Diatoms in lowland lakes and ponds: WFD's ugly duck needs reliable wings
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Lowland lakes and ponds present particular challenges for the implementation of the Water Framework Directive (WFD). Problematic issues with regard to phytobenthos assessment include the definition of ecological status, as well as the development of appropriate methods. These are considered from the perspective of Flanders, lower Belgium, and in particular with reference to the predominantly non-acid and shallow waters prevailing in this region.
Firstly, some of the difficulties to determine water-type specific reference conditions are illustrated. In general, documenting near-natural diatom communities in terms of taxonomic composition and abundance
 is difficult for water bodies in lower Belgium due to their regional setting and characteristics. In some respects, the pragmatic choice to focus on epiphytic diatom communities for classification purposes even adds to this, e.g., because the historical perspective on their composition at high status is limited. Consequently, substantial reliance on ‘expert judgement’ can hardly be avoided. Fortunately, the factual basis for defining good status - a societaly more important and challenged concept - is considerably larger, although the use of epiphyton keeps presenting certain difficulties. For instance, it may be less evident to consider the likelihood of undesirable secondary effects in relation to general concepts on lake-ecosystem functioning, e.g., the transition to a turbid state, at this community level. Furthermore, assumed response characteristics of taxa to pressure proxies may not be valid for this specific habitat.
Secondly, the two most important types of monitoring considered by the WFD are discussed. It is argued that status and trend monitoring, on the one hand, and operational monitoring, on the other, differ by goals, frequency as well as scope. Consequently different and complementary assessment approaches are required. 
In status and trend monitoring, overall ecological quality of an entire water body needs to be addressed as an Ecological Quality Ratio against the background of water-type-specific unimpacted conditions. In the method proposed for Flanders, this EQR is obtained from the relative abundance of selected impact-associated and impact-sensitive diatoms (Hendrickx & Denys 2005). The abundance of the former is assumed to remain below a certain treshold at good or high status, and increases progressively up to 100 % with decreasing quality, whereas the proportion of the latter allows to distinguish high from good status but is disregarded for the other classes (Figure 1). Matching these changes with an EQR scale divided into equal intervals provides a direct and transparent measure of community integrity.

Figure 1. General principle proposed for the assessment of epiphytic diatoms in status and trend monitoring of lakes in Flanders.

For each water type, both groups of taxa are identified by comparing historical and recent epiphyton assemblages, evaluating the observed distribution of taxa in relation to pressure-related variables and scrutinizing available information. Only the more unambiguous indicators are retained (e.g., Achnanthidium minutissimum s.s. is considered to belong to the impact-sensitive group only for the most strongly mineralized, naturally eutrophic, shallow freshwaters). Although emphasis for non-acid waters is on nutrient-enrichment and associated effects, other forms of impairment are also taken into account where possible. Overall, some 620 taxa recorded in Flanders are considered as either associated or sensitive to impact at present. Values for the representation of these groups at the class boundaries good/moderate and high/good, respectively, are derived from a selection of water bodies with low total phosphorus or chlorophyll a and reference to diatom samples from the period 1852-1945. So far, boundaries for moderate and poor status are set by linear interpolation but a more rational approach is being considered. Spatial and temporal variation, but also the requirement to specify the statistical reliability of the classification, require that several samples are taken into account to classify a water body. 
A comparison of the classification results for a quality-biased sample of non-acid waters distributed throughout Flanders, mainly from single epiphyton collections, with the outcome of methods proposed for the Netherlands (van der Molen et al. 2004) and Germany (Schaumburg et al. 2004) points out that the former classifies a considerably larger proportion of the Flemish waters into high status and less sites as bad, while the latter generally sets higher standards for acceptable quality (Table 1). These differences probably relate mainly to the choice of indicators and averaging procedure used in the Dutch assessment and the emphasis on very low nutrient conditions in the German method and will need to be addressed in future intercalibration.
Table 1. Classification of 162 non-acid water bodies from lower Belgium according to different WFD-proposals for phytobenthos assessment (epiphytic diatoms only; subtotals for the proportion of sites with acceptable status between brackets).

	% of water bodies
	Flanders
	Netherlands
	Germany

	high
	1.9
	25.9
	4.3

	good
	48.1 (50.0)
	21.6 (47.5)
	9.3 (13.6)

	moderate
	24.1
	32.1
	30.9

	poor
	14.2
	16.0
	50.6*

	bad
	11.7
	4.3
	-

	undetermined
	-
	-
	4.9**


* 
no distinction of poor and bad status

** 
no indicative taxa for trophic classification present
Operational monitoring focuses on the evolution of a particular pressure at sites deemed to be impaired or judged at risk. Only the most sensitive biological quality elements will be considered. If this includes the epiphytic community, its response to this pressure needs to be sufficiently specific and strong; interference by environmental background variation must be minimal. Good discrimination should extend from the moderate to the poor quality level. Compared to the EQR used for general screening, operational assessment methods are precision tools to document whether measures have the desired effect. As such, they are closer to the conventional approaches to infer water quality from diatoms in running waters. Robust transfer functions can measure community response to pressure-related variables reliably and are a possible way to interpret biotic trends. Two examples, obtained by WA-PLS calibration of c. 190 taxa from 144 samples to total phosphorus and a compound PCA score for eutrophication, are presented. The moderate quality of these models implies that, in spite of the high-rated merits of diatoms to track eutrophication, only quite substantial trends in assemblage composition will actually allow conclusions. Clearly there is some scope for further development in this area also. It may be noted that the consequences of ‘false positives’ can be substantial in operational monitoring, i.e., continuation of non-effective management. Whereas other quality elements are likely to provide corrective information in trend and status assessment thanks to the ‘one out, all out’ principle, reliance to a single set of biological indicators in operational monitoring might be equally injudicious.
Summing up, the need for a sensible and differentiated, but always critical, approach to the assessment of diatoms in the WFD is stressed. 
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� The conspicuous development of (cyano)bacterial biofilms is considered in the macrophyte assessment module.
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