified into a
strategy for future scientific data collection, supporting thorough, integrative governance of
the Trilateral Wadden Sea Region.

Figure 1 - Crude indication of the geographic spread of different activities in the Dutch Wadden
Sea in 2013. Source: Translated version of Algemene Rekenkamer (2013)

The Framework
This study employs an adapted version of framework developed by Daily et al. (2009) to
systematically analyze ecosystem services and integrate these into decision making processes.
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Following this adapted framework (Figure 2), this study defines four steps to assess the status
of research conducted on ecosystem services in the Wadden Sea region and to identify the
knowledge gaps to support an integrated governance approach:
1. What are the important ecosystems and species of the Wadden Sea?
2. What important ecosystem services arise from the ecosystems an species of the
Wadden Sea and what are the socioeconomic values associated with these ecosystem
services?
3. How are ecosystem services (indirectly) threatened by each other and outside pressures?
4. What knowledge gaps need to be addressed to improve integrated governance in the
Wadden Sea?
This study will specifically focus on answering questions one through four in the framework
presented below, ultimately proposing the research strategy needed to support the
governance of the ecosystem services of the Wadden Sea.

Figure 2: Framework to analyze ecosystem services systems in the context of
integrated governance.. The model identifies four separate questions (each
separate block), which will be answered in separate chapters of this report.

The structure of the report will follow the questions as posed in the framework: First, this
report will shortly elaborate on the ecosystems (step one of the framework) of the Wadden
Sea in chapter two. Next, the report will discuss the ecosystem services and associated values,
arising from these ecosystems (step two) in Chapter three. Chapter four will discuss the
pressures among the ecosystem services and the outside pressures of human activities
independent of ecosystems and global effects (step three). Chapter five will address the
policies (step four) currently in place attempting to manage the interplay in ecosystem service
interactions and outside threats. Finally, chapter six will present conclusions on the data needs
for proper governance and will provide strategic recommendations on ways to fill these data
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gaps (step five in the model). Figure 2 depicts the four separate steps of the model and the
corresponding chapters discussing the steps in the structure of this report.

The Approach
To identify the relevant ecosystems, ecosystem services and pressures on ecosystem services,
this study executes a literature review. The literature review is based on an initial identification
of ecosystems, ecosystem services and pressures from a trio of core references:
Van der Valk et al. (2017) is a report from the research institute of Wageningen Marine
Research (WMR), affiliated with Wageningen University and Research in the Netherlands,
commissioned by the former governmental office of the ‘Dienst Landelijk Gebied’ (DLG –
roughly translates to “the Office of Rural Areas”) the report contains a thorough literature
review of quantitative data on the economic activities in the Dutch Wadden Sea and the
policies either facilitating the activities or managing the environmental externalities of the
activities.
The Wadden Sea Quality Status Report 2017 is a set of 29 separate thematic reports, divided
over the five themes of Geomorphology & Climate Change, Habitats & Communities, Species,
Human Activities and Pollution, describing the 2017 status and targets of the Wadden Sea.
Terschelling Natural Capital Workshop 2019 report are the findings from the workshop 19th
of September 2019 workshop held by Wolfs Company with local stakeholders to identify the
natural capital and ecosystems services for the Dutch island of Terschelling. This report was
specifically used to also include values that are often overlooked by large scale reviews, like
subsistence farming or berry collecting. Additionally, this is the only of the three reports not
focused on the marine and coastal realm, but also includes terrestrial/insular ecosystem
services.
Based on the ecosystems, ecosystem services and pressures identified in these core literature
sources, the literature review was expanded with a wide range of other sources from scientific
and grey literature, for example scientific articles, governmental reports and reports from
consultants. Within the scope of this study, mostly Dutch and English sources were reviewed
due to language proficiency. Therefore, the Dutch Wadden Sea system will be overrepresented
in this report. For future research, the literature review can be expanded by reviewing German
and Danish sources.
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2. Wadden Sea Ecosystems
The purpose of this chapter is to clarify the separate units of the ecosystem services in the
Wadden Sea region. First a short general description of the nature in the Wadden Sea Region
will be given, followed by a description of any ecosystems and species relevant for ecosystem
services in the Wadden Sea region. See also Table 1 for a summary of the ecosystems.

The Wadden Sea as a natural region
The Wadden Sea region is characterized as the largest intertidal sand and mudflat area on the
planet in which many of the original natural processes proceed largely undisturbed (UNESCO,
2020). The area consists of a marine area of roughly 8000 km2, with roughly 4700 km2 of
intertidal, periodically dry land emerging with low tides. An approximate 2000 km2 of insular
land on barrier islands is also situated in the area (Kabat et al, 2012). Additionally, the area is
designated a UNESCO World Heritage site at a size of 1,143,403 ha (UNESCO 2020). The area
contains five great nature parks: The Dutch Wadden Sea Conservation Area, The German
national parks of Lower Saxony, Hamburg and Schleswig-Holstein, as well as the Danish
Wadden Sea maritime conservation area (UNESCO, 2020).
According to UNESCO, what makes the area unique from a natural point of view are 1) the
outstanding examples of geological processes and geomorphic or physiographic features
(criterion viii), especially the large scale development of intricate and complex temperate sandy
barrier coasts subject to rising sea levels, 2) the ongoing ecological and biological evolution of
ecosystems and communities (criterion ix), especially the invaluable geological record of an
ongoing adaptation of coastal environments to global change and 3) the most important natural
habitats for biological diversity and conservation (criterion x), especially as essential stopover
site for migratory birds (UNESCO 2020).
Table 1 - List of the ecosystems & habitats in the Wadden Sea Region (based on Olff & Piersma,
2012)

Step 1: What are the ecosystems of the Wadden Sea?
Marine/tidal:
Mudflats & Gullies
Shellfish Beds
Estuaries
Seagrasses
Salt Marshes
Beaches

Terrestrial/insular:
Dunes
Forests
Grasslands and Fields
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For this study we consider the Wadden Sea Region as the geographical scope of the full
Wadden Sea area, including the UNESCO site, all four of the nature parks, the terrestrial area
on the barrier islands bordering the Wadden Sea and North Sea as well as the estuaries and
strips of coasts along the mainland of the Netherlands, Germany and Denmark. Figure 3
represents the World heritage sites and some indications of certain ecosystem locations. Figure
4 represent a typical cross section of the ecosystem location in the Dutch Wadden Sea.

Ecosystems Facilitating Ecosystem Services in
the Wadden Sea
Tidal Mudflats & Gullies
The Wadden Sea is widely known for the vast areas of intertidal mudflats dominating the
landscape of the sea. The mudflats consist of plates ranging from sandy to muddy sediments
and alternate between a submerged state at high tide and exposed state at low tide. The plates
are generally covered by a film of diatoms and cyanobacteria, a valuable food source for
benthic fauna, shrimp and fish in high tide, with birds consuming the benthic fauna at low tide.
When the tide retreats, small gullies, submerged for a slightly longer of time, provide shrimp
and fish with opportunities to return to permanently submerged gullies, home to larger fish
and seals (Ecomare, 2020).
Shellfish Beds
Beds of Blue Mussels (Mytilus edulis) and Pacific Oysters (Crassostrea gigas) make up important
habitats in the Wadden Sea, providing structural heterogeneity in the benthos and serving as
links between the pelagic and benthic realm. The mussels and oysters accelerate nutrient
cycling in the Wadden Sea by filter feeding and depositing nutrient-rich feces. In addition, the
mussels and oysters engineer valuable habitats through sediment fixation and local reduction
of hydrodynamic forces. Lastly, Shellfish beds also serve as a core food source, for (migratory)
birds specifically (Folmer et al., 2017).
Seagrasses
Seagrass habitats are dominated by flowering plants in shallow water with sandy bottom near
coasts. Seagrasses often serve as valuable spawning and nursery grounds for fisheries and can
enhance settlement of fine-grained substrates. Seagrass habitats are also very sensitive to
stressors. Reduced light availability, (e.g. in turbid water), hydrodynamics, instable sediments,
desiccation, extreme temperatures and changes in salinity can quickly lead to mortality of
seagrass shoots. Historical disease (in the 1930s) and human activities are thought to be
responsible for little presence of sea grass fields in the current day Wadden Sea (Dolch et al.,
2017; Orth et al., 2020).
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Salt Marshes
Salt Marshes are generally the upper part of the intertidal zone. Salt Marshes are subject to
periodic flooding from adjacent saline waters. Salt Marshes can extend levels well below the
high-tide level to the most extreme levels of high tide. While the majority of European Salt
Marshes occur on clay substrate, Salt Marshes can occur on sediments of sand, clay and peat.
Salt Marshes occur in areas with low hydrodynamic activity allowing for net sedimentation.
Salt Marshes occur either naturally in areas with low hydrodynamic activity, for example on
the leeward side of barrier islands, or can be human made (Esselink et al., 2017). Salt marshes
are important regulators of the ecosystem by trapping sediment, filtering watering and serving
as habitats, nursery and spawning areas for a wide variety of fish, crustaceans and shellfish
(Barbier et al., 2011). The Wadden Sea Salt Marshes make up about 20% (covering about
40.000 hectares) of the total area of coastal salt marshes on the European continent (Esselink
et al., 2017). Zhu et al., (2019) showed that salt marsh edge recovery and resilience to
pressures, is linked with the height of neighboring mudflats. Salt marsh area in the Wadden
Sea is estimated at 40.000 ha, accounting for 20% of all salt marshes on the European Atlantic
and Baltic coasts.
Estuaries
Estuaries are the transitional zones between saline and marine and riverine habitats and the
endpoint of rivers. Estuarian ecosystems are characterized by a strong diversity in several
important dynamics in salinity gradients, intertidal effects and turbidity as well as nutrients and
toxins effluent from rivers. Estuaries are also drivers of geomorphic, ecological and chemical
processes for the rest of the Wadden Sea by forwarding the riverine efflux (such as sediment,
nutrients and toxins) and serving as migration routes as well as nursery or feeding areas. The
Wadden Sea area contains five main estuaries from the rivers the Varde Å in Denmark, the
Eider, Elbe and Weser in Germany and the Ems on the border of Germany and the Netherlands.
(Schuchardt & Scholle, 2017). Estuaries may also contain several of the other ecosystems
discussed. Specifically, estuaries may contain seagrass and salt marsh ecosystems and their
accompanying functions in natural situations (Barbier et al, 2011).
Beaches
Beaches are the transitional ecosystem from marine systems to the terrestrial systems. The
beach contains both an intertidal zone as well as a supratidal zone (Between the spring and
high tide line in Figure 4. The main foundation of the food web in both the intertidal and
supralittoral zones of the beach consists of washed-up marine algae, washed up plant remains
or washed up faunal carcasses. Filter feeders and deposit feeders transfer large amounts of
dissolved matter into the beach ecosystem. Characteristic filter and deposit feeders for the
intertidal zone are macroinvertebrates, such as polychaetes, amphipods and isopods, serving
as food source for juvenile flatfish, shrimp and sea birds. In the supratidal zone the sandhopper
(Talitrus saltator) breaks down washed up wrack and, in the absence of sufficient washed up
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materials, vegetation from the adjacent dunes, freeing up nutrients for beach or dune
vegetation (de Groot et al., 2017).

Sand Dunes & Dune Slacks
Sand dunes and dune slacks are ecosystems, relatively poor in nutrients, but highly diverse in
ecological niches. Gradients that can vary highly locally in dunes are elevation, salinity, wetness
and steepness due to the influence of the marine realm, weather and wind. Due to
heterogeneity, in combination with (wild) grazer pressure, the degree of succession can vary
extensively, leading to habitats ranging from bare sands to grasslands. Relatively early stages
of succession comprising sparsely vegetated dunes and dune slacks are especially important
for unique or elsewhere endangered species with clear examples from amphibians, lowland
flora and (migratory) bird sites (Everard et al., 2010). Dunes can exist in both highly natural
aeolian shifting sand states or more human modified, fixated by vegetation, states (de Groot et
al., 2017).
Forests
Forests are ecosystems that do not occur naturally on the Wadden Sea. In the beginning of the
20th century the Dutch government agency of Rijkswaterstaat, at that time responsible for
forestry in the Netherlands, decided forestry on the Dutch Wadden islands was necessary to
fixate shifting dune sands, that may disperse inconveniently to agricultural pastures and
villages, and produce timber for mining operations in the Netherlands. While initial attempts at
forestation in the area failed due to an intolerance to the salty wind of the Wadden Sea and
dry ground, techniques from the 1920s onwards were more successful. Salty environment,
however, led to slow growth rates and by the time forests were ready to be logged for mining
operations, mining was already severely diminished as an industry. Of the Dutch Wadden,
Vlieland currently boasts the largest area of forest, containing a total of 300 hectares. The
forests on the Dutch Wadden Sea islands are characterized species that tolerate dry and sandy
grounds like the Black Pine (Pinus negra), and more salt tolerant species like Crateagus sp.,
Alder (Alnus sp.), Maple (Acer sp.), Sorbus sp. & Birch (Betula sp.). Additionally, the relatively
nutrient poor soils of the Wadden Sea forests are sometimes breeding grounds for rare
mushrooms (Wadden.nl, 2020; Ecomare 2020b; Ecomare 2020c).
Grasslands & Fields
Agricultural pastures, meadows and fields is one of the most important land uses on the
Wadden Sea islands and mainland coast. Between 65 and 75 percent of the terrestrial surfaces
in the Wadden region is classified as agricultural land. The light clay grounds of reclaimed lands
are often used for crops, while heavy clay and sandy grounds are used as grassland and grazing
areas. The balance between crop fields and grasslands is different for the different regions of
the Wadden Sea and can lead to larger shares of crop lands (e.g. between 60-82% on the
Danish coast) and Grasslands (most barrier islands, the Groningen coast and the coasts of the
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province of Fryslân, The Netherlands). Only on the three largest barrier islands of Texel,
Nordstrand and Rømø crop fields are abundant.

Iconic Species Facilitating Cultural Ecosystem
Services in the Wadden Sea
Marine Mammals
Three species of marine mammals are considered to be indigenous in the Wadden Sea: The
harbor seal (Phoca vitulina), the grey seal (Halichoerus grypus) and the harbor porpoise
(Phocoena phocoena) (Jensen et al., 2017).
Past populations of seals have been severely under stress from (bounty) hunting, pollutants &
disease (Brasseur et al., 2015; Jensen et al., 2017; Brasseur et al., 2018). Since 1962
(Netherlands), 1971 (Lower Saxony), 1973 (Schleswig-Holstein) and 1977 (Denmark) hunting
for seals has been prohibited in the Wadden Sea region. As of 1952, 1971 (Netherlands), 1978
(Lower Saxony) and 1985 (Schleswig-Holstein) the recovery of seal populations is aided by four
seal rehabilitation centers and one former rehabilitation center (Denmark 1978-1995), in the
region (Brasseur et al., 2018). Both seal species have a diet strongly dependent on demersal
fish species (Jensen et al., 2017).
Past management decisions, in combination with breeding site fidelity, have led to the
Schleswig-Holstein area being the most productive area for Harbor Seal populations (30% of
annual pups in the Wadden Sea) and acting as a hidden source, with the remainder of the
Wadden Sea acting as sink. The population of Harbor Seals in the Wadden Sea is considered,
while hunting in the North Sea, to be a mostly separate from North Sea populations (Jensen et
al, 2017; Brasseur et al., 2018).
Grey seals were all but extinct in the European waters but have shown remarkable recovery in
from 1985s onwards, likely due to immigration from remaining colonies in remote areas of the
UK. Currently the breeding colonies of grey seals in the Dutch Wadden Sea, represent the
stronghold of grey Seals in the Wadden Sea Region, with large breeding colonies between
Vlieland and Terschelling. Additionally, the area of Helgoland is gaining increased importance
for grey seals. The grey Seals of the Wadden Sea are still likely supplemented with individuals
from the UK coast, maintaining strong ties with the UK populations (Brasseur et al., 2015;
Jensen et al., 2017; Brasseur et al., 2020).
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The harbor porpoise is the only cetacean species considered to be indigenous to the Wadden
Sea. Distribution of the harbor porpoise is likely season dependent as late winter, spring shows
higher presence in the Western Wadden Sea along the coasts of the Netherlands and Lower
Saxony, and in summer densities in the Eastern Wadden Sea, along the coast of SchleswigHolstein and Denmark, are more prevalent (Jensen et al., 2017). A recent study shows the
waters north of the island of Borkum to gain increased importance for harbor porpoise
populations (Peschko et al., 2016). The diet of the harbor porpoise is fish based (Jensen et al.,
2017). Assessments show favorable conditions and healthy populations of each marine
mammal species in the Wadden Sea (Jensen et al., 2017).

