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During their meeting on 10th March 2005 in Brussels, the leaders of the ECOSTAT Working Group agreed to initiate the process of developing a boundary setting protocol for application in the intercalibration exercise. The process for the development of this protocol was outlined at the ECOSTAT Working Group meeting on 15th & 16th March in Ispra.

A first draft template for the protocol and has been prepared by Peter Pollard on behalf of the Working Group Leaders. Some initial comments and a worked-out example for a hypothetical river type (Annex A) have been added by Wouter van de Bund. A second version of the template was prepared at a meeting of the Intercalibration Steering Group and Working Group leaders in Brussels on 11th May 2005. In preparing the second version, account was taken of comments received from Norway, France, Denmark, Austria, Netherlands, the Lakes Mediterranean GIG and the UK. 
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	Background




This technical paper represents a template boundary setting protocol for the purposes of the intercalibration exercise required by section 1.4.1 of Annex V to Directive 2000/60/EC. The need for this template was identified in the Intercalibration Process Guidance, adopted by Water Directors in December 2004.
The protocol deals with the setting of specific class boundaries for those metrics of the biological quality elements for which suitable assessment methods and data are available at this stage of the intercalibration exercise. It does not deal with the overall classification of the ecological status of water bodies.
The template boundary setting protocol should be completed by the GIG and for each biological quality element being intercalibrated. The protocol should be applied in accordance with the agreed approaches to intercalibration. For example, where a GIG is using a common metric method, the protocol will be applied at the GIG-level. Where the Member States are comparing their own monitoring systems, the boundary setting protocol will be applied by the individual Member States and the completed templates collated by the GIG.

Given the timeframe remaining for in the intercalibration exercise, GIGs will need to use the protocol from May 2005, in advance of its endorsement by Water Directors at the end of 2005.
It is important that the process is accessible and comprehensible to interested parties. This should be borne in mind when completing the protocol. Environmental NGOs and European representatives of different economic sectors participate in the Common Implementation Strategy. This participation provides these interested parties with means of participating in discussions on the approach. In the spirit of Article 14, Member States may wish to provide opportunities at a national level for the active involvement of the public in the development of their contributions to the completion of the template boundary setting protocol.
The protocol presumes that the GIGs have identified types or sub-types the biology of which is expected to show a broadly similar ecological response to anthropogenic disturbances. For example, the ecology of naturally oligotrophic lakes may show a significantly different characteristic response to nutrient enrichment compared to naturally eutrohic lakes.

The ECOSTAT Working Group Discussion Paper “Draft Principles of Ecological Status Classification in Relation to Eutrophication”, included in this document as Annex B, sets out a proposed common understanding of the Water Framework Directive’s normative definitions in the context of nutrient enrichment, focusing on those key principles of the normative definitions that are relevant across the water categories. This can be used as a framework to apply the class boundary setting protocol regarding eutrophication, and in particular developing the conceptual description of the effects on the biological quality element of increasing impact on the supporting elements (see Step 2).
	Step 1: Identify qualifying criteria for type-specific reference conditions




· Describe the criteria used to identify reference sites for the biological quality element:
· Identify the specific values or criteria for the relevant hydromorphological and physico-chemical conditions considered to correspond to no, or only very minor, anthropogenic alteration
· State whether it was possible to identify reference values for the biological quality element using data from reference sites:

· Were sufficient reference sites available for the type?

· Were there sufficient biological data available from reference sites? 
· If it was possible to use reference sites:

· Specify which summary statistic (e.g. median value or arithmetic mean) of the values for the biological quality elements at reference conditions were used to quantify reference conditions for the purpose of calculating EQRs
· Specify which summary statistic (e.g. 95 percentile) of the values for the biological quality elements at reference were used to identify the high-good boundary
· If it was not possible to use reference sites:

· Specify the relevant criteria used to define reference values and the high-good boundary (e.g. when using modelling methods; paleolimnological methods; expert judgement; etc)
	Step 2:

(a) Describe how the biological quality element is expected to change as the impact of the pressure or pressures on supporting elements increases
; and

(b) Relate this description to the normative definitions




· Specify the relevant pressure or combination of pressures and the associated impacts on the supporting elements that are being considered.
· Specify the quality element(s) being considered.
· In the form of a conceptual model, describe how the biological quality element(s) is expected to respond as the impact (or impacts) on the supporting elements increases
. The conceptual model should be designed to highlight key changes to ecosystem structure and function as anthropogenic disturbance increases.   
· Based on the normative definitions and the conceptual model, provide an ecological description of the condition of the biological quality element at high, good and moderate status.
	Step 3: Select suitable metric(s) of the quality element; assess whether the metric(s) responds to the gradient of impact contained in the data set; and quantify the reference conditions for the metric



This purpose of this step is to organise the data in the biological data set so that they describe the way in which the biological quality element responds to increasing impacts (i.e. they describe the degradation curve for the biological quality element)
· Select a metric (or metrics) of the quality element that is representative of the effects on the quality element predicted in the Step 2 analysis of the normative definitions
· Identify a descriptor, or composite descriptor, of the degree of impact on the relevant supporting element or elements, noting that the biological metric(s) may be affected by a combination of impacts on the supporting elements.
· Identify whether the biological metric being considered responds over the whole potential gradient of impact on the supporting element(s). If not, try to find a combination of metrics for the quality element that will together cover the whole spectrum

