Photo: Alma de Groot. Aeolian sand transport on Rømø.
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1. Introduction
The typically sandy shores of the Wadden Sea Islands and on some locations on the
mainland coast consist of the nearshore, surf zone, beach, dunes and dune slacks.
Together they comprise a single geomorphic system, called the littoral active zone. It is
characterized by sediment transport by currents, waves, and wind and lies between the
outer limit of wave effects on bottom stability and the landward limit of aeolian sand
transport. Beaches and dunes (including dune slacks), the focus of this report, are
mainly found on the North-Sea side of the barrier islands, on small Wadden Sea
islands and along the mainland coast at Skallingen and Eiderstedt peninsulas, and
near Cuxhaven.
The littoral active zone consists of two ecological systems: 1) the beach, surfzone and
nearshore populated by marine biota, and 2) the dune system inhabited by terrestrial
plants and animals. Dunes and dune slacks are comparatively high in biodiversity and
are home to various endangered species. All beach and dune areas outside human
settlements have been designated as Natura 2000 areas under the Birds and Habitats
Directives and National Conservation (www.geodienste.bfn.de,
www.walterwaddenmonitor.org, arealinformation.miljoeportal.dk). The Natura 2000
habitat types concerned are given in Table 1.
Beaches and dunes are also of importance for coastal defence, recreation, drinkingwater extraction, and various other functions (Everard et al., 2010). Beaches, dunes
and dune slacks have been modified to various degrees through for example marram
planting and sand fences, sand-drift dikes, beach nourishments, revetments, drainage,
recreation, and nature management such as livestock grazing, mowing and sod
cutting. Still, the Wadden Sea island dunes, particularly those in uninhabited areas,
have a far more natural character than those of the mainland dunes along the
Northwest European coast (Hellwig & Stock, 2014).
The targets for Beaches and Dunes, as defined in the Wadden Sea Plan 2010, are:
Increased natural dynamics of beaches, primary dunes, beach plains and
primary dune valleys in connection with the offshore zone.
An increased presence of a complete natural vegetation succession.
In the following text, the targets are slightly adapted so to use the correct wording.
Monitoring programmes mainly concern the dunes, whereas the beach ecosystem is
relatively poorly studied and not at all monitored. Therefore, this report will present
mostly monitoring results on dunes, whereas assessing beach status remains a
challenge. As beaches should be recognised as part of the littoral active zone and of
Natura 2000 protected areas, this report gives information on the beach ecosystem as
basis for future monitoring, as well as trends in beach nourishments as threat to the
beach ecosystem. Additionally, an assessment of the degree of natural dynamics in
beaches and dunes is given. For dunes (including dune slacks), monitoring results are
given for dune vegetation, invasive plant species, groundwater extractions, and
atmospheric nitrogen deposition. There is special attention for the small, uninhabited
islands that were underrepresented in the previous QSRs.

Figure 1. Intertidal beach on Schiermonnikoog (Photo: Gerard Janssen).

Figure 2. Birds (mainly Lesser black-backed gull (Larus fuscus), using the beach of
Amrum as resting place. In the background embryonic dunes (TMAP type X.3) and
white dunes (X.4) (Photo: Martin Stock / LKN-SH , 2005).

Figure 3. Left (A): White dunes (TMAP type X.4) on Ameland (NL) (Photo: Alma de
Groot); Right (B): Mosaic of dune vegetation on Langeoog (Photo: Martin Stock).

Table 1. Natura 2000 Habitat types of the littoral active zone, with their corresponding
TMAP vegetation types. For regional differences see the TMAP typology (Source:
Petersen et al., 2014).

2. Status and trends
The beach ecosystem
It is not possible to present the status and trends of the beach ecosystem, as there is no
trilateral monitoring programme and local data are very scarce. Still, it can be
assumed that beaches are overall increasingly under stress of human activities, like
sand nourishments and recreation-related activities. This sub-chapter gives a brief
description of the beach ecosystem to serve as a basis for the development of a
trilateral monitoring plan. As an example, the development of beach habitat areas is

given.
The beach ecosystem can be divided into the supratidal and the intertidal zone (Figure
4). The intertidal beach forms together with the adjacent surf zone a nursery area for
juvenile (flat) fish. The macroinvertebrate fauna of the intertidal zone is food for
juvenile flatfish, shrimp, and several shorebirds. Characteristic macrofauna species of
the intertidal beach are the polychaete Scolelepis squamata, the amphipods
Haustorius arenarius and Bathyporeia sarsi, and the isopod Eurydice pulchra
(Figure 5). Marine algae, plant remains and animal carcasses that drift ashore are the
most important resource for secondary production of the beach ecosystem: filter
feeders and deposit feeders turn over high amounts of particulate organic matter, and
feed on epipsammic bacteria and meiofauna (Figures 5 and 6).
On the supratidal beach, the organic wrack, facilitated by the degradation activities of
the Sandhoppers (Talitrus saltator), provides stability and nutrients for pioneer
vegetation. In the absence of wrack of marine origin, sandhoppers can also use plant
material from dune vegetation as a food source. Further, the supratidal beach is used
for breeding by shorebirds and as haul-out and pupping site for seals. Many typical
beach-breeding bird species (like several Tern species, Ringed plover (Charadrius
hiaticula) and Kentish plover (Charadrius alexandrinus)) have currently low
reproductive success (see report "Breeding birds").
The interactions of marine debris, terrestrial debris (e.g. the roots and shoots of
Elytrigia juncea subsp. boreoatlantica), and the various parts of the food web make
sandy beaches, like salt marshes, an important functional link between the terrestrial
and marine environment.
A possible indicator for the area and distribution of beaches could be beach area per
island, derived from data that are normally collected for coastal-protection purposes.
An example is given for two Dutch islands (Figure 7). Beach area on Schiermonnikoog
increased considerably for 150 years, followed by a decline during the past 20 years.
On Terschelling, total beach area has stabilised over the past 60 years after an earlier
decrease. On both islands, intertidal-beach area increased.