Figure 5: Depiction of the important bird migration routes on the East Atlantic
Flyway, ranging from the Artic North-East Canada/ Siberia to West and South
Africa (van Roomen et al., 2017); Source: Common Wadden Sea Secretariat

Migratory Birds
The Wadden Sea area is well-known as an important staging, overwintering and molting site
on the bird migration route of the East Atlantic Flyway. The flyway spans almost the entire
East coast of the Atlantic ocean as seen in Figure 5, with birds migrating all sorts of different
distances between North Eastern Canada/Siberia on the Northern end and West/South Africa
on the Southern End (Blew et al., 2017; van Roomen et al, 2017). 34 species of migratory
waterbirds have been continuously monitored in the Wadden Sea for the past 27 years,
showing that for nine migratory species, more than 50% of the populations use the Wadden
Sea, the area can be seen as the single most important migratory site and for a further 14
species the site is of great importance as 10%-50% of the populations make use of the Wadden
Sea area (Blew et al., 2017).
The migratory birds in the Wadden Sea are highly dependent on specific habitats in the
Wadden Sea. Blew et al. (2017) identify the habitats of salt marsh, Tidal Area (mudflats &
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gullies), beaches and coastal grasslands as important feeding areas for the migratory birds of
the Wadden Sea. See also Figure 6 for the full list of habitat-migratory birds dependency
identified by Blew et al. (2017).

Figure 6 - List of migratory birds monitored in the Wadden Sea and the feeding
ecosystems they depended on during the period 2004-2014. Colors indicate positive
(green), stable (orange), negative (red) and unknown trends in population numbers for
the considered species; Source: Blew et al. (2017).
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3. Important Ecosystem Services
facilitated by the Wadden Sea
ecosystems
Arising from the ecosystems described in the previous sub-chapter are many services to
people. In the Wadden Sea region few studies have attempted to analyze the region through
the concept of Ecosystem Services and Natural Capital. Studies found to have utilize
ecosystem service frameworks are (1) very general and not specifically focused on the Wadden
Sea (e.g. Strietman et al., 2018; Schenau et al., 2019; Hein et al., 2020; Horlings et al., 2020),
(2) highly qualitative (e.g. Gee & Burkhard, 2010; Passarelli et al., 2018), (3) outdated (e.g.
Nunes et al., 2009) or (4) only recommending the use of (monetary) ecosystem service
frameworks (e.g. van Dijk et al. 2009; Folmer et al., 2010; Passarelli et al., 2018). The few that
do attempt to quantify values are often not focused on monetary valuation (e.g. Sijtsma et al.,
2019). Therefore, this study is one of the first studies to attempt a holistic overview of the
current knowledge on quantitative (and monetary) values of the Wadden Sea ecosystem
services.
Before assessing the ecosystem services of the Wadden Sea, it is important to shortly elaborate
on the theory of ecosystem services, particularly the types of ecosystem services. Ecosystem
services in general are often classified according to the typology developed by the Millennium
Ecosystem Assessment (MEA, 2005) in four main categories. See Figure 7 for a graphical
representation of the ecosystem service typology of the Millennium Ecosystem Assessment:
However, current literature shows an increasing trend to classify ecosystem services through
the CICES framework. To keep this study comparable and usable in combination with CICES
studies, the ecosystem services considered in this study are classified to the CICES 5.1
Ecosystem Service Classification framework in ANNEX V.
Provisioning services refer to ecosystems providing us with tangible physical products to be
obtained the ecosystem, providing direct benefits from use. Products obtained from
provisioning services are often directly marketable and may therefore have clear economic
values. In other situation these goods may be obtained for subsistence purposes and of
paramount importance for people to sustain themselves without necessarily being a marketed
good. Examples of provisioning services are timber wood as building material, fish as food
source, medicine based off floral chemicals and the extraction of irrigation or drinking water.
Regulating services refer to ecosystems functions that maintain natural processes beneficial to
humans, often yielding considerable benefits that may not be immediately apparent. Examples
of regulating services are the reduction of flood risk by natural barriers, the sequestration of
carbon to as buffer to climate changing processes, the filtration of marine or fresh waters
providing healthy aquatic environments and the pollination of food crops significantly reducing
the need for manual labor in agriculture.
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Cultural services refer to ecosystems providing humans with cultural and historical meaning.
Cultural services are often difficult to market as they refer to intangible goods or feelings.
Examples of cultural services can be in providing aesthetic values of landscapes, the
maintenance of cultural or spiritual identity, nature as an educational object and finally, the
exception to cultural services being goods difficult to market, (nature) recreation and tourism.

Figure 7: Ecosystem Service Typology as defined by the Millennium Ecosystem Assessment.
Examples of services in each class of services are given. Source: Aarhus University,
Department of Environmental Science (env.au.dk)

Supporting services refer to ecosystem services which are not of direct benefit to humans.
Supporting services, however, maintain the core processes and resources the other categories
of ecosystem services need to exist. Examples of supporting services include conversion of
sunlight into energy through photosynthesis of plants, providing food for many higher
organisms, specific habitats that serve as nursery or spawning grounds for commercial fish
stocks, healthy genetic diversity that may increase the resilience of commercially viable
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organisms to disturbances, geomorphological processes that allow certain important species
to thrive and others to be kept out.
In this chapter the provisioning, regulating and cultural ecosystem services in the Wadden Sea
will be further elaborated. Aims of this chapter specifically, are to 1) address (simplified)
dependencies of ecosystem services on specific ecosystems or species, 2) identify quantitative
values associated with ecosystem services and 3) identify the stakeholders involved in each
ecosystem services are aims of this chapter. Supporting services are not touched upon
separately in this chapter, as they are either discussed in the previous chapter (on the
ecosystems of the Wadden Sea) or in the descriptions of the ecosystem services belonging to
other classes of the typology. The dependency of ecosystem services on underlying
ecosystems and species is additionally displayed graphically in the overview matrix of Figure
8.

Resulting Ecosystem Services
Cultural

Coastal
Protection
Carbon
Sequestration
Water
Purification
Recreation &
Tourism
Cultural
Identity
Non Use
Values

Regulating
Other - Timber

Other Agriculture
Other – Wild
Fruit Pikcing
Other – Duck
Trapping
Other – Beer
Brewing

Shell Extraction

Fisheries Shrimp
Fisheries Mussel
Fisheries Cockle
Water
Extraction

Provisioning

Tidal Mudlfats
Gullies

Ecosystems

Shellfish Beds
Seagrass Beds
Salt Marshes
Estuaries
Beaches
Sand Dunes & Slacks
Meadows & Fields

Species

Forests
(Migratory) Birds
Marine Mammals
Aesthetic & Atmosphere

Figure 8: Overview of simplified dependency of ecosystem services on underlying ecosystems and
species. Vertically displayed are the identified ecosystems, species or other properties of nature are
displayed; horizontally displayed are the identified ecosystem services that are facilitated by the
ecosystems, species & properties. Dark Green cells indicate that an ecosystem service is (at least
partly) facilitated by the underlying natural aspect; Light Green indicates that facilitating relation
between and underlying aspect of nature and ecosystem service is expected based on expert
judgement, but not explicitly found in literature.
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Provisioning Services
Provisioning services in the Wadden Sea region refer to the many product we can directly
obtain, use and market in the region. This study identified a wide range provisioning services
that can be summarized in products as a result of fisheries & aquaculture, as a result of energy
production or mineral extraction, as a result of water extraction and as a result of terrestrial or
insular agriculture.
Fisheries & Aquaculture
Fisheries and aquaculture in the region are largely dominated by the shrimp fishery and blue
mussel fishery aquaculture. Please note that this literature study only focusses on the fisheries
in that operate within the Wadden Sea region. It is likely, however, that the Wadden Sea
ecosystems have an important habitat and nursery function for fisheries in the wider North
Sea area.
Shrimp fishery

The shrimp fishery is the main wild fishery present in the Wadden Sea and focusses on shrimp
trawling methods, dragging nets across the benthos in the tidal basins, gullies and estuaries of
the Wadden Sea (Jongbloed et al., 2015; Baer et al., 2017). Due to large uncertainties and data
gaps on spatial and seasonal distribution as well as gear efficiency, reliable stock assessments
in the shrimp fishery face fundamental difficulties and a risk of overfishing is present (Baer et
al. 2017). The shrimp fishery is dependent on several of the ecosystems of the Wadden Sea.
Specifically, gullies, tidal basins, estuaries (Baer et al., 2017; Ecomare, 2020a) and seagrass
meadows (McDevitt-Irwin et al, 2016) provide the supporting services of nursery or general
habitat. Additionally, mudflats provide rich forage habitats for shrimps in high tide (Ecomare,
2020a).
The economic value of the shrimping industry in the Wadden Sea could be determined for the
Dutch fleet only. While this fleet is not the only fleet active in the Wadden Sea Shrimp fishing
industry, it represents a large share of the total industry (for the whole north sea shrimp
industry, including the Wadden Sea) with The Dutch fleet representing 55% of the value
respectively (Excluding Denmark; Turenhout et al., 2015) and 54% of the landings respectively
(ICES, 2015) in 2014 (see Table 2).
Considering the Dutch fleet, landings were nearly 20 million kilos in 2014, making up a total
value of slightly more than €65 million. For the Dutch fleet Turenhout et al. (2015) estimated
the importance of the Wadden Sea areas for the shrimp fishing industry to account for 17,4%
of the total North Sea shrimp fishing industry, almost exclusively extracted from Dutch
Wadden Sea waters (Turenhout et al., 2015), leading up to a and estimated landing of 3.4
million kg and a value of €11.2 million in 2014 (van der Valk (2015). Additionally, the shrimp
processing industry is estimated to account for an incremental €9.2 million revenue on top of
the values mentioned above (Turenhout et al., 2015).
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Table 2: Landings and Values for the Dutch Shrimp Industry split out to Wadden Sea and other
waters. Based on Turenhout et al. (2015).
Landings (in 1000 kg)
2012

2013

Revenue (in €1000)
2014

2012

2013

2014

Total Wadden Sea

2.843

4.906

3.446

12.097

19.611

11.206

Total other Waters

9.509

12.139

16.368

37.144

45.336

54.493

12.352

17.045

19.815

49.241

64.947

65.699

(Dutch and foreign)
Total Dutch Fleet

Considering the German fleet, only totals could be found for the whole North Sea German
shrimp fishing fleet (see Table 3) as 40% and 39% of the landings and value of the North Sea
Shrimp industry (excluding Denmark). In 2016, WWF Deutschland, however, could discern the
fishing behavior in German Wadden Sea regions as proportion of fishing times through VMS
monitoring, presented in Annex I. As data on the importance of the Wadden Sea for German
shrimp fishing was not found, future studies that identify total values of German Wadden Sea
shrimp fishing can use the VMS monitoring data to derive more detailed importance of
different Wadden Sea areas: WWF Deutschland (2016, in Baer et al., 2017) estimated 69,1%
of the shrimp fishing is done in Wadden Sea national park waters, 25,8% in the Elbe & Eider
estuaries and only 5,6% outside of the EEZ waters. Within the Wadden Sea the national parks
of Schleswig-Holstein (40,9% of VMS identified fishing occurrences) and Niedersachsen
(27,9%). All percentages represent the share of German fleet fishing events in the German
Wadden Sea area in the period 2009-2013.
In addition to economic values, Turenhout et al. (2015) estimated the direct employment of
the total shrimp industry to account for 820 FTE in the North Sea (excluding Denmark & the
United Kingdom), spread out over the Dutch (457), German (296) and Belgium (67) fleets.
Maps on the geographic spread of fishing events from the shrimp fishery of are presented for
the Dutch Fleet in Figure 9 and for both the Dutch and German fleet in Annex I.
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Table 3: Estimates for shrimp landings, values, vessels and direct employment in the shrimp
industry in the North Sea for five of the six North Sea shrimp fishing countries for 2012-2014.
France was excluded due to only marginal contributions (<1% of the industry). Source Turenhout
et al. (2015). Data for Denmark and the UK was not available for all considered years and measures
(indicated by *), leading to some incomplete totals (indicated by **). Based on estimated by
Turenhout et al. (2015)
Dutch

Landings (in
1000kg)

Value (in
€1000)

Active Vessels
(number)

Employment
(in FTE)

German

Belgium

United

Danish

TOTAL

Kingdom

2012

12.352

13.864

677

3.139

927

30.959

2013

17.045

13.698

956

2.826

857

35.382

2014

19.815

13.434

923

*

591

34.763**

2012

49.241

57.328

4.025

11.455

11.838

133.887

2013

64.947

59.472

5.350

11.838

2.722

144.329

2014

65.699

48.498

4.045

*

1.651

119.893**

2012

187

197

33

28

113

558

2013

186

202

29

29

95

541

2014

199

196

28

30

84

537

2012

404

309

93

*

122

928**

2013

475

306

69

*

83

933**

2014

457

296

67

*

*

820**

Figure 9: Detailed map of the shrimp fishery pressure on the Dutch Wadden Sea as average
hours fished in the years 2005-2007 as identified through VMS data. Source: van Overzee et al.
(2008)
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Mussel Fishery & Aquaculture

Mussel production is the other main fishery in the Wadden Sea region. The fishery is a hybrid
between a wild fishery and aquaculture, collecting wild mussel seeds and transporting them to
settle on designated mussel production plots in the Wadden Sea (Baer et al., 2017; van der
Valk et al., 2017; Folmer et al., 2017). The capture of wild seeds can occur through different
methods. Historically the mussel seeds were caught directly from wild mussel beds employing
dredging or trawling techniques with metallic nets, but more recently the technology of Seed
Mussel Collectors (SMCs) is responsible for a sizable percentage of the mussel seeds collected.
SMCs are suspended floating nets anchored in the seafloor, providing a pelagic settlement
substrate for drifting mussel seeds of the Wadden Sea (Baer et al. 2017). As the culturing of
mussels is highly dependent on wild mussel seeds, the habitat of wild mussel bed, with some
methods even directly capturing seeds from this habitat, are likely of paramount importance
to the mussel fisheries in the Wadden Sea.
Landings of the mussel culture sector in the Wadden Sea are estimated for the three different
countries of the Wadden Sea region. In the Netherlands the last five season (2015/20162019/2020) have resulted in landings between 33 and 55 million kg, providing values between
€40 and €60 million annually (Wageningen Economic Research, 2020). See Table 4 for an
overview of the landings and values for the last five seasons. Total direct employment of the
mussel sector was contained in 162 onboard jobs in the season 2014/2015 (van der Valk et
al., 2017). Annex I presents the full data for the last 22 seasons both in numbers and graphically,
showing the trends in mussel culture production over time.
For the German mussel culture sector estimates on the size of landings were only found as
crude graphs, not exact numbers are. For the years 2005-2015 the landings for the whole of
the German Wadden Sea ranged between 5.000 – 15.000 tons fresh weight annually (Baer et
al., 2017), as depicted in Figure 10 below.
Danish mussel culture was not allowed in the Wadden Sea area. Several trials were pending on
the possibility for small-scale shellfish fisheries in the period between 2013-2016 (Baer et al.,
2017). Outcomes of these trials have not been found.
Table 4: Dutch Mussel culture landings and revenues for the last five seasons. Constructed
based on data from Wageningen Economic Research (2020).
2015/2016