· Collate comparable data on the selected biological metric or metrics from a range of sites subject to varying degrees of anthropogenic impact, including reference sites if possible. 
· If the metric shows relationships with the impact gradient:

(i) Quantify the reference conditions and the high-good boundary following the procedure outlined in step 1

(ii) Continue with step 4
· If the metric shows no relationship with the impact gradient represented in the dataset, the boundary setting process for this metric cannot proceed. In such cases:

(i) The use of another metric of the quality element should be considered;

(ii) The collection of better data on the original metric of the quality element should be considered; and
(iii) The appropriateness of the way in which the impact gradient has been defined should be considered (e.g. Are other pressures acting? Is the definition of the impact gradient sufficiently type-specific?)
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	Step 4: Identify if there are any discontinuities in the relationship between the metric and the gradient of impact represented by the data set




· If there are distinct discontinuities in the relationship between the biological metric and the gradient of impact represented in the data set, specify how the values for the discontinuity are derived from the data and proceed to Step 5. If not, proceed to Step 6
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	Step 5: Determine if the discontinuity relates to a class boundary or a class centre




· Compare the data at the discontinuities with the Step 2 analysis of the normative definitions
· Decide if the discontinuities correspond to class centres or class boundaries and identify to which classes they relate
· Set out the reasons for the decision and set class boundaries accordingly
· Specify how errors in the estimate of the class boundaries or class centres are taken into account in setting class boundaries
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	Step 6: Taking account of the results of Step 2, assess whether class centres or class boundaries can be located using paired metrics



· Select appropriate paired metrics based on the Step 2 analysis of the normative definitions
Example 1: Step 2 analysis predicst that paired metrics of the quality element respond in different ways to the influence of the pressure (e.g. % sensitive taxa compared to % of impact taxa for benthic invertebrates in rivers and lakes)
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Example 2: Step 2 analysis predicts secondary effects as the metric of the quality element becomes increasingly impacted (e.g. increase in phytoplankton biomass leading to secondary effects on macrophytes – normative definitions for phytoplankton in lakes)
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· Assess the relationship between the paired metrics across the gradient of impact represented by the data set

· If there is an ecologically relevant interaction between paired metrics
, proceed to Step 7.

· If no relationships are found between any paired metrics, try to obtain better data on the metrics. If this does not improve the situation, proceed to Step 8

	Step 7: Determine whether values derived from the paired metric analysis correspond to class centres or class boundaries



· Take account of the Step 2 analysis of the normative definitions to decide if the values derived from the paired metric assessments correspond to a class centre or a class boundary, and to which classes they relate
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· Specify how the values derived from the paired metric assessments are used to determine the good-moderate class boundary
· Specify how the error associated with the estimates from the paired metric assessments are taken into account in setting the boundary

	Step 8: Setting class boundaries if the relationship between the quality element and the pressure gradient is a continuum and Step 6 has failed to identify boundaries based on paired metric assessments



· How should boundaries be identified in this situation?

Example approach

· As a starting point, divide the continuum of impact below the high-good boundary (established in Step 1) into four equal width classes. If the data set does not cover the full spectrum of impact, divide the data set below the high-good boundary into an appropriate number of equal width classes
· Examine the values of the metric of the quality element represented in the good and moderate status class boundaries and compare the ecological meaning of these values with the Step 2 analysis of the normative definitions (e.g. no major reference taxonomic groups of benthic invertebrates should be absent at good status – normative definitions for rivers and lakes)
· Revise the boundaries until the values represented in the good and moderate status classes are consistent with the descriptions provided by the Step 2 analysis of the normative definitions
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Annex A: Example of filled-in class boudary setting protocol for a hypothetical river type using macroinvertebrates

	Step 1: Identify qualifying criteria for type-specific reference conditions




· Describe what constitutes a reference (high status) site

· Identify criteria for values for the hydromorphological and physico-chemical conditions that correspond to no, or only very minor, anthropogenic alteration
The values and criteria for the key relevant supporting elements considered appropriate in defining reference conditions should be set out in tabular format. 
	Tool 1 from the REFCOND Guidance was used as a starting point

	
	REFCOND-Guidance
	GIG interpretation

	General statement
	High status or reference conditions is a state in the present or in the past corresponding to very low pressure, without the effects of major industrialisation, urbanisation and intensification of agriculture, and with only very minor modification of physico-chemistry, hydromorpology and biology.
	High status or reference conditions is a state in the present or in the past corresponding to very low pressure, without the effects of major industrialisation, urbanisation and intensification of agriculture, and with only very minor modification of physico-chemistry, hydromorpology and biology.

