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1. Lakes
1. The existing typology for Lithuanian lakes is very simple and comprises one size group (A >50 ha) subdivided in 3 depth classes: 0-3 m, 3-9 m, >9 m.

a. proposed criteria (alkalinity and water colour) for further subdivision have not yet been implemented and tested

b. there is no obvious correspondence between the present WFD typology and the Habitats Directive typology

The existing typology excludes the important size group A <50 ha.

The simple typology means that it is unclear how to approach monitoring of the biological elements and how to move from the overall level to the operational level.

And since a scientifically well-founded typology is the precondition for establishment of reference conditions (reference conditions must be established for each type) and for establishment of a true scale or measure of ecological quality (not all types can be measured by the same quality scale), the simple typology blocks the development process.

The fact that development process is not uni-directional (formulation of typology  establishing reference conditions development of monitoring methods  monitoring  quality assessment) but rather an iterative feedback process complicates the development process itself. 

Which means that with limited data one cannot expect just to formulate a typology and then establish reference conditions and formulate measures of ecological status. Especially not when correspondence with the NATURA 2000 habitat types must be established. 

Instead one must make “a best bid” typology, based on the existing knowledge, be it own knowledge or the knowledge of others. This is the point of departure. And this is where the process seems to have stopped in the case of lakes in Lithuania although the DANCEE report strongly suggests analysing the relevance of using also alkalinity and water colour as dividing criteria. And although the report also contains some suggestions regarding water chemistry and biological elements.

The aquatic vegetation - dividing criteria, typology and reference conditions

A Danish study has showed that alkalinity is a strong natural determinator to the distribution of aquatic plant species. If one takes a closer look at the different lake types formulated in the Habitats Directive, they will all lie on an alkalinity gradient. Thus, by identifying an adequate number of alkalinity intervals and by that making a subdivision of the existing depth-related types, one should be able to place all of the NATURA 2000 lake types within one of the WFD lake types.

The NATURA 2000 lake types are defined on basis of the species composition of the aquatic vegetation, and therefore the species composition is the primary dividing criterion. The WFD also operates with species composition as an important criterion, and it can easily be concluded, that the species composition of the lake vegetation is an important monitoring variable.

However, many lakes contain vegetation that comprises species from not only one but more NATURA 2000 types. Therefore a simple species list per se may not be an adequate monitoring variable. By adding the abundance (frequency, cover etc.) of each species, we may obtain a more true picture of the vegetation type. And thus we may obtain a better basis for a correct classification of any lake in terms of NATURA 2000 types.

The DANCEE report contains suggestions for the number of submersed species required to be present at reference conditions in the 3 types of lakes. More than 13 species are required, but this requirement is obviously not necessarily a realistic quality objective. Some of the NATURA 2000 types may by nature not contain more than 13 species and implementation of this criterion may lead to misclassification of the ecological status.

Regardless of the lake type the depth distribution of the submersed vegetation is determined by the clarity of the water.

Water colour (primarily caused by humic substances) is the primary natural factor influencing the light penetration into the water column, and since humic substances strongly absorb the photosynthetically active part of the light spectrum, the water colour is a strong determinator to the depth distribution of the submerse vegetation and partly also to the species composition.

In the lower end of the water colour spectrum there is but little effect of the colour in the depth distribution of the submerse vegetation and no effect on the species composition. In the middle range the depth distribution is affected and there may be some changes of the species composition. In the high end of the spectrum the light attenuation is strong and the depth distribution is very significantly reduced. In addition the species composition is often significantly changed, often in the form of a strong reduction of the number of species.

Alkalinity, pH and water colour are all variables that are fairly easy to measure. However, all three variables may vary significantly over time, and to obtain a true and adequate picture of the levels several measurements per year are needed, not least as regards the water colour.

The DANCEE report suggests reference depth limits (>8, >8 and >4,5 (3?) respectively) for the submersed vegetation for each of the 3 preliminary types. Having not yet incorporated water colour as a dividing criterion, some lakes may never meet the requirements for quite natural reasons, i.e. reduced light penetration due to water colour.

