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1. Introduction

Beds of the blue mussel (Mytilus edulis) are important biogenic structures in the Wadden Sea ecosystem, serving as habitat and as food source for a number of species. In the Wadden Sea Plan (1997, 2010), a specific trilateral Target was formulated aiming for an increase of the total area and a more natural development and distribution of natural intertidal mussel beds, providing a framework for habitat management (Büttger et al., 2009).

To protect intertidal mussel beds, in all three countries considerable parts of the intertidal area are permanently closed for blue mussel fishing. 

In recent years, Pacific oysters (Crassostrea gigas) have overgrown many mussel bed sites and are now often the dominating species (Nehls et al., 2005; Dankers et al., 2006; Nehls & Büttgers, 2007; Nehls et al., 2009). The monitoring of oyster beds can mostly follow the standards defined for blue mussel beds and it is recommended, to conduct combined surveys for both species.

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 “Tidal Area” (intertidal and subtidal), the following Target applies (Wadden Sea Plan) to blue mussel beds:

· An increased area of, and a more natural distribution and development of … natural mussel beds.

Monitoring of blue mussels is carried out to document the dynamics of mussel bed development in the Wadden Sea and to detect and assess the response of 

· natural processes in the ecosystem to changes in pollution levels. 

· species to changes in pollution level which may effect the abundance and physiological functioning of species leading to structural changes in the ecosystem. 

· blue mussels to fishing in the Wadden Sea. 

· blue mussel beds to global changes (sea level rise). 

3. Monitoring requirements

Wadden Sea Plan

Targets on “Tidal Area”

· A natural dynamic situation in the tidal area.

· An increased area of geomorphologically and biologically undisturbed tidal flats and subtidal areas.

· A natural size, distribution and development of natural mussel beds, Sabellaria reefs and Zostera fields.
Habitats Directive (HD)

Article 11 Monitoring of habitat types 

Habitat types 1170 “Reefs”, 1110 ”Sandbanks”, 1140 “Mudflats and sandflats”, and 1160 “Large shallow inlets and bays”.
Note: designation of blue mussel beds differs in the countries:

· The Netherlands: blue mussel beds are integrated in habitat types 1110 “Sandbanks” and 1140 “Mudflats and sandflats” and not designated as reefs

· Germany: subtidal blue mussel beds are designated as 1170 “reefs”, intertidal blue mussel beds are characteristic features of habitat type 1140 “Mudflats and sandflats”
· Denmark: blue mussel beds are not designated as reefs, blue mussel bed are characteristic features of habitat types are 1110 ”Sandbanks” 1140 “Mudflats and sandflats” and 1160 “Large shallow inlets and bays”.

Water Framework Directive (WFD)

Annex 5, chapter 1.2.4

Article 4: No deterioration, good status by 2015, reduction of pollutants, achievement of objectives set for protected areas in EC legislation.

Good ecological status of surface water: biological quality element “Macrozoobenthos” 

OSPAR

Biological Diversity and Ecosystems Strategy, Annex V and Appendix 3

Initial OSPAR List of Threatened and/or Declining Species and Habitats (Ref-Nr. 2004-06): “Intertidal Mytilus edulis beds on mixed and sandy sediments”. 

EcoQO Issue 8 “threatened and/or declining habitats”: presence and extent of habitats in the North Sea as shown on the Initial OSPAR List: “Intertidal Mytilus edulis beds”

4. Definitions

Mussel bed

A mussel bed is a benthic community structured by blue mussels. Similarly, an oyster bed is a benthic community structured by oysters. Both communities mix. Mussel and oyster beds may consist of a spatially well defined irregular collection of more or less protruding smaller beds, which may be called patches, separated by open spaces. This description also includes young beds with a high abundance of small mussels. The described structure may not be so distinct in young beds or just settled beds (spatfall) (TMAP Blue mussel workshop 2002 (CWSS, 2002b)).

Stable bed

Bed where the structure (patches, formed relief) is clearly recognizable over many years (TMAP Blue mussel workshop 2003 (CWSS, 2003); QSR (Dankers et al., 1999; Nehls et al., 2009)).

Stable site 

Location where mature mussel beds (one or more) occur regularly over several years (TMAP Blue mussel workshop 2002 (CWSS, 2002b)).

Assessment criteria for persistence of a mussel bed 

Age of bed, type of location, sediment structure of mussel bed basis (TMAP Blue mussel workshop 2002 (CWSS, 2002b)).

Larvae settlement

The first benthic migrating stage of blue mussel larvae smaller than 1 mm is defined as primary settlement. The larvae can settle several times on various substrates until they get larger and settle more permanently on structures such as existing mussel beds or stones (secondary settlement) (TMAP Blue mussel workshop 2000 (CWSS, 2001)).

Spatfall

Settlement of young mussels or oysters on a tidal flat or in existing beds. These small bivalves are called ‘spat’ during the year of settlement only.

Recruitment

The addition of young mussels to the reproducing population. For blue mussels, the concept of recruitment is used for young mussels which survived the winter (age = 1 year).

5. Monitoring strategy

The existing national monitoring programs have been tuned to enable a trilateral assessment for the entire area (e.g. by GIS tools) with regard to size and biomass of intertidal mussel. Information on the development of individual mussel beds is also collected to assess status of these beds.

Due to irregular spatfall, larger interannual fluctuations may occur on regional level which requires monitoring with an annual frequency. 

Subtidal blue mussel beds are monitored in NL, SH, and DK in the framework of the fishery management and have not yet been integrated in the TMAP. 

Table 1: Parameters with monitoring locations and frequencies and the relation to the other monitoring requirements.
	Parameters 
	
	Location
	Frequency
	WFD
	BHD
	OSPAR
	Remark

	Area and distribution of intertidal blue mussel beds:
	size of blue mussel  beds (km²), coordinates of mussel beds (GIS polygon)
	Entire intertidal area 
	1/y
	X
	X*
	X
	

	Biomass


	Tons fresh weight
	Entire intertidal area 
	1/y
	X
	X*
	
	Calculated from selected beds

	Coverage
	mussel coverage of the beds (%)
	Entire intertidal area 
	1/y
	X
	X`*
	
	Calculated from selected beds

	Additional parameters for individual beds: 
	length frequency distribution, 

condition index, structure of bed
	
	
	
	
	
	Not mandatory




* blue mussel beds as reefs or as characteristic feature of habitat types.
6. Methods

Aerial Surveys of mussel beds in the whole intertidal area
The aim is to get an annual overview about the location and area of all intertidal mussel beds and document it in a trilateral map at a scale of 1:50.000 in order to describe year-to-year changes well as long term developments. Mussel and oyster beds cannot be distinguished from aerial photographs and surveys will in most cases cover both communities.

a. Parameter 

The geographical position and the contours of a mussel bed should be determined by aerial photographs (with geo-reference points) in connection with ground truth measurement using GPS to calculate the size of a mussel bed (ha or m² per bed).  

b. Frequency
The surveys should be carried out in spring or late August according to national monitoring schemes.

c. Remote sensing methods 

Aerial surveys should be carried out to obtain aerial photographs following standard procedures which can be transferred to a GIS (geographical references). 

· Aerial photographs (black and white or color) 

· Recommended scale: 1:10,000 – 1:25,000. Other scales may be used if appropriate. 

· Visual interpretation of images (standard procedures, e.g. stereoscopic interpretation).

The sampling strategy should be flexible and adapted to the different types of mussel beds. The number of samples is chosen according to the density of blue mussels at a given location. Preferably, 5 – 10 samples should be taken per bed by corer (7 – 20 cm diameter). A higher number of samples is recommended to detect changes smaller than 50% with a 95% significance.

Location and area
The geographical position and contours of a mussel bed should be determined by GPS following the borders of the bed (as defined under section 2). The size of the bed should be calculated in ha or m².  

Coverage
The coverage (“Bedeckung”) gives the percentage of a whole bed covered by mussels. It is an important parameter to characterize a mussel bed. Proportion (“Besatz”) is defined as percentage of the patches occupied by mussels.

Different methods can be used to determine the coverage of a mussel bed. All methods in use obtain results with are more or less comparable. The limitations of each measure should be taken into account, e.g. dredge sampling gives more or less an average value whereas surveys on foot obtain more reliable results for individual beds.

A common method used in the Netherlands and Germany is the “Stiefelmethode”: the number of steps on a zigzag shaped transect with and without mussel under the “Stiefel” (boot) is counted and taken as a measure of coverage. Length and position of transects are measured by GPS.

Proportion is measured in patches and gives more detailed information about the mussel distribution within a bed compared to the percentage cover of the total bed especially in beds with a low coverage.
Biomass
Biomass of mussel beds is calculated from fresh weight of mussels (g/m²) and coverage of mussel beds. Fresh weight is determined by weighing or from length-weight relationship to avoid loss of water during the weighing procedure.

Additionally, the ash free dry weight (AFDW) of mussel meat and shell may be measured.

Different procedures and methods can be used under the condition that the results are comparable. Intercalibration exercises for biomass determination should be carried out.

Abundance
The abundance of blue mussels is the number of individuals per unit (sampling area). It is measured by direct counts from corer samples along a transect through the intertidal bed sampled. 
Length frequency distribution
The shell length is measured in order to obtain the age structure and to follow the development of spatfall and growth of single cohorts in different years at a given location, and to record recruitment success or failure of blue mussel population in a given area.

Sub-samples may be taken to analyze the length frequency distribution. The shell length is measured according to standard procedures from the umbo to the anterior margin of the shell to the nearest mm.

The statistical program MUSSEL (Bert Brinkman, Alterra) may be applied to analyze the length frequency distribution of mussel beds.

Condition index
The condition index is the ratio between biomass (AFDW or cooked meat) vs. shell length. It should be monitored as a voluntary parameter. 
It is measured to obtain an estimate of the nutritional status and viability at a given location and to record the reproductive effort of the blue mussel population in a given area. It gives information about the growth conditions of mussels, the time of spawning, but also if the mussels have a sufficient nourishing-capacity for birds depending on mussel stocks.  Standard procedures should be followed to determine AFDW and amount of cooked meet. 
Structure and Morphology
The structure and morphology of individual mussel beds should be described mainly as background information and as a voluntary parameter:  

· Vertical height profile, 

· Thickness and type of accumulated sediment, 

· Coverage and biomass of macroalgae, 

· Amount of shell grit, 

· Amount of barnacles. 
Table 2: Overview of parameters measured on individual mussel beds (specific sites, not mandatory)

	Parameter
	Unit
	Method

	Location and area
	ha or m² per bed
	GPS, coordinates, contours, aerial photographs

	Coverage
	% patches per bed
	“Stiefelmethode”; estimation

	Proportion
	% mussels per patch
	transect measurements

	Biomass
	g fresh weight per m² patch
	corer/dredge samples; in combination with coverage to calculate biomass per bed and t/ha

	Abundance
	no./m²
	corer/dredge samples

	Length frequency distribution
	mm
	corer/dredge samples

	Condition index (voluntary)
	-
	AFDW or cooked meat vs. shell length

	Structure and morphology (voluntary)
	-
	qualitative description of bed characteristics


7. Parameters

Mandatory parameters

· Area and distribution of intertidal blue mussel beds: size of intertidal blue mussel beds (km²), coordinates of mussel beds (GIS polygon)

· Biomass: tons fresh weight

· Coverage: mussel coverage of the beds (%)

Additionally, parameters for individual beds should be monitored (not mandatory) such as: 

· abundance,
· length frequency distribution, 

· condition index,

· structure of bed.
8. Frequency and time

Sampling should be carried out on selected beds at least two times per year in spring and autumn. Additional samples may be taken in summer and winter to follow the development over the whole year. 

9. Monitoring locations

· Entire intertidal Wadden Sea area

· Selected intertidal blue mussel bed sites 

10. Assessment

Changes in the abundance of blue mussels Mytilus edulis may reflect natural fluctuations (including climate, weather, predation), and/or changes may be caused by fishing, nutrient loads and contaminant levels, or by combinations of these factors. The assessment therefore requires the monitoring information on these impacts. Further, the ecological targets, as agreed at the Trilateral Governmental Conference in Stade (Stade Declaration, 1997), will be used for the assessment in the Wadden Sea:

· A natural dynamic situation in the tidal area.

· An increased area of geomorphologically and biologically undisturbed tidal flats and subtidal areas.
· An increased area and a more natural distribution and development of natural mussel beds, Sabellaria reefs and Zostera fields.
Table 3: Assessment of intertidal blue mussel beds.
	Parameters 
	
	Assessment
	Objective

	Area and distribution of intertidal blue mussel beds
	size of blue mussel  beds (km²), coordinates of mussel beds (GIS polygon)
	Trends in area covered over 6 years (total area and sub-areas)
	Stable or increasing (taking into account natural fluctuations).


	Biomass


	Tons fresh weight
	Trends in biomass over 6 years (total area and sub-areas)
	Stable or increasing (taking into account natural fluctuations).


	Coverage
	mussel coverage of the beds (%)
	Trends in coverage over 6 years (total area and sub-areas)
	Stable or increasing (taking into account natural fluctuations).



11. Reporting

The reporting should entail information on used methods and any other information relevant for an assessment of the data. The data can then be delivered to the TMAP data unit, to make it available for trilateral assessment.  

The monitoring data of the data originators is mostly stored in GIS covers, databases or spread sheets. The information including the meta data has to be delivered to the national TMAP Data Units where it will be transferred into the trilateral harmonized TMAP database structure. 
The monitoring results should be reported annually and made available via the TMAP data unit. Data delivery to the TMAP data unit has to be organized on the national level.

12. Quality Assurance

A successful monitoring program is directly related to the collection and interpretation of relevant and reliable data. In addition to the appropriate collection, preservation, storage and transport of samples, it is vital to establish a system of data quality assurance. This concerns accuracy and precision of sampling and analytical procedures, regular check of the applied methods and intercalibration exercises. 

Presently, a common strategy to implement quality assurance procedures in mussel monitoring is not available. 

Specific QA activities for blue mussel monitoring should be carried out concerning following issues: 

· Intercalibrations campaigns concerning  

· Sampling strategy and sampling analysis, 

· Detection of the borders of the bed for GPS measurements, 

· Determination of coverage and proportion,

· Biomass determination, 

· Documentation of sampling methods and applied analysis (e.g. determination of productivity, weight- length ratio, water loss) according to a common outline, 

· Development of standard operation procedures (SOP), 
· Selection of statistical packages to be used. 
With regard to the elaboration of quality assurance (QA) procedures, the developments within the JAMP of OSPAR should be followed (OSPAR, 1997).

13. Monitoring Authorities

Denmark
· Danmarks Miljøundersøgelser (DMU/NERI)
Germany
· Landesbetrieb für Küstenschutz, Nationalpark und Meeresschutz (LKN)

· Niedersächsischer Landesbetrieb für Wasserwirtschaft, Küsten- und Naturschutz (NLWKN)

· Nationalparkverwaltung Niedersächsisches Wattenmeer (NLPV)
The Netherlands

· Institute for Marine Resources and Ecosystem Studies (IMARES) Yerseke / Texel
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