	Diffuse source pollution
	
	

	Land-use intensification: Agriculture, forestry
	Pre-intensive agriculture or impacts compatible with pressures pre-dating any recent land-use intensification. Pressures pre-dating any recent intensification in airborne inputs that could lead to water acidification.
	No artificial use of land according to first level Corine categories
Agricultural use less than 25% according to first level Corine categories. However, the majority (81.4%) of the reference sites proposed for the North of Spain have agricultural uses <15%


	Point source pollution
	
	

	Specific synthetic pollutants
	Pressures resulting in concentrations close to zero or at least below the limits of detection of the most advanced analytical techniques in general use (A Selection process for relevant pollutants in a river basin is presented as an example of best practice in section 6 of the guidance document from Working Group 2.1, IMPRESS).
	There are not discharge of this nature upstream in the basin 


	Spec. non-synthetic pollutants
	Natural background level/load (see reference above)
	Natural background level/load


	Other effluents/discharges


	No or very local discharges with only very minor ecological effects.
	Effluents/discharges <3000 m3/year are considered as having minor ecological effects



	Morphological alterations
	
	

	River morphology
	Level of direct morphological alteration, e.g. artificial instream and bank structures, river profiles, and lateral connectivity compatible with ecosystem adaptation and recovery to a level of biodiversity and ecological functioning equivalent to unmodified, natural water bodies


	Lacking any artificial instream and bank structures that disrupt natural hydromorphological processes, and/or unaffected by any structures outside the site; bed and banks composed of natural materials

Lateral connectivity and freedom of lateral movement 
Lacking any instream structural modifications (weirs or dams) that affect the longitudinanl connectivity and natural movement of sediment, bed-load, water and biota (except for natural waterfalls).


	Water abstraction
	
	

	water abstraction
	Levels of abstraction resulting in only very minor reductions in flow levels or lake level changes having no more than very minor effects on the quality elements.


	Only very minor reductions in flow levels changes having no more than very minor effects on the quality elements. Absence of significant reduction levels upstream.

	Flow regulation
	
	

	River flow regulation
	Levels of regulation resulting in only very minor reductions in flow levels or lake level changes having no more than very minor effects on the quality elements.
	Only very minor reductions in flow levels changes having no more than very minor effects on the quality elements. Absence of significant flow regulation upstream.

	Riparian zone vegetation
	
	

	
	Having adjacent natural vegetation appropriate to the type and geographical location of the river.
	Riparian vegetation appropriate to the type and geographical location of the river. Maintenance of lateral conectivity with natural terrestrial adjacent  vegetation

	Biological pressures
	
	

	Introductions of alien species

	Introductions compatible with very minor impairment of the indigenous biota by introduction of fish, crustacea, mussels or any other kind of plants and animals.

No impairment by invasive plant or animal species.
	No impairment by invasive plant or animal species

	Fisheries and aquaculture


	Fishing operations should allow for the maintenance of the structure, productivity, function and diversity of the ecosystem (including habitat and associated dependent and ecologically related species) on which the fishery depends

Stocking of non indigenous fish should not significantly affect the structure and functioning of the ecosystem..

No impact from fish farming. 
	Stocking of non indigenous fish not significantly affecting the structure and functioning of the ecosystem.

No impact from fish farming. 

	Biomanipulation
	No biomanipulation.
	No biomanipulation

	Other pressures
	
	

	Recreation uses
	No intensive use of reference sites for recreation purposes (no intensive camping, swimming, boating, etc.)
	No intensive use of reference sites for recreation purposes


· Evaluate if it is possible to set reference values for biological quality elements using data from reference sites:

· Are sufficient reference sites available for the type?

· Is there sufficient biological data available from reference sites? 

	Within the GIG there are sufficient reference sites available for the selected type, according to the criteria specified above. A consistent dataset is available through the AQEM project, for benthic macroinvertebrates. The dataset comprises xx rivers. Not all countries in the GIG are covered, but data available are representative for the intercalibration type.


· If it is possible to use reference sites:

· Specify which summary statistic (e.g. median value or arithmetic mean) of the values for the biological quality elements at reference is used to quantify values for reference conditions
· Specify which summary statistic (e.g. 95 percentile) of the values for the biological quality elements at reference is used to quantify values for the high-good boundary
	The reference value should coorespond to the median of the values for the biological quality element (metrics) at sites meeting the qualifying criteria
The high-good boundary should correspond to the 95 percentile of the tail of the distribution of values for the biological quality element (metrics) at sites meeting the qualifying criteria


	Step 2: Relate the expected effects of the pressure being considered on the quality element(s) being considered to the normative definitions




· Specify the pressure or particular combination of pressures addressed

	General degratation – combination of organic and hydromorphological pressure


· Specify the quality element(s) addressed

	Benthic macroinvertebrates


· Describe how the pressure or pressure combination is expected to affect the quality element(s) (as a conceptual model)

	With increasing pressure there is a gradual decrease of ecological quality:

· decreasing diversity

· decrease of the ratio sensitive taxa/tolerant taxa

· Increasing abundance and biomass

Abrupt changes only do not occur until a level of degradation is reached that is generally perceived as ‘poor’


· Provide an ecological description of the high, good and moderate status in relation to the conceptual model
	High status equals reference conditions. There is no measurable impact on macroinvertebrate diversity, sensitive taxa vs. tolerant taxa, abundance, and biomass.