Figure 4. The littoral active zone (after McLachlan & Brown, 2006) with Natura 2000
habitat types. LW = low water linel HW = high water line; SD=storm driftline. The
supratidal beach is not or only partly protected under the Birds and Habitats Directive.

Figure 5. Characteristic faunal species of sandy beaches (Source: Janssen, 2013).

Figure 6. Characteristic components of interstitial (meio) fauna of sandy beaches
around Sylt (Image: AWI-Wattenmeerstation Sylt).

Figure 7. Beach surface area of Terschelling (above) and Schiermonnikoog (below),
divided into total, supratidal and intertidal beach (Source: Deltares).

Natural dynamics of beaches and dunes
Dynamic areas, where sand can be transported freely by wind and/or water are an
important part of natural beaches and dunes (Petersen & Lammerts, 2005) (Figure 8).
The deposited sediment contributes to dune and (to a lesser degree) to salt-marsh
growth, allowing the island to grow with sea-level rise (Oost et al., 2012). In a normal’
succession from embryonic dunes to old dunes with climax vegetation, landscape
dynamics are generally reduced. Various human activities have further reduced the
dynamic area of dunes: e.g. Marram planting, construction of sand fences and sanddrift dikes (Figure 9A), coastal construction works, pine plantations, and atmospheric
nitrogen deposition. Sand nourishments and mechanical beach cleaning have
influenced natural sediment dynamics. The disturbance by natural dynamics may be
an important process in locally creating pioneer settings and thus preserving
biodiversity (Oost et al., 2012; De Groot et al., 2016).
Specific monitoring of natural dynamics of beaches and dunes does not exist in the
Wadden-Sea region. This text gives a first, qualitative overview of the state of the
natural dynamics on the interface between the North Sea and the islands. Further
information on the larger scale is given in the report "Geomorphology".
The degree of human interference strongly varies between islands and regions (Table
2). The most important reduction of dynamics is caused by coastal protection works
(see also Annex 2 and report "Coastal risk management"). Stone revetments, that
strongly fix the position of the coastline, are maintained on most of the Lower Saxony
islands, but are not or only limited present in the other regions. Beach nourishments
prevent erosional coasts to develop and may facilitate the formation of new embryonic
dunes. They are carried out on most of the Dutch inhabited islands, half of the Lower
Saxony islands and on some of the Schleswig-Holstein and Danish islands.
Planting Marram grass (mainly Ammophila arenaria and Ammophila baltica) and
constructing sand fences in the existing dunes used to be practice throughout the
Wadden Sea. The amount of plantings has reduced, but it is still practiced for coastal
protection. In the past centuries, many sand-drift dikes were constructed by catching

sand in strategically placed sand fences and subsequent marram plantings. Because of
their often considerable size (up to kilometres) and placement across washovers, they
have strongly reduced the dynamics and altered large parts of the dunes and beaches
of most of the islands.
Natural dynamics now effectively mainly occur on the parts of the islands without
human settlement, the area of which varies strongly between islands. Most, but not all,
uninhabited islands have a larger degree of dynamics than the larger ones. A possible
indicator for dune dynamics is the number and area of blowouts (Annex 3).
In the Netherlands, the long-lasting artificial reduction of dune dynamics is currently
seen as a threat to biodiversity, natural values and ecosystem services. On Terschelling
(Figure 9B) and Ameland, dune vegetation was therefore removed and notches were
made in the foredune, so that wind and water may operate more freely on the dunes.

Table 2. Degree of natural dynamics of beaches and dunes per region. Also
interventions from the past are included, as far as they still have an effect on the
dynamics of beaches and dunes.

Figure 8. Left (A): Washover on Spiekeroog, where North Sea water floods across the
dunes during storm floods (Photo: Alma de Groot); Right (B): Aeolian sand transport on
Rømø (Photo: Martin Stock / LKN-SH ).

Figure 9. Left (A): Sand fences and marram planting on Ameland; Right (B): Artificially
rejuvenated dunes on Terschelling (Photos: Alma de Groot).

Dune vegetation
Dune vegetation occurs in dry dunes and wet dune slacks. In 2014, the TMAP typology
of coastal vegetation, i.e. dunes, dune slacks and salt marshes, was finalised so that
status and trends in vegetation cover can now be assessed trilaterally (Petersen et al.,
2014).
Despite the establishment of the TMAP typology, dune vegetation is mapped
differently in the three countries. In Schleswig-Holstein, Hamburg and Lower Saxony,
the most recent maps (almost) cover the full TMAP typology. Only Hamburg and
Schleswig-Holstein have produced new maps of dune vegetation since the QSR 2009.
In Denmark, vegetation is mapped to the level of Natura 2000 habitat types, which is
less detailed than the TMAP typology. The mapping of Skallingen is incomplete. In the
Netherlands, mapping is done by the individual (nature) management agencies, which
may be up to three per island. The various local and regional typologies allow temporal
comparison within islands, but none of those fully corresponds with the TMAP
typology. Also, not all dune areas are mapped and mapping years vary. The overall
detection of trends in vegetation types is further complicated by a change in mapping
methods and areas in almost all areas since the QSR 2009 (except for Hamburg), so
that a comparison with the data presented in the QSR 2009 and hence trend analysis
is not possible. In Germany, the coming mapping survey (2016) will be suitable for
comparison with the data presented here.
A total of about 20,000 ha of dunes and dune slacks have been mapped in the Wadden
Sea region. The area is, with a mapped area of almost 8,000 ha, largest in the
Netherlands, even with parts of the dunes not mapped. In Lower Saxony, almost 5,000
ha is present, Hamburg 51 ha, Schleswig-Holstein 4,000 ha and Denmark 3,100 ha
(with parts missing). When regarded on the highest typology level (Figure 10), the full
successional series is present in each region, albeit in different proportions of the
vegetation types. Beach driftline (X.2, Figure 11A) is generally the smallest area, but it
is not mapped everywhere (or as part of X.3, embryonic dunes). The area of embryonic
dunes (X.3) is almost 300 ha in each of the regions of the Netherlands, Lower Saxony
and Schleswig-Holstein, but mapping methods of this type vary. In Denmark the
mapped area is very small. Most of the X.0 type (generic dunes) in the Netherlands
probably consists of white dunes and dune grassland (X.4 and X.5), so that the
proportion of these types to the total area is more or less the same as in Lower Saxony.
In contrast, dune heaths (X.6, Figure 11B) dominate in Schleswig-Holstein and
Denmark. Dune scrub (X.7) occurs mostly in Lower Saxony, and much less in the other
regions. Dune woodlands (X.8) occur mostly in the Netherlands due to pine