Phytoplankton and fauna (invertebrates and fish) – is the above-defined typology adequate?

Generally one cannot assume that a typology that satisfies one biological element will also satisfy every other biological element. Therefore, in the process of moving from the very simple typology towards the final typology, the physico-chemically based typology must be evaluated for each of the elements separately and necessary subdivisions must be made wherever needed to make the resulting typology biologically meaningful.

Using existing knowledge about phytoplankton we can conclude that also this biological element shows significant variation along the pH, alkalinity and colour gradients, but at present we have no basis for requiring further subdivision.

At present we have no basis for making further subdivision for the sake of the fish and invertebrate fauna.

However, when more data become collected and processed, the needs will become evident on a firmer basis.

This leads us to the central issue – monitoring of the biological elements as a tool for collection of basic data to be used for formulation of an adequate typology and for establishment of meaningful and scientifically correct reference conditions. And not least for the assessment of the ecological quality.

Monitoring the biological elements

No matter what the purpose of the monitoring is, there are some basic requirements that must be met.

First of all we must make it completely clear what are the objectives of the monitoring, which information shall the monitoring data provide us with and what questions shall the monitoring data provide answers for.

According to the WFD requirements the species composition must be described for all biological elements. Thus, for each of the biological elements – plankton, plants, invertebrates and fish – our field surveys must give a true picture of the species composition. Therefore we must design our survey programmes in such a way, that we, with due consideration of the costs and the feasibility, get what is needed.

According to the WFD requirements also the abundance and the population structure must be described.

Due to seasonality the abundance and population structure may vary significantly over the year. We must therefore carefully select our monitoring period.

In the case of submersed vegetation the optimal monitoring period is short and typically comprises the months July and August, whereas for a complete survey of the fish fauna the ideal monitoring programme comprises several samples over the year. But due to the normally limited resources one may chose the same approach as in Denmark and neighbouring countries: intensive fishing during a short period in late summer.

In the case of plankton there is no optimal period. Plankton is present in the water all year, and for an adequate survey one must harvest samples for analysis several times over the year, however with the main effort in spring and summer, i.e. the periods when the biomass normally peaks.

Assessment of the ecological status

When adequate monitoring data have been collected for each of the biological elements, the next step is to translate these data into an expression of the ecological status.

For each of the types defined in the typology one must establish reference conditions for each of the biological elements and for each variable associated with the quality elements in general. Correct establishment of the reference condition is important since the reference data constitutes the reference point for our assessment of the ecological status. The closer our monitoring data lies to the reference data, the better the ecological status. The figure below illustrates an example of a possible quality curve, elaborated under the WFD requirement that reference conditions (high status) constitute the best quality obtainable for the type and good status constitutes a quality slightly poorer than the high status.
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The real big challenge is subsequently to formulate an ecological quality scale for each of the biological elements in order to be able to measure the deviation from the reference point.

Once this is done one has to formulate a quality scale that comprises all the biological elements and which consequently gives an integrated expression of the ecological quality. However, most important are the individual quality scales since the WFD operates with the principle, that if one element fails to meet the requirements for high or good ecological status the lake fails to meet the requirements. This dependence on the weak link is often formulated as the “one out – all out” principle, and it means that the overall habitat quality is no better than the element that displays the lowest quality.

Ecological status (WFD) versus conservation status (NATURA 2000)

With reservations for coming guidelines on how to handle the relationship between ecological status and conservation status, it will to large extent be so that high/good ecological status corresponds to favourable conservation status.

