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“Monitoring of biological elements in connection with formulation and test of typology, establishment of adequate type specific reference conditions and assessment of the ecological status of inland surface water bodies”

By Bjarne Moeslund, Bio/consult Ltd.

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.

Review of methods used for monitoring of lake vegetation in Denmark

By Bjarne Moeslund, Bio/consult Ltd.

Background

Until 1989 there were no methods specified for monitoring the aquatic vegetation in lakes. When Bio/consult started monitoring lake vegetation in the mid-eighties Bjarne Moeslund developed the following protocol.

A macrophyte survey consisted of the following two elements:

1. An initial survey of the vegetation zone to give an overall picture of the species composition and distribution (horizontally as well as vertically).

2. A line transect survey

The initial survey normally lasted ½-1 day and constituted the basis for laying out the transects. Also the initial survey provided information about the vegetation between the transects.

The number of transects was chosen to give the best possible coverage of the horizontal and vertical variation with due consideration of the available time and resources.

A lake could typically be surveyed within ½-1 week, depending on size and content of aquatic vegetation.

The transect surveys were typically performed in the following way:

1. The 0-point was marked at or above the water line by a pressure-creosoted pole rammed into the ground. Positions of the poles were marked on aerial photos. When the devices became available, the position of the poles was measured by use of GPS.

2. A 100 or 150 m non-stretchable line (with kevlar core) equipped with equidistant (5 m) floats was laid out, preferably at a right angle to the coast line or the depth lines.

3. The vegetation was described in each 5 or 10 meter interval by registration of species composition, abundance of each species (by use of a 6-class abundance scale), total vegetation cover (percentage in absolute numbers as estimated by eye). In addition the sediment type was noted, and the water depth was measured in each end of the intervals. If necessary the transect line was laid out several times by use of a special system of anchors and floats. All observations were made by use of a water scope and a rake with a long handle equipped with a scale for measurement of depth.

4. Intervals were surveyed until outside well the vegetation depth limit, and the latter was measured as a depth as well as a distance from the 0-point. All depth measurements were related to a measured and known water level.

In case of deep lakes with vegetation growing to large depth the surface observations were replaced by observations by as SCUBA diver and the floating a sinking line replaced line.

This transect method has the advantage of providing data that can be related to a known reference point. Therefore it is easy to repeat the survey and thus to detect any changes. However, the disadvantage may be that it requires many transect lines to cover a lake adequately.

In 1993 monitoring of lake vegetation was incorporated in the Danish national monitoring program. The transect method was kept as an option, but a new method was developed and made the primary method for use in Danish lakes. It was called the survey method.

Prior to the field survey a lake is subdivided into a number of sub-sections and the area of each depth interval in each of the sub-sections is measured by use of planimetry or by use of digital bathymetrical maps in MapInfo or similar.

In the field there is made at least 10 observations in each depth interval in each sub-section of the following:

· Species composition

· Abundance of each species (6 class cover scale)

· 1
>0-5%

· 2
5-15%

· 3
15-50%

· 4
50-75%

· 5
75-95%

· 6
95-100%

· Total vegetation cover (in absolute numbers)

· Average vegetation height

· Sediment type

· Cover of filamentous algae

Measurement of the depth limit was not an obligatory part of the program, but we normally made 5-10 measurements in each of the sub-sections in order to obtain an adequate picture of the depth limit, which we consider on of the most informative variables for lake vegetation.

This method was used for more than 10 years. It was obligatory for the lakes comprised by the national monitoring program, but it was also adopted in nearly all other cases.

Today’s monitoring

In 2004 a new national monitoring program was initiated, the NOVANA program (National monitoring program for water and nature).

One of the major changes regarding lakes was that the number of monitoring lakes were significantly increased to give at better coverage of the full range of Danish lakes, spanning all the way from small ponds to large lakes. This wider scope was also made to provide information about lakes in the full range of types defined pursuant to the WFD.

However, despite the much larger number of lakes the financial resources were not increased and changes of the methods were made to adapt the resource consumption to the available financial resources.

The new method has been subject to many discussions since the introduction, and many of the original technical directions have been changed or modified.

Today the methods is ad follows:

A number of equidistant transects are placed perpendicular to the prominent length-direction.

At each transect 2x2 m monitoring fields are placed in each depth interval until a depth equal to 2x the depth limit. In shallow lakes the width of the depth intervals is 0,25-0,50 m while in deep lakes the width of the depth intervals is 1 meter. Typically there will be one monitoring field in each depth interval, but in case of wide depth intervals more monitoring fields are placed in each depth interval.

The number of monitoring fields and transect depend on the lake size.

In each monitoring field the following is registered:

· Species composition

· Abundance and height of each species

· Total vegetation cover

· Average height of total vegetation

On each transect the depth limit is measured on both sides of the lake by making 5-10 observations along lines perpendicular to the transect line.

In order to supplement the findings on the transect lines additional surveys are made by use of specified amounts of time depending on lake size. Only new information regarding species and depth distribution is registered.