Good status is characterised by a slight deviation from the reference conditions described above. The changes that occur at this stage are all gradual and reversible.

Moderate status is characterised by a moderate deviation from the reference conditions described above. The changes that occur at this stage are still gradual and reversible.

At poor status irriversible changes start to occur. Sensitive taxa are absent, only few opportunistic species remain. Abundance and biomass decline as a result of anoxic conditions.

At bad status also tolerant taxa are absent


	Step 3: Select suitable metric(s) of the quality element, identify whether it has a relationship related to the gradient of impact contained in the data set, and quantify reference conditions



· Select a metric (or metrics) of the quality element that is representative of the effects predicted in the Step 2 analysis of the normative definitions
	Multimetric index (ICMi), calculated as the weighted average value of the following metrics (example from STAR deliverable 11). The metric can vary between 0 (very low quality) and 1 (very high quality)
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· Identify a descriptor for the pressure considered in the Step 2 analysis of the normative definitions, noting that the gradient may result from a combination of pressures 

	……

…..

……

…..


· Identify whether the biological metric being considered responds over the whole pressure gradient. If not, try to find a combination of metrics for the quality element that will together cover the whole spectrum

	The multimetric index is expected to respond over the whole pressure gradient.


· Collate data on the selected metric or metrics from a range of sites subject to varying degrees of pressure, including reference sites if possible
	Data from xxx sites have been compiled. The (estimated) ecological status ranges from high to th the moderate-poor class boundary (where abrupt changes start to occur). The dataset contains xxx sites that are classified as reference (high status) sites following the criteria specified above.

[some information regarding distribution of sites over the GIG countries, sources of the data, and where the data is stored can be added]
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· If the metric shows relationships with the pressure gradient:

(i) Quantify reference conditions and the high-good boundary following the procedure outlined in step 1

(ii) Continue with step 4

	The ICMi showed a linear relationship with the pressure gradient, with no discontinuities (see Figure above).

The reference value for the ICMi, defined as the median value of the reference sites, is x

The high-good boundary for the ICMi, defined as the 95 percentile of the high status sites, is y


	Step 4: Identify if there are any discontinuities in the relationship between the metric and the gradient of impact represented by the data set




· If there are distinct discontinuities in the relationship between the biological metric and the gradient of impact represented in the data set, specify how the values for the discontinuity are derived from the data and proceed to Step 5. If not, proceed to Step 6

	No discontinuities are identified for the multimetric index (in the dataset available).




	Step 5: Determine if the discontinuity relates to a class boundary or a class centre




	Not applicable


	Step 6: Taking account of the results of Step 2, assess whether class centres or class boundaries can be located using paired metrics




· Select appropriate paired metrics based on the Step 2 analysis of the normative definitions

	Number of sensitive taxa vs. number of tolerant taxa [provide more detailed description and reference].

A high-quality dataset is available [provide reference] quantifying the response of these two metrics ranging from reference conditions to bad status (no benthic invertebrates present due to anoxia)


· Assess the relationship between the paired metrics across the gradient of impact represented by the data set


	With increasing pressure, there is first a gradual increase of the number of tolerant taxa, with the number of sensitive taxa inially remaining largely unaffected. At a high level of pressure the number of sensitive taxa drastically decreases. At even higher pressure, the number of tolerant taxa also declines.


· If there is an ecologically relevant interaction between paired metrics
, proceed to Step 7.

	Step 7: Determine whether values derived from the paired metric analysis correspond to class centres or class boundaries




· Take account of the Step 2 analysis of the normative definitions to decide if the values derived from the paired metric assessments correspond to a class centre or a class boundary, and to which classes they relate
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	Within the range high-moderate status, changes in the number sensitive taxa and the number of tolerant taxa are gradual. At the moderate-poor class boundary sensitive taxa start to diappear. Within the poor class both sensitive and tolerant taxa decline. At bad status benthic macroinvertebrates are absent.


· Specify how the values derived from the paired metric assessments are used to determine the good-moderate class boundary

	The paired metrics analysis gives no clues for setting the good-moderate boundary, but can be used for setting the moderate-poor and poor-bad boundary, that are beyond the scope of the intercalibration exercise.




· Specify how the error associated with the estimates from the paired metric assessments are taken into account in setting the boundary

	……….


	Step 8: Setting class boundaries if the relationship between the quality element and the pressure gradient is a continuum and Step 6 has failed to identify boundaries based on paired metric assessments




	Most Member States in the GIG have been able to apply the common metric (ICMi) to their own data sets, and established a (quantitative) relationsip between the ICMi and their national assessment results. Some countries have not been able to establish such a relationship due to lack of data.

The comparison shows that there are no significant differences between participating countries in the high-good and the good-moderate boundary [provide reference and statistical backing].

Because all participating countries have used the agreed criteria to set their reference conditions (outlined in step 1), it can be concluded that there is a broad consensus within the GIG on refererence conditions, the high-good and the good-moderate boundaries;

This consensus translates into the following values for the ICMi:

Reference value – x

HG boundary – y

GM value - z

These boundary values are consistent with the interpretation of the normative definitions (Step 2). The high-good and good-moderate boundaries are both in the range where changes are gradual and reversible.