However, there are certain conditions to realise and take into consideration. This can be illustrated by the following example:

A lake originally belonged to type 3110 in the Habitats Directive, i.e. a lake with low alkalinity and low nutrient concentrations and a vegetation comprising Isoëtid species such as Isoëtes, Lobelia, Littorella and Elatine. Due to comprehensive pollution from a nearby pig farm the ecological quality in the early 1970ties deteriorated drastically with reduced water clarity and recurrent blooms of bluegreen algae. After some years the pollution was stopped but for several decades the lake was suffering from turbid water and recurrent algal blooms. Today the lake quality has improved significantly: the water clarity is good, depth distribution of the vegetation is high and the submersed vegetation is generally well developed with high percentage of cover. The original plant species are all present and seem to thrive fairly well although distribution and abundance is far from the original level. If we look at the lake through the WFD glasses we find the lake to meet the requirements at a number of points and we could easily be led to conclude that the ecological status is no less than good. However, if we look at the lake through the NATURA 2000 glasses, it is obvious that although the original species are still present, the abundance has changed and now some of the species from the typical Potamogeton Lake (type 3150) are dominating. So, although the lake is rich in submersed vegetation, the species composition is different from that of the lake in reference condition (WFD) and due to the dominant occurrence of the Elodeid species the original lake type (3110) is not displaying favourable conservation status. Thus, although some variables (depth limit, species richness) indicate good ecological status, the overall assessment fails to show good ecological status/favourable conservation status. The explanation is that the pollution caused nutrient enrichment of the lake sediment, and although the water clarity has been dramatically improved and the depth distribution likewise, the nutrient rich sediment now supports Elodeid plants to such extent that it is a threat against the original Isoëtid vegetation which is also know not to be tolerant to enrichment of the sediment by organic matter. Maybe the relationship between the two groups of plants will change in the course of the coming decades. But today the lake houses a partly “wrong” type of vegetation.

If the lake had been misclassified in the typology, i.e. as a Potamogeton lake instead of a Lobelia lake, i.e. without taking the NATURA typology into consideration, the present status could have been interpreted as good ecological status respectively favourable conservation status.

How to get on from here?
Due to the limited amount of data from lakes there is a pronounced need for improvement of the lake data base. This improvement can only be achieved through an intensified monitoring program comprising all lakes.

As already stated, the monitoring of lakes may and must serve multiple purposes:

· collect data that can serve as basis for formulation and test of a scientifically adequate and operational typology

· collect data and information about essential variables for establishment of scientifically meaningful and realistic reference conditions

· collect data that can serve as basis for assessment of the ecological status

Today the challenge is to design the monitoring programme in such a way that the incoming data can serve all three purposes.

	Monitoring variable
	Purpose
	Comment

	Hydro-chemistry
	
	

	Alkalinity
	Dividing criterion for typology
	Must be measured

	pH
	Possible dividing criterion for typology
	Should be measured

	Water colour
	Dividing criterion for typology
	Must be measured

	Total Phosphorous
	Possible dividing criterion for typology and important variable in determination of lake quality
	Must be measured

	Total Nitrogen
	May be important variable in determination of lake quality
	Should be measured

	Dissolved Phosphorous and Nitrogen
	May be important variable in determination of lake quality
	Should be measured

	Silicium
	Possible dividing criterion for typology
	Determinant factor for several groups of phytoplankton

	Chlorophyll a
	Important variable in determination of lake quality
	Must be measured

	Salinity & conductivity
	Dividing criterions for typology
	Should preferably be measured

	Phytoplankton
	
	

	Species composition
	Reference conditions and quality assessment
	Species composition is a requirement but the group level is more operational

	Abundance (biomass)
	Reference conditions and quality assessment
	Must be measured, preferably at the species level, but invariably at the group level

	Aquatic vegetation
	
	

	Species composition
	Reference conditions and quality assessment. NATURA typology
	Must be described for correct assessment of the ecological quality/conservation status and for establishment of correspondence between WFD and NATURA 2000

	Abundance of each species
	Reference conditions and quality assessment
	Should be measured in order to produce a fair and true picture of the vegetation

	Depth limit/depth distribution
	Reference conditions and quality assessment
	Must be measured – is probably the best single indicator in cases where not all variables can be monitored

	Fish
	
	

	Species composition
	Reference conditions and quality assessment. Correspondence with the NATURA sites
	Should be measured because it is a WFD requirement. Many species constitute part of basis for designation of NATURA 2000 sites

	Abundance (biomass/CPUE)
	Reference conditions and quality assessment
	Must be measured to give a fair and true picture of the composition and structure of the fish fauna

	Age structure
	Reference conditions and quality assessment
	Should be measured to give a picture of the health condition of the individual fish populations or stocks

	Size frequency
	Reference conditions and quality assessment
	Should be measured to give a picture of the health condition of the individual fish populations or stocks


Thus, in order to organise the monitoring efforts one may set up a national monitoring programme like the one in Denmark (NOVANA = National Monitoring Program for Water and Nature). This program on one side provides information about the current status of lakes and collects time series of data. On the other side the programme provides some of the data necessary for testing the preliminary typology and for establishment of a reference data base.