Finally the method includes special monitoring of rare species, red data book species or species included in the Habitats Directive Annexes.

All monitoring fields are positioned in the field by use of GPS or they are pre-positioned by use of digital bathymetrical maps.

In case of vegetation growing to max. 3 meters, the guideline allows surface observations by use if water scope and rake, while a SCUBA diver is required in case of vegetation growing to larger depth than 3 metres.

This summarily description of the method probably does not give an operational picture of how the method is and how the surveys are made. However, even the technical guideline in Danish is not very clear, and many elements are not easy to handle. The worst thing however is that the assumed reductions of the resource consumption never became evident. Today we have a complicated and in many ways technically inadequate method that costs a lot to use and which provide poorer results than the previously use method.

The illustrations of the principles may be found in the overall technical guideline at the Internet address:

 http://www2.dmu.dk/1_Om_DMU/2_tvaer-funk/3_fdc_fv/tekanv/TA_so_20050630.doc

The guideline also contains data sheets for registration of data in the field and for subsequent calculation of key values such as average depth limit, average coverage etc. However, the amount of data is enormous and for easier handling the Danish counties and Bio/consult have developed databases.

Altogether I find it difficult to recommend the current Danish monitoring method. It is technically difficult to use and the results are not adequate for description of the species composition. And furthermore the resource consumption is disproportional to the results.

I much prefer the previous method or even the old transect method and I have seen that in Sweden they also use the transect method. I have not yet seen any guidelines from the Commission, but I assume they will be issued in the near future.
PHYTOPLANKTON AND ZOOPLANKTON

By Jette Mikkelsen, Bio/consult Ltd.

In Denmark we are monitoring on both the phytoplankton and the zooplankton, because the zooplankton is one of the monitoring elements in the Danish national survey programme “NOVANA”, and because, if we exclude the zooplankton, there will be “a missing link” between the phytoplankton and the fish.

The overall classification is set up on the total amount of phosphorous in the lakes. 5 categories (0-25, 25-50, 50-100, 100-200 and >200) will match the 5 ecological classes in the WFD.

Empirical relations have shown that there will be large changes in the lake community, when the phosphorous amount get up to about 100 (g P l-1, but the changes will be minimal, when the concentration exceed 200 (g P l-1. As an example the relation between zooplankton and phytoplankton is showed in figure 1.

[image: image10.png]Tabel 6.11 @kologiske klasser inden for de enkelte sotyper inddelt efter forekomst af proble-
marter. Antal problemarter inkl. Gonyostomum semen (se tekst).

Sotype

NI Aka _ Farve Salt  Dybde Hoj God _ Moderat _ Ringe Darlig
1 Tav v lav  fav <1 <3 <4 <5

2 lav lav  lav  dyb <2 <4 <5 <10
3 lav lav  hoj lav

4 lav hoj  lav  lav <t <4 <5

5 lav hoj  lav  dyb <2 <5 <10
5 hoj  lav lav v <2 <5 <10
7 hoj  lav lav  dyb <3 <8 <10
8 hoj  lav  hoj lav

9 hoj  hej lav lav <t <2 <4 <5

10 hoj  hej lav  dyb <2 <3 <5 <10
11 hoj _hej  hoj lav




Figure 1 (5.2)

PHYTOPLANKTON AS AN INDICATOR OF ECOLOGICAL QUALITY 

In Denmark we focus on the following indicators:

1) Species richness and diversity 

2) Species with problems: toxic species or invasive species

3) Phytoplankton biomass and species composition

SPECIES RICHNESS AND DIVERSITY

The amount of species will vary a lot among the lakes. Table 1 shows the variability in the number of species detected in the Danish lakes.

	Number of species
	Average
	Median
	Minimum
	Maximum

	Year

Summer (05.01. -10.01)
	101

88
	95

87
	31

24
	201

176


Table 1.

As shown in figure 2 the number of species will not be a good ecological indicator value, because the species number only will vary a little among the phosphorous gradient. The median value is 70-80 species in all the 5 phosphorous groups. 

[image: image11.png]Tabel 6.12 @kologiske Klasser inden for de enkelte sotyper. Planteplanktonbiomasse (kloro-
fylugl).

Sotype

NI Aka _ Farve Salt  Dybde Hoj God _ Moderat _ Ringe  Darlig
1 fav v lav  lav 45" 90 24 62 86"
2 lav lav  lav  dyb - B - - -
3 lav lav  hoj lav - - - - -
4 lav hoj  lav  lav - - - - -
5 lav hoj  lav  dyb - - - - -
5 hoj  lav lav  lav 50 13 22 56 90
7 hoj  lav lav  dyb - 65" 12 27 45
8 hoj  lav hoj  lav - - 21 66" 541
9 hoj  hoj  lav  lav - - - - -
10 hoj  hej lav  dyb - - - - -
11 hoj  hoj  hoj lav - - - - -





Figure 2  (5.20)

Typically about 10 species will contribute to the biomass (90 percent), and as shown above, the species list itself, is not a good indicator for classification. 