2016/2017

2017/2018

2018/2019

2010/2020

Landings (in Million kg)

54.6

52.7

43.9

49.3

33.2

Value (in Million €)

57.1

43.9

47.8

53.9

42.8
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Figure 10: Estimates for landings in the German Wadden Sea mussel culture sector
between 1965 and 2015. Black represents the landings originating from SchleswigHolstein, blue represents the landings from the Lower Saxony area. Exact estimates
could not be found, only this crude graph for the landings. Source: Baer et al. (2017)

Cockle Fishery

The cockle (Cerastoderma edule) fishery is the third fishery of economic importance in the
Wadden Sea Area. The cockle fishery is not practiced in the German and Danish Wadden Sea.
In the Dutch Wadden Sea the cockle fishery is still present. Mechanical cockle fishery has been
banned in the Dutch Wadden Sea since before 2007. The current day cockle fishery is only
practiced through the traditional method. The traditional method consists of using gear made
up by a rake, attached to a fishing net and a belt on the waist of the fishermen. By exerting
physical force using the waist the mudflats are plowed by the rake, scooping organisms from
the sediment into the net (van Overzee et al., 2008). The cockle fishery is practiced on the
intertidal mudflats and shallow gullies, likely making the fishery dependent on the health of
these ecosystems.
Currently 31 individuals have permits to fish on cockles in the Dutch Wadden Sea, landing a
total of 1.2 and 1.4 million kg of cockles in 2013 and 2014 respectively (van der Valk et al.
2017). Van der Valk et al. (2017) estimated the total revenue of 2013 and 2014 combined was
between €8.6 million and €12.9 million, making the average yearly revenue between €4.3
million and €6.5 million. Most of the cockles landed are exported to Spain (van der Valk et al.,
2017).
Mixed Benthic Fishery

To a lesser extent, a mixed benthic fishery, focusing on Grey Mullet (Chelon labrosus), European
Bass (Dicentrarchus labrax) and European Eel (Anguilla anguilla), is also present in the Wadden

24

Sea Region through 15 fishing vessels. This fishery accounts for roughly €1.38 million in
revenue in the Dutch Wadden Sea alone (van der Valk et al., 2017).
Fishery Value Summary

Based on the previous analysis mussel culture and shrimp fisheries show to highest direct
economic revenue of the fisheries in the Wadden Sea. While much information was found.
Little information on the values of the German and Danish Shrimp sector specific for the
Wadden Sea was found. For the German sector and Danish sectors, the values were mostly
aggregates of the North Sea or data deficiencies. As a result, this analysis finds the data from
the Dutch Wadden Sea the only truly reliable measures for the size and a data deficiency on
the German and Danish Wadden Sea Fisheries is present. A full overview of the identified
values for the Wadden Sea fisheries are presented in Table 5.
Table 5: Overview of the economic figures of annual landings, direct economic revenue, active
fishing vessel and direct employment for shrimp fisheries in the Wadden Sea; (*) indicates the
data was not found in this analysis, (**) indicates parts of a total could not be determined or were
overestimated (when only values for larger geographic area were available), preventing the
calculation of reliable totals; (†) indicates data was only available on a larger geographic scale
than only the Wadden Sea; (1) indicates that indirect totals of €9.2 million gained later in the fish
production were not included; (a) indicates the mussel culture fishery is only partly a wild fishery,
making the measure of active vessels less reliable as fishing characteristics. N.A. indicates the
country does not take part in the industry in the Wadden Sea. Constructed based on: Turenhout
et al. (2015); Baer et al. (2017); van der Valk et al. (2017); Wageningen Economic Research (2020).
Dutch Fleet

Shrimp Fishery

Annual Landings (in

Mussel Culture

million kg)
Cockle Fishery
Mixed Fishery
Shrimp Fishery

Annual Revenue (in
€ million)

Mussel Culture

Cockle Fishery
Mixed Fishery

German Fleet

Danish Fleet

3.4

13.4 †

2.8 †

(2014)

(2014)

(2013)

33 – 55

0.005 – 0.015

(2015-2020)

(2005-2015)

TOTAL per
Fishery
**

N.A.

33 - 55

N.A.

N.A.

1.2 - 1.4

*

*

*

**

11.21

48.5 †

11.8 †

(2014)

(2014)

(2013)

*

N.A.

**

N.A.

N.A.

4.3 - 6.5

*

*

**

1.2 -1.4
(2013/2014)

40 – 60
(2015-2020)
4.3 - 6.5
(2013/2014)
1.38
(2017)
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<71.5

Water Extraction
Freshwater is an important resource on the islands to support agricultural activities and provide
drinking water to inhabitants and tourists. Drinking or irrigation water is either gained often by
extracting groundwater and/or pipelines form the mainland. Groundwater is generally
extracted from dune ecosystems as dunes provide excellent groundwater filtration and
freshwater storage regulating services. In 2017, de Groot et al. (2017) identified the practice
of drinking water extraction to be present on most barrier islands of the Wadden Sea, with the
exceptions being Texel (the Netherlands), Baltrum, Wangerooge (Lower Saxony), Mandø and
Rømo (Denmark). With the islands of Vlieland, Terschelling, Ameland and Schiermonnikoog
pledging to be fully self-sustaining in water provision by 2020 (Hoving, 2019), groundwater
extraction is expected to remain a resource of paramount importance for the barrier islands of
the Wadden Sea Region.
Current levels of drinking water extraction can be sizable on the islands of the Wadden Sea,
with the German island generally extracting more drinking water and the Danish and Dutch
less. In Figure 11 this is shown as the Dutch/ Danish islands extracting around 0.5 million cubic
meters or lower amount of drinking water each, while the German islands generally extract
between 0.5 and roughly 1 million cubic meter of drinking water each year. The island of Sylt,
Germany is a greater outlier with an annual extraction between 2.5 -3.5 million cubic meter
water (de Groot et al., 2017).
Assuming the average consumer price for drinking water from Vitens in 2014 (drinking water
company supplying the Dutch Wadden islands), of €1.15 per cubic meter (VeWIN, 2014) and
an annual extraction of 0.25 - 0.5 million cubic meter for a given Dutch island (see Figure 11),
drinking water extraction would result in a €290.000 - €575.000 revenue per island. With four
islands in the Dutch Wadden Sea extracting drinking water, the total estimated revenue of
drinking water extraction for the Dutch Wadden Sea would account for €1.2 million – €2.3
million annually.
While drinking water extraction for communities and tourism is monitored closely, de Groot et
al., (2017) state data on water extraction for agriculture, while expected to be sizable, is often
not available.
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Figure 11: Evolution of Drinking Water extraction over the period 1950 -2015 on the Wadden
Islands for the four different areas - Dutch Wadden Sea (top left), Denmark (top right), Lower
Saxony Germany (bottom left), Schleswig-Holstein Germany (bottom right). * indicates islands
that are (partly) supplied with drinking water from the mainland. Source: de Groot et al. (2017)

Shell Extraction
Shell extraction in the Wadden Sea occurs only in the Dutch Wadden Sea. The shell extraction
is confined to the gullies and naturally eroding sand and mudflat banks in the three areas of
‘het Vlie’, ‘het Marsdiep’ and ‘het Friese Zeegat’ situated between the islands of Vlieland &
Terschelling, Texel & the Mainland coast, and Ameland & Schiermonnikoog (see Figure 12 for
a map of the extraction areas). Shell extracted from the Wadden Sea are considered to be of
high quality and a large share of the shells extracted are used to create shell hiking or cycling
paths in the nature areas of the Netherlands, including the insular nature areas of the Wadden
islands (van der Valk et al., 2017).
Permits for the shell extraction in or near the Wadden Sea in the period 20212-2014 were
held by the three separate companies of ‘Zand & Schelpenwinning Waddenzee BV’, ‘Testamare
Holding’ and ‘Visserijbedrijf de Rousant BV’, extracting a maximum of 128.000 cubic meters,
16.000 cubic meters and 16.000 cubic meters annually respectively. In theory the maximum
shell extraction surrounding the Wadden Sea has been limited to 160.000 cubic meters, with
a maximum of 80.000 cubic meters from the Wadden Sea itself. In reality, the shell extraction
is strongly based on the demand and, on average, amounts to 135.000 cubic meters annually
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for the period 2007-2010 (van der Valk et al., 2017) and, more recently to roughly 49.000 and
64.000 cubic meters for 2014 and 2015 respectively (Schultze & Nehls, 2017).

Figure 12: The shell extraction areas surrounding ‘het Marsdiep’ (left), ‘het Vlie’ (middle) and ‘ het
Friese Zeegat’ (right) in the Dutch Wadden Sea, indicated in dark blue; The red lines outline the
areas within the Wadden Sea Source: van der Valk et al. (2017).

Other provisioning services
The provisioning services mentioned above are the services that are often mentioned in
scientific literature, reviews and research reports. Many smaller provisioning services,
however, are often overlooked. Clear evidence for the presence of other, overlooked,
provisioning services can be found when talking to stakeholders on a much smaller scale (Wolfs
Company, 2019). Some of the services described here are also highly local, as for example
island specialties. On the island of Terschelling, provisioning services that were often
overlooked were identified as:
Agriculture was identified as an ecosystem services on the island of Terschelling. Sources on
the presence of agriculture on the Wadden Sea islands were severely limited and scattered.
No data was found other than statistics on the quantitative amount of agricultural businesses
in Dutch Wadden Sea municipalities. Qualitative data on characteristics of the agriculture are
severely limited. For the island of Vlieland the production of seaweed chees has a considerable
importance as both brand for the island as local culture. Considering the size of the Agriculture
sector, for the 14 municipalities in the Netherlands considered to be “Wadden municipalities”,
a total of 3375 agricultural companies are active. The agricultural companies are mainly
concentrated on the mainland coast and the island of Texel, with the other island only showing
very small numbers of agricultural numbers. Exact amounts of agricultural companies in the
Dutch Wadden Sea municipalities are displayed in Table 6 below. While the number of
registered companies may give an indication of the sector, the size of the companies is not
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known. Numbers for German and Danish agriculture in the Wadden Sea regions were not
found.
Table 6: Amount of agricultural companies registered in the Dutch Wadden Sea municipalities
in 2019. The data is presented split out to both municipality and agricultural sector. Totals for
each sector could not be compiled as companies may be active in multiple sectors, causing
double counting issues. In total, 3375 agricultural companies are active in the Dutch Wadden
Sea area; Source: CBS Statline (2020).
Vegetable
Fields –
industrial
&
processing
purposes

Cultuurgrond

Wheat &
grains

Vegetable
Fields –
direct
marketed

Flower
bulbs

Greenhouse
fruits

Greenhouse
Vegetable

Total
Agriculture

Coast
Delfzijl

132

21

76

4

5

0

0

134

Harlingen
Den Helder
Het Hogeland
Hollands Kroon

30
29
484
565

5
2
120
155

10
2
285
247

1
27
15
144

0
1
15
67

0
0
1
0

0
0
4
6

31
29
486
570

141

4

26

0

0

481

NoardeastFryslân
Oldambt
Súdwest-Fryslân
Waadhoeke
Barrier Islands
Ameland
Schiermonnikoo
g
Terschelling
Texel
Vlieland

468

68

164
790
412

16
10
60

115
34
130

3
8
5

4
2
14

0
0
0

0
3
10

170
798
419

40

0
0

1

0

0

0

0

40

0

0

1

0

1

8

8
26

0

0

0

1

0

0

26

180
1

14
0

56
0

35
0

17
0

0
0

2
0

182
1

The picking of (wild) fruits. Specifically, on Terschelling the exogenous species of wild
cranberry has settled hundreds of years ago and is now tied to a strong culture of cranberry
production. The wild cranberry production on Terschelling is managed by a single lease
contract. While the commercial revenues barely exceed the costs, local cultural values are likely
embedded in the practice (Wolfs Company, 2019; Terschellinger Cranberry BV, 2020). Exact
numbers of cranberries harvested on Terschelling are unknown as the responsible leaseholder
believes sharing data would break traditions (Rinzema, 2019).
Duck trapping is the practice of catching wild duck using specialized traps. The traps consist
of ponds, usually in woodland areas, that have four to six ditches leading into the forest. The
ducks and waterfowl are then lured in the ditches and unable to escape once entered. Duck
decoys can catch a variety of species, with the common species including Mallards (Anas
platyrhynchos), Teal (Anas crecca), Wigeon (Anas penelope) and pintail (Anas acuta) (Wolff, 2005).
Exact numbers on the birds captured are rather outdated with the most recent numbers found
dating from Wolff (2005) on the birds captured in the Dutch Wadden Sea in historical times.
In these times duck decoys were up to 142, while, in 2005, only 29 remained active in the
Dutch Wadden Sea. In Denmark, four inactive duck traps remain nowadays, all situated on the
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island of Fanø (Visit Denmark, 2020). Other than the presence of a former duck trap on Amrum
(Amrum.de, 2020), data on duck traps in the German Wadden Sea was not found. Duck
trapping value is considered to have an important cultural component in the Wadden Sea
(Wolff, 2005; Schroor et al., 2017; Wolfs Company, 2019; Visit Denmark, 2020).
Beer brewing uses many of the local and natural ingredients available in the Wadden Sea. For
example, the iconic ‘Texelse’ brewery uses locally produced barley and wheat with
characteristic tastes due to Texel’s local climate (Texelse Brouwerij, 2020). Other breweries in
the Wadden Sea area are using sea water and local wild plants like seaweed or sweetgale
(Visitwadden.nl, 2019). A search on google maps shows many of the islands and the coastal
areas in the Wadden Sea have their own local brewery. Especially, on the Dutch Island of Texel,
breweries are very common, with Texel being well-known as beer island (e.g. National
Geographic, 2018).
Workshop participants identified the provision of timber for use as an ecosystem services on
the island of Terschelling (Wolfs Company, 2019). No sources describing any type of logging
activities in current times in the Wadden Sea were found. Future studies may need to address
to what extent small scale or subsistence logging is present regardless in the Wadden Sea.
Many of the provisional services identified by the Wolfs Company workshop were of a highly
local nature, sometimes even confined to one island and embedded in local culture, making the
practices hybrids between provisioning and cultural ecosystem services. Examples of local
provisioning ecosystem services are Cranberry picking on Terschelling, Seaweed Cheese
production on Vlieland, and the concentration of breweries (4 breweries) on Texel as the beer
island.