Assessment of the ecological quality - where are we?

Although there are several eminent deadlines, there is a pronounced lack of specific guidelines on how to assess the ecological quality for each for the quality elements. Which means that it is difficult to convert even the best sets of monitoring data to measurements of the ecological status.

In Denmark we are currently able to make assessments of the ecological status on basis of the preliminary typology and the attached quality scales. But we have not yet made tests of the typology and similarly we have no detailed knowledge about the scientific validity of the reference conditions and the suggested limit values for each of the quality classes.

Thus, despite many years of lake monitoring we are not able to make quality assessments in full agreement with the WFD requirements. One of the main conclusions one may draw from this situation is that there are no easy short cut tracks available. One could have used expert opinions to larger extent, but this invariably implies poorer reproducibility and systematics. And it makes the numerical part of the quality assessment much weaker.

2. Rivers

The proposed typology for Lithuanian rivers is very simple and comprises 4 size classes defined on basis of the size of the catchment area (an indirect measure of river size/flow size). The medium size rivers are subdivided on basis of slope (rhitral rivers with slope > 0,7 o/oo and potamal rivers with slope < 0,7 o/oo), resulting in a total of 5 river types.

According to the NATURA 2000 terminology most Lithuanian rivers belong to one type – 3260, lowland rivers with content of macrophytes while a few belong to the type 3270 – slow flowing rivers with temporary mud banks. Regardless of the simplicity, the proposed river typology reflects the fact that although basically belonging to the same type in the NATURA 2000 universe, not all rivers can be treated as a unity in the WFD universe.

The smallest rivers with catchment area <10 km2 do not constitute a size class of their own which may cause problems because the small streams may be very different from larger streams with regard to both vegetation and fish. Looking at both the submersed vegetation and the fish fauna, we normally find very strong gradients in the smallest rivers (brooks, streams).

Regarding the smallest streams the springs (NATURA types 7160 and 7220) may constitute a special problem. One of the spring types have the highest priority in the NATURA 2000 typology and by excluding the smallest streams from the WFD typology and monitoring network the required correspondence cannot be sustained throughout the river systems.

It may be discussed whether the subdivision due to slope is only adequate for the mid-size rivers or this criterion also applies to the smallest and the larger rivers.

In Estonia it has been argued that also the summer maximum temperature may be a relevant dividing criterion in the case of fish. High summer temperatures may on one side exclude salmonids from otherwise suitable habitats while at the same time favouring the occurrence of cyprinids in otherwise sub-optimal habitats 

When it comes to vegetation (macrophytes as well as periphyton) the light regime may also be an important dividing criterion as may the alkalinity and pH (related to geology).

An external factor as well as an internal factor can determine the light regime in the rivers. External factor is mainly surrounding trees that may impose shade on the river and thereby strongly determine the qualitative as well as the quantitative characteristics of the vegetation. Internal factor is the water colour that- similarly to the situation in lakes – may strongly influence the depth distribution of the submersed vegetation and in addition to this also the species composition.

In the present situation it is suggested to keep the typology simple and concentrate the effort on collecting relevant data that can be used for testing the validity of the typology and for establishment of reference conditions for each of the types.

Monitoring the biological elements
The existing projects emphasise the use of river invertebrates as basis for measurement of the ecological status due to the fact that detailed studies have shown existing monitoring methods and quality assessment methods to be usable in Lithuania with a limited effort on adjustments and adaptation. Therefore a versatile tool is already available for screening the Lithuanian rivers.