This interpretation of the normative definitions is supported by all countries in the GIG (including tho countries that have not been able to contribute to the analysis) 


Annex B: ECOSTAT Working Group Discussion Paper

Draft Principles of Ecological Status Classification in Relation to Eutrophication (abridged)

1. Interpretation of ecological status in the context of the impacts of nutrient enrichment
1.1 The following Sections set out a proposed common understanding of the Water Framework Directive’s normative definitions in the context of nutrient enrichment. Such an understanding is necessary to underpin the intercalibration exercise and the design of monitoring programmes. The proposed understanding focuses on those key principles of the normative definitions that are relevant across the water categories.
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Figure 1: Conceptual model of some of the interrelated effects that may result from nutrient enrichment

Most sensitive biological quality elements

1.2 As a general rule, aquatic flora quality elements  (see Table 1) will be more sensitive to nutrient conditions than benthic invertebrates or fish fauna. The relative ‘sensitivity’ of different aquatic flora to nutrient enrichment may vary, depending on local circumstances. Sensitivity is likely to depend on a balance of factors such as how reliably the condition of a quality element can be measured; how resistant and resilient the quality element is to changes in nutrient concentrations; and how rapidly it exhibits effects of such changes.

	Table 1: Relevant aquatic flora in the different surface water categories

	Rivers and lakes
	Transitional and coastal waters

	Phytoplankton
	Phytoplankton

	Phytobenthos
	Macroalgae

	Macrophytes
	Angiosperms


1.3 Phytoplankton
, phytobenthos
 and macroalgae derive their nutrients from the water column and, under the right conditions, can colonise, grow and reproduce quickly. As a consequence, they tend to respond rapidly to changes in nutrient concentrations. This means that assessments based on one or more of these quality elements may be capable of providing early indication of the impact of nutrient enrichment and so enable the timely implementation of appropriate measures. However, these quality elements can also be characteristically highly variable. This may make reliable assessments of their condition difficult.

1.4 Rooted macrophytes and angiosperms derive their nutrients from sediments or from a combination of sediments and the water column. Their response to nutrient enrichment tends to be slower than that of phytoplankton, phytobenthos and macroalgae
. However, the generally lower variability of macrophytes and angiosperms compared to phytoplankton, phytobenthos and macroalgae may enable reliable assessments to be achieved more easily. On the other hand, this relative ‘stability’ means that assessments based solely on macrophytes and angiosperms may in some situations fail to provide early warning of the onset of eutrophication
. Macrophytes and angiosperms may also readily respond to the effects of other pressures, such as lake level modifications, and this may confound the interpretation of monitoring results.

1.5 In some aquatic ecosystems (e.g. some shallow lakes), macrophytes may be naturally dominant and abundant. In such systems, it may be clear that macrophytes are the most appropriate quality element to use for assessing the impact of nutrient enrichment. However, in most cases the decision on which quality element to use will require a judgement on whether, given the characteristics of the water body, the merits of the generally more rapid response of phytoplankton, phytobenthos and macroalgae compared to that of rooted macrophytes and angiosperms outweighs the merits of the generally lower variability and hence slower but perhaps more easily monitored response of macrophytes and angiosperms. In some cases, the information necessary to choose between the quality elements may not be adequate and the use of a combination of slow and fast responding elements may be appropriate. 
1.6 In some coastal water body types, there may be real practical difficulties in reliably assessing the condition of phytoplankton, macroalgae or angiosperms. Where this is the case, the only option for achieving a reliable assessment may be to make use of additional monitoring information for other biological quality elements. For example, it may be possible to infer the status of the water body by assessing the degree of secondary effects resulting from accelerated algal or higher plant growth on benthic invertebrates.

Normative definitions

1.7 General interpretations of the Water Framework Directive’s normative definitions
 for phytoplankton, macroalgae, phytobenthos and macrophytes at high, good and moderate ecological status are given in Annex I to this paper. The development of a common understanding of the degree of anthropogenic alteration represented by moderate ecological status is particularly important
. Such an understanding will help the intercalibration exercise assess whether the good-moderate boundary values identified by Member States are consistent with the normative definitions and comparable between Member States. It will also allow comparison of the ecological status classes with the criteria for identifying nutrient sensitive areas, in accordance with Article 5 and Annex II A.(a) of the Urban Waste Water Treatment Directive; and waters affected by pollution and waters which could be affected by pollution, in accordance with Article 3 and Annex I A(3) of the Nitrates Directive.

Shared principles in the normative definitions for the different water categories

1.8 The type-specific conditions defined for good and for moderate ecological status in rivers, lakes, transitional waters and coastal waters represent equivalent stages in the process of eutrophication in the different ecosystems.
1.9 The same key status conditions apply to phytoplankton, macroalgae, phytobenthos and macrophytes across the different water categories. However, the conditions are sometimes expressed in the Annex V normative definitions using different wording. For example, according to the normative definitions, phytoplankton biomass in coastal waters would be expected to be impacting on other biological quality elements if the water body were at moderate status. It is also clear that the likelihood of these impacts being significant would increase from very low at the boundary between good and moderate status to a high probability at poor status. This understanding is compatible with the condition for phytoplankton biomass at moderate status in the other surface water categories. The normative definitions for rivers, lakes and transitional waters indicate that at moderate status phytoplankton biomass may be such as to result in significant impacts on other biological quality elements. This indicates that, as with coastal waters, there is a higher probability at poor status of significant impacts on other biological quality elements being present than there is at the good-moderate boundary (see paragraphs 1.16 – 1.19, Figure 2 and Tables 4a-c in Annex 1).