Regulating Services
Regulating services are the processes nature maintains for human, providing significant
sometimes hidden benefits. In this analysis four of these processes were identified as important
ecosystem services arising from the Wadden Sea ecosystems.
Coastal Protection
The nature of the Wadden Sea provides ecosystem services related to coastal protection for
both the barrier islands and adjacent mainland. Natural habitats protect the coast through the
three separate processes of the reduction of wave or flow dynamics, the fixation of sediments
and the boosting of coastal resilience to the effects of extreme weather events.
The reduction of wave and flow dynamics is provided by salt marshes, seagrass beds,
mudflats/sandbanks and dune ecosystems (Barbier et al., 2011; van Loon-Steensma, 2015;
Paul, 2018; Zhu et al, 2020). The vertical structures of salt marshes act as physical barriers to
wave flow and water dynamics, causing a reduction in the erosion of both terrestrial and

30

intertidal sediments. Dunes provide strong physical barriers for waves and therefore reduce
the potential for wave dynamics (Everard et al, 2010).
The fixation of sediments is provided by salt marsh (Morgan et al, 2009) and seagrasses (Orth
et al., 2006; Barbier et al., 2011; Orth et al., 2020) ecosystems. Salt marsh and seagrass
ecosystems are both strongly built on vegetation, providing structural support for the
sediments through their root systems. The fixation of sediment also, indirectly, causes the
reduction of flow and waves.
The boosting of coastal defense resilience is provided by salt marsh and dune ecosystems. Salt
marsh ecosystems strongly protect the coast in more extreme weather (van Loon-Steensma,
2015), both by reducing the chance of man-made coastal defense failures and severely
reducing the damage when man-made coastal defenses do fail (Zhu et al. 2020). Dune systems
provide strong physical barriers to storm and flood damage (Everard et al., 2010; van der Biest
et al., 2017).
Additionally, Zhu et al., (2019) showed the resilience of salt marshes is dependent on the
relative elevation of nearby mudflats, suggesting coastal defenses are indirectly dependent on
the mudflat ecosystem services.
Specifically, in the context of climate change, coastal protection acts as an important buffer for
sea levels rise and the increased frequency of extreme weather (e.g. Zhu et al., 2020), see also
the next chapter on “pressures” for a visual representation of the effects extreme flood events
can have on coastal zones.
Regarding the economic importance of salt marshes, dunes and seagrasses as coastal
protection, few studies have been found on to estimate the exact values of the coastal
protection. Narayan et al. (2016) make a general global estimate that restoring salt marshes
instead of implementing (additional) man-made coastal protection account would only cost half
the price. Similarly, Vuik et al. (2019) shows a 25 km coastal stretch in the bordering the
Wadden Sea in Groningen would be more cost effective to protect against future sea level and
extreme weather events through salt marsh restoration as long as expected future flood
damages do not exceed €600 million (without additional earthen breakwater defenses) and €1
100 million (with additional earthen breakwater defenses). When valuation studies on coastal
protection by mangroves are present, they generally focus on the coast of the United States
and specifically on the hurricane mitigation of salt marshes (Barbier, 2015). For beach and dune
systems the expected value of coastal protection was only found in outdated studies for the
United States (e.g. Huang et al., 2007). Economic data on the sediment retention value of
seagrasses was not found.
Carbon Sequestration & Storage
Globally, the emissions of greenhouse gas carbon dioxide are one of the drivers or
anthropogenic climate change, with effects like sea level rise as a result. Some ecosystems, like
for example the tropical rainforests of the Amazon, are widely known to provide the valuable
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regulating ecosystem service of capturing, storing and diverting the atmospheric carbon to
other areas like the sediment or deep sea. Consequently, these ecosystems act as a buffer to
climate change caused by carbon emissions. In the Wadden Sea seagrass (Orth et al., 2006;
Barbier et al., 2011; Tamis et al., ,2015; Hoefsloot et al; 2020; Orth et al., 2020) and salt marsh
(Barbier et al., 2011; Tamis et al., 2015; Hoefsloot et al., 2020; van der Jagt et al., 2020)
ecosystems show clear evidence of capturing and storing atmospheric carbon.
For salt marsh systems van der Jagt et al. (2020) estimated an average annual carbon
sequestration of 5,77 tons CO2 per hectare. Considering the cost of carbon estimated by
Horlings et al. (2020) between €40 and €160 per ton CO2, average salt marsh carbon
sequestration values are between €231 and €923 per hectare annually. Esselink et al. (2017)
estimated the total area of salt marshes in the Wadden Sea at roughly 40.000 hectares –,
leading to a total value between €9 and €37 million annually due to salt marsh carbon
sequestration.
For seagrass systems it is known that carbon sequestration can be highly variable, to account
for the variability estimates on the carbon sequestration have been collected from the closest
geographical vicinity found in literature. In this case, estimates are taken from Rohr et al. (2016)
who estimated carbon sequestration in the Baltic Sea Zostera marina species in Denmark.
Average annual sequestration rates were estimated as 0.352 ton C per hectare. Assuming
conversion factors of sediment bound C to CO2 equivalents, by van der Jagt (2020), to be valid
for seagrasses, leads to roughly 1.29 ton CO2 per hectare. Using Dolch et al. (2017) for
seagrass cover estimates in the Wadden Sea in combination with carbon cost estimates from
Horlings et al. (2020) at €40-160/ ton CO2, values of seagrasses in the Wadden Sea can be
estimated at €583 - €2332 for the Dutch Wadden Sea (11,3 ha), €0.2 - €0.8 million for
Niedersachsen (3757 ha), €0.9 million – €3.9 million for Schleswig-Holstein (18654 ha) and
€36.000 - €0.15 million for the Danish Wadden Sea (692 ha). Consequently, total estimates
for seagrass sequestration benefits in the Wadden Sea range between €1.1 million – €4.9
million (values are represented graphically in Figure 13.
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Figure 13: Crude estimates for seagrass annual carbon sequestration values. Future studies
should redetermine the values more intricately
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Water Purification
Many of the ecosystems in the Wadden Sea provide the valuable service of purifying water,
both as important regulator of natural gradients and water for human use. As mentioned before
when discussing freshwater extraction, dunes ecosystems are excellent source of purified
freshwater by storing and purifying the water in the sands as well as raising the freshwater
table. In the marine realm ecosystems, estuarian ecosystems, salt marshes and seagrasses
provide buffers to pollution through the uptake of toxic substances, as well as enhancing the
deposition of dissolved particles (Barbier et al., 2011). Seagrass ecosystems, for example, fixate
nitrogen in the sediment, suggesting the removal of harmful substances from the atmosphere
(Orth et al. 2020). Potential values for water purifications values could, for example, be
identified by identifying the costs saved of water treatment of coastal or terrestrial wastewater
flowing into the Wadden Sea E.g. Breaux et al., 1995). Actual values for the Wadden Sea were
not found and would need to be estimated in future studies

Cultural Services
Cultural services are the services referring to the non-material benefits people derive from
nature. Often important cultural services refer to aspects of our culture, recreation, aesthetics
of nature, education and health. For the Wadden Sea important ecosystems that should not be
overlooked include the governance of the Wadden Sea are found in the tourism and
recreational value of nature, the sense of place and social relations, the heritage, existence and
bequest values.
Recreation & Tourism
Recreation and tourism are very important sources of income for the island economies in the
Wadden Sea. Van der Valk et al. (2017) estimated a total of 1,3 million tourists for the Dutch
Wadden Sea region, resulting in 40% in of all jobs in the Dutch Wadden Sea in 2015 (Sijtsma
et al., 2015) Additionally, tourism accounts for a wide range of income due to expenditures in
ferry services, overnight stays, restaurants, hotels, bars, nature excursions, charter boats,
watersports, and marinas (Bjarnason et al. 2017; van der Valk et al, 2017; Gelderman et al.,
2018; Gelderman et al., 2019). What attracts tourists to the Wadden islands was found to be
the general atmosphere of openness, wideness, space, clean air, unspoiled nature, peace and
quiet of the islands (Sijtsma et al., 2012; Bijker et al., 2014; Sijtsma et al., 2015; Gelderman et
al., 2018; Walsh, 2018; Gelderman et al, 2019). In addition to the general atmosphere, tourists
also value specific ecosystems, such as the wetlands (mudflat and salt marsh), containing many
birds and seals, beaches, dunes and forests (Sijtsma et al., 2012; Sijtsma et al., 2015; de Groot
et al., 2017; Bjarnason et al., 2017, annex; Gelderman et al., 2018; Schenau et al., 2019;
Gelderman et al, 2019) are also important aspects that make the Wadden Sea attractive to
tourists. Additionally, small scale fishing is valued as an addition to both the aesthetics of the
region and the general cultural atmosphere and experience by visitors (Verroen, 2018; de
Koning & Steins, 2019). On some islands large events also cause a significant influx of visitors
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(e.g. Gelderman et al., 2018; Gelderman et al, 2019). As a result, the ecosystems of dunes,
beaches, mudflats and salt marshes are important as current drivers of tourism attractivity.
However, the general atmosphere of peace and openness of the natural area should also be
safeguarded as driver for Wadden Sea tourism.
Bjarnason et al. (2017, Annex) estimated tourism and recreation in the Wadden Sea region to
generate a total of €7 billion and 58.000 in full time jobs. The total Wadden Sea area accounts
for 53 million overnight stays, excluding smaller and private accommodations. Table 7 gives a
full overview of nonmonetary numbers on the tourism industry in the Wadden Sea region.
Table 7: Measures for the size and structure of tourism in each of the four Wadden Sea areas as
estimated by Bjarnason et al. (2017). * refers to unavailable data; ** refers to incomplete totals.
Total values should be used cautiously as the numbers for different areas were estimated using
different methods. Adopted from Bjarnason et al. (2017, Annex).

Commercial Operations (2013)
# of Bed Spaces (2013)
Arrivals (millions)
# of Holiday Homes
Available House-weeks in
Holiday Homes
Overnight Stays (millions)
Average Duration of Stay (days)
Bed Capacity Utilization
% of Foreign Guests

Denmark

SchleswigHolstein

Lower
Saxony

Netherlands

Totals

76
34.200
*
13.700

1.816
83.300
1.7
*

1.707
109.500
3.0
*

1.850
144.650
4.4
14.300

5.449
371.650
**
**

134.000

*

*

*

**

6.2
*
25%
68.5%

9.1
5.3
35,3%
3,8%

13.8
4.6
37,1%
3,1%

23.8
4-4.5
25-48%
17%

52.9
**

Recreation & Tourism

Total

Figure 14: Share of employment in the tourism and recreation sector in the Wadden
Sea municipalities of the Netherlands in 2014. Green represents the tourism and
recreation employment and blue employment in other sectors. Adopted from: van der
Valk et al. (2017).
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Economic data on Recreation & Tourism in the Netherlands

In the tourism seasons 2017/2018 and 2018/2019, Gelderman et al. (2018 & 2019) estimated
the average expenditures of tourists to account for €55,39 a person for overnight stay tourists
and €55,84 for day trippers on Terschelling in 2019 and €55,50 and €66,61 in 2018 for
overnight stay tourists and day trippers respectively. Earlier estimates from van der Valk et al.
(2017) estimated that the total tourism expenses for the Dutch Wadden Sea islands from
national tourists yielded €265 million revenue in 2015 (
Employment Measures
Overnight Stays
(in million Nights)
Employment (In Jobs)
Employment (Relative to
Total)
Commercial Operations
Active in Tourism
Direct Total Tourism
Expenditures
(in Million €)

The
Netherlands

Niedersachsen

SchleswigHolstein

Denmark

TOTAL

23.8

13.8

9.1

6.2

52.9

9 655
6.9%
(Overall)

4 906
5.3%
(Overall)

5 068
5.0%
(Overall)3

23 6494
-

1850

1 707

1 816

76

5 449

2651

2 027

1 846

615

4 7534

4 0201
5-25%2
40-60%1

). Additionally, van de Valk et al. (2017) estimate that for four of the five Dutch Wadden Sea
islands, between 40% and 60% of jobs in 2014 are found in the touristic sectors that tourism
facilitates.
Recreational boating in was measured through the amount of boats travelling into the Wadden
Sea from freshwater basins in the Netherlands and depicted in Figure 14 above. The renting of
recreational boats in the North of the Netherlands yielded additional economic benefits, both
directly and indirectly. Van der Valk et al., (2017) estimated the total direct expenses from the
Northern Dutch Wadden charter fleet to account for €12.6 million and total indirect expenses
of boat chartering to account for €25 million in the North of the Netherlands. Geographic
spread and density of recreational boats is depicted in Figure 15.
Marinas holding room for visitors are of additional importance to the Wadden Islands as over
half of the expenditures on the Dutch islands are done by marina visitors (van der Valk et al.,
2017)
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Figure 15: Density (thickness of the lines) of recreational ships along transects of travel on the
Wadden Sea. Source: Grontmij (2012) in van der Valk et al. (2017)

Tourism in the mainland municipalities (Bjarnason et a., 2017), as well as the island of
Terschelling (Gelderman et al., 2018 &. 2019), derive many visitors from specialized events,
such as the festival of the performing arts Oerol on Terschelling (50.000 visitors annually), the
Delfsail in Delfzijl (600.000 visitors in 2018), the tall ship races (200.000 visitors in 2014) in
Den Helder and the Visserijdagen (150.000 visitors annually) in Harlingen (Oerol, 2019;
Bjarnason et al., 2017).
Economic data on Recreation & Tourism in Denmark

Bjarnason et al. (2017, annex) estimates total tourist revenues for the Danish Wadden Sea
tourism to have accounted for €640 million and €615 million in 2013 and 2012 respectively.
Costs by smaller scales than the Danish were only available for 2012. The average daily
expenditure of all tourists on Danish Wadden Sea municipalities was estimated at €75 in 2012.
The largest revenue was recorded for the municipality of Varde with €271 million in 2012 (44%
of total revenue). Total tourism tax revenue was estimated at €255 million in 2012, of which
€45 million in local municipality taxes. Visit Denmark (in Bjarnason et al., 2017) estimates the
total contribution of tourism revenue to the GDP of the Danish Wadden Sea region to account
for 4.6 % of the regional GDP.
Bjarnason et al. (2017, annex) estimated the total tourism industry accounted for 5,100 jobs in
the Danish Wadden Sea region, making up 5% of the employment in the region. Shares of
tourism related employment, however, fluctuate greatly between different municipalities,
ranging from only 2.4% of the total employment to 33.2%.
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Economic data on Recreation & Tourism in Denmark

Bjarnason et al. (2017, annex) estimates total tourist revenues for the Danish Wadden Sea
tourism to have accounted for €640 million and €615 million in 2013 and 2012 respectively.
Costs by smaller scales than the Danish were only available for 2012. The average daily
expenditure of all tourists on Danish Wadden Sea municipalities was estimated at €75 in 2012.
The largest revenue was recorded for the municipality of Varde with €271 million in 2012 (44%
of total revenue). Total tourism tax revenue was estimated at €255 million in 2012, of which €45
million in local municipality taxes. Visit Denmark (in Bjarnason et al., 2017) estimates the total
contribution of tourism revenue to the GDP of the Danish Wadden Sea region to account for 4.6
% of the regional GDP.
Bjarnason et al. (2017, annex) estimated the total tourism industry accounted for 5,100 jobs in
the Danish Wadden Sea region, making up 5% of the employment in the region. Shares of
tourism related employment, however, fluctuate greatly between different municipalities,
ranging from only 2.4% of the total employment to 33.2%.
Economic data on Recreation & Tourism in Germany

Based on data from 2010 and 2012, Bjarnason et al. (2017, annex) estimate the total value of
German Wadden Sea tourism revenue at €3.9 billion (€2.6 billion by overnight stay tourists and
€1.3 billion by day visitors). Average expenditures were estimated at roughly €96 at €87 for
Schleswig-Holstein and Lower Saxony respectively. Total revenue was similar for both German
Wadden sea areas of Lower Saxony (€2.0 billion) and Schleswig-Holstein (€1.9 billion).
Bjarnason et al.(2017, annex) estimated direct employment in the tourism industry through jobs
in the tourism, hotel and gastronomy sectors. The total employment accounted for 14,561 jobs
in the German Wadden Sea region, making up roughly 6% of the employment in the region.
Summary of Economic Data on Tourism
As Bjarnason et al. (2017) also mention, while data on tourism is extensive, all three countries
employ very different methods to estimate tourism benefits. In the Netherlands, for instance a
wide range of indirect benefits are either estimated or recommended to be estimated by future
studies, while this analysis found little estimates of indirect tourism benefits for the German and
Danish Wadden Sea regions. In the Netherlands, analyses of tourism tend to overlook the
mainland coast tourism, with Bjarnason et al. (2017 & 2017, Annex) for instance only addressing
mainland Wadden Sea tourism by addressing the much larger scale of Wadden Sea provinces,
including the provincial tourist hotspots outside of the Wadden Sea Region. To provide a concise
and clear overview, this paragraph presents only the direct benefits and only when the scale was
not larger than the Wadden Sea Region. The overview of tourism direct benefits is given in Table
8. No research has been conducted to evaluate the added value of ecosystem services to
support the tourism industry, although research suggests this is the primary reason for most
visitors.
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Table 8: Overview of direct measures related to tourism benefits in the Wadden Sea Area. Many
indirect benefits are not taken into account in this table (see for example all added benefits
listed in the economic description of the Dutch tourism sector above; (1) indicates the values
mentioned are only for the Dutch Wadden Islands; (2) Indicates the values mentioned are only
for the Dutch Mainland Coast; (3) Indicates that, while the percentage of employment in the
tourism industry in the Danish Wadden Sea is only 5%, highly local variability exists in these
percentages: on the Island of Fanø the tourism industry accounts for 33.2% of the employment;
(4) Indicates the total is likely an underestimation as Dutch Wadden Sea mainland coast values
are not included; Constructed based on Bjarnason et al. (2017, Annex) and van der Valk et al.
(2017).