However, it must be emphasised that existing methods such as the Danish Stream Fauna Index do not meet all the WFD requirements. Species composition may not be adequately described, and abundance is almost not described. Thus, despite the utility the existing monitoring methods are not fully adequate, and supplementary elements must be developed in order to make the monitoring meet the WFD requirements.

It is well known that in the better part of the quality range major changes may take place on the abundance level rather than on the species composition level. Which means that by use only of Danish Stream Fauna Index one is at risk of not detecting major deviations from reference conditions.

Regarding river vegetation the present situation is generally unclarified. Although high species richness is generally considered a positive characteristic, setting up a quality scale on basis of the number of species will invariably lead to misclassifications of the ecological status. First of all a strong gradient exist in the longitudinal direction from source to outlet, and secondly high structural vegetation diversity may also be present in rivers with a more species poor vegetation. And similarly with the quantitative aspects. Mainly due to the importance of such external and internal factors as shade and water colour.

Fish constitute in many ways a very informative quality element, but they also constitute a very difficult element. The difficulties and problems relate to such basic factors as 1) problems with making representative catches, 2) high resource demands and 3) lack of tested methods for assessment of the quality on basis of fish. These general difficulties and problems do not only apply to Lithuania, but to all of the community members, all of whom seem to be waiting for initiatives from the existing working groups established by the Commission.

Regarding the fish, several NATURA sites are designated on the basis of occurrence of one or more of the NATURA 2000 fish species. If the WFD monitoring and the assessment of the ecological quality shall meet the requirements of the Habitats Directive, the WFD monitoring of the fish fauna must be sufficiently detailed and comprehensive for adequate assessment of the conservation status.

Thus, by the end of the day we must conclude that regarding rivers we have one powerful tool in the monitoring toolbox – the stream fauna index. As recommended in the project reports the use of this tool should be implemented as soon as possible. By implementation of standardised sampling methods the resulting data may be used as basis for development of a quantitative measure to meet the WFD requirements regarding abundance. And my adjustments of the sampling protocol the resulting data may also be used for a more complete description of the species composition and not only for calculation of index values.

Regarding the river vegetation one may collect information about the species composition and about the quantitative aspects (cover of each species) and structure of the vegetation. Although no methods have yet been developed for quality assessments, the resulting data may be used for future analysis and for establishment of reference conditions. And of course for quality assessment, should adequate methods be developed. But regarding the latter, big difficulties are foreseen, and at present it is unclear whether adequate methods will be available in the near future.

Regarding the periphyton, a number of adequate methods are already available from other countries and no significant problems are foreseen in connection with implementation in Lithuanian rivers.

Phytoplankton in rivers is generally only of interest per se in rivers large and long enough to support genuine riverine phytoplankton. And although some Lithuanian rivers are both long and big enough, riverine phytoplankton constitutes a special case that, however, can be treated as lake phytoplankton with due respect of the differences of the to water habitat types.

As already mentioned fish constitute the most informative quality element next to the invertebrates, and together these two elements probably give enough information for adequate assessment of the quality of most rivers, especially if they are accompanied by monitoring of those hydro-morphological and hydro-chemical and hydro-physical elements, that have direct influence on the species composition and the abundance and population structures.

Thus, by making fish surveys that in a representative way reflect the species composition and the population structures (abundance, age structure and length distribution etc.), one may, regardless of the fact that no tested methods are yet available, obtain data that are valuable for testing the typology, for establishment of reference conditions and – in time – for assessment of the ecological status.

3. Ecological status (WFD) versus conservation status (NATURA 2000)

Among the biological elements there are several that are listed in the annexes of the Habitats directive, and there are in particular many fish species, that require special attention. Therefore an adequate survey of the fish fauna is required not only by the WFD, but also by the Habitats Directive.

In many cases there will be good correspondence between good ecological status and good conservation status for rivers regarded as habitats. But when it comes to the biological content, the species listed in the Habitats Directive must be taken into consideration in order to obtain correspondence between good ecological status and good conservation status.