But – the species list, can be used in relation to species with “problems”.

TOXIC SPECIES OR INVASIVE SPECIES

In Denmark we are handling with 4 classes in which there are toxic species - Cyanophyceae, Dinophyceae, Prymnesiophyceae and Raphidophycea.
The Cyanophyceae is the class with the most numerous toxic species in our lakes, and occasionally blooms make trouble for the livestock and for people in “swimming lakes”.

Toxic Dinophyceae are only a problem in brackish lakes, where they can cause fish-kill.

“Fish-kill” is also related to Prymnesiophyceae, especially in brackish lakes.

Only one species can be labelled as invasive in Denmark, Gonyostomum semen, which is a Raphidophyceae, and it is only situated in a few lakes. The species can cause “skin injury”, when people are swimming in the lake.

Generally the frequency of the toxic algae increase with increasing nutrient level, but other factors can influence the formation of blooms. Especially the weather is important – calm wind and warm weather will favour the blue-green algae. 

The species richness can be used in the classification of the lakes resolved by the number of species of potentially toxic species.

PHYTOPLANKTON – SPECIES COMPOSITION


The composition of the phytoplankton community depends on both biotic and a-biotic factors, and in most types of lakes the nutrient level, and especially phosphorous, has a big influence on the species composition.

[image: image12.png]Tabel 6.13 @kologiske klasser for biomassen (mm’ I') af bligronalger. Baseret pé data (som-
mergns.) fra overvagningssoer (antal sodr i alt = 498, medianvzerdier). *) mindre end 10 sodr.

Sotype

NI Aka _Farve Salt _ Dybde Hoj God _ Moderat _ Ringe Darlig
1 v lav v lav <001 <0,01 0,05 - -
2 v lav  lav  dyb : : - - -
3 lav  lav  hej  lav - - - - -
4 lav  hoj  lav lav - - - - -
5 lav  hoj  lav  dyb - - - - -
5 hoj lav  lav  lav <001 <001 013 1,37 2,87
7 hoj lav  lav  dyb - 006 0,18 086 1,06
8 hoj lav  hej  lav - - -

9 hoj  hoj  lav lav - - - - -
10 hoj  hoj  lav  dyb - - - - -
11 hoj _hoj  hoj lav - - - - -





Figure 3.  (5.21)

The golden-brown algae will only be important in the phytoplankton biomass in lakes with phosphorous concentration below 50 (g P l-1. The dinoflagellates are in general also most important in lakes with low nutrient concentration. But especially in deep lakes, when the nutrient concentration is low in the surface, the dinoflagellates can migrate to deeper parts of the lake, and uptake nutrients.

The diatoms are common in all classes of phosphorous concentration, but the species composition vary from the lowest class to the highest, and the biomass increase – but in general the biomass of diatoms is largest in the “middle-high” concentrations.

At high phosphorous concentration the blue-green algae and the green algae will exceed the relative biomass of the diatoms. The biomass of the blue-green algae increases by increasing phosphorous concentration, and the relative fraction will be considerable at 50-100 (g P l-1. The biomass of the green algae increases correspondingly by increasing phosphorous concentration. At phosphorous concentrations above 400 (g P l-1 the biomass of the green algae increase most of all, and their relative fraction will exceed the fraction of blue-green algae.

In excess of the nutrient level other factors are important for the composition and biomass of the phytoplankton.

These factors are: 

Depth: Important for Dinoflagellates and blue-green algae

Alkalinity: Important for different species in their capability to uptake nutrients

Water colour: Important in the competition between the different algae-groups. The different phytoplankton classes have different pigment composition and utilize different wavelengths of light. 

PHYTOPLANKTON BIOMASS

In both the deep and the shallow lakes the chlorophyll a content increase by increasing phosphorous concentration.
[image: image13.png]Tabel 6.14 Okologiske klasser for biomassen af gulalger (mm" I'). Baseret pa data (som-
mergns.) fra overvagningssoer (antal soér i alt = 498, medianvzerdier). *) mindre end 10 sodr.

Sotype

NI Aka _Farve Salt _ Dybde Hoj God _ Moderat _ Ringe Darlig
1 v lav v lav 002 005 0,02 - -
2 v lav  lav  dyb - - - - -
3 lav  lav  hej  lav - - - - -
4 lav  hoj  lav lav - - - - -
5 lav  hoj  lav  dyb - - - - -
5 hoj lav  lav  lav 027 027 0,01 0 0
7 hoj  lav lav  dyb - 017 0,07 <0,01 -
8 hoj lav  hej  lav - - - - -
9 hoj  hoj  lav lav - - - - -
10 hoj  hoj  lav  dyb - - - - -
11 hoj _hoj  hoj lav - - - - -




 Figure 4 (5.22)

There is a considerable variation in the chlorophyll-a concentration within each phosphorous group.