plantations and Lower Saxony, whereas pine plantations in Denmark are not mapped.
The area of dune slacks (H.0, Figure 12B) is highest in the Netherlands and Denmark,
and lowest in Schleswig-Holstein. There are variations from this general pattern when
the individual islands are considered: an overview is given in Annex 4.

Figure 10. Dune vegetation type per region, both small and large islands. See Table 3
for legend, where Y are types not possible to translate to the TMAP typology. (X.0
consists of dune areas in the Netherlands mapped by RWS, that are not embryonic
dunes (X.3) or beach driftline (X.2), and will in most cases be X.4 and X.5). Considerable
dune areas of Texel (NL) and Skallingen (DK) have not been mapped.

Figure 11. Left (A): Driftline vegetation (X.2) on Trischen; Right (B): Calluna vulgaris
type (X.6.2) on Amrum (Photos: Martin Stock / LKN-SH ).

Figure 12. Left (A): Mobile dunes (background) and Empetrum nigrum vegetation type
(X.6.1) on Sylt (Photo: Martin Stock / LKN-SH ); Right (B): Parnassia palustris as part
of the Schoenus nigricans type (H.2.2) in a dune slack (Photo: Jörg Petersen).

Table 3. Main TMAP vegetation types of dunes and dune slacks (Source: Petersen et al.,
2014).

Dune vegetation of small islands
There are various small islands in the Wadden Sea, i.e. sand flats (above mean high
water) vegetated with terrestrial plants, that are not inhabited by humans and that are
much smaller than their inhabited counterparts. The islands vary strongly in age,
location within the Wadden Sea (i.e. more or less exposed), and degree of human
influence. More information is given in the report "Geomorphology". The main feature
of many of these small islands (often lacking coastal-defence structures) is their highly
dynamic nature: they are constantly on the move; shifting rates change over the years
and are determined by sediment supply in conjunction with singular, mostly stormrelated, events. These islands often have a different history than their larger, inhabited
counterparts and may therefore show a very different development. By now, most
small islands are part of regular mapping programmes in all three countries (only for
Richel, information was derived from another source) and can now be compared as far
as the data source allows (see previous chapter). More detailed information can be
found in the recent overview of Hellwig & Stock (2014).

The total area of dune vegetation varies considerably between the small islands, with
area and vegetation composition reflecting island age and the degree of human
influence (Figure 13). Firstly, most are relatively young islands (< 20 years) with
mainly X.3.1 (Elytrigia juncea) vegetation: Richel (Figure 14A; Brasseur et al., 2015),
Kachelot, Lütje Horn, and Norderoogsand (Figure 14B, part of the Außensände; Stock
et al., 2013). The islands of Mellum and Memmert are older and consequently show a
larger range of the successional stages. Vegetation on Trischen developed about the
same time, but due to its high dynamics there are mainly younger-successional stages
present (Figure 15). Rottumeroog and Rottumerplaat are expected to have a similar
range of types as Mellum and Memmert, but were not mapped in sufficient detail.
Nigehörn and Scharhörn can be seen as intermediate stages. Langli is oldest, and is a
remnant of a much larger island, showing a pattern of older successional stages (grey
dunes and dune heaths). Griend, also a remnant, will probably look similar if mapped
in detail. Minsener Oog was developed as a coastal protection work, and the absence of
natural dynamics has given it a dominance of dune grassland (X.5). It is expected that
the younger islands will in time develop more successional stages, the fast
development aided by the high nutrient input from breeding bird colonies that are
frequently seen on the small islands.

Figure 13. Dune vegetation types of the small uninhabited islands. X.0 in the
Netherlands is a combination of all types X.4 to X.12. The area of X.3 of the
Außensände is smaller in reality, as the entire area with dispersed embryonic dunes was
outlined, instead of mapping only the vegetated area.

Figure 14. Left (A): The newly-developed embryonic dune field on Richel (NL) in 2014
(Photo: IMARE); Right (B): The island of Norderoogsand (part of the Außensände),
2016 (Photo: Martin Stock / LKN-SH ).

Figure 15. Washover deposits in the highly dynamic environment of Trischen, Germany
(Photo: Martin Stock / LKN-SH ).