Description given for phytoplankton biomass, macroalgal cover and average phytobenthic and average macrophytic abundance

1.10 A moderately changed phytoplankton biomass, macroalgal cover or average phytobenthic and macrophytic abundance is one that has some potential to (i.e. “may be such as to..”) give rise to a ‘significant undesirable disturbance’ (see Table 2 below) in the condition of other biological quality elements or in the physico-chemical quality of the water (or sediments).

1.11 The condition of phytoplankton, phytobenthos, and macroalgae would not be consistent with good status unless there was a negligible probability (i.e. risk) that accelerated algal growth (i.e. an increasing phytoplankton biomass
; macroalgal cover
; or average phytobenthic abundance
) would result in a significant undesirable disturbance to the aquatic ecosystem (see Figure 2). The condition of macrophytes and angiosperms would not be consistent with good status unless there was a negligible probability (i.e. risk) that accelerated growth of higher forms of plant life (i.e. an increasing average macrophytic
 or angiosperm
 abundance) would result in a significant undesirable disturbance to the aquatic ecosystem.

1.12 As nutrient enrichment increases, both the probability of undesirable disturbances occurring and the severity of those disturbances will increase. At poor and bad ecological status, undesirable disturbances would be expected to occur frequently and the impacts of these disturbances on the aquatic ecosystem and the quality of the water and sediment would be expected to be major or severe.

1.13 Moderate status is therefore the ‘transition’ class between good status, in which significant undesirable disturbances resulting from nutrient enrichment are not present, and poor status, in which such significant undesirable disturbances would be expected to be common place.
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Figure 2: Once phytoplankton biomass; macroalgal cover; average phytobenthic abundance; average macrophytic abundance or angiosperm abundance has reached levels at which the probability of a significant undesirable disturbance to the aquatic ecosystem is no longer negligible, the condition of the water body would not be consistent with good status
Undesirable disturbance

1.14 A significant undesirable disturbance
 is a direct or indirect anthropogenic impact on an aquatic ecosystem that appreciably degrades the health or threatens the sustainable human use of that ecosystem. Table 2 provides a general list of significant undesirable disturbances that may result from the accelerated growth of algae or higher forms of plant life. For a water body to be at good status, there must be a negligible probability of such disturbances being present as a result of human activity (see paragraph 1.16 – 1.19).
	Table 2: Significant undesirable disturbances
 that may result from accelerated growth of phytoplankton, macroalgae, phytobenthos, macrophytes or angiosperms

	(a) Causes the condition of other elements of aquatic flora in the ecosystem to be moderate or worse (e.g. as a result of decreased light availability due to increased turbidity & shading)

	(b) Causes the condition of benthic invertebrate fauna to be moderate or worse (e.g. as a result of increased sedimentation of organic matter; oxygen deficiency; release of hydrogen sulphide; changes in habitat availability)

	(c) Causes the condition of fish fauna to be moderate or worse (e.g. as a result of oxygen deficiency; release of hydrogen sulphide; changes in habitat availability)

	(d) Compromises the achievement of the objectives of a Protected Area for economically significant species (e.g. as a result of accumulation of toxins in shellfish)

	(e) Compromises the achievement of objectives for a Natura Protected Area

	(f) Compromises the achievement of objectives for a Drinking Water Protected Area (e.g. as a result of disturbances to the quality of water)

	(g) Causes a change that is harmful to human health (e.g. shellfish poisoning; wind borne toxins from algal blooms)

	(h) Causes a significant impairment of, or interference with, amenities and other legitimate uses of the environment (e.g. impairment of fisheries)

	(i) Causes significant damage to material property


Description given for taxonomic composition of phytoplankton, phytobenthos, macrophytes, macroalgae and angiosperms

1.15 In many water bodies in the Community, the impacts resulting from increases in the biomass of phytoplankton; the cover of macroalgae; or the average abundance of phytobenthos and macrophytes may be the most ecologically significant effects of nutrient enrichment.