Employment Measures
Overnight Stays
(in million Nights)
Employment (In Jobs)
Employment (Relative to
Total)
Commercial Operations
Active in Tourism
Direct Total Tourism
Expenditures
(in Million €)

The
Netherlands

Niedersachsen

SchleswigHolstein

Denmark

TOTAL

23.8

13.8

9.1

6.2

52.9

9 655
6.9%
(Overall)

4 906
5.3%
(Overall)

5 068
5.0%
(Overall)3

23 6494
-

1850

1 707

1 816

76

5 449

2651

2 027

1 846

615

4 7534

4 0201
5-25%2
40-60%1

Cultural Identity and Sense of Place
To local residents and other appreciators, the landscape of the Wadden Sea contains many
intrinsic values that contribute to the identity and sense of place (Gee & Burkhard, 2010; Ratter
& Gee, 2012; Schroor et al., 2017; Döring & Ratter, 2018; van der Vaart et al., 2018). Residents
themselves value the identity of the landscape through the lens of cultural concepts like being
free from interference, individualism, self-reliance, freedom, their strong attachment to the
physical environment (Schroor et al., 2017) and wide availability of living space (Walsh, 2018).
As a result of the cultural and identity related concepts, the atmospheric concepts that give the
landscape its value show very clear similarities with the properties so highly valued by tourism
and recreation. The openness, wideness, peace and space aspects of the area are direct
contributors to the feeling of being free from interference, also presented through strong local
preferences for dark nights, and clean environments. Because of the dependency of the Wadden
Sea identities on the openness, unspoiled nature and peace of the landscape, the cultural values
of the landscape are highly vulnerable to activities threatening the underlying aesthetics and
atmosphere of the landscape (e.g. Gee & Burkhard, 2010; Wolsink, 2010; Schroor et al, 2017;
van der Vaart et al., 2018; Wolfs Company, 2019). Sijtsma et al. (2019) also showed the regional
identity is not only of importance to local inhabitants or tourism, but to a wide range of Wadden
Sea “fans”.
While no quantitative estimated on monetary value were found, the cultural values of the
identity has been described in qualitative studies in detail (e.g. Gee & Burkhard, 2010; Ratter &
Gee, 2012; Wolsink, 2010; Schroor et al, 2017; Döring & Ratter, 2018; van der Vaart et al., 2018;
Walsh, 2018). Methods to discover the value of connections to nature can be found in for
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example Daams et al. (2016). Daams et al. (2016) attempted to address the value of living near
nature in the Netherlands. While data from the Dutch Wadden Sea was included as natural
areas, no specific statistics or conclusions for the Wadden Sea were described in this study.
However, using hedonic pricing methods on property prices, the study identified a clear added
value of living near nature areas in the Netherlands. Valuation and quantitative studies
(exclusively) into the cultural identity to local resident of the Wadden Sea were not found.
Non-Use Values (Existence, Warm Glow & Bequest Values)
Existence value and bequest value or some of the most difficult values to attribute to an
ecosystem and are often overlooked in decision making on ecosystem services precisely
because of the difficulty to provide a quantitative estimate for these values.
Existence values refers to the value humans attribute to the simple existence of nature,
regardless of any other uses. Existence value can be described as the benefit you experience by
simply knowing or wanting something to exist, even though a person has no use whatsoever
from the considered nature.
Warm glow values however are easily confused with existence values. The value of warm glow
is considered as the value of feeling good by helping out or protecting nature and could be
described as the value feeling good by being a philanthropist.
Bequest value is the purely altruistic value people attribute to nature simply so others or, more
specifically, future generations, may enjoy nature, while they themselves do not regard any
benefit from the considered nature.
The presence of existence, warm glow and bequest values of the Wadden Sea nature can be
found through variety of studies and data. For instance, confirmation for the presence of
bequest value in the Wadden Sea ecosystems is the appointment of the region as UNESCO
world heritage, gaining international acknowledgement on the need for preserving the area for
future generations.
Another indication of non-use values can be found in the presence of marine mammal (often
specifically seals) sanctuaries in the Wadden Sea. Four seal treatment centers/ sanctuaries are
present currently in the Wadden Sea (Brasseur et al., 2018): Ecomare on Texel (Dutch Wadden
Sea), Pieterburen in Pieterburen, Groningen (Dutch Wadden Sea), .Stichting Zeehondenopvang
(Eemsdelta), Stichting Zeehondenopvang Terschelling (West-Terschelling),Seehundstation
Nationalpark-Haus (Lower Saxony) and Seehundstation Friedrichskoog (Schleswig-Holstein).
The difficulty with the seal sanctuaries is that they often exhibit dual functions as an
educational/visiting center to view seals and a treatment/rearing facility, making the non-use
values and educational/recreational values difficult to disentangle. For example, regular
donations do not only contribute to the rehabilitation of seals, but also grant free access to the
visitor center in Sealcentre Pieterburen.
One way of estimating warm glow values in the Wadden Sea is found in the outdated study of
Nunes et al. (2009), Nunes et al. (2009) though contingente valuaton (CV). The study provided
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an estimate for the warm glow value of birds presence in the Wadden Sea, showing a value of
€7,10 - €20,80 per person for the increased protection of birds in shellfish fishery managing
policies in the Dutch Wadden Sea.
Another way of identifying non-use values of Wadden Sea nature is found in a study by Sijtsma
et al. (2019). Sijtsma et al. (2019) attempt to approach the number of ‘fans’ of the Wadden Sea
(14 million), describing some of the emotional connections and non-use values of residents from
all over the Netherlands (2 million fans), Germany (11.5 million fans) and Denmark (0.5 million
fans). Additionally, the presence of fans was even identified in Switzerland (60.000 fans) and
Italy (90.000 fans). The existence of this many fans shows many connections to the Wadden Sea
are present and potential revenue of donations to protect the Wadden Sea area may be sizable.
A final way to assess potential Wadden Sea non-use values is found by identifying the number
of donations people are giving to NGOs concerning themselves with the nature of the Wadden
Sea. For instance, the Waddenvereniging, a Dutch NGO focusing on protecting the Wadden Sea,
received almost a €1.3 million donation revenue from the public in 2019 (Waddenverenining,
2020). Annex II outlines the donations revenues of Dutch NGOs that (at least partly) focus on
activities in the Wadden sea.
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4. Pressures to Wadden Sea
Ecosystem Services
Services provided by the Wadden Sea ecosystems are continuously affected by each other or
by pressures either directly on the ecosystem services themselves or indirectly by affecting the
ecosystems that provide the ecosystem services. During this study three types of pressures
could be identified on the ecosystem services of the Wadden Sea: other ecosystem services,
economic activities that do not depend on the ecosystems and threats related to global
environmental or ecological changes.
Figure 16 presents the dependency matrix from the previous chapter, expanded with the
pressures discussed in this chapter, allowing for identification of indirect feedbacks on
ecosystem services values.

Pressures generated by Ecosystem Services use
Ecosystem services are often not standalone values and compete with each other for shared
resources, sometimes even going as far as pressuring the underlying ecosystems that facilitate
ecosystem services, decreasing the values of other services. This sub-chapter serves to
highlight these pressures, showing the trade-offs that need to be considered in the Wadden
Sea ecosystem services and other economic activities. Figure 16 presents the matrix of
ecosystem service-ecosystem dependency expanded with the pressures each ecosystem
service exerts on the underlying ecosystems, species and other natural properties. This figure
allows for an interpretation of potential feedbacks from ecosystem services onto other
ecosystem services or even from the pressuring ecosystem service itself.
Provisioning Services: Fisheries & Aquaculture
Pressures from fisheries are caused by all three of fisheries considered in this report: The
shrimp fishery, the mussel culture and the cockle fishery.
The shrimp fishery focusses on shrimp trawling methods, dragging nets across the benthos the
tidal basins, gullies and estuaries of the Wadden Sea (Jongbloed et al., 2015; Baer et al., 2017).
The main pressure caused by shrimp fisheries on ecosystems is the physical disturbance caused
by dragging a trawl across the seafloor (Baer et al. 2017). A global and general review of Collie
et al. (2000) showed effects of trawling methods to remove approximately 55% of the taxa and
46% of the individuals in disturbed areas. These numbers are average and vary greatly with
gear type, habitat and taxa present. The damage of shrimp trawling can cause great
disturbances in benthic ecosystems, like mudflats, gullies, mussel beds and seagrasses. Smit et
al. (2011) hypothesized that shrimp trawling may disturb young mussel beds, impairing the
development of new natural mussel beds. Dolch et al. (2017) identified that the increased
turbidity from bottom disturbing fisheries in the Wadden Sea can cause a reduction in light
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availability and consequently cause significant stressors on seagrass systems. Baer et al. (2017)
state that the most heavily targeted ecosystems in the German Wadden Sea are the Eider and
Elbe estuaries (see also the previous chapter), showing an impact specifically on estuarian
systems.
In the past, the mussel fishery has caused severe reductions of mussel numbers in the Wadden
Sea. Around the 1980s and 90s, fishery caused severe declines and loss of young intertidal
mussel beds in the area of Lower Saxony and the Dutch Wadden Sea (Folmer et al., 2017).
Seeds for mussel culture are collected in several ways, with traditionally the most important
being the mussel seed dredging, a bottom disturbing fishery technique to acquire wild mussel
seeds. the bottom disturbing nature of mussel seed dredging shows similar pressures to
ecosystems as shrimp trawl fishery methods, pressuring benthic ecosystems such as mudflats,
gullies, mussel beds and seagrasses as mentioned above. In addition to the mussel seed
capture, the mussel fishery cultures mussels in the Wadden Sea, creating artificial mussel beds
for food mussels. Nature organizations in the Wadden Sea argue the artificially created reefs
are established in places where natural mussel beds could develop, hindering natural
development of mussel beds through competition for space (de Koning & Steins, 2019).
The largest concern surrounding the cockle fishery in the Wadden Sea is the competition
between fishermen and (migratory) birds for the cockle as food source (Smit et al. 2011).
Additionally, Folmer et al. (2016) suggest cockle fishery in the Netherlands is occurring in many
locations suitable for seagrass bed development, hindering the development of new seagrass
beds.
In general, contributions from fisheries to marine litter through lost fishing gear is considered
to provide pressures on beach systems (Fleet et al., 2017).
Provisioning Services: Water Extraction
Water extraction in the Wadden Sea is primarily practiced in dune ecosystems. With strong
water retention skills dune systems maintain important stocks of fresh water. However, the
extraction of dune water can also threaten these very systems. Water extraction can locally
lower the groundwater tables and reduce seepage. Specifically, dune slack systems are
vulnerable to the pressures from water extraction. With lowered groundwater tables, wet dune
slacks occur less and less, all the while wet dune slacks provide the habitat for many unique
and rare species, for example many orchids. Exact lowering of groundwater tables depends
highly on local conditions and the geographical location of water extraction (de Groot et al.,
2017).
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Tidal Mudlfats
Gullies
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Shellfish Beds
Seagrass Beds
Salt Marshes
Estuaries
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Sand Dunes & Slacks
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Species

Forests
(Migratory) Birds
Marine Mammals
Aesthetic & Atmosphere

Figure 16: Dependency matrix expanded with the (simplified) pressures from ecosystem services, other economic activities and environmental issues.
Dark Green cells represents that an ecosystem, species or other natural property (vertical) facilitates an ecosystem services (horizontal), Light green
represent a facilitating link is expected based on logical assumptions; red indicates a pressuring factor (horizontal) on an ecosystem, species or
natural property (vertical); Orange represents a pressure is expected based on expert judgement. By presenting both dependency of ecosystem
services on the ecosystems and the pressures on these ecosystems, indirect feedbacks on ecosystem services from pressures may be discerned. For
example, the general aesthetic and atmosphere of the Wadden Sea is pressured by the wind energy sector, while facilitating recreation & tourism
values. Therefore, the wind energy sector may indirectly affect tourism values.
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Cultural Services: Recreation & Tourism
Pressures from tourism and recreation have been debated many times in the Wadden Sea and
are an important concern of many stakeholders. While the previous chapter highlighted the
strong dependency of the Wadden Sea economies on recreation & tourism, recreation &
tourism is not without pressures on the very aspects of nature that facilitate it. Pressures of
recreation & tourism affect a wide range of natural aspects of the Wadden Sea, among which
the ecosystems of dunes and beaches, the species of migratory birds and mammals, and the
very underlying aesthetic & atmosphere of the Wadden Sea Region. Recreation & tourism exert
pressures through a wide range of effects, most notably through disturbance of natural areas
& species (Bjarnason et al., 2017, Annex; de Groot et al., 2017), litter (de Groot et al., 2017),
changes in the physical environment (Schroor et al., 2017) and crowdedness (Schroor et al.,
2017; respondents in Wolfs Company et al, 2020, unpublished). Bjarnason et al. (2017, Annex)
and Jensen et al. (2017) indicate the pressures can include disturbances to characteristic
species such as marine mammals or birds and ecosystems such as mudflats. De Groot et al.
(2017) indicate litter from tourists both affects the beach ecosystems directly and indirectly.
Disturbance, trampling and litter by recreants damages the beach ecosystem, while litter
cleanup may in some cases remove the washed-up nutrients, like wrack, that are at the basis
of beach ecosystem food webs. Additionally, mechanical beach cleanup may remove seedlings
and mature plants, resulting in much lower occurrences of driftline vegetation (de Groot et al.,
2017). Schroor et al. (2017) suggest environmental forms of tourism are being replaced by
more intensive forms, illustrated by an increase of holiday home in the dune systems of the
islands. From the development in the dunes may be inferred effects of disturbances are also
present in dune systems. Schroor et al. (2017) suggest physical changes to the environment as
well as recreation and tourism pressure local communities by eroding the values of
undisturbedness and by raising the prices of property, pushing local residents out.
Additionally, tourism and recreation lead to a large increase in freshwater. indirectly driving the
pressures generated by extracting freshwater from dune systems (de Groot et al., 2017). For
example, freshwater usage on the island of Terschelling, the Netherlands, triples in the tourism
season (Hoving, 2019).