Threats: beach nourishments and beach recreation
Beach nourishments (Figure 16) and foreshore nourishments are carried out on
several islands in the Netherlands, Lower Saxony and Schleswig-Holstein (see report
"Coastal Risk Management"). The volume of beach nourishments on the Dutch
Wadden Islands varied between 3 and 13 million m3 per period since 1979 (Figure 17).
Compared to the QSR 2009, the volume has increased to 9.6 million m3. Meanwhile,
the volume of foreshore nourishments slightly decreased from 14.0 to 13.4 million m3
(not shown). Beach nourishments on Sylt (Schleswig-Holstein) were approximately 6
million m3 between 2009 and 2014, a number that has been relatively stable since the
late 1990s. On Norderney, Langeoog, Wangerooge, and Blåvand (Skallingen), beaches

were also nourished but with much smaller volumes compared to Sylt and the Dutch
islands.
The ecological effects of nourishments on smaller temporal and spatial scales (i.e.
years and specific beach sites) can be valued as undesirable (Speybroeck et al., 2006;
Janssen et al., 2011) disturbance of breeding birds and burying benthic communities.
The most direct negative effect of beach nourishment is the thick layer of sand applied
on the beach. Most macroinvertebrate fauna is unlikely to survive a burial of sand of
more than 1 m, let alone the more regularly used layers of 3 to 4 m (Leewis et al.,
2012). Recovery of the benthic fauna takes place within a few years, but is speciesspecific (Leewis et al., 2012). Since, at least in the Netherlands, the frequency in which
sand nourishments are applied is in the same order as the recovery time, the fauna of
nourished beaches are hardly ever in an undisturbed state.
On larger temporal and spatial scales (decades and regions), nourishments both
contribute to the formation of coastal habitats (beaches and embryonic dunes), and to
the loss of erosional coasts, which would cause natural dynamics of the dunes. In the
Netherlands, the ongoing nourishments since 1990 have stopped the coastline from
further retreating. As a consequence, the area of embryonic dunes has locally
increased and a quarter of the nourished sand is transported into the dunes by wind
(Arens & Janssen, 2009).
Recreation (Figure 18) can also negatively influence the beach ecosystem (Defeo et al.,
2009), for instance through disturbing and trampling the beach fauna and leaving
litter on the beach. Mechanical beach cleaning is often employed as a measure against
littering, especially on crowded tourist beaches. The waste is mainly collected
manually and transported by machines, but on some German and Dutch islands
stretches of beaches are also cleaned mechanically in summer. Mechanical beach
cleaning not only disturbs the sand by raking and sieving it, but also removes wrack
from the beach (Nordstrom et al., 2012), which is an important resource for supratidal
crustaceans and insects. Seedlings and in some cases also mature plants (drift-line
habitats) are removed, resulting in a much lower occurrence of habitat type 1210
(Annual vegetation of driftlines). Due to the lack of data it cannot be stated whether
mechanical beach cleaning is an increasing or decreasing activity on the islands.

Figure 16. Beach nourishment on Ameland (Photo: Alma de Groot).

Figure 17. Beach nourishments on the island coasts of the Netherlands and Sylt
(Schleswig-Holstein) summed per time period. (Sources: Rijkswaterstaat (Netherlands)
and Landesbetrieb für Küstenschutz, Nationalpark und Meeresschutz SchleswigHolstein).

Figure 18. Beach recreation on Ameland (Photo: Alma de Groot).

Threats: invasive alien plant species
In dunes and dune slacks, various potentially invasive and invasive alien plant species
(IAPS, see also report "Alien species") occur that may affect the dune ecosystem. They
are favoured by the relatively dry and warm habitats with high light availability. The
low competitive ability of native dune species of nutrient-poor soils, dune fixation and
nutrient enrichment (particularly atmospheric nitrogen input) further strengthen the
invasion of alien plant species (Sparrius & Kooijman, 2011).
Only few of the IAPS are monitored, so that assessing the extent of the invasions is not
always possible. The most well-known and (at least partly) monitored IAPS are
Campylopus introflexus (Heath star moss, Figure 19), Rosa rugosa (Japanese rose,

introduced as ornamental garden plant, Figure 20), Prunus serotina (Rum cherry),
and Pinus spp. (actively planted in pine plantations). They have already been present
in the past decades and are currently spreading further. Within the TMAP typology,
stands dominated by Rosa rugosa are mapped as type X.7.4, and the pine species
Pinus sylvestris, P. mugo, P. nigra (although Pinus sylvestris is considered native in
Denmark) in X.8.2. In X.8, Prunus serotina may be dominant, but its cover
percentage is not part of the TMAP typology and is only mapped locally. Rosa rugosa
(X.7.4 ) covers generally less than 2 % of the total dune area per island, but reaches
around 3 % on Sylt and Föhr, and as much as 12 % on Wangerooge (Figure 21). Pinus
species cover about 1 % of the dune area per island. These numbers are probably
underestimates of the total invasion of these species, because in many cases IAPS may
also occur inside other vegetation types and woodlands are often not mapped. There is
no correlation between the total dune area per island (Annex 4) and the percentage
area covered by IAPS (Figure 21).
The moss Campylopus introflexus was introduced to the Wadden Sea region in the
late 1960s and has since then spread in dune areas. There is no separate TMAP type
for vegetation dominated by this species, but it is included as one ‘typical’ species in
the TMAP type X.5. Recently, Skowronek et al. (2017) used a remote sensing and
modelling approach to map its distribution on the island of Sylt. According to this
study, Campylopus introflexus has invaded approximately 50% of the area of the type
X.5. and 25% of X.6. The model predicted also occurrences in other TMAP types, but
due to methodological difficulties, these results should be considered with caution.
The study however shows that remote sensing techniques might be a useful tool for the
future monitoring of IAPS in dunes of the Wadden Sea region.
Relatively new IAPS that are spreading, but are not mapped yet, are Senecio
inaequidens (Narrow-leaved Ragwort) and Crassula helmsii (New Zealand
Pigmyweed). These and other invasive alien plant species are described in Annex 5.
Currently, the TMAP typology is insufficient for tracking the invasion of IAPS. For
that, the cover percentage of specific IAPS should be scored per mapped polygon.

Figure 19. Campylopus introflexus (Photo: Maike Isermann).

Figure 20. Left (A): Large patches of Rosa rugosa on Wangerooge (Photo: Peter
Körber); Right (B): Rosa rugosa (brownish) on Sylt (Photo: Martin Stock / LKN-SH ).