1.16 Accelerated growth of algae or higher forms of plant life may also cause ecologically undesirable changes in the balance of phytoplankton, phytobenthic, macrophyte, macroalgal or angiosperm taxa (i.e. more than a slight change). For example, in transitional and coastal waters nuisance macroalgal taxa may increase at the expense of other macroalgal taxa.
1.17 In some cases, undesirable disturbances in the balance of the taxonomic composition of a plant quality element may occur at a level of nutrient enrichment that is insufficient to produce a plant biomass that has potential to be the cause of significant undesirable disturbances to other quality elements (Figure 3). 
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Figure 3: Ecologically undesirable changes in the balance of aquatic flora taxa may occur earlier along an increasing nutrient enrichment gradient than ecologically undesirable disturbances resulting from changes in the biomass of that flora (e.g. in some lakes that at reference conditions are low in nutrients and plant biomass) 

Ecologically undesirable changes in the composition of aquatic flora

1.18 The condition of phytoplankton, phytobenthos, macrophytes, macroalgae or angiosperms would not be consistent with good ecological status where, as a result of anthropogenic nutrient enrichment, changes in the balance of taxa had occurred that are likely to adversely affect the functioning of the ecosystem (see Table 3). For a water body to be at good status, there must be a negligible probability of such disturbances to the balance of taxa being present. At poor and bad status, undesirable disturbances in the balance of plant taxa are likely to be common place and major or severe in character. For example, a large proportion of the functional groups of taxa associated with reference conditions would be expected to be absent in a water body at bad status.

1.19 Moderate status represents a transition state in which undesirable disturbances in the balance of plant quality element taxa are starting to develop but the disturbances are neither common place nor major or severe in character.

	Table 3: Examples of ecologically significant undesirable changes to the balance of taxa

	Moderate conditions

The composition of taxa differs moderately from type-specific conditions such that:
	Poor or bad conditions

	· A nutrient-tolerant functional group
 of taxa  that is absent or rare at reference conditions is no longer rare
	· The balance of functional groups of taxa is dominated by nutrient-tolerant functional groups normally absent or rare under reference conditions  

	· A moderate number of taxa is absent or rare compared to reference conditions such that a functional group of taxa is in significant decline; or

· The condition of the functional group of taxa is exhibiting clear signs of stress such that there is a significant risk of localised extinctions at the limits of its normal distributional range
	· One or more functional groups of taxa or a keystone species normally present at reference conditions has become rare or absent

· The distribution of a functional group of plant taxa is so restricted compared to reference conditions that a significant loss of function has occurred (e.g. Invertebrates or fish are in significant decline because of the loss of habitats normally provided by functional groups of macrophyte; macroalgal or angiosperm taxa) 

	· A group of taxa or a species of significant conservation importance normally present at reference conditions is in significant decline 
	· A group of taxa or a species of significant conservation importance normally present at reference conditions has become rare or absent


Annex 1: General interpretation of normative definitions

Notes: The condition of a quality element may be estimated based on monitoring information for an appropriate indicator parameter or a combination of such indicator parameters. Guidance on combining the results for several parameters to improve confidence in assessments is provided in CIS Guidance on the Classification of Ecological Status.
	Table 4a: Key components of the definitions for high, good and moderate status in the normative definitions for phytoplankton (all water categories)

	
	Ecological status class

	Phytoplankton
	High
	Good
	Moderate

	Taxonomic composition
	If corresponds totally, or nearly totally, to undisturbed conditions
	If differs slightly from reference (i.e. high status) conditions but not to the extent that there is an undesirable disturbance to the balance of organisms (see Table 3) or to the physico-chemical quality of the water or sediment
	If differs moderately from reference conditions

e.g. if there are undesirable disturbances in the balance of phytoplankton taxa (see Table 3)

	Biomass
	If consistent with reference physico-chemical conditions, including transparency
	If differs slightly from reference conditions but not to the extent that it produces an undesirable disturbance in the condition of other biological quality elements or the physico-chemical quality of the water or sediment (see Table 2)
	If differs moderately from reference condition such that it may produce (see paragraph 1.19) a significant undesirable disturbance to the condition of other biological quality elements or to the physico-chemical quality of the water or sediment (see Table 2)

	Frequency and intensity of planktonic blooms

	If consistent with reference physico-chemical conditions
	If showing a slight increase compared to reference conditions
	If showing a moderate increase compared to reference conditions or if persistent summer blooms occur


	Table 4b: Key components of the definitions for high, good and moderate status in the normative definitions for macroalgae (transitional and coastal waters)

	
	Ecological status class

	Macroalgae
	High
	Good
	Moderate

	Taxonomic composition of macroalgae
	If consistent with undisturbed conditions

(e.g. all disturbance sensitive taxa are present)
	If differs slightly from reference conditions but not to the extent that there is an undesirable disturbance to the balance of organisms (see Table 3) or to the physico-chemical quality of the water
	If differs moderately from reference conditions

e.g. if there are undesirable disturbances in the balance of macroalgal taxa (see Table 3)

	Macroalgal cover
	If there are no detectable changes in macroalgal cover due to human activities 


	If differs slightly from reference conditions but not to the extent that it produces an undesirable disturbance to the condition of other biological quality elements or the physico-chemical quality of the water (see Table 2)
	If differs moderately from reference conditions such that it may produce (see paragraph 1.19) a significant undesirable disturbance to the condition of other quality elements or the physico-chemical quality of the water (see Table 2)


	Table 4c: Key components of the definitions for high, good and moderate status in the normative definitions for phytobenthos and macrophytes (rivers and lakes)

	
	Ecological status class

	Macrophytes/

phytobenthos
	High
	Good
	Moderate

	Taxonomic composition 
	If taxonomic composition of phytobenthos and macrophytes corresponds totally or nearly totally to undisturbed conditions
	If the composition of phytobenthos differs slightly from reference conditions but not to the extent that:

(a) There is an undesirable disturbance to the balance of organisms (see Table 3) or to the physico-chemical quality of the water;

(b) The phytobenthic community is adversely affected by bacterial tufts and coats

If the composition of macrophytes differs slightly from reference conditions but not to the extent that there is an undesirable disturbance to the balance of organisms (see Table 3) or to the physico-chemical of the water


	If the composition of phytobenthos differs moderately from reference conditions  e.g. if there are undesirable disturbances to the balance of phytobenthic taxa (see Table 3)

If, in some areas, the phytobenthic community is displaced by bacterial tufts and coats

If the composition of macrophytes differs moderately from reference conditions e.g. if there are undesirable disturbances in the balance of macrophytic taxa (see Table 3)

	Abundance
	If there are no detectable impacts on average phytobenthic abundance

If there are no detectable impacts on average macrophytic abundance
	If average phytobenthic abundance differs slightly from reference conditions but not to the extent that there is an undesirable disturbance in the condition of other biological quality elements or to the physico-chemical quality of the water or sediment (see Table 2)

If average macrophytic abundance differs slightly from reference conditions but not to the extent that there is an undesirable disturbance to the condition of other biological quality elements or to the physico-chemical quality of the water (see Table 2)
	If average phytobenthic abundance differs moderately from reference conditions such that it may produce (see paragraph 1.19) an undesirable disturbance in the condition of other biological quality elements or the physico-chemical quality of the water or sediment (see Table 2)

If average macrophytic abundance differs moderately from reference conditions such that it may produce (see paragraph 1.19) an undesirable disturbance in the condition of other biological quality elements or the physico-chemical quality of the water or sediment (see Table 2)


� The direct effects of most pressures are on the supporting elements (i.e. physico-chemical conditions and hydromorphological conditions). The changes in these supporting elements lead to impacts on biological quality elements. Relatively few pressures act directly on the biological quality elements (e.g. fishing). If relevant, the effects of such pressures should be taken into account when using the protocol 


� An example of a general, rather than a type-specific, conceptual model is set out in Annex B.


� If it is not possible to calculate metrics responding over the whole spectrum of the impact gradient, ensure a metric is selected that shows a response likely to span at least high, good and moderate status


� e.g. a cross-over point (example 1) or step changes occurring in a secondary effect at distinct values of the biological element (example 2)


� This is a worked-out hypothetical example of how the boundary setting protocol may be filled for specific river types (done by Wouter van de Bund, JRC)


� If it is not possible to calculate metrics responding over the whole spectrum of the pressure gradient, ensure a metric is selected that shows a response likely to span at least high, good and moderate status


� e.g. a cross-over point (example 1) or step changes occurring in a secondary effect at discinct values of the biological element (example 2)


� In many rivers, the constant flow of water means that true phytoplankton communities may not develop. Although mentioned in Annex V 1.2.1 of the Directive as one of the aquatic flora quality elements, phytoplankton will not be a relevant quality element in all rivers.  The most likely cases in which phytoplankton may be a relevant quality element are large, slow flowing rivers or rivers affected by impounding works.


� Phytobenthos are defined here as flora that obtain their nutrients from the water column and live attached to substrate or to other flora on the bed of rivers or lakes. Member States may use monitoring and assessment systems based on species or groups of species representative of the quality element as a whole. For phytobenthos assessments may be based on, for example, diatoms; freshwater macroalgal species; etc)


� Suspended or free-floating macrophytes generally respond directly and rapidly to nutrient enrichment and may therefore be useful in detecting the early onset of eutrophication


� In some situations, nutrient enrichment may result in high nutrient concentrations occurring first in particular parts of a water body (e.g. a lake shore zone near the sources of nutrient inputs). Assessments of the condition of quality elements prevalent in these parts of the body may help detect the effects of eutrophication before responses can be detected in quality elements prevalent in other parts of the water body (e.g. in open water parts of a lake)


� Tables 1.2.1 – 1.2.4 of Annex V to the Water Framework Directive


� NB: A wide range of anthropogenic pressures, or combinations of such pressures, may cause the condition of aquatic flora quality elements to be moderate or worse - not just nutrient enrichment


� Rivers, lakes, transitional waters or coastal waters


� Transitional waters or coastal waters


� Rivers or lakes


� Rivers or lakes


� Transitional waters or coastal waters


� The Water Framework Directive’s normative definitions state that biomass may be such as to produce a significant undesirable disturbance at moderate status (e.g. see Table 1.2.1 – 1.2.4)


� If eutrophication were to lead to an environmental quality standard for a specific pollutant being exceeded (e.g. through changes to the conditions in sediments), this would also constitute a significant undesirable disturbance 


� Functional groups of taxa are different groups of taxa within a biological quality element that serve particular ecological roles


� Phytoplankton blooms occur naturally, and their intensity and frequency also varies naturally depending on the water body characteristics. This should be born in mind in assessing whether a bloom indicates eutrophication problems. Anthropogenically induced blooms tend to be much more intense and persistent than natural blooms. 
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