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1. Introduction

Coastal dunes develop where sand is mobilized at dry beaches and blown landwards. The sand is trapped by plants, which give rise to a succession of dunes from embryonic to white, grey and brown dunes. This dry dune vegetation (xerosere) alternates with wet dune vegetation (hygrosere) in the dune valleys (slacks). With a few exceptions (e.g. Eiderstedt peninsula, Skallingen) the dune habitat is confined to the Wadden Sea barrier islands. Dry dune vegetation dominates with 85% over wet dune slack vegetation types.

Habitats in the dunes vary from extremely dry to permanent inundation, from alkaline to acidic, from pure sand to peaty soils, and, finally, from freshwater to rather saline conditions. Dunes dominate the landscape of the barrier islands. They are also part of the coastal defence system, and for that purpose they have been stabilized in the vicinity of villages and towns. The lower plant production in dunes than in salt marshes entails fewer opportunities for animals, which are rather scarce in comparison. On the other hand, plant diversity exceeds that of salt marshes by a factor of ten, including a variety of rare and endangered species. Therefore, almost all of the dune areas in the Wadden Sea are under nature protection. Management measures have been taken to restore successional processes as well as typical species-rich habitats where, in the past, anthropogenic disturbances had modified the vegetation.

Main pressures on dunes in the Wadden Sea are:

1. Stabilization of dunes resulting in decreasing dune dynamics

2. Decrease of ground water level and impacts on dune slacks

3. Eutrophication of dunes by atmospheric deposition

4. Fragmentation of dune habitats

5. Invasive species

6. Climate change

[What is about beaches?]
2. Objectives 

Trilateral policy and management aims “to achieve, as far as possible, a natural and sustainable ecosystem in which natural processes proceed in an undisturbed way” (Guiding Principle). 

With respect to the “Beaches and Dues” the following Target applies (Wadden Sea Plan):

· increased natural dynamics of beaches, primary dunes, beach planes and primary dune valleys in connection with the offshore zone; 

· an increased presence of a complete natural vegetation succession;

· favorable conditions for migrating and breeding birds.

The monitoring of dunes (including beaches) is carried out to assess changes in 

· location and area of different dune types, 

· natural dune succession,
taking into account climate change, coastal protection measures, and human impacts (e.g. from tourism, eutrophication).

3. Monitoring requirements

Wadden Sea Plan

Targets on “Beaches and Dunes”

· Increased natural dynamics of beaches, primary dunes, beach planes and primary dune valleys in connection with the offshore zone.

· An increased presence of a complete natural vegetation succession.

Targets for Birds, see chapter Birds.
Habitats Directive (HD)

Article 11 Monitoring of species and habitat types. Relevant habitat types are:

2110 Embryonic shifting dunes

2120 Shifting dunes along the shoreline with Ammophila arenaria (“white dunes”)

2130 *Fixed dunes with herbaceous vegetation ("grey dunes")

2140 *Decalcified dunes with Empetrum nigrum (brown dunes)

2150 *Atlantic decalcified fixed dunes (Calluno-Ulicetea)

2160 Dunes with Hippophae rhamnoides
2170 Dunes with Salix repens ssp argentea (Salicion arenariae)

2180 Wooded dunes of the Atlantic, Continental and Boreal regions

2190 Humid dune slacks

(Note: In the Netherlands, habitat type 1140-b covers the beaches)

Water Framework Directive (WFD)

(not relevant)

OSPAR

(not relevant)

4. Definitions

Beaches and dunes include beaches, primary dunes, beach planes, primary dune valleys, secondary dunes and heathland behind the dunes.

5. TMAP Monitoring Strategy

The TMAP dune typology is an appropriate tool to combine monitoring data obtained by different methods into a common system with different levels of detail (such as specific TMAP vegetation types in the Netherlands and Lower Saxony and HD types 2110-2190 for all countries). Existing national mapping of dunes should be continued in order to assess the overall occurrence of dune types in the Wadden Sea and to deliver input into the TMAP dune typology. 

Monitoring at selected sites (field surveys) should be carried out with a higher frequency than the monitoring of vegetation or habitat types for the entire area. This detailed monitoring at selected sites aims to assess structure and function, species and communities according to the HD and pressure indicators (such as the critical load approach in the Danish NOVANA).
In order to assess the development of dune types in more detail and to react e.g. on short term development, at least an annual monitoring is necessary. This is done in the Netherlands and Germany with the concept of permanent plots and in Denmark within the NOVANA stations and plots by stochastic statistical sampling. 

Beach monitoring could not yet be implemented in the TMAP because of lacking knowledge and methods.

The monitoring strategy has been summarized in Table 5.1.

Table 5.1: Parameters with monitoring locations and frequencies and the relation to other monitoring requirements.

	Parameters 
	
	Location
	Frequency
	WFD
	BHD
	OSPAR
	Remark

	Location and area
	a. HD-types (ha) 


	a. Entire area


	6-10 y
	
	X
	
	Transfer into TMAP dune typology

	
	b. Vegetation types (ha)
	b. Entire area / selected sites
	6-10 y
	
	X
	
	Transfer into TMAP dune typology

	Vegetation
	Species composition 
	Selected sites 


	1/y
	
	X
	
	

	Selected typical species
	Abundance
	Selected sites
	1/y
	
	X
	
	

	Land use
	Area covered by settlements and infrastructure
	Entire area
	6 y
	
	X
	
	Indicator for recreational  pressure on dunes

	Nitrogen deposition
	kg N/ha/y
	Entire area
	1/y
	
	X
	
	Modelling every 6 y

	
	Lichen cover in grey dunes
	DK islands
	1/y
	
	X
	
	Pilot (optional TMAP parameter)

	
	Nutrient contents in lichens 


	DK islands
	1/y
	
	X
	
	Pilot (optional TMAP parameter)

	Soil charactistics
	pH
	DK islands
	1/y
	
	X
	
	Pilot (optional TMAP parameter)

	
	C/N ratio
	DK islands
	1/y
	
	X
	
	Pilot (optional TMAP parameter)


6. Methods

6.1 Habitat types 

The habitat types HD 2100 – 2190 should by monitored for the entire Wadden Sea Area according to national guidelines and transferred into a geographical information system (GIS). Different methods are in use (aerial photographs, interpretation, scales, biotope keys). The comparability of HD type classification should be checked prior to a trilateral assessment.

6.2 Vegetation 

Various methods are applied by the Wadden Sea countries to map dune vegetation types (different vegetation keys applied by monitoring institutions, vegetation types according Braun-Blanquet, red list species, and other methods). The comparability of the results from the various monitoring methods should be checked before a transfer to the TMAP vegetation typology (reference). 

Species composition should be determined at selected sites (at permanent plots, transects or random sampling plots) according to national guidelines on an appropriate scale (e.g. per m²) to be able to assess species occurrence and distribution.

Abundance of selected typical species should be determined at selected sites according to national guidelines on an appropriate scale. 

6.3 Land use

Information about location and area covered by settlements and infrastructure adjacent of in dune areas. Data is obtained from existing sources. 

6.4 Nitrogen deposition

Modelling, using the N-deposition data from weather observation stations.

(reference to NOVANA)

Lichen cover in grey dunes (according to NOVANA)

7. Parameters

The parameters currently monitored are sufficient to fulfill the objectives. Further adaptations may be required at a later stage and the comparability of results from different countries should be enhanced. 

TMAP Parameters (covering entire Wadden Sea Area):
· Area: size of dune HD types 2110-2190 (ha),
· Location: coordinates of HD types 2110-2190 (GIS polygon),

· Vegetation: TMAP vegetation types (area and location) (ha, GIS polygon) (if applicable, to be obtained from ongoing national monitoring of vegetation types and/or biotope types ),

· Land use: area  (ha) and location covered by settlements and infrastructure,

· Nitrogen deposition: kg N/ha/y.
TMAP Parameters (selected sites or monitoring plots at representative sites):
· Vegetation: TMAP vegetation types (area and location) (ha, GIS polygon) (if applicable, to be obtained from ongoing national monitoring of vegetation types and/or biotope types ),

· Species composition: abundance of species per m²,
· Selected typical species: abundance per m²,
· Nitrogen deposition: Lichen cover in grey dunes (%) (only DK islands).
Other parameters (optional) from various sources (not part of the TMAP): 

· groundwater extraction: m³ /y, groundwater level (annually),
· coastal protection measures: areas with coastal protection measures, and beach nourishment (every 6 years).
8. Frequency and time 

The monitoring frequency for location and area of beaches and dunes is 6 – 10 for the entire area and should be adapted to the reporting cycle of the HD Directive (6 years). 

Geographical information on land use in the dune area should be updated every 6 years. 

Monitoring of selected sites / monitoring plots and of nitrogen input should be carried out every year (see Table 5.1).

9. Monitoring locations
Entire Wadden Sea area: 

· area and location of HD types and, if applicable, of TMAP vegetation types;
· land use; 

· nitrogen deposition (by modeling). 

Selected sites (to be specified by the countries): 

· species composition of vegetation;
· lichen cover in grey dunes (DK islands only).
10. Assessment

The assessment is carried out in order to assess to which extent the trilateral Target of an “increased natural dynamics of beaches, primary dunes, beach planes and primary dune valleys in connection with the offshore zone; and an increased presence of a complete natural vegetation succession” has been reached.

In addition, the main pressures with regard to dunes have to be assessed:

1. Stabilization of dunes resulting in decreasing dune dynamics.
2. Decrease of ground water level and impacts on dune slacks.
3. Eutrophication of dunes by atmospheric deposition.
4. Fragmentation of dune habitats.
5. Invasive species.
	Topic
	Parameter
	Assessment / Objective

	Natural dynamics
	Total area of dunes (ha) 


	Stable or increasing

	
	Area of dune HD types (ha) for each island and mainland areas
	

	
	Area of stabilized dunes (ha, % of total) for each island and mainland region
	Stable or decreasing

	
	Area of dynamic dune development (ha, % of total) for each island and mainland region
	Stable or increasing

	
	Areas with settlements and infrastructure in dune areas for each island and mainland region (ha, % of total dune area)
	Stable or decreasing

	Complete natural vegetation succession
	Area of vegetation types (TMAP typology) (ha) and % of total area for each island and mainland area
	Stable or increasing

	
	Amount of groundwater extraction for each extraction site (m³/y)
	Stable or decreasing

	
	Species composition
	

	
	Selected typical species
	

	
	Invasive species
	

	Eutrophication 
	Nitrogen deposition 
	Decreasing

	
	Cover of lichens in grey dunes
	Increasing


11. Reporting

All geographical data should be transferred to a geographical information system (GIS) for the analysis and assessment of the data (spatial and temporal development) and in combination with other GIS based information. 

Other data should be reported annually to the national TMAP Data Units.
[NOTE: To be included: a more detailed description of data which have to be delivered to the TMAP Data Units. See also: TMAP Data Handling Manual]

12. Quality assurance

Appropriate monitoring protocols should be developed on national level. Intercalibration exercises should be carried out nationally and in the framework of the TMAP.

[to be included: reference to existing QA procedures and SOP]

13. Monitoring authorities 

Denmark
· Danmarks Miljøundersøgelser (DMU/NERI)

· Miljøministeriet, Miljøcenter Ribe

Germany
· Landesbetrieb für Küstenschutz, Nationalpark und Meeresschutz (LKN)

· Landesamt für Landwirtschaft, Umwelt und ländliche Räume (LLUR)

· Nationalparkverwaltung Niedersächsisches Wattenmeer (NLPV)

· Niedersächsischer Landesbetrieb für Wasserhaushalt, Küster- und Naturschutz (NLWKN)

· Nationalparkverwaltung Hamburgisches Wattenmeer

The Netherlands

· Staatsbosbeheer Groningen

· LNV
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ANNEX 1: TMAP Dune Typology (according QSR 2004)

	TMAP-type:
	Dune types 


	Vegetation:


	EC HD types

	Xerosere:
	
	
	

	X.0
	Dunes
	
	

	X.1
	Beach plains
	No vegetation
	

	X.2
	Beach driftline
	
	

	X.2.0
	Beach driftline, unspecific 
	
	

	X.2.1
	Cakile maritima type
	Cakiletum maritimae
	

	X.3
	Embryonic dunes
	
	2110

	X.3.0
	Embryonic dunes, unspecific
	
	2110

	X.3.1
	Elymus farctus type
	Elymo-Agropyretum, Honkenyo-Agropyretum juncei
	2110

	X.4
	White dunes
	
	2120

	X.4.0
	White dunes, unspecific
	
	2120

	X.4.1
	Ammophila arenaria type 
	Elymo-Ammophiletum, Ammocalamagrostis baltica unit
	2120

	X.5
	Dune grassland
	
	2130

	X.5.0
	Dune grassland, unspecific
	
	2130

	X.5.1
	Corynephorus canescens type 

(+/- dominant Campylopus introflexus)
	Violo-Corynephoretum (+/- Campylopus introflexus), Corynephorion vegetation
	2130

	X.5.2
	Koeleria arenaria type
	Tortulo-Phleetum, Phleo-Tortuletum, Festuco-Galietum, Airetum praecocis, Koelerion vegetation
	2130

	X.5.3
	Botrychium lunaria type
	Botrychio-Polygaletum, Nardo-Galion vegetation
	2130

	X.5.4
	Carex arenaria type 
	Carex arenaria unit 
	2130

	X.5.5
	Deschampsia flexuosa type
	Deschampsia flexuosa unit 
	2130

	X.6
	Dune heath
	
	mostly 2140

	X.6.0
	Dune heath, unspecific
	
	mostly 2140

	X.6.1
	Empetrum nigrum type
	Hieracio-Empetretum, Polypodio-Empetretum
	2140

	X.6.2
	Calluna vulgaris type
	Hieracio-Empetretum – dom. Calluna vulgaris
	2150

	X.7
	Dune scrub
	
	

	X.7.0
	Dune scrub, unspecific
	
	

	X.7.1
	Hippophae rhamnoides type
	Hippophao-Sambucetum nigrae, Salici arenariae-Hippophaetum
	2160

	X.7.2
	Salix repens agg. type
	Dry – fresh Salix repens ssp. argentea (arenaria) and repens ssp. repens vegetation, Pyrolo-Salicetum, Rosa spinosissima-Salix arenaria unit
	2170

	X.7.3
	Rosa canina type 
	Rhamno-Prunetea vegetation
	-

	X.7.4
	Rosa rugosa type
	Rosa rugosa unit
	-

	X.8
	Dune woodland
	
	

	X.8.0
	Dune woodland, unspecific
	
	

	X.8.1
	Populus tremula type 
	Populus tremula / Betula pendula / Quercus robur vegetation
	2180

	X.8.2
	Pinus spp. Type
	Pinus spp. Vegetation
	

	X.9
	Open dune areas
	No vegetation
	mostly 2130

	X.10
	Eutrophic dune areas
	Dry vegetation with: Urtica spp., Epilobium angustifolium, etc. 
	mostly 2130

	X.11
	Salty dune areas
	Combination of Xeroserie and Haloserie vegetation
	mostly 2130

	X.12
	Wandering dunes
	
	


	TMAP-type:
	Dune slack types 
	Vegetation:


	EC HD

types

	Hygrosere:
	
	
	

	H.0
	Dune slacks (humid)
	
	2190

	H.1
	Pioneer dune slacks
	
	

	H.1.0
	Pioneer dune slacks, unspecific
	
	

	H.1.1
	Centaurium littorale type
	Centaurio-Saginetum
	

	H.1.2
	Radiola linoides type 
	Cicendietum filiformis, Isoeto-Nanojuncetea vegetation
	

	H.1.3
	Littorella uniflora type
	Littorelletea uniflorae vegetation
	

	H.1.4
	Lycopodiella inundata type 
	Sphagno-Rhynchosporetum, Lycopodio-Rhynchosporetum
	

	H.2
	Dune slack fens
	
	

	H.2.0
	Dune slack fens, unspecific
	Juncus spp., Potentilla anserina vegetation etc.
	

	H.2.1
	Carex trinervis type
	Caricetum trinervi-nigrae, Caricion nigrae vegetation
	

	H.2.2
	Schoenus nigricans type 
	Junco baltici-Schoenetum nigricantis, Juncus subnodulosus unit, Caricion davallianae vegetation
	

	H.2.3
	Calamagrostis epigejos type 
	Calamagrostis epigejos unit
	

	H.3
	Dune slack heath
	
	

	H.3.0
	Dune slack heath, unspecific
	
	

	H.3.1
	Erica tetralix type
	Empetro-Ericetum, Narthecium ossifragum vegetation
	

	H.3.2
	Oxycoccus macrocarpos type
	Oxycoccus macrocarpos vegetation
	

	H.3.3
	Molinia caerulea type
	Molinia caerulea unit
	

	H.4
	Dune slack reedbed
	
	

	H.4.0
	Dune slack reedbed, unspecific
	
	

	H.4.1
	Phragmites australis type
	Scirpo-Phragmitetum, Schoenoplecto-Phragmitetum, Typho-Phragmitetum
	

	H.4.2
	Carex spp. Type
	Magnocaricion units
	

	H.5
	Dune slack willow shrubbery
	
	

	H.5.0
	Dune slack willow shrubbery, unspecific
	
	

	H.5.1
	Salix cinerea type
	Salix cinerea-Salix arenaria unit, Salicetum cinereae – salicetosum repentis
	

	H.5.2
	Myrica gale type
	Myricetum galis
	

	H.6
	Dune slack woodland
	
	2180

	H.6.0
	Dune slack woodland, unspecific
	
	

	H.6.1
	Betula pubescens type 
	Betula pubescens unit, Empetro-Betuletum carpaticae
	

	H.6.2
	Alnus glutinosa type 
	Alnus glutinosa unit
	

	H.7
	Open dune slack areas
	No vegetation
	

	H.8
	Aquatic vegetation in dune slacks – Hydrosere
	Charetea fragilis, Potamogetoneta, Utricularietea vegetation
	

	H.9
	Eutrophic dune slack areas 
	Humid vegetation with: Epilobium hirsutum, Cirsium vulgare a. arvense etc. 
	