Pressures by Economic Activities not Facilitated
by Ecosystem Services
Economic activities affecting the Wadden Sea but that are not dependent on the sea are found
in several branches but most notably in the four sectors of harbors & international shipping,
Industries outside of the Wadden Sea (but exporting externalities to the Wadden Sea), Mineral
Extractions and Wind energy production. In the CICES framework for classifying ecosystem
services some of the pressures considered here are, contrastingly to the classification used in
this study, also considered to be ecosystem services.
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Adjacent Harbors & (International) Shipping
Harbors, while not necessarily dependent on the health of the ecosystems, are an integral part
of the Wadden Sea region. The five major international harbors of Delfzijl – in the Ems river
estuary (Dutch-German Border), Wilhelmshaven - on the shores of the Jade Bight,
Bremerhaven/Bremen – in the estuary of the Wezer River, Hamburg – in the Elbe river estuary
(Germany), and Esbjerg (Denmark) are present in the Wadden Sea, spanning the estuaries of
the Ems, are present in the Wadden Sea region (Bahlke, 2017). The Wadden Sea harbors are
active in diverse industries and may be specialized in specific industries, like Delfzijl (chemical
industry) and Esbjerg (wind turbine industry). Many of the ports are currently shifting their
functionality to account for up and coming industries, like the decommission of oil platforms
and the wind energy sector (Bahlke, 2017).
Harbors are also strong pressures on the environment of the Wadden Sea. Often positioned in
estuaries of rivers, habitat loss for infrastructural development and turbidity caused by passing
ships cause significant pressures to the ecosystem services arising from estuaries and
ecosystems contained in estuaries, like salt marshes and seagrass beds (Schuchardt & Scholle,
2017).
Harbors and shipping exert strong indirect pressures by requiring deep and wide channels as
access routes. To keep the harbors accessible for shipping, dredging and dumping of gully and
channel sediment occurs. Dredging and dumping as facilitator for the harbor industry may
resuspend sediment bound substances, like heavy metals, microplastics and other pollutants.
particularly in estuaries, where the levels of sediment-bound pollutants are generally high this
may lead to anoxic and harmful waters (Schultze & Nehls, 2017).
Additionally, no definitive degree of the harmfulness of visual and acoustic disturbance
generated by dredging as associated dredging ships could be established up till at least 2017
(Schultze & Nehls 2017).
Schroor et al. (2017) argue the industrial clusters of harbors also directly affect the Wadden
Sea cultural identity of openness, wideness and undisturbed nature, specifically through the
reduction of scenery due to nocturnal light pollution.
In addition to activities related to the harbors, international shipping in itself is known to be a
pressure to the Wadden Sea Ecosystem. Recent years have seen a decrease in ship losses and
environmental pollutions as a result. Despite the recent reductions in environmental pollutions,
accidental pollution (e.g. through ship losses) and illegal disposal is currently still a pressure on
the Wadden Sea ecosystems. Accidental pollution and illegal disposal are a source of solid (e.g.
cargo) or liquid (e.g. oil) hazardous substances harmful to coastal, intertidal and pelagic
ecosystems, like beaches, mudflats, salt marshes and gullies as well as migratory birds and fish.
Accidental pollution can also could the introduction of alien species, further discussed later in
this chapter (Bahlke, 2017; Esselink et al., 2017; Fleet et al., 2017; Schulz et al., 2017).
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The harbors provide significant economic benefits and are considered very strong “anchors”
for the economy of the mainland coast of the Wadden Sea both in the present and future, up
till at least 2030 (Makait et al., 2014; Bahlke, 2017; Kuipers & van der Valk, 2017). Several of
the most important harbors of Europe are situated adjacent to the Wadden Sea, especially the
German harbor of Hamburg is among the biggest harbors of Europe with an estimated total
cargo of 45 million tonnes (Bahlke, 2017). Additionally, the entrance to the Hamburg harbor
contains one of the busiest waterways of Europe and the main gateway to the Baltic Sea with
the Nord-Ostzee-Kanal (North-Baltic Sea Canal). The harbors of Bremerhaven and
Wilhelmshaven are also expected to greatly increase in size over the coming years (Makait et
al., 2014). Figure on the estimated cargo of some of the biggest harbors in the Wadden Sea are
given in Annex III.
Table 9: Benefits of the Dutch Wadden Sea harbors of Delfzijl, Eemshaven, Harlingen and Den
Helder through traffic and non-traffic related employment as well as direct economic value.
While the list of Dutch Wadden Sea harbors presented here is not exhaustive, the harbors
considered are some of the largest in the Dutch Wadden Sea. Constructed based on estimates
from Kuipers & van der Valk (2017, annex 4).
Harbors

Harbor

2011

2012

2013

2014

2015

Delfzijl

1 130

1 237

1 510

1 633

1 914

Direct Traffic Related

Eemshaven

214

195

184

180

238

Employment

Harlingen

458

496

464

466

418

Den Helder

442

500

502

681

775

3 232

3 109

3 007

2 814

3 236

Delfzijl
Direct Non-Traffic

Eemshaven

560

671

638

741

771

Related Employment

Harlingen

618

614

577

654

821

Den Helder

1 499

1 503

1 543

1 922

2 004

-

8153

8325

8425

9091

10177

Delfzijl

589,3

548,5

598,8

644,4

827,6

Added direct Value (in

Eemshaven

157,7

165,9

144,9

272,2

260,9

million €)

Harlingen

84,0

84,6

87,2

103,3

112,4

282,9

301,8

308,3

406,4

373,5

1 113,9

1 100,8

1 139,2

1 426,3

1 574,4

Total Direct Employment
Harbors

Den Helder
Total direct added Value

-

(in million €)

Considering the Dutch harbors, Kuipers & van der Valk (2017) developed different scenarios
and the perceived benefits. Findings on the current benefits from Wadden Sea harbors are
considered for four of the larger harbors from the Dutch Wadden Sea, namely Delfzijl,
Eemshaven, Harlingen and Den Helder. Labor benefits from these harbors range from an
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estimated employment (direct and indirect) of roughly 5 150 in Delfzijl to 1 009 in Eemshaven
in 2015. Monetary value is estimated to account for €827.6 million (Delfzijl) to €112.5 million
(Harlingen). Total direct employment and total direct added value for these four harbors was
estimated at 10 177 jobs and in 2015. Full data on the added labor benefits and value is given
in Table 9 below. For German and Danish harbors, the information contained in Annex III was
the only information found.
(Offshore) Wind Farms
In light of the transition from fossil fuels to renewable energy, the wind energy sector is
becoming a sector of paramount importance. The Wadden Sea area and surrounding regions
have proven to be an excellent source of wind energy. Both farms offshore and farms in the
Wadden Sea itself are considered to provide much needed energy to facilitate ambitious wind
energy targets set by the Dutch (14-16% renewable energy between 2020-2023), German (5560% renewable energy before 2035) and Danish governments (50% by 2020). Many of the
wind farms are connected to the mainland using export cables crossing the benthos of the
Wadden Sea (Baer & Nehls, 2017). In addition to offshore wind farms, wind turbines and farms
are either present in or being constructed on the Wadden Sea coast as well as the IJsselmeer
lake adjacent to the Dutch Wadden sea (Baer and Nehls, 2017; Windpark Fryslân, 2020).
As much of the offshore wind energy is dependent on the Wadden Sea harbors and shipping
(Bahlke, 2017), the pressures to the ecosystems of infrastructural development, dredging, light
pollution and shipping pollution are also indirect pressures of the wind energy industry on the
Wadden Sea ecosystems of beaches, gullies, mudflats and salt marshes.
In addition to the pressures generated by shipping the wind energy exerts two other pressures
on the Wadden Sea. Firstly, the core cultural values of openness, wideness and unspoiled
nature are eroded by the existence of wind turbines in the aesthetics of the landscape,
affecting the ecosystem services dependent on the specific atmosphere of openness, wideness
and unspoiled nature (Gee & Burkhard, 2010; Wolsink, 2010; Schroor et al., 2017; van der
Vaart, et al., 2018).
Secondly, the cables, connecting the offshore wind farms to the mainland by crossing the
benthos of the Wadden Sea, are expected to disturb the benthos of the Wadden Sea areas at
the very least during the construction (Baer & Nehls, 2017). For the Dutch and Danish Wadden
Sea Spatial characteristic on the benthic cable connections to offshore wind farms were not
known.
The Dutch offshore wind farms closest to the Wadden Sea are found in the MW Gemini wind
farm, with an annual capacity of 600 MW (producing 1184 Gwh per yr), across two locations
at Buitengaats and Zee-energie, roughly 85km off the mainland coast of Groningen, North of
the islands of Ameland and Schiermonnikoog, both connected to the mainland at the
Eemshaven harbor through export cables crossing the Wadden Sea. Plans for an additional
windfarm adjacent to the Gemini farm are being considered (Bear & Nehls, 2017).
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Germany has several wind farms in the North Sea north of the Lower Saxony and West of the
Schleswig Holstein Wadden Sea coasts. Insular wind turbines are found on the German
Wadden Sea islands of Spiekeroog (1 turbine), Borkum (5), Föhr (3), Pellworm (6) and
Nordstrand (9)
The Danish North Sea adjacent to the Wadden Sea containes two wind farms at a capacity of
369 MW.
For a full overview description as well as the geographic locations of offshore wind energy
farms, benthic wind energy cables and insular and terrestrial wind turbines see Annex IV.
Mineral & Fossil Fuel Extractions
The ground under the Wadden Sea area is rich with minerals and fossil fuels. Particularly oil,
gas and rock salt are important substances extracted from the region.
A single oil field is still being exploited in the German Wadden Sea nature park of SchleswigHolstein. The field is exploited form both a land-based operation at Dieksand and a marine
operation at Mittelplate Figure 17 (Baer & Nehls, 2017). Bear & Nehls (2017) report no
negative side effects due to high security standard. The owner of the drilling station claims
that, while acknowledging oil spills may occur, spills rarely occur and are immediately isolated
and contained (Wintershall DEA, 2020). Volumes of oil extracted from the Mittelplate and
Dieksand operations account for roughly 1.3-1.5 million tons a year (Baer & Nehls, 2017).
The Netherlands is one of the biggest gas producing states in the European Union. The Dutch
Wadden Sea is also the only region where gas extraction occurs in several fields under the
Wadden Sea. Gas extraction is known to lead to subsidence of the sediments eventually
permanently submerging intertidal zones or lowering subtidal zones (de Waal et al., 2012; van
Thienen-Visser & Breunesse, 2015). Many of the Wadden Sea ecosystems are negatively
affected by subsidence.
Especially the ecosystems of mudflats and seagrasses are sensitive “drowning” to subsidence
as mudflats thank much of their primary production to their intertidal nature (Ecomare, 2020a),
seagrasses as further stronger hydrodynamics create sediments instabilities as pressure to
seagrass shoots (Dolch et al., 2017) and beaches as sand nourishments are necessary to keep
the islands intact (de Groot et al., 2017; Baer & Nehls, 2017). Indirectly, subsidence of mudflats
may also reduce the resilience of salt marsh systems (Zhu et al., 2019).
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Figure 17: location of producing and planned gas fields in or adjacent to the Dutch Wadden
Sea. Source Baer & Nehls (2017)

Figure 18: Gas extraction in the Dutch Wadden Sea by field for the period 2008-2015. Source:
Baer & Nehls (2017)
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There are six gas fields actively exploited in the Dutch Wadden conservation zone: Nes,
Lauwersoog, Moddergat, Blija-Ferweradeel, Zuidwal and Ameland-Oost. In 2017 three others
(Ternaard, Terschelling and Schiermonnikoog) fields were being considered (Baer & Nehls
2017). See Figure 17 for the locations of the described gas fields in the Wadden Sea. Total
production numbers are available for the period 2008-2015 with the peak of production from
the Wadden Sea occurring in 2013 at 2554 million cubic meters of gas extracted (see Figure
18).
Rock salt mining for nutritional and chemical purposes is only practiced in the Dutch Wadden
Sea and only in a single location of the coast off Harlingen (see Figure 19). Hulscher et al. (2016)
state that, while models are having difficulty with predicting the indirect morphological effects,
subsidence is undoubtedly a result of the salt mining under the Wadden Sea. As a result of only
one location being affected and unclarities on the indirect effects, it is hard to determine the
exact effects of salt mining on ecosystems and ecosystem services. The exception being the
very clear subsidence effects on the mudflats directly above or adjacent to the mining area.
Rock salt extraction from the Dutch Wadden Sea areas is estimated to yield an annual revenue
between €21.4-€34.9 million and an additional local employment between 41-67 FTE (van der
Valk et al., 2017).

Figure 19: Location of Rock Salt explorations for suitable extraction sites in the Dutch Wadden
Sea. The Dashed square represents the location of the explorations. Adopted form

Man-made coastal defenses
Currently, the Wadden Sea coasts boast many man-made coastal defenses, (E.g. Stonewalls or
dykes) or human-modified natural coastal defenses (e.g. fixated dunes). Human-made coastal
defenses affect the ecosystems either directly due to the (construction and maintenance of)
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physical structures of the coastal defenses and the construction or indirectly through the
materials needed for coastal defense construction.
Impacts of coastal structures are mostly found as pressures on dune, beach, gully, seagrass,
saltmarsh and estuarian ecosystems. Hard substrates like stone walls and dune fixation policies
are preventing natural sand transport in dunes systems in the Wadden Sea, reducing ecosystem
quality (de Groot et al, 2017; van der Biest et al., 2017). Sand nourishments on beaches are
present on several of the Wadden Islands to prevent coastal erosion, but sand nourishment
buries beach ecosystems affecting beach ecosystem health (de Groot et al., 2017). Historic
construction of human-made coastal defenses and agricultural land often replaced salt marsh
systems and current coastal defenses hinder natural sedimentation in salt marsh systems by
cutting off access to sediment transports (Esselink et al., 2017). Additionally, mechanical
damage and turbidity coastal by the maintenance of coastal defenses causes significant
pressures to seagrass systems (Dolch et al., 2017).
Indirectly, the need for sediments to maintain coastal defense works, like dykes, requires sand
extraction in the marine realm. While most of the sand extraction is occurring outside of the
Wadden Sea, significant effects on the Wadden Sea ecosystems occur (Schultze & Nehls,
2017).
Nowadays, negative effects of coastal defenses are increasingly recognized, and alternative
methods of coastal defense are being considered through ‘Building with Nature’ initiatives
(Zijlstra et al, 2017). An example of more natural alternatives can be found in the current
interest in salt marsh (Figure 20) as both coastal defenses itself and as strengthener of manmade coastal defenses (e.g. Vuik et al., 2019; Zhu et al., 2020).