The NATURA 2000 species are to some extent sensitive species that may be excluded from the habitats without general loss of habitat quality. Therefore the NATURA 2000 species need to be included as special elements in the WFD monitoring and quality assessment, and basically the ecological status cannot be classified as good if originally present species have been excluded or their population status be characterised as critical (non-favourable conservation status).

4. How to get on from here?

As recommended by the project reports monitoring of rivers and assessment of river quality should commence with use of existing methods such as Danish Stream Fauna Index adjusted to Lithuanian rivers.

Next one should recommend development of a survey protocol, primarily for fish, and secondarily for vegetation (macrophytes and phytobenhtos and phytoplankton).

Regarding all the biological elements the monitoring should be as detailed as possible, of course with due consideration of the available resources. Since the amount of available resources will be limited in the near future due to lack of well-trained human resources as well as financial resources, any sub-optimal monitoring program should focus on the most robust monitoring variables, i.e. variables for which usable and adequate data can be obtained temporally, spatially and practically.

While waiting for guidelines on monitoring and quality assessment, one may start collecting data that can be used for testing of the typology, for establishment of type specific reference conditions and for preliminary assessment of the ecological status.

Lakes and Rivers – some general recommendations

Lists of reference lakes and rivers have already been elaborated and detailed monitoring programmes have been set up regarding content and intensity.

However, the number of reference sites seem to be fairly small, taking into consideration that for adequate description of the type-specific reference conditions, several sites of each type are needed. Otherwise the resulting variation intervals for the individual quality elements may turn out to be defective and inadequate.

Taking also the proposed criteria for subdivision of the existing lake and river typologies into consideration, the number of reference sites should preferably be even higher to cover the whole range of types adequately (=enough sites for each type).

Already at this point it seems obvious that the available resource does not suffice for accomplishment of the ideal monitoring program.

In a situation like this it is recommended to reduce the content of the monitoring program rather than reducing the number of monitoring sites, but such a strategy requires careful observation of both advantages and disadvantages.

The advantages of reducing the number of monitoring variables in favour of increasing the number of monitoring sites are primarily a better coverage of the variation range of each type and procurement of data in general, not least in a situation characterised by a distinct lack of data.

The disadvantage of reducing the number of monitoring variables is primarily the risk of missing important data in the assessment processes. However, within both the physical and the hydro-chemical elements and the biological elements there are some that must be included and some that can be excluded. One way of minimising the risk of missing simultaneous data is to collect and preserve the samples and store them whenever possible, e.g. sample plankton data along with the hydro-chemical sampling but store the preserved samples until resources for analysis and assessment become available. Should the situation require it they can be analysed and the results will still be comparable to the other data while it is not possible to supplement a deficient data list by subsequent sampling.

In the very extreme situation the lake monitoring can be reduced to monitoring of 1) those chemical variables that constitute dividing criteria in the typology and important reference data, and 2) the aquatic vegetation, primarily the species composition and the abundance of each species plus the depth limit. The hydro-chemical results will make it possible to test the typology and the vegetation results will give information about the overall lake quality, since a high depth limit is normally associated with clear and transparent water, which in turn is associated with low nutrient levels and balanced relationships between the biological elements while any reduction of the depth limit can be related to elevated nutrient levels.

Similarly the rivers can be monitored by focusing on the proposed dividing criteria (typology) and on the stream fauna index (river quality assessment).

However, it is important to emphasise that the strongly reduced monitoring does not meet neither the WFD nor the NATURA 2000 requirements and should only be considered a screening that can give a first-hand picture in a situation where even the most basic knowledge about the sites and types is missing.

In addition to this it must be emphasised that any deviation from the ideal content of the monitoring program should take place with open eyes and fully consciousness of the consequences. Therefore, although it is recommended to make it simple when the resources are limited, any deviation from the ideal requires a deep understanding of the consequences: which questions can be answered by the reduced program and which cannot? And how does the reductions influence the numerical/statistical qualities of the data? And in any case the reduced program should always be designed as sub-set of the full program so that, when simplicity become replaced by a higher degree of details, then there will be one ore more main threads going through the data all the way from the beginning.
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