Figure 21. Area of TMAP-types dominated by invasive alien species (X.7.4: Rosa rugosa
type; X.8.2: Pinus spp. type) as percentage of the total mapped dune area per island in
the Netherlands and Germany. Comparable data from Denmark are not available.

Threats: groundwater extraction
Groundwater extractions affect the hydrological system on the Wadden Sea islands by
(locally) lowering groundwater tables and reducing seepage. This may have strong
negative effects on dune-slack vegetation (see background information in Petersen &
Lammerts, 2005). Consequently, groundwater extractions are under scrutiny in
various Natura 2000 management plans, and drinking water extractions have been
ended on, for example, Texel and Rømø. An overview of current and historic
groundwater extractions is given in Figure 22, as far as data are available. Extractions
other than for drinking water, such as by farmers, are not included (i.e. not available),
but it is estimated that they may be sizeable in some situations. The exact lowering of
groundwater tables and thus the potential effect on the dune ecosystem depends
strongly on the local situation (presence of dune slacks, sediment types in the
subsurface, topography, vegetation type, location of wells). Biomonitoring is needed to
assess the effects, but this is implemented only locally (Lammerts et al., 2009). The
given groundwater extractions are consequently used here only as proxy for the
potential effect on dune and beach habitats.
In the 1950s, more and more tourists started to visit the Wadden Sea islands, resulting
in a growing need for drinking water. Since then, the amount of groundwater extracted
increased very fast until the mid-1980s. Currently, there are large variations in the
amount of groundwater extracted per island, with Sylt having by far most groundwater
extracted. Since the last QSR, extractions have decreased on Fanø, and increased on
Vlieland, Terschelling, Schiermonnikoog, and Amrum. Extractions on Rømø were
terminated. Elsewhere, the extractions have stayed more or less at the same level. The
amount of extracted groundwater is not always related to island size, but also to the
number of tourists, management decisions and the availability of drinking water
supply from the mainland (the islands with an asterisk in Figure 22). As groundwater
extractions have remained more or less stable on most islands, water saving measures
have probably been effective. However, most extractions are still at a level that they

form a (potential) threat to dune-slack vegetation.
On some German islands, adaptive management of groundwater extraction is
implemented. Water is extracted from wells close to wet dune slacks in the wet
months, whereas during dry months water is extracted from wells under dry dunes.
Such management has lower impact on both the freshwater lens (lower risk of
saltwater intrusion) and the ecosystem (less lowering of the water table in the season
when the vegetation is most sensitive to drought). The results of biomonitoring on
Norderney and Langeoog show that this approach has led to decreasing ecological
effects of water extraction (Lammerts et al., 2009). Consequently, it is necessary to
organize a trilateral exchange of knowledge on the ecological effects of groundwater
extractions, especially on ways to ecologically optimize drinking water production (e.g.
by extracting from other locations or deeper aquifers, by applying new desalination
techniques on sea water or brackish or salt groundwater) (Lammerts et al., 2009).

Figure 22. Drinking-water extractions on the Wadden Sea islands per sector (in million
m3/year); * asterisks indicate islands that are totally or partially provided with drinking
water from the mainland.

Threats: atmospheric nitrogen deposition
Atmospheric nitrogen deposition increased in the 20th century, reaching a peak of
~40 kg ha-1 yr-1 in the 1980s and decreasing again to ~27 kg ha-1 yr-1 in 2002 (Petersen
& Lammerts, 2005; Lammerts et al., 2009). Current levels of nitrogen deposition for
the dunes of the Wadden Sea islands range between 11 - 18 kg ha-1 yr-1 in the Dutch
part, between 9 - 12 kg ha-1 yr-1 in the German part and between 6 - 12 kg ha-1 yr-1 in the
Danish part of the Wadden Sea (Figure 23), i.e. a decrease in average level from the
Netherlands toward Denmark. Within the Netherlands, deposition values increase
from west (Texel) to east (Schiermonnikoog, Figure 24), most likely related to local
sources.
Dune habitats are vulnerable to high nitrogen deposition rates, with critical loads set

at 10 - 15 kg ha-1 yr-1 for nutrient-poor habitats such as coastal (grey) dunes (van
Dobben et al., 2014). Eutrophication due to atmospheric nitrogen deposition can
cause grass encroachment and acceleration of vegetation succession (Provoost et al.,
2011). In the 2004 QSR (Petersen & Lammerts, 2005), the levels of nitrogen
deposition were predicted to be between 6 and 10 kg ha-1 yr-1 in 2010. As these values
are below the critical load for the most vulnerable habitats, it was concluded that only
local problems would remain, such as high standing crop and large litter layers. For
the Dutch islands (Figure 24) both current estimates and model predictions for 2030
indicate nitrogen deposition rates that are still higher than the critical loads of ca.
10-15 kg ha-1 yr-1 for nutrient poor, dry and wet pioneer vegetation types (van Dobben
et al., 2014), so that the problem probably remains relevant for the next decades.

Figure 23. Average nitrogen deposition (kg ha-1 yr-1) on the Wadden Sea islands
calculated for the Netherlands (2015, https://monitor.aerius.nl/monitor), Germany
(2009, http://gis.uba.de/website/depo1/) and Denmark (2013,
http://dce2.au.dk/pub/SR119.pdf).

Figure 24. Current and predicted levels of nitrogen deposition for the Dutch Wadden
Sea islands from 2015 to 2030 (status 2015, data from
https://monitor.aerius.nl/monitor).

Figure 25. Eutrophied dunes on Ameland through a combination of atmospheric
nitrogen deposition and bird droppings (Photo: Alma de Groot).

3. Assessment
Sandwiched between rising sea level on the one side and increasing human activity on
the other, beaches and dunes are under pressure (Defeo et al., 2009). The various
threats (Figure 26 for the beach) originate from direct or indirect human impact, with
coastal protection, tourism, mechanical beach cleaning, and land use as important
drivers. Also other human activities and climate change threaten beaches and dunes.