Figure 20: Salt Marshes on the seaside of the dyke on the mainland coast in the province of
Groningen, the Netherlands. Copyright Rijkswaterstaat/ Joop van Houdt
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Pressure by Global Environmental or Ecological
Changes
Climate Change
Global climate change is expected to exert significant pressures on the Wadden Sea region.
Strong pressures are expected from the climate change effects of sea levels rise, tidal amplitude
changes, the increase in the frequency of higher wind speeds and regional temperature
changes in the Wadden Sea region.
Global sea level rise as a result of global temperature changes are affecting the Wadden Sea.
While sediments in mudflats and salt marshes are capable of facing moderate sea level rise
between 3-6 mm a year, other ecosystems are more threatened by the rising of the sea.
Especially seagrasses are vulnerable to the sea level rise, necessitating a migration closer to the
coast until man made coastal protection or industry prevent them from migrating any further,
wedging the sea grasses between sea level pressure and anthropogenic pressures (Phillippart
et al., 2017). As mentioned before in this chapter, subsidence of the bottom can have similar
effects and subsidence from gas or salt mining combined with sea level rise can cause
significant threats, even on more resilient, net sedimentation ecosystems like mudflats and salt
marshes.
Changes in tidal amplitude are expected to occur in tandem with sea levels rise. With the Dutch
and Danish currently providing a smaller tidal amplitude, the mudflats remain exposed for
longer periods of time. In the German Wadden Sea the amplitude is found to be larger. The
tidal amplitude has a direct link to the migratory birds that roam the Wadden Sea. The birds
dependent on the mudflats show clear negative trends in Germany and positive trends in the
Netherlands. With changes in tidal amplitudes as a result of climate change the ecosystem
effect are expected to be harmful for the mudflats ecosystem and accompanying flora and
fauna due to reduced exposure (Phillippart et al., 2017)
An increase in higher wind speeds can result in both changes in wave forcing and an increase
in storm surges (Phillippart et al., 2017). Increases in wave forcing pressure ecosystems through
affecting settlement suitability and sediment stability. Ecosystems affected by the increase in
hydrodynamic forcing are intertidal mussel beds (Donker et al., 2013) and seagrasses (Dolch et
al., 2017). On the other hand, the increase in storm surges can cause significant damage and
flood risk, not only pressuring human coastal protection, but also seagrass systems (Dolch et
al., 2017), mudflats (Phillippart et al., 2017), salt marshes (Phillippart et al., 2017) beaches and
dunes (de Groot et al., 2017).
Regional temperature changes in the Wadden Sea region are the final effect caused by global
climate change. Temperature changes have led to changes in migration times of birds,
spawning times and activity of mud flats organisms (Phillippart et al., 2017. These changes most
notably affect mussel beds and seagrasses. Mussel beds are safeguarded in winter due a cold
temperature induced inactivity of predator species on the beds (Baer et al., 2017). Extreme
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temperatures as occur during heatwaves, more frequent due to climate change, act as
significant stressors to seagrass beds (Dolch et al., 2017).

Figure 21: Illustration of the Extent of Damage Extreme Weather Events can cause in the Wadden
Sea if areas are not properly protected. On the left is German Wadden Sea coast of SchleswigHolstein as it is today, on the right the same coast before the 1362 storm flood, showing many of
the land area is lost and turned into intertidal area. Adopted from: Walsh (2020)

Eutrophication and Nutrient Deposition
The Wadden Sea is under constant from an influx of nutrients caused by a wide range of
factors, often related to human activities, like terrestrial agriculture and industry. Two common
vehicles for the increase in nutrients in the Wadden Sea are found in riverine efflux, directly
into the Wadden Sea or indirectly as marine currents lead riverine efflux from the Netherlands,
Belgium or France into the Wadden Sea (van Beusekom et al., 2017), and atmospheric
deposition of byproducts from fossil fuel combustion (van Beusekom et al., 2005).
Eutrophication, as the marine over presence of nutrients, pressures the environment by
presenting opportunities for harmful opportunistic organisms to overtake ecosystems. In the
marine realm the outcomes of these opportunities can often be discerned in the form of
harmful algal blooms and the creation of anoxic sediments (van Beusekom et al., 2017).
Eutrophication and the accompanying environmental effects have shown to be particularly
harmful to salt marsh (Esselink et al., 2017) and seagrass (Dolch et al., 2017; van Beusekom et
al., 2017) ecosystems.
Another ecosystem under pressure from the overpresence of nutrients is the dune ecosystem.
Atmospheric nitrogen deposition causes increase in the nutrient availability in traditionally
nutrient poor dune systems. The increased presence of nitrogen gives opportunists the chance
to outcompete the unique flora of dunes that thrives in nutrient poor conditions (de Groot et
al., 2017).
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However, contrastingly to the previous pressures, Folmer et al. (2017) suggest eutrophication
has not only been a pressure to Wadden Sea ecosystems, but a boon for Wadden Sea mussel
beds specifically, safeguarding food availability for mussels even when competing with Pacific
Oysters. Folmer et al. (2017) expects that a reduction in eutrophication may therefore reduce
the buffering effect of increased food on the competition between mussels and oysters.
Alien Species
Data on alien species in these Wadden Sea is contained in several loose observations of
impacts with the most notable pressures exerted by the Pacific Oyster on shellfish beds, and
flora in dunes. In recent years various preliminary studies and alien species-focused surveys
were conducted (Gittenberger et al., 2009, 2010, 2012, 2015). Büttger et al. (2017) notice that
invasive species monitoring is still in its infancy in the Wadden Sea and hard evidence of
extinction in endemic species is not identified.
The pacific oyster is well established in the Wadden Sea and, to some extent, may overgrow
the mussel beds of the Wadden Sea. Apart from competing for space, the pacific oyster also
competes with the mussel for food (Büttger et al., 2017). By occupying some of the spaces of
the mussel, the pacific oyster also indirectly affects some migratory birds in the Wadden Sea.
Mussel is a better source of food for some birds than the pacific oyster, reducing food
availability for birds when occupying mussel bed space (Smit et al., 2011).
In dune systems, invasive flora may also affect the ecosystems, particularly in combination with
atmospheric nitrogen deposition (see also previous paragraph “Eutrophication & Nutrient
Deposition”). When dune systems are enriched with deposition of nitrogen, the traditionally
poor nutrient loving flora may be outcompeted by alien floral species, utilizing the increased
nutrient available from atmospheric nitrogen deposition (de Groot et al. 2017).
Büttger et al. (2017) also note, that while evidence for this statement has not been found in
the Wadden Sea as of yet, invasive species may compete for nursery and spawning grounds
with other species in the marine realm.
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5. Knowledge gaps to support
integrated governance of the
Wadden Sea ecosystem
So far, this report has provided an overview of the existing knowledge base on ecosystems,
ecosystems services and environmental threats in the Wadden Sea region. In this chapter, we
first describe how information on ecosystem services and environmental threats can support
the integrated management of the Wadden Sea region, after which we will discuss the
knowledge gaps to do so.

Policy targets
Kabat et al. (2012) describe how targets for the management of the Wadden Sea ecosystem
have changed dramatically in the past 70 years. In the first half of the 20th century, the plans
for land reclamation in the Wadden Sea for agricultural development were still dominant to
shape the management targets for the region. These ideas were fueled through a series of
storm flood events that urged policy makers to improve coastal protection by increasing
control over the tidal areas along the Dutch and German coastlines. In the second half of the
20th century cost-benefit analysis showed, however, that embankment and land reclamation
were not feasible from an economic standpoint and would have far-reaching effects on the
natural values.
The understanding of the natural values of the Wadden Sea, supported the idea of nature
conservation and raised the concerns about the impact of other economic activities (e.g.
fisheries, tourism, industrial development, gas exploration, etc.). manage these natural values,
a defensive conservation approach was adopted based on primarily mitigating policies, which
van der Valk et al. (2017) define as “Mitigating management activities that aim to reduce the
negative impact these companies [red. private sector companies] cause to habitats and natural
environment in the Wadden Sea”.
In the new millennium, it became clear through the Meijer Committee (2004) that a defensive
conservation strategy to maintain natural values was not effective in dealing with the growing
pressures on the ecological system, and that an integrated approach needed to be implemented
that would stimulate both socioeconomic and ecological development of the region (Kabat et
al. (2012). This required a more pro-active approach based on facilitating policies, aimed at:
“Facilitating management activities that enable private sector operations and increase benefits” (van
der Valk et al., 2017, page 9). These policies therefore enable the utilization of economic values,
but can still control the impact of the activities being facilitated, thereby ensuring
environmental sustainability.
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In 2020, the Dutch Ministry of Infrastructure and Water developed a vision for a “safe, healthy
and resilient” development of the Wadden Sea region towards 2050. The vision is based on
the idea that human activities should contribute to resilient ecosystems, and at the same time
benefit from healthy ecological processes. These benefits materialize in the form of safety (e.g.
through regulating ecosystem services, such as the mitigation of the effects of climate change
and sea-level rise), by supporting economic activities (e.g. nature-based tourism or fisheries)
and improving the quality of life (e.g. through recreation, healthy living environment, etc.).
Maintaining the balance between ecosystem services, biodiversity and land-use change is a
challenge and inherently implies trade-offs when making management decisions. For example,
the target to maintain an open landscape (one of the key targets for the 2050 vision), will
automatically limit the possibilities for the development of tourism infrastructure. On the other
hand, the investments in connectivity and sustainable energy production, are likely to lead to
negative environmental impacts. To optimize benefits in a balanced socioeconomic-ecological
system, such as the Wadden Sea, a profound understanding of the interrelationships is
fundamental.

Figure 22: Graph depicting the way ecosystem services values change through use of a natural area
through allowed continuation of ecosystem services exerting relatively high pressures on other
ecosystem services. For example, when light use of a natural area by pressuring ecosystem services
is allowed, recreation may flourish under the constructed infrastructure, but the existence value of
biodiversity may suffer from negative impacts. These effects illustrate that, in order to maximize the
value of all ecosystem services accumulated (dotted line – here maximized under light use), some
services may have to be prioritized over others. Source: Braat & ten Brink (2008).
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In other words, it is important to know how certain development decisions affect the values of
ecosystem services. Thereby taking into consideration the need to maximize not just the value
of one ecosystem service or economic activity, but the total value of all Wadden Sea ecosystem
services. Figure 22 presents the theoretical consideration of ecosystem service trade-offs and
the maximization of the total value of all ecosystem services.
In many small-island environments, ecosystem services analysis has become an important
instrument to support integrated nature management (Oleson et al. 2019). A good quantitative
understanding of ecosystem services can support the integrated management of the Wadden
Sea in various ways. Firstly, insight in the interrelatedness in the socioeconomic-ecological
system will aid policymakers in the prediction and evaluation of the effects of management
decisions. This will allow for well supported Social Cost-Benefit Analyses (SCBAs) to evaluate
management decisions to ensure that these are beneficial to society (Van Dijk et al. 2009) and
to identify the positive and negative effects for different stakeholders groups.
Secondly, the same information can be used to assess the “damage” caused to ecosystem
services values as a result of calamities in the maritime sector (e.g. oil and gas spills, ship
groundings or other forms of pollution). Established ecosystem services values can support the
formulation of fair compensation claims in such events based on “polluter pays” principles (Van
Beukering and Slootweg, 2010). Similarly, insight in the beneficiaries can help to support the
design of sustainable financing mechanisms to fund conservation and restoration activities
(Van Beukering and Slootweg, 2010). A recent example of such an event is loss of 342
containers in the night of January 1st 2019 by the containership MSC Zoe in the Dutch and
German waters of the Wadden region, causing major damage to its ecosystems and society in
general. Negotiating an appropriate damage claim was burdened by the lack of knowledge on
the loss of value of ecosystem services but was ultimately set at €3.4 million (Rijkswaterstaat
2021).
Finally, insight in the spatial distribution of ecosystem services is valuable information to
support (marine) spatial planning decisions in the Wadden Sea. By mapping the spatial
characteristics of direct-use ecosystem services, valuable areas are identified and can be better
protected. In addition, potential conflicts between different types of ecosystem services and
other economic activities can be identified. With this information trade-offs can be made on a
smaller scale and the effects of development decisions can be assessed in more detail.
Knowledge gaps
To support the applications of ecosystem services research, a quantitative understanding of
the relationships in the Wadden Sea economic-ecological system is required. While some
efforts have been undertaken to research the values of ecosystem services in the region, these
are either outdated (Van Wetten, 1999) or of a more qualitative nature (Folmer et al. 2010). In
this section, we will briefly touch upon the status of such research and provide some
recommendations for future efforts.
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In 2008 formal plans were made in the Netherlands to address the research needs of the
Governance of the Wadden Sea through a newly founded research institute specifically
tailored to the Wadden Sea, the “Waddenacademie”. The Waddenacademie has since then
facilitated many studies on the Wadden Sea region to fill the knowledge gaps to support
integrated management.
In 2018, the scientific communities of the Netherlands, Germany and Denmark, drafted the
Trilateral Research Agenda Wadden Sea (TRAWS) To systematically produce the data needs
to support governance of the Wadden Sea Region.
The TRAWS defines four key areas of research in:
1) Climate, water, sediments & subsurface
2) Ecology, Biodiversity & Spatial Processes
3) Cultural Heritage, Identity & Historical Embedding
4) Economy, Society & Sustainable Development
As part of the most urgent research questions to address in the economic sphere, the trilateral
research agenda addresses the need to develop:
”… models that permit the evaluation of investments in nature protection, coastline protection,
exploitation of natural resources, etc. in terms of monetary values but also in terms of economic
potential, well-being and livability for the population and impact on the natural values and
ecosystem of the UNESCO World Heritage Wadden Sea?”
De Boer et al. (2020) address the status of research in the Wadden Sea and conclude that
increased research efforts should be stimulated in fields of cultural heritage and identity, as
well as on socioeconomic topics. In addition, the authors point towards the need for a more
multi-disciplinary research approach to improve our understanding of the linkages between
economic and ecological research.
A position paper by Van Dijk et al. (2009) also explore the knowledge gaps to understand the
ecological-economic system and propose research methods to address these. The authors
argue that our understanding of on-use values related to the quality of the landscape and
biodiversity are poorly understood in the Wadden Sea region. These values are often not
marketed and therefore not captured in traditional statistics. In addition, the paper identifies
the need to research the importance of ecosystem services to support one of the most
important sectors for local employment (those related to tourism) and the services that support
the quality of the living environment.
Although the position paper by van Dijk et al. (2009) was published over a decade ago, this
current literature study still partly confirms its findings. Figure 23 provides an overview of the
data availability for the important ecosystem services categories identified. From the review of
existing literature, we conclude that there is still a need to improve our quantitative
understanding of non-marketed ecosystem services, such as the regulating services,
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provisioning services and small-scale provisioning services that are often harvested on the
household level. Although some fragmented values are available, a structured effort to identify
such values is still lacking. The same applies to the availability of monetary values of ecosystem
services and data on the spatial distribution of ecosystem services.