There is no difference between lakes with a low alkalinity and a high alkalinity. 

For 3 types of lakes it make sense (our data material) to describe the incidence of the phytoplankton along a phosphorous gradient. 

1. Shallow lakes with a high alkalinity and low colour value 

2. Shallow lakes with a low alkalinity and low colour value

3. Deep lakes with high alkalinity and low colour value

As we have seen before.

The biomass of the blue-green algae and the green algae will increase with increasing phosphorous level, and the green algae will succeed within the highest phosphorous concentrations. 

The Diatoms will do the same, and the yellow-brown algae have an opposite response. 

The response of the Dinoflagellates is not unambiguous, because other factors than the phosphorous level is important – for example, stability of the water.

In the type 2 lakes the data material are too little when the phosphorous concentrations exceed 100 (g P l-1, because the lakes with a low alkalinity typically is situated in areas with a little phosphorous load. 

The response of blue-green algae, green algae and Dinoflagellates are as in the type 1 lakes. The Diatoms and the yellow-brown algae are lesser important, which can be related to the silicon uptake. The Diatoms are nearly missing and the yellow-brown algae have a lower biomass.

A comparison of the type 1 and the type 3 lakes shows us, that there is a difference in the phytoplankton communities. 

[image: image14.png]Tabel 6.15 Okologiske klasser for biomassen af kiselalger (mm’ I'). Baseret pa data (som-
mergns.) fra overvagningssoer (antal sodr i alt = 498, medianvzerdier). *) mindre end 10 sodr.

Sotype

NI Aka _Farve Salt _ Dybde Hoj God _ Moderat _ Ringe _Darlig
1 v lav v lav <0,01 0 0 - -
2 v lav  lav  dyb : - - - -
3 lav  lav  hej  lav - - - - -
4 lav  hoj  lav lav - - - - -
5 lav  hoj  lav  dyb - - - - -
5 hoj  lav lav  lav 004 012 032 288 2,24
7 hoj  lav lav  dyb - 023 036 090 0,78
8 hoj lav  hej  lav - - - - -
9 hoj  hoj  lav lav - - - - -
10 hoj  hoj  lav  dyb - - - - -
11 hoj _hoj  hoj lav - - - - -




The response of the blue-green and the green algae are alike, but the biomass is lower in the deep lakes than in the shallow lakes. There can be to reasons: The risk of sinking is higher in the deep lakes and in the deep lakes they cannot utilise the regenerated nutrients from the sediment. The Diatoms shows the same response in the deep lakes as in the shallow lakes, but with lower biomass. The Biomass of the Dinoflagellates is higher in the deep lakes, but the response is not unambiguous. The yellow-brown algae as an indication of good ecological status are identical in the deep and the shallow lakes, but the biomass is lower in the deep lakes than in the shallow lakes.

Figure 5 (5.23)
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Figure 6 (5.24)
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Figure 7 (5.25)

	Phytoplankton as an ecological indicator

Both the phytoplankton biomass and the –composition will change along a phosphorous gradient. 

As well as the total biomass (chlorophyll-a or bio-volume) and the biomass of the individual phytoplankton classes can be used as indicators. The dinoflagellates do not show an unambiguous response, and cannot be used in the classification system.

The number of species is nearly the same along a phosphorous gradient, and cannot be used as an indicator, except for the toxic species. 




ZOOPLANKON AS AN INDICATOR FOR ECOLOGICAL QUALITY 

 We focus on:
1) Number of species and species diversity

2) Biomass and relative distribution

3) Zooplankton:phytoplankton relationship

NUMBER OF SPECIES AND SPECIES DIVERSITY

In Danish lakes the number of species will be lowest in lakes with low alkalinity. In lakes with alkalinity >0,2 meq l-1 there is a tendency to lower species number at phosphorous concentrations about 50-100 (g P l-1, where the cause presumably is the declining of the submersed plants.

The species number can be a good indicator especially in the shift from good to moderate status.

The species diversity will only change a little along a phosphorous gradient, and is not a good indicator for ecological quality.
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Figure 8 (5.27)

BIOMASS AND RELATIVE DISTRIUTION

The biomass and the composition will change along a phosphorous gradient. The total biomass of zooplankton will increase and so will the biomass of the small species of Cladocera and the cyclopoide copepods. There are no clear changes in the biomass of Daphnia, calanoide copepoda or rotifers.    
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Figure 9 (5.28)

In the two lowest phosphorous groups the Daphnia fraction is nearly 50 percent, and the fraction of calanoide copepods is 15-20 percent. With increasing phosphorous concentration the biomass fraction of both groups will decline. The biomass fraction of the small Cladocera and cyclopoide copepods will increase. The fraction of the rotifers is approximately constant, and is not a good indicator for ecological quality. 
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Figure 19 (5.29)

The individual average weight of Daphnia and small Cladocera decline with increasing phosphorous concentrations. The individual weight of the cyclopoid copepods increase.
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Figure 10 (5.30)

ZOOPLANKTON:PHYTOPLANKTON RELATIONSHIP

The relationship between zooplankton and phytoplankton will change at phosphorous concentrations under 100 (g P l-1, and is especially good when you have to separate the 3 best classes – high, good, moderate.