The threats are estimated to be at approximately the same level as in 2009. Various
mitigation strategies are applied to counteract the effects of the pressures, e.g. sodcutting, grazing, and mowing; creating notches and vegetation removal of dunes;
temporal and spatial zonation of recreation; and obtaining drinking water from the
mainland and adaptive well management.
Even after 20 years of trilateral cooperation and the implementation of European
nature directives, there is a complete lack of monitoring of the beach biota and not all
relevant dune aspects are monitored. Consequently, the trilateral targets for beaches
and dunes can only be evaluated partially. In addition to the two targets of the Wadden
Sea Plan, the state of the beach ecosystem and ecosystem engineering function are
evaluated, given their importance for Natura 2000 and the World Heritage status.

Figure 26. Impacts on the beach-dune system (adapted after McLachlan & Brown,
2006).

Target 1: Increased natural dynamics of beaches, primary dunes,
beach plains and primary dune slacks in connection with the
nearshore zone
Target evaluation
Many beaches and dunes are affected by anthropogenic influences, such as coastal
protection and vegetation planting, that limit natural geomorphic processes and
landscape changes. This target aims to increase the area that is under influence of the
natural geomorphic and biological processes, and the exchange of matter and biota
along the entire gradient of the nearshore zone to the inner dunes. This means that the
– often stabilising – effects of current coastal protection measures and other human
influences on the coastal ecosystem should be reduced.

Although the target has already been established twenty years ago, there are still no
descriptors defined how to evaluate it. Neither is there dedicated monitoring for this
target, nor its threats. By using other project measurements, information on some
threats could be obtained: beach nourishments, the presence of coastal protection
works and vegetation planting, and the number of blowouts in the established dunes
(see Annex 3). See also report on "Geomorphology".

Conclusions
As quantitative data on natural dynamics are largely absent, it is only possible
to do a qualitative assessment of this target.
The following human impacts have negative effects on natural dynamics:
atmospheric nitrogen deposition, coastal protection works, dune fixation,
drainage and groundwater extraction, recreation-related activities (trampling,
buildings, roads, disturbance, golf courses, beach cleaning, etc.) has since long
resulted in a loss of dynamic processes initiated by wind and water.
Trampling by people (recreation) may have both negative (destruction of welldeveloped habitats, disturbance of wildlife) and positive (increased dune
dynamics) effects on the dunes.
Natural dynamics are currently not, or only limited, present in most dune areas.
Only the parts of the islands adjacent to the inlets (e.g. the eastern parts of
Norderney and Spiekeroog), small islands (e.g. Kachelotplate, Scharhörn,
Trischen) and accretionary shores (Rømø) may exhibit more or less full natural
dynamics. This degree of natural dynamics has not markedly increased since
the QSR 2009, despite the absence or abandonment of coastal protection (going
on for several decades) at these sites. The recent spontaneous formation of
embryonic dunes on Richel, Kachelotplate, and Norderoogsand provides a good
opportunity for pioneer stages of dunes and salt marshes to develop under fully
natural dynamics.
Recent management interventions in the Netherlands (creating blowouts and
notches, Figure 27, and vegetation removal both in the seaward and landward
parts of the dunes) allow more dynamics of wind and water into the dunes. This
is a good start to counteract stabilising measures taken previously.
The lower reduction in nitrogen deposition than previously thought increases
vegetation growth and therefore the stabilisation of the dune surface by
vegetation.
The effects of long-term nourishments on the large-scale beach-dune system
and its natural dynamics are not well known The need for coastal protection
will continue under ongoing sea-level rise and climate change. To avoid further
reduction of the natural dynamics of beaches and dunes, new coastal protection
strategies need to be developed.

Figure 27. Left (A): Artificially created notch in the foredunes of Ameland (Photo: Alma
de Groot); Right (B): Sand fences on Amrum (Photo: Martin Stock / LKN-SH ).

Figure 28. Left (A): Sand transport and naturally developed dunes on Rømø (Photo:
Alma de Groot); Right (B): Dune erosion (Photo: Ulrich Hellwig).

Target 2: An increased presence of a complete natural
vegetation succession
Target evaluation
A complete natural vegetation succession means that all successional stages of all
zones (supratidal beach, dunes and dune slacks) are present within the Wadden Sea,
as defined in the TMAP typology (Petersen et al., 2014).
Most relevant areas are now mapped according to the TMAP typology or Natura 2000
habitat types, so that an assessment can be made of the presence of the types. For most
areas, mapping methods deviate from the ones used in the QSR 2009, so that the rate
of succession could not be described. Monitoring of IAPS under TMAP is not sufficient
for unequivocal evaluation and should be improved.

Conclusions
Most of the conclusions from the QSR 2004 (Petersen & Lammerts, 2005) and
2009 (Lammerts et al., 2009) still stand.
Dune vegetation monitoring is still on its way in being harmonized and
organized trilaterally. On the landscape level, the completion of the TMAP
typology of coastal vegetation in 2014 (Petersen et al., 2014) has been an
important milestone in this process.In the Wadden Sea area as a whole, the full
series of vegetation types (regarded at the highest level of the TMAP typology)
of natural vegetation succession is present. However, the entire succession
series is not always present on each individual island, because of local
differences in management, history, geographical situation and size, that
determine the development of specific vegetation types.
The loss of dynamic processes initiated by wind and water and other human
pressures have led to an increased vegetation succession rate and limited
rejuvenation or new formation of pioneer situations (from Petersen &
Lammerts, 2005).
Beach cleaning and driving inhibit the establishment of driftline

vegetation and embryonic dunes.
Nitrogen deposition rates are in many instances still above the critical
deposition loads. In combination with the amount already deposited,
these continue to be a severe problem for the conservation of nutrientpoor vegetation types, including prioritised Natura 2000 habitat types.
Groundwater extractions remain a threat to the vegetation of wet dune
slacks.
Small, dynamic islands are most likely to develop the complete series of
vegetation types in the absence of management and other anthropogenic
influences. Their small size, relative youth and dynamics may however limit the
possible range of succession stages.
In all regions of the Wadden Sea area, Campylopus introflexus, Pinus spp.,
Prunus serotina and Rosa rugosa have been present for a long time and are
currently spreading further. The spread of new IAPS is expected.