Figure 23: Overview of data availability per category of ecosystem services identified in this
study.
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6. Conclusions and
recommendations
This report provides an overview of the current knowledge base regarding ecosystem services
in the Wadden Sea, as a first step in an effort to value the natural capital of the Wadden region.
The unique intertidal system provides benefits to a wide range of sectors and stakeholders,
with sometimes conflicting interests. To support the integrated governance of the Wadden
Sea, this initial analysis aimed to identify the information that is needed to support the decisionmaking processes and the availability of such data.
The overview of relevant ecosystem services developed in this study, suggest a great
dependency of the region on its natural resources. Nature-related tourism is the most
important regional source of revenue and the engine that fuels employment. Fisheries are
traditionally an important ecosystem service for local communities. Resilient coastal
ecosystems, such as sand dunes, sea grass beds and estuaries, are becoming increasingly
important to protect our shorelines in times of climate change and sea-level rise. Often
underestimated and more hidden values provided by the Wadden Sea, are the so-called nonuse values (such as existence and bequest values). These values are shared by a population that
is much larger than the local Wadden Sea community and contribute to national heritage and
a national identity.
Despite a longstanding history of conservation in the Wadden Sea, these important natural
values are still affected by unsustainable fishing and material extraction practices, a growing
tourism industry, increased marine traffic, coastal development and climate change. At the
same time, many of these trends also result in an increased demand for the ecosystem services
provided by the Wadden. This calls for an integrated approach to management of the trilateral
Wadden Sea region, with good international collaboration, smart spatial planning and
evidence-based decision making.
Due to the significant amount of research conducted in the Wadden Sea, there is a wealth of
information and data available that provides insight in the ecological and economic condition
of the Wadden Sea region and its population. The quantitative and spatial relationships
between ecological and socioeconomic indicators within this system are, however, still poorly
understood. A better understanding of these interactions, can be used to improve management
of the region in various ways:
• First of all, a better understanding of the socioeconomic importance of Wadden Sea
ecosystems can raise the awareness necessary to support conservation activities.
Although the Outstanding Universal Value (OUV) of the region is already internationally
acknowledged by UNESCO, providing insight in socioeconomic benefits generated
through coastal protection, nature-based tourism and preserving cultural heritage, will
create an additional argument for the sustainable use of natural resources. Nunes et al.
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(2009), for example, estimated that the socioeconomic value of biodiversity loss caused
by unsustainable fisheries in the Wadden Sea exceeded the benefits of the fisheries
itself, thereby creating an economic argument for more sustainable fishing practices.
• A quantitative understanding of the dynamics between ecological management and
socioeconomic development will also enable an integrated evaluation of management
decisions in the Wadden Sea. Being able to assess the economic impact on stakeholders
as a result of environmental pressures on the one hand, or ecosystem conservation and
restoration on the other hand, will lead to more inclusive decision-making beforehand.
By analyzing ecosystem service values in scenarios that describe, for example, new
fishing policies, the development of windfarms, or the impact of climate change, the
consequences for different stakeholder groups can be determined in an Extended CostBenefit Analysis (CBA)1, pinpointing the winners and losers of these changes. Structural
monitoring of ecosystem services will furthermore facilitate the evaluatation of the
impact of those management decisions after implementation.
• Understanding the spatial distribution of ecosystem service values will furthermore help
to improve spatial planning. Being able to determine who values which parts of the
Wadden Sea is crucial information to reduce spatial conflict between different users of
marine and terrestrial ecosystems. This can, for example, reduce the impact of fisheries
or infrastructure development on areas that have a high value for tourism, or local
recreation.
• Information on economic benefits provided through ecosystem services can be used to
design financial mechanisms for nature management. By definition, beneficiaries of
ecosystem services have an interest in the sustainable management of natural areas
and are potentially interested to contribute to conservation. In many marine protected
areas and nature parks around the world, for example, tourists contribute to the
conservation through entry fees, thereby providing a sustainable source of financing.
Other examples of sustainable financing mechanisms are the development of Blue
Carbon Credits, or investing in coastal ecosystems as a Nature-Based Solution for
coastal protection.
• Finally, a solid database on ecosystem services values can be used to determine
appropriate damage claims when natural areas are affected in oil spills or other types
of accidents. In 1989, a case was built against Exxon Valdez to provide compensation
for the environmental damage caused by a grounded oil tanker at Bligh Reef in Alaska.
Based on and assessment of the non-use values of Alaskan nature provided to the
American population, Exxon Valdez was charged a fine of approximately 1 billion Euros
(Van Beukering & Slootweg 2010). The incident with MSC Zoe that caused large-scale

1

Similar to the Dutch concept of Maatschappelijke Kosten-Baten Analyse (MKBA).
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plastic pollution along the Wadden Sea coastline, shows the need to understand the
impact of environmental degradation to establish appropriate damage claims.
The current knowledge base described in this report provides an excellent basis to conduct a
thorough assessment of ecosystem services in the Wadden Sea region. The Waddenmonitor2
and Waddenbalans 2019 are already ongoing initiatives to keep track of key ecological and
economic indicators in the area. A systematic and targeted research program around the value
of ecosystem services in the Wadden Region can close the knowledge gaps identified in this
report and lay the foundations for structured monitoring of Natural Capital in the Wadden Sea,
in relation to the social-cultural, ecological and economic capital described in the
Waddenbalans 2019.

2

www.walterwaddenmonitor.org
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ANNEX I: Additional Data on
Wadden Sea Fisheries
I-1. Further Geographic information on the
German Wadden Sea Shrimp Industry
Table 10: Time spend in different sections of the Wadden Sea by German fishing
shrimp vessels in the period 2009-2013. Numbers do not add up due to rounding
errors. Based on estimates by WWF Deutschland (2016; in Baer et al., 2017)
Share of fishing activity (as Percentage of VMS identified fishing time)
2009-2013

Wadden Sea National Parks
Schleswig-Holstein

40,9%

Hamburg
Niedersächsen

0,3%
27,9%
69,1%

Total Wadden Sea National Parks
Wadden Sea Estuaries
Elbe & Eider Estuarian Basins

25,8%

Other
Outside EEZ (>12 Nautical Miles of the Coast)

5,6%

Figure 24: Geographic spread of fishing from the German Fishing Fleet in
the German Wadden Sea Region based on VMS data, with each small
black dot representing a fishing event in the period 2007-2013 and each
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large dot a harbor with space for shrimp fish boats. Source: WWF
Deutschland (2016).

I-2. Geographic Information on the Dutch Fleet
Shrimp Fishing

Figure 25: Geographic density of Shrimp fishing events in 2015, identified
using VMS, from the Dutch fleet along the Western North Sea Coast of the
Netherlands (top left), in the Dutch Wadden Sea (top right), and along the
coast of Schleswig-Holstein in Germany (bottom). Source: Baer et al. (2017),
based on data from Wageningen Marine Research.
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I-3. Additional Data on Landings and Revenues
of the Mussel Culture Sector in The Netherlands
for the time period 1998-2020
Table 11: Data on the Landings and Revenues of the Dutch Mussel Culture
Sector for the time period 1998-2020. Constructed based on Wageningen
Economic Research (2020).
Season

Landings (in Million kg)

Value (in €Million)

1998/1999

96.7

46.2

1999/2000

89.9

53.3

2000/2001

58

72.7

2001/2002

42.1
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2002/2003

48.3

66.8

2003/2004

51.8

67.5

2004/2005

68.4

59.6

2005/2006

58.4

55.5

2006/2007

30.1

45.9

2007/2008

40.3

64.8

2008/2009

36.8

66.2

2009/2010

46.4

56.2

2010/2011

56.7

69.6

2011/2012

35.1

48

2012/2013

40.9

69.4

2013/2014

36.1

72.3

2014/2015

56.8

62.5

2015/2016

54.6

57.1

2016/2017

52.7

43.9

2017/2018

43.9

47.8

2018/2019

49.3

53.9

2019/2020

33.2

42.3
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Landings (in Million kg)

Value (in Million €)

Landings

Value

Figure 26: Graph depicting the landings (blue) and values (green) of the Dutch Mussel
culture sector for the seasons 1998/1999 - 2019/2020. Adopted from: Wageningen Economic
Research (2020).

I-4. Location of Mussel Farms in Niedersachsen

Figure 27: Location of the Mussel culture (referred to as ‘Bentische Kultur’ in the legend) plots in
the Lower Saxony area of the German Wadden Sea region in 2012. Source: Baer et al. (2017).
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ANNEX II: Additional Data on Dutch Wadden Sea
NGO Donation Revenues
Table 12: Overview of the in Germany active nature organizations signing the Wadden Sea Nature protection declaration presented on the 13th
Trilateral Conference on the Protection of the Wadden Sea (WWF Deutschland & BUND, 2018) and the donations these organizations receive. Please
note from the column ‘Focus (area)’ that many of the organization active in the Wadden Sea are not solely focused on the Wadden Sea, making the
values of donations, therefore indications of the non-use values, for the Wadden Sea specifically difficult to disentangle. (*) represent that the value
of donation revenue could not be identified, either due to the data not being available or because the data was pooled in other revenues. Sources: it
Fryske Gea (2020); Landschap Noord-Holland (2020); Stichting het Groningerlandschap (2020); Natuurmonumenten (2020); Vogelbescherming Nederland
(2020); Waddenvereniging (2020).

Nature Protection NGO

It Fryske Gea

Country of
activity

2019
Focus (area)

Netherlands Nature protection

2019
Donations

2019
Donations

Members/Private

Donations

people (in €)

Business (in €) Lotteries (in €)

€2.959.000

€26.000

€938.000

€6.564.000

€1.899.000

€304.000

€1.125.000

€2.885.000

€551.000

€774.000

€938.000

€4.974.000

*

*

*

*

Government
(in €)

province of Fryslân
Netherlands Nature protection

Landschap Noord-Holland

Donations 2019

Province of NorthHolland

Stichting het
Groningerlandschap

Stichting WAD

Netherlands Landscape
protection province
of Groningen
Netherlands *
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Vereniging Natuurmonumenten

Vogelbescherming Nederland
Waddenvereniging

Netherlands Nature

€33.300.000

€800.000

€14.300.000

€47.100.000

€8.237.000

€474.000

€3.638.000

€627.000

€0

€510.000

€287.604

Netherlands
Netherlands Birds the
Netherlands
Netherlands Wadden Sea nature €1.288.568
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ANNEX III: Additional Harbor
Data
Table 13: Volumes of (different types of) cargo handled in a selection some of the most
important Wadden Sea harbors (in 1000 tonnes). Adopted from Bahlke (2017).
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ANNEX IV: Additional Wind Energy
Data
IV-1: Maps on Geographic spread of offshore
wind energy farms and cables

Figure 28: Location of (planned) offshore wind energy farms in the Waters adjacent to the
Wadden Sea. Source: Bear & Nehls (2017).
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Figure 29:Location of the pipelines connecting offshore wind farms in the German North Sea
and Wadden Sea to the German Mainland coast. Source Bear & Nehls (2017).
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IV-2. Maps on Geographic Location of Insular
and Coastal Wind Turbines

Figure 31: Location of insular wind turbines (dots) in the German Wadden Sea areas of
Lower Saxony (left) and Schleswig-Holstein (right). Source: Baer & Nehls (2017).

Figure 30: Location of Wind Turbines (The size of the green dots represents the amount)
on the Dutch Wadden Sea mainland coastal areas of the provinces of Fryslân and
Groningen. Adopted from van der Meulen et al. (2020)
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IV – 3. Description of Offshore Wind Energy
Farms Near the Wadden Sea
Table 14: Description and capacity of the wind farms in the German North Sea. Source: Baer et
al. (2017)

Table 15: Description and capacity of the wind farms in the Dutch North Sea. Source: Baer et al.
(2017

Table 16: Description and capacity of the wind farms in the Danish North Sea. Source: Baer et al. (2017)
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ANNEX V: CICES 5.1 Classification of Ecosystem
Services Considered in this Analysis
Table 17: Full Overview of the Ecosystem Services discussed in this study, categorized to Section, Division, Group and Code levels from the CICES
classification system. Table continues on the next page

Step 2: What important ecosystem services arise from the ecosystems an species of the Wadden Sea?

Ecosystem
Service

Section

Division

Group/Description
Cultivated terrestrial plants grown for nutrition, materials or energy
Wild Plants, (terrestrial or aquatic) for nutrition, materials or energy
Cultivated terrestrial plants grown for nutrition, materials or energy
Wilds plants (terrestrial or aquatic) for nutrition, materials or energy
Reared animals for nutrition, materials or energy
Reared animals for nutrition, materials or energy
Reared aquatic animals for nutrition, materials or energy
Wild Plants, (terrestrial or aquatic) for nutrition, materials or energy

1.1.1.1
1.1.5.1
1.1.1.2
1.1.5.2
1.1.3.2
1.1.3.3
1.1.4.1
1.1.5.1

Intellectual and representative interactions with the natural environment

3.1.2.3

Spiritual, Symbolic and other interactions with nature

3.2.1.1

Wild animals (terrestrial or aquatic) for nutrition, materials or energy
Wild animals (terrestrial or aquatic) for nutrition, materials or energy
Wild animals (terrestrial or aquatic) for nutrition, materials or energy

1.1.6.1
1.1.6.1
1.1.6.1

Intellectual and representative interactions with the natural environment

3.1.2.3

Transformation of biochemical or physical inputs to ecosystems

Mediation of wastes or toxic substances of anthropogenic origin by living
processes

2.1.1.2

Regulation of Baseline flows and extreme events

Regulation of physical, chemical, biological conditions

2.2.1.1

Direct, in-situ and outdoor interactions with living systems that
depend on presence in the environmental setting

Physical and experiential interactions with the natural environment

3.1.1.1
3.1.1.2

Other Provisioning
services - Beer Brewing

Provisioning (Biotic)

Biomass

Timber

Provisioning (Biotic)

Biomass

Agriculture

Provisioning (Biotic)

Biomass

Mussel Aquaculture

Provisioning (Biotic)
Provisioning (Biotic)

Biomass
Biomass
Direct, in-situ and outdoor interactions with living systems that
depend on presence in the environmental setting
Indirect remote, often indoor, interactions with the living
system, that do not require presence in the environmental
setting
Biomass
Biomass
Biomass
Direct, in-situ and outdoor interactions with living systems that
depend on presence in the environmental setting

Other Provisioning
Services -Fruit/Cranberry
picking
Shrimp Fisheries
Cockle Fisheries
Other Provisioning
Services -Duck Trapping
Carbon Sequestration &
Storage
Coastal Protection
Recreation & Tourism

Cultural (Biotic)
Provisioning (Biotic)
Provisioning (Biotic)
Provisioning (Biotic)
Cultural (Biotic)
Regulation &
Maintenance (Biotic)
Regulation &
Maintenance (Biotic)
Cultural (Biotic)

CICES
Code
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Intellectual and representative interactions with the natural environment

Cultural (Abiotic)

Non-Use Values - Seal
Sanctuaries

Landscape Values as
identity of the Wadden
Sea

Cultural (Biotic)

Cultural (Biotic)

Cultural (Abiotic)

Non-Use Values - all
Water Extraction
Water Purification

Cultural (Biotic)
Provisioning
(Abiotic)
Regulation &
Maintenance
(Abiotic)

Direct, in-situ and outdoor interactions with natural physical
systems that depend on presence in the environmental setting
Indirect, remote, often indoor, interactions with the physical
systems that do not require presence in the environmental
setting
Direct, in-situ and outdoor interactions with living systems that
depend on presence in the environmental setting
Direct, in-situ and outdoor interactions with living systems that
depend on presence in the environmental setting
Indirect remote, often indoor, interactions with the living
system, that do not require presence in the environmental
setting
Indirect, remote, often indoor, interactions with physical
systems that do not require presence in the environmental
setting

Physical and experiential interactions with natural abiotic components of the
environment
Intellectual and representative interactions with the abiotic components of the
natural environment

3.1.2.3
3.1.2.4
6.1.1.1
6.1.2.1

Spiritual, symbolic and other interactions with the abiotic components of the
natural environment

6. 2.1.1

Intellectual and representative interactions with the natural environment

3.1.2.2

Intellectual and representative interactions with the natural environment

3.1.2.3
3.1.2.4

Spiritual, symbolic and other interactions with the natural environment

3.2.1.1

Spiritual, symbolic and other interactions with the abiotic components of the
natural environment

6.2.1.1

Indirect remote, often indoor, interactions with the living
system, that do not require presence in the environmental
setting

Other biotic characteristics that have a non-use-value

Water

Groundwater for nutrition, materials or energy
Groundwater for nutrition, materials or energy

3.2.2.2
4.2.2.1
4.2.2.2

Transformation of biochemical or physical inputs to ecosystems

Mediation of waste, toxins and other nuisances by non-living processes

5.1.1.3
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3.2.2.1