The changes in the relationship between zooplankton and phytoplankton, at higher phosphorous level, are the cause of increasing biomass of zooplankton eating fish. 

So – the zooplankton:phytoplankton relationship decrease with increasing biomass of zooplankton eating fish.

There are some characteristic differences between alkaline, deep and shallow lakes.
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Figure 11. (5.31)

The zooplankton biomass increase, when the phosphorous concentration increases, in both lake types.

· Increasing biomass of Daphnia and calanoide copepods

· Unchanged biomass of small Cladocera, rotifers and cyclopoide copepods 

	ZOOPLANTON AS ECOLOGICAL INDICATOR

The zooplankton is a good ecological indicator because it responds changes in the nutrient level and changes in the fish population.

The total biomass of zooplankton seems to be a good indicator, especially in shallow lakes.

The biomass of the cyclopoide copepods, and small species of Cladocera seems to be good indicators as well in shallow lakes.

The biomass of calanoide copepods and Daphnia is more suitable for deep lakes.

The individual seize can only by used for Cladocera and only in shallow lakes.

For copepods the average weight cannot be used.




Example: 
Phyto- and zooplankton in St. Soegaard Lake 1989-2003 (and 2004)

St. Søgård Sø is situated in the southern part of Jutland, and is one of the selected lakes in the Danish monitoring programme “NOVANA” and so the data will also be used in the WFD. St. Søgård Sø has an area of 61,4 ha, a mean depth of 2,7 m and a maximum depth of 6,5 m. It is a high alkaline lake and has a low water colour value. The salinity is <0,5 o/oo. The parameters listed place the lake as a “type 6” (in the Danish typology), which is the most common type in Denmark.

Phytoplankton

Figure 1 shows the average phytoplankton biomass (year, summer) and the maximum biomass in 1989-2004.

The blue-green algae, the diatoms and the green-algae are the dominant groups from 1989 to 2003, and occasionally the dinoflagellates are important. In 2004 the phytoplankton community has changed completely. The biomass was dominated by dinoflagellates (Ceratium hirundinella) and the biomass was extremely high, as it was in 1989, where the blue-green algae dominated. The biomass of the chrysophytes is very low through the whole period (0-0,07 mg/l in summer), and the number of potentially toxic species is high (about 20).

Signatures:

Blue:

Cyanophyceae

Grey:

Cryptophyceae

Brown:

Dinophyceae

Yellow:
Chrysophyceae and Synurophyceae

Red:

Diatomophyceae

Light blue:
Euglenophyceae

Green:

Chlorophyceae

Black:
Flagellates that is not determined.
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Figure 1. The average phytoplankton biomass (year, summer) and maximum biomass from 1989-2004, mm3/l.

Zooplankton

Figure 2 shows the average zooplankton biomass (year, summer) and the maximum biomass in the period 1989-2004.

The cladocerans dominated the zooplankton community in the whole period, and the average biomass varied from about 5 mm3/l to about 20 mm3/l in the summer period, with an extremely high value (45 mm3/l) in 1993.

Signatures: 


Yellow:
Rotatoria


Green:

Cladocera


Red:

Calanoida


Blue:

Cyclopoida

[image: image2.wmf]1989

1990

1991

1992

1993

1994

1995

1996

1997

1998

1999

2000

2001

2002

2003

2004

0

2

4

6

8

10

12

14

16

18

20

22

24

Hjuldyr

Dafnier

*Calanoide vandlopper

*Cyclopoide vandlopper

Nauplier

Volumen mm

3

/l

Årsgennemsnit

St. Søgård Sø

*voksne og copepoditter

1989

1990

1991

1992

1993

1994

1995

1996

1997

1998

1999

2000

2001

2002

2003

2004

0

10

20

30

40

50

Sommergennemsnit (01.05. - 30.09.)

Volumen mm

3

/l

1989

1990

1991

1992

1993

1994

1995

1996

1997

1998

1999

2000

2001

2002

2003

2004

0

50

100

150

200

250

300

Maksimal biomasse

Volumen mm

3

/l


Figure 2.
The average zooplankton biomass (year, summer) and maximum biomass from 1989-2004, mm3/l

The plankton data from 2003 and 2004 gives the following classification values:

	Parameters
	Data 2003


	Data 2004
	WFD classification
	WFD 2004

Classification

	Area
	61,3 ha
	61,3 ha
	>50 ha
	>50 ha

	Mean depth
	2,7 m
	2,7 m
	Shallow
	Shallow

	Maximum depth
	6,5 m
	6,5 m
	
	

	Alkalinity
	No data
	3 mmol l-1
	High
	High

	Water colour
	No data
	45 mg Pt l-1
	Low
	Low

	Phosphorous (summer)
	316 ( g P l-1
	371 ( g P l-1
	Bad
	Bad

	Number of toxic species
	18
	20
	Bad
	Bad

	Chlorophyll a (summer)
	61 (g l-1
	57 (g l-1
	Poor
	Poor

	Cyanophyceae (summer)
	1,48 mm3 l-1
	0,75 mm3 l-1
	Poor
	Moderate

	Chrysophyceae (summer)
	0
	0,01 mm3 l-1
	Poor
	Moderate

	Diatomophyceae (summer)
	1,01 mm3 l-1
	1,89 mm3 l-1
	Poor-bad?
	Poor-bad?

	Chlorophyceae (summer)
	0,82 mm3 l-1
	0,82 mm3 l-1
	Good
	Good

	Zooplankton, total biomass
	1487 (g dw l-1
	1432 mm3 l-1
	Bad
	Bad

	Cyclopoid copepods
	106 (g dw l-1
	96 (g dw l-1
	Poor
	Poor

	Calanoid copepods
	123 (g dw l-1
	147 (g dw l-1
	No reference values
	No reference values

	Zooplankton:phytoplankton
	3
	0,53
	High
	High


Table 1.

The data from the diatoms does not fit into any of the classification groups. The cause could be that the lake type, concerning to the depth rather, is a type “7” than a type “6”.

The zooplankton:phytoplankton ratio class does not match the ecological classes of the other parameters. 

To get a better understanding of the development in the plankton community, it is convenient to use statistical analyses, which can help us understanding the interrelations in the ecosystem. 

In the elucidating of the plankton data from St. Søgård Sø we have used two different kinds of statistical methods.

(
Regression analyse of the average summer values of both chemical and plankton variables, where the development in the period 1989-2003 is determined by a Kendall´s Tau “seasonal trend” test.

(
Multi Dimensional Scaling (MDS), where the analyses of differences and similarities through the years in the investigation period, and between the years in the investigation period, is based on a calculated similarity among different grouping of sample set. The similarity is based on the similarities between the carbon biomass (summer average) of the individual species/groups. By using different transformations (ex. Roth x Roth), it is possible to weight the biomass differently.

Kendall´s Tau:

In appendix 1 is showed all the results of the Kendall´s Tau analyse. In table 1 is shown the parameters, which show significant development tendencies. The significance level is shown.

	Parameter
	Value
	Development

	P-total
	mg/l
	---

	P-ortho
	mg/l
	---

	N-total
	mg/l
	---

	N-inorganic
	mg/l
	-

	Chlorophyl-a
	mg/l
	-

	Phytoplankton biomass, total
	mg/l
	-

	Chrysophyceae
	%
	--

	Dinophyceae 
	%
	-

	Euglenophyceae
	%
	++

	Non-determined flagellates
	mg/l
	---

	Non-determined flagellates
	%
	--

	Calanoida
	mg/l
	---

	Calanoida
	%
	-

	Cyclopoida
	mg/l
	---

	Daphnia length
	mm
	--


Table 2.
Significance development tendencies in biological parameters 1989-2003. +/-, ++/--, +++/---, and ++++/---- which is increase/reduction of 10%, 5%, 1% and 0,1%, St. Søgård Sø. 

The analyze shows, that there are significant decreasing tendencies in the nutrient concentrations of both phosphorous and nitrogen. The total phytoplankton biomass and the chlorophyll a concentration shows decreasing tendencies as well.

In the individual phytoplankton group there are significant decreasing tendencies in the percentage of chrysophytes, dinophytes and the non-determined flagellates, and a increasing in the percentage of euglenophytes, - and these parameters do not help us very much in understanding “what is going on in the lake”.

The total zooplankton biomass does not show significant tendencies, but there is a significant decreasing tendency of the biomass of both the calanoid- and the cyclopoid copepods, and in their percentage of the total biomass. The average length of Daphnia is decreasing.

The data on the cyclopoid copepods tells us that “the lake is going in the right direction”, but the data on the average length of Daphnia tells us the opposite. The data on the calanoid copepods tells us nothing yet, because there isn’t defined reference values for the calanoid copepods in lake type “6” yet.

The development of the zooplankton community strongly depends of the composition of the fish community. The development in the zooplankton community indicates, that the zooplankton-eating fishes are getting more important through the period.

MDS
The statistical analyze has to be carried out in several steps.

The basis community (“the normal” community) in 1989-2003

The first step is to define the basis community (the normal community) in the summer period – (an average community in the period). This analyze is performed on untransformed data.

The development in time in the basis community 1989-2003

The next step is to analyze the development in time in the period 1989-2003. This analyze is performed on roth roth transformed data from the chosen period in all the years. Increasing transformation will reduce the importance of the individual species.

The development in time in the bloom community 1989-2003

The analyze of the bloom community, which is defined as the community described by the untransformed carbon biomasses, is carried out to identify developments and grouping of the data from different years. 

Results:
(Only the phytoplankton basis community, and the development in time in the basis community is analyzed below)

Phytoplankton:

Definition of the basis community in the period 1989-2003

The similarity in the community in the summer period is 34 and the 10 most important species is responsible for 90% of the similarity, table 3.

	Species/group
	Contribution to the similarity %

	Microcystis spp.

Aphanizomenon spp.

Centric diatoms <30 µm

Aulacoseira spp.

Stephanodiscus neoastraea

Ceratium hirundinella

Coelastrum spp.

Cryptophyceae spp.

Oocystis spp.

Pediastrum spp.
	34,7

20,8

9,2

6,6

5,1

4,5

4,3

2,8

2,4

2,0


Table 3. 
The 10 most important species in the period 1989-2003, and the contribution of the individual species is specified.

Table 3 shows that two groups (Microcystis spp., Aphanizomenon spp.) are the most important for the similarity through the period.

Figure 3 shows flow of the most important species through the period 1989-2003.
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Figure 3.
The most important species through the period 1989-2003.

Analyzing (Kendall´ Tau) the average summer biomasses of the most important species shows a significant decreasing tendency in the biomass of Aphanizomenon spp. and in the biomass of the centric diatoms. The biomass of the dinoflagellate, Ceratium hirundinella, shows an increasing tendency. There is no development within the other groups.

Development in the basis community 1989-2003

The MDS analyze (roth-roth) shows the development in the phytoplankton community in the period, figure 4.
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Figure 3.
MDS (roth-roth transformed data, average summer values of phytoplankton) in the period 1989-2003, St. Søgård Sø. Group 1 = 1989; group 2 = 1990; group 3 = 1991 and 1992; group 4 = 1993-1999, group 5 = 2000, 2001 and 2003; group 6 = 2002.

The MDS plot (transformed data, where the importance of the biomass is reduced) reflects the incoming of new species and disappearing of other species. Moreover the biomass of the species in the basis community will change through the period. The figure shows a development from the left to the right in the beginning of the period until the middle of the nineties. Then the development change, and goes in another direction, toward the upper part of the diagram. 1989, 1990 and 2002 are out layers.  

The next step (not showed) will be to analyse the similarities in the defined groups, and the dissimilarities between the groups.

This analyse will show us, which species is contributing to the similarity in the groups, and which species is contributing to the dissimilarity between the groups.

Conclusions of the MDS analyze in the basis community, 1989-2003

Figure 3 shows a distinct development from the left to the right until 1999. In the period 2000-2003 the development is going “north” in the diagram. The years 1989, 1990 and 2002 are out layers. The similarity analyses and the dissimilarity analyses (not showed) tells us that the most important species or species groups has been, Aphanizomenon spp., Oocystis spp, species of Anabaena, Planktothrix agardhii, Coelastrum spp. and Woronichinia naegeliana. The species responsible for the change in the development direction in the diagram are probably Aphanizomenon spp. and Woronichinia naegiliana.

“The overall” conclusion:

The statistical analyzes can help us to understand “what is going on” in the plankton communities. In this “St. Søgård lake project”, there are development tendencies in both the phyto- and the zooplankton communities. The development in the total biomass of phytoplankton shows significant decreasing tendencies in agreement with decreasing tendencies in the nutrient concentrations and the chlorophyll a concentration.

The period 2000-2003 shows developing tendencies towards a new equilibrium state. The blue-green algae community shows a change in the structure: Decreasing biomasses of Aphanizomenon spp. and greater importance of Woronichinia naegeliana, which is connected to lakes with lower nutrient levels than for example Microcystis spp. and Aphanizomenon spp.

In the period 1989-2000 we see changing communities and different biomass levels, which probably expresses some of the changes in the nutrient levels. The very high biomass in 2004, where the dinophytes were dominating, expresses the instability in the plankton community. 2004 is an out layer as well as 1989 and 2002, figure 4.

The results of the zooplankton community do not show the same tendencies towards a better condition. The decreasing biomass of the cyclopoid copepods is in agreement with the phytoplankton data, but in the cladoceran community changes indicates changes in the fish community. Before 1999 Daphnia hyalina was the dominating Daphnia species and after 1999 Daphnia cucullata dominates, and the biomass of the small cladocerans increase. 
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Figure 4

”The next step”
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We have analysed both the phytoplankton and the zooplankton community in one lake.  

Our next step in Bio/consult will be to analyse all the plankton data from the National monitoring Program by the help of the MDS methods. 

We do not have any MDS results from the lakes yet, but we have results from a marine project, in which we have analysed the phytoplankton data from different water areas situated by the coast in Denmark.
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Figure 5

The spots in figure 5 represent the average phytoplankton biomass in the summer period within the last 10-15 years in each of the analysed areas. The distance between the spots expresses the differences between the areas – differences in salinity, nutrient concentrations etc.

In our “lake project”, we hope to find a distribution of the spots more or less in agreement with the ecological status of the individual lakes. Analyzing one single lake, using average values from every single year, and testing it against the other lakes could help telling us in which direction the lake is moving – towards “high” or “bad” conditions.

Figure 6 shows the data from MF (Mariager Fjord) tested against the rest of the marine water areas.

(The pink spot and the pink circles).
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Figure 6.
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“How to do it” in Lithuania (field + workshop)

Plankton:
Lake types:
Existing typology: One size group (A >50 ha), 3 depth classes

Proposed criteria to be implemented: alkalinity and water colour

Alkalinity: 
Low 

(<0,2 mmol/l)



Medium 
(0,2-4 mmol/l)



High 

(>0,4 mmol/l)

Water colour:
Lightly coloured 
(<25-30 mg Pt/l)



Moderately coloured 
(30-90 mg Pt/l)



Heavily coloured 
(>90 mg Pt/l)

Phytoplankton:

Sampling location: The deepest part of the lake - 1 station 

Sampling equipment: Boat, Water sampler, container, large plastic ladle, plankton net (mesh diameter 20 (m), storage bottles, Acid Lugol´s solution

Sampling types:
Net sample for qualitative analyse



Water sample for quantitative analyse

Sampling depths (quantitative analyse): 

Shallow lakes <1,5 m: Integrated samples from: 0,2 m, 1 x transparency-depth.

Lakes without stratification depth >1,5 m: Integrated samples from: 0,20 m, 1 x transparency-depth, 2 x transparency-depth – but at least from every 2 m.

Lakes with stratification: Integrated samples from: 0,2 m, 1 x transparency-depth, 2 x transparency-depth – but at least from every 2 m in the light zone. 

If the light zone goes under the stratification layer, integrated samples are taken from every 2 m (no mixing with the samples from above the stratification layer) 

Sampling frequency: In the Danish Environmental Monitoring Programme, we take 19 samples a year. In Lithuanian lakes it is planned to take 9 samples a year – the sampling frequency could be as shown in the table. 

	Month
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D

	Denmark
	1
	1
	2
	2
	2
	2
	2
	2
	2
	2
	1
	1

	Lithuania
	
	
	
	1
	2
	2
	2
	2
	1
	1
	
	


Table 1.

Examples from the implementation of WFD in Denmark

Lake Types in Denmark

The parameters investigated in establishing the lake types were alkalinity, water colour, salinity, depth, area and isolation. This resulted in the proposal of 11 lake types, where 2 types are expected to cover approximately ¾ of all lakes larger than 5 ha and 3 types are expected to cover less than 1% each of these lakes.

Table 2 Danish proposed typology of lakes

	Type 
	Alkalinity
	Colour
	Salinity
	Average depth
	Occurrence in DK (%)
	Comment

	1
	Low
	Low
	Low
	< 3
	6
	

	2
	
	
	
	> 3
	3
	

	3
	
	
	High
	< 3
	<1
	

	-
	
	
	
	> 3
	-
	Not present in DK?

	4
	
	High
	Low
	< 3
	<1
	

	5
	
	
	
	> 3
	<1
	

	-
	
	
	High
	< 3
	-
	Not present in DK?

	-
	
	
	
	> 3
	-
	Not present in DK?

	6
	High
	Low
	Low
	< 3
	49
	

	7
	
	
	
	> 3
	24
	

	8
	
	
	High
	< 3
	5
	

	-
	
	
	
	> 3
	-
	Not present in DK?

	9
	
	High
	Low
	< 3
	5
	

	10
	
	
	
	> 3
	3
	

	11
	
	
	High
	< 3
	2
	

	-
	
	
	
	> 3
	-
	Not present in DK?


The percentage of lakes >5 ha expected in each type are also indicated. Including smaller lakes will increase the number of brown water lakes.

Phytoplankton parameters: 
Number of species: Potentially toxic or invasive species in the following classes:

Cyanobacteria

Dinophyceae

Prymnesiophyceae

Raphidophyceae

Ecological classes for number of toxic species (Denmark)

[image: image25.png]k)

Gre. bomasse (1

30T

E

0

Tosostor (40 P )

D sslsiger
O Guisiger

Wouige
B Gronsiger

oo

gm
g
i
£
iw
2 2

o

Toatostor (1 )

S Furesiger  Maégronsger
B Relytaiger




Biomass, total chlorophyll a: (average) (g/l 

Ecological classes (Denmark)
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Biomass, cyanobacteria: (average) mg/l, summer 

Ecological classes (Denmark)
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Biomass, Chrysophytes: (average) mg/l, summer 

Ecological classes (Denmark)
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Biomass, diatoms: (average) mg/l, summer 

Ecological classes (Denmark)
[image: image29.png]) _. 08
P z
% oo
5 0s
o 3
L o
o o :
P - e
3 E oo
§ 2 & .
& 2,
s 1 .
B em mw
- s Tetaosor (3P )
B
!
o i

G e mm

Torstostor (g 1)




Supporting parameters:

Water transparency, temperature, pH

Alkalinity, water colour