Figure 29. Left (A): Stabilised dunes with dune heath (X.6) on Sylt (Photo: Alma de
Groot); Right (B): Dunes on Amrum (Photo: Martin Stock / LKN-SH ).

Figure 30. Hippophae rhamnoides (Buckthorn, type X.7.1) on Schiermonnikoog (Photo:
Alma de Groot).

Favourable conditions for the beach ecosystem
Evaluation
For beaches, it was already concluded in 2004 and 2009 (Lammerts et al., 2009;
Petersen and Lammerts, 2005) that there was insufficient knowledge about the actual
status of beaches in the Wadden Sea to evaluate Target 1 (natural dynamics) of the
WSP 2010. A trilateral target for the state of the beach ecosystem is however lacking.
Within Natura 2000, national targets have been defined for the intertidal beach, but
they are not trilaterally coordinated. These targets range from conservation of the
actual status to improvement of quality and area. Since monitoring is lacking, the
Natura 2000 targets cannot be fully evaluated at this moment. For the supratidal
beach, no targets are formulated within Natura 2000 nor in the Wadden Sea Plan.
This is considered as a lack, and therefore we do a short assessment here.

Conclusions
A trilateral target for the state of the ecosystem of the intertidal and supratidal
beach is missing and should be developed.
As monitoring data on beaches are largely absent, it is not possible to do a
quantitative assessment of the beach ecosystem.
The supratidal part of the beach is not part of any Natura 2000 habitat type,
whereas it has large ecological value as part of the continuum from sea to land,
its use by birds, seals and interstitial fauna, and it being the basis for the
development of dunes and green beaches.
On the beaches, beach driving, mechanical beach cleaning, and trampling cause
the disturbance and even destruction of pioneer dunes and beach fauna.

Figure 31. Beach recreation on the sandy shore of St. Peter-Ording (Photo: Martin
Stock / LKN-SH ).

Figure 32. Ripples on the intertidal beach of Texel (Photo: Alma de Groot).

Well-functioning ecosystem engineering processes
Not in the Wadden Sea Plan, but of importance in the context of the World Heritage
Status, is ecosystem engineering functioning: whether the unique natural processes
that shape the Wadden Sea region, and more specifically the biogeomorphic
interaction between sediment and organisms, are functioning well. For dunes that
means whether dune formation (sand transport and vegetation growth) and dune
dynamics are functioning naturally and unobstructed (e.g. Figure 33). Dunes are
typical examples of biogeomorphic systems that are strongly shaped by the interaction
between Ammophila arenaria, Leymus arenarius, Ammophila baltica and Elytrigia
juncea (Elymus farctus) and sand transport by the wind. Dunes with these species
(X.3 and X.4) cover large surfaces (Figure 10). However, as mentioned before, due to
Marram planting and sand fences, natural dynamics have diminished. Beach cleaning
and driving further pose a threat to new establishment of ecosystem engineering dune
grasses. Hence the species themselves are not under threat, but the natural ecosystem
engineering functioning has been somewhat altered.

Figure 33. Marram grass (Ammophila arenaria) catching sand on Spiekeroog (Photo:
Martin Stock / LKN-SH ).

Figure 34. Left (A): White dunes on Amrum where dune grasses capture the sand blown
in from the beach (Photo: Martin Stock / LKN-SH ); Right (B): Aeolian sand transport
on Rømø (Photo: Alma de Groot).

4. Recommendations
The current targets as given in the Wadden Sea Plan 2010 do not cover all trilaterally
relevant aspects of the beaches and dunes. Therefore it is recommended to improve
the targets, both in wording and in contents, as applied in chapter 3. The
current targets should be complemented with additional targets on the beach
ecosystem and the dune fauna, to be developed in the Salt Marshes and Dunes
Expert Group.

Recommendations for science and monitoring
Relevant indicators and beach monitoring should be designed and implemented
trilaterally as soon as possible. Beach research and monitoring should present

information on area and quality of the beach habitats, and include both abiotic
and biotic parameters, as well as information on the various pressures resulting
from human activities. The details of how to do this need to be developed. An
example would be the evaluation of status and trends in beach surface area,
similar to the vegetation types of dunes and dune slacks.
Dune vegetation monitoring should be further harmonized. Currently, only
Schleswig-Holstein and Hamburg follow both the advised TMAP typology and
mapping interval of six years or less. In the Netherlands, mapping efforts need
to be adapted such that they include the entire vegetated dune areas, have
intervals of six years or less, and use typologies that can be unequivocally
translated into TMAP types. If possible, the islands should be mapped as a unit,
i.e. salt marshes, beaches and dunes in one mapping effort. The mapping in
Denmark should be improved by adopting the more detailed TMAP typology
instead of Natura 2000 habitat type. Vegetation monitoring should be further
improved by the following:
Evaluate existing detailed vegetation monitoring programmes, i.e.
permanent quadrats such as the NOVANA monitoring programme in
Denmark, on their use for the assessment of vegetation status and
trends.
Monitoring of (potentially) invasive plant species should be implemented
trilaterally, given the current uncertainty around the degree of invasion.
Monitoring of rare plant species should be decided on and implemented
trilaterally.
For all regions, information on management type (grazing, sod cutting,
etc.) and drainage should be included in the vegetation mapping, similar
to the salt marshes.
The use of UAVs (drones) may improve monitoring detail and reduce
costs.
Monitoring of target fauna species (e.g. the Natterjack toad, Bufo calamita, in
primary dune slacks) is lacking and should be decided upon. Unfortunately,
very little is known about the role of fauna groups within dune ecosystems, so
that it is difficult to define functional fauna groups, let alone to select the
indicative species for such groups (Lammerts et al., 2009).
Monitoring of beach and dune dynamics should be designed and implemented,
to be able to evaluate Target 1. This could, for example, include the presence of
washover-type features, management interventions, and blowouts/shifting
sands mapped as separate units. Information on the growth and erosion of
dunes (including dune-foot dynamics) can be derived from existing physical
monitoring programmes.
Groundwater extractions other than drinking water extractions should be
included in monitoring. The (potential) effects of groundwater extraction
should be evaluated by relating the actual extractions to the size of the
freshwater lens per island. Additionally, it should be evaluated if there are by
now sufficient data that show the area affected by the extractions.

Figure 35. Left (A): Drosera rotundifolia on Terschelling; Right (B): Dune slack with
orchids on Terschelling (Photos: Alma de Groot).

Figure 36. Naturally-formed dunes on Ameland (Photo: Alma de Groot).

Recommendations for management
None of the –still valid– recommendations for beaches in the QSRs of 2004 and 2009
(Petersen & Lammerts, 2005; Lammerts et al., 2009) have yet been implemented.
This is a worrying development which calls for trilateral action.
Moreover, the unvegetated supratidal beaches are not designated as Natura 2000
habitat types. Depending on national laws, this essentially means that part of the
littoral active zone is not always under nature protection and therefore not everywhere
protected as an ecological unit.
It is recommended to:
manage the “active littoral zone” as a coastal entity;
add the dry, supratidal beach habitat to the protected habitat types within the
Natura 2000 framework, and coordinate the protection of the N2000 beach
habitat types on a trilateral basis;

protect more beaches from human disturbance: for fauna during the bird
breeding season and the seal pupping and moulting seasons, and for vegetation
so that embryonic dunes may establish;
mitigate the main pressures on the beach ecosystem: mainly recreation and
beach nourishments.
The reduction of dune dynamics as a result of coastal protection works and
atmospheric nitrogen deposition should receive more attention trilaterally. In the
Netherlands, various dune reactivation projects are carried out. Here, care should be
taken that also the older, sometimes unmanaged successional stages have natural
values and should be part of the landscape, too. In Germany and Denmark, care
should be taken that valuable dynamic areas will remain and not become fixed.
Groundwater extractions have remained more or less constant since the QSR 2009
(Lammerts et al., 2009). Water preservation policy should be continued and where
possible intensified, so that drought pressure on wet dune slacks can be further
reduced. Where possible, well management with biomonitoring (Lammerts et al.,
2009) should be adapted such that the impact on sensitive dune-slack vegetation is
minimised.

Figure 37. The intertidal beach of Schiermonnikoog (Photo: Alma de Groot).

Figure 38. Beach houses on Texel (Photo: Alma de Groot).

5. Summary
Beaches and dunes form the sandy outer side of the Wadden Sea area and contain a
variety of habitat types. Beach area and ecological status are currently not monitored.
Dune-vegetation monitoring is increasingly harmonised trilaterally, but not all time
series are consistent and trends can therefore not be identified, yet.

Status and trends
Natural dynamics of beaches and dunes occur mainly on the uninhabited parts
of the barrier islands without coastal protection, and on small uninhabited
islands. In the Netherlands, dune activation projects are carried out to increase
dynamics.
A total of about 20,000 ha of dunes and dune slacks were mapped in the
Wadden Sea region: approximately 8,000 ha in the Netherlands, 5,000 ha in
Lower Saxony, 54 ha in Hamburg, 4,000 ha in Schleswig-Holstein and 3,000
ha in Denmark. Almost all are located on the barrier islands. The relative
occurrence of vegetation types varies between islands and regions. The small
islands in the Wadden Sea exhibit a large range of dunes differing in age,
dynamics and vegetation types. Invasive alien plant species encroach in the
dunes and dune slacks, and the TMAP monitoring should be improved to
include these developments.
Beach ecological status cannot be reported, but information on beach
nourishments and recreation indicate that this ecosystem is under pressure.
The various threats to dunes and beaches are estimated to be at approximately
the same level as in 2009.
Groundwater extractions and atmospheric nitrogen deposition have in most
instances not, or marginally, decreased since 2009, and therefore still have (in
some cases potentially) negative effects on the dune vegetation.

Assessment
Target 1: Increased natural dynamics of beaches, primary dunes, beach
plains and primary dune slacks in connection with the nearshore zone
This target still lacks descriptors and dedicated monitoring.
Qualitative interpretation shows that the combination of nitrogen deposition,
coastal protection works, dune fixation, drainage, and recreation-related
activities and buildings has since long resulted in a loss of dynamic processes
initiated by wind and water. Trends in natural dynamics cannot be identified.

Target 2: An increased presence of a complete natural vegetation
succession
All successional stages of the vegetation are present, but trends cannot be
identified.
Beach ecosystem: As already concluded in the QSRs of 2004 and 2009, there is
still insufficient knowledge to assess the ecological status of beaches in the
Wadden Sea.
Ecosystem engineering processes: Ecosystem engineering dune grasses are
abundantly present in the foredunes, but the processes are often inhibited to
various degrees by past and/or present coastal protection measures.

Recommendations
Improve the targets both in wording and in contents, and complement them
with additional targets on the beach ecosystem and dune fauna.
Indicators and monitoring for beaches and natural dynamics should be
designed and implemented trilaterally, as soon as possible.
Vegetation monitoring should be further harmonised trilaterally and extended
with invasive alien plant species and rare plant species.
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