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1. Introduction

Nutrient enrichment/eutrophication may give rise to increased abundance of macroalgae (biomass and coverage) and to a shift from long-lived to short-lived nuisance species. However, there is no simple spatial or temporal relation of this phenomenon to riverine nitrogen or phosphorus loads into the Wadden Sea. As several taxa of green algae are involved a general cause or combination of causes is likely which may involve remineralisation rates, deposition and turbidity at the tidal flats, temperature and turbulence, nutrient competition with phytoplankton or grazing by invertebrates.

In the Wadden Sea, from the late 1970s to 1980s, green algae started to occur in thick mats covering vast areas of tidal sediments in the Wadden Sea. This development peaked in 1990-1993 with algal mats covering up to 20% of the intertidal area in the German Wadden Sea. Since then green algae remained abundant and thick mats occurred locally but never regained the massive proportions of the early 1990s. The summer of 2004 was the first with green algae returning back to their marginal occurrences prior to the 1980s (Beusekom et al., 2005)

The monitoring is carried out in accordance with the OSPAR Eutrophication Strategy (2003) taking into account the specific conditions of the Wadden Sea area (Beusekom et al., 2001 & 2005). 

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 “Quality of Water and Sediment” the following target applies to nutrients (Wadden Sea Plan):

· A Wadden Sea which can be regarded as an eutrophication non-problem area.

The monitoring of macroalgae is carried out to assess their changes in 

· location and area, 

· coverage, and

· biomass (only at selected areas, ground truth) 

due to changes in input of nutrients (e.g. as an indicator for eutrophication problem areas) to be able to assess the effects of eutrophication on benthic processes, species and communities. 

3. Monitoring requirements

Wadden Sea Plan

Targets on “Water and Sediment”

· Background concentrations of natural micropollutants.

· Concentration of man-made substance as resulting from zero-discharges.

· A Wadden Sea ecosystem which can be regarded as eutrophication non-problem area.

· Improvement of habitat quality for conservation of species.
Habitats Directive (HD)

None

Water Framework Directive (WFD)

Article 8 chapter 1.ii: Monitoring of surface waters: the ecological and chemical status and ecological potential

Annex V: 1.2.3 (transitional waters), 1.2.4 (coastal waters), 1.2.5 (heavily modified or artificial water bodies): Biological quality element: Macrophytes and phytobenthos (other aquatic flora). 

OSPAR

OSPAR Eutrophication Strategy: In accordance with the general objective, OSPAR’s objective with regard to eutrophication is to combat eutrophication in the OSPAR maritime area, in order to achieve and maintain a healthy marine environment where eutrophication does not occur.

Common Procedure for the Identification of the Eutrophication Status of the OSPAR Maritime Area (Ref. No. 2005-3). Assessment Parameter Category II: Direct effects of nutrient enrichment: Chlorophyll a concentration. Macrophytes including macroalgae.

4. Definitions

OSPAR categories of maritime waters

Problem areas with regard to eutrophication are defined as “those areas for which there is evidence of an undesirable disturbance to the marine ecosystem due to anthropogenic enrichment by nutrients”. This means that these areas show an increased degree of nutrient enrichment accompanied by direct and/or indirect or other possible eutrophication effects.

Potential problem areas with regard to eutrophication are defined as “those areas for which there are reasonable grounds for concern that the anthropogenic contribution of nutrients may be causing or may lead in time to an undesirable disturbance to the marine ecosystem due to elevated levels, trends and/or fluxes in such nutrients”. This means that these areas show an increased degree of nutrient enrichment, but that data are not sufficient, or not fit for the purpose, for assessing direct, indirect or other possible eutrophication effects.

Non-problem areas with regard to eutrophication are defined as “those areas for which there are no grounds for concern that anthropogenic enrichment by nutrients has disturbed or may in the future disturb the marine ecosystem.”

5. TMAP Monitoring Strategy

The TMAP approach has been based on the OSPAR strategy which is currently tuned with the WFD (EMMA activities, GIC Guidance on eutrophication). The Wadden Sea is still regarded as “eutrophication problem area” under OSPAR. It is likely that the “good ecological status” under the WFD will not be reached until 2015 because of high nutrient inputs. 

Information basis for trilateral assessment are national monitoring programs which have been established under OSPAR and the WFD. These can be regarded as sufficient to assess the eutrophication status and the Target implementation with regard to macroalgae (see Tab. 1). 

Table 1: Monitoring of macroalgae with locations, frequencies and relation to other monitoring obligations.
	Parameter
	
	Location*
	Frequency
	WFD
	BHD
	OSPAR
	Remark

	area and location 
	ha and % of tidal flats
	1-6 stations per region
	1/y
	X
	
	X
	According methods in national programs

	species composition,
	No of species or genera
	1-6 stations per region
	1/y
	X
	
	X
	According methods in national programs

	biomass
	g / dry weight
	1-6 stations per region
	1/y
	X
	
	X
	According methods in national programs


* Number of stations per region depends on number of WFD water body typed to be covered. Regions: NL, Nds/HH, S-H, DK

6. Methods

The OSPAR „JAMP eutrophication monitoring guidelines: Benthos” and are also valid within the TMAP.

Because of pronounced variations in the spatial and temporal occurrence of macroalgae, the monitoring should cover large areas. Remote sensing techniques (e.g. aerial photographs and other airborne surveys) are an appropriate instrument. The surveys may be combined with monitoring of other parameters if appropriate (e.g. seagrass, mussel beds or distribution of habitats).

Remote sensing

Aerial survey should be carried out to determine the size and distribution of benthic macroalgae. High-wing monoplanes flying at low altitude are an appropriate platform for the relevant sensor. 

Mapping should be carried out by airborne surveillance (Reise & Siebert, 1994; Kolbe et al., 1995; OSPAR, 1997a).

If available, preferably aerial photographs (Color-Infrared) to obtain a spatial resolution of 15 - 30 cm may be used. The use of satellite sensors have to be part of future considerations.

Ground truth 

Field surveys have to be performed in selected areas due to the fact that

•
macroalgae grow and drift away rapidly (within days), and

•
a large variety of forms of macroalgae (which can be confused with filamentous diatom colonies and eelgrass). 

The results of airborne surveys have to be calibrated by field inspections. They can be performed in conjunction with the monitoring of macrozoobenthos and eelgrass. 

Parameters to be obtained during field surveys:

•
algal biomass,

•
algal species,

•
voluntarily: spore formation and germination (only in selected areas).

7. Parameters

· location and area;
· coverage;
· biomass (only at selected areas were ground truth is performed);
· species composition (only at selected areas were ground truth is performed).

8. Frequency and time 

· Once per year covering the total area: only estimation of coverage (all macrophytes) (to be specified time of the year)

· 4-6 times per year during the period May/June to September/October (in monthly intervals): in selected larger areas where changes can be expected (to be specified on national level)

· Ground truth in parallel during or close to the time period of aerial mapping

9. Monitoring locations

· all intertidal flats in the Wadden Sea, 

· selected areas for ground truth (to be selected on the national level, existing stations to be continued, e.g. Sylt-Königshafen).

For each of the four region (The Netherlands, Niedersachsen/Hamburg, Schleswig-Holstein, Denmark), at least one sampling location per WFD water body type should be established as appropriate. The existing time series should be continued. 

[to be included: Figure 1: QSR subareas, with existing monitoring stations]

10. Assessment

OSPAR has developed a set of common assessment parameters and their corresponding area-specific assessment levels to complement the Common Procedure. Macroalgae are assessed as Category II: Direct effects of nutrient enrichment. 

In the WFD, a CIS guidance document has been prepared which focused particularly on harmonization of assessment methods and criteria across European water policy (CIS, 2005). 

For the Wadden Sea, coverage of green macroalgea (entire intertidal area) and biomass of main species/genera (selected sites) are regarded as suitable assessment parameter. The assessment has to take into account that there is no apparent direct temporal and spatial relation between macroalgae development and nutrient loads (Beusekom et al. 2005). 

Table 2: Assessment of chlorophyll and phytoplankton in the Wadden Sea.

	Parameter
	
	Assessment
	Objective (area specific)

	Chlorophyll a


	Chl-a
	Elevated maximum and mean level. 
	Stable or decreasing

	Phytoplankton


	Species composition, abundance


	Elevated levels of nuisance/ toxic phytoplankton indicator species and increase duration of blooms.
	Decreasing


11. Reporting

Data should be reported annually to the national TMAP data unit (according to the national regulations) to be available for trilateral assessments (see TMAP Data Handling Manual).
12. Quality Assurance

It is advised to implement appropriate quality assurance according to the decisions of HELCOM and ICES. 

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

Quality assurance information together with detection limits and levels of accuracy should be reported.
[to be included: reference to existing QA procedures and SOP]

13. Monitoring authorities 

Denmark
· Danmarks Miljøundersøgelser (DMU, NERI)

· Miljøministeriet, Miljøcenter Ribe

Germany
· Landesamt für Landwirtschaft, Umwelt und ländliche Räume (LLUR)
· Niedersächsischer Landesbetrieb für Wasserwirtschaft, Küsten- und Naturschutz (NLWKN)

· Alfred-Wegener Institut für Polar- und Meeresforschung (AWI)
The Netherlands

· Rijkswaterstaat Waterdienst Lelystad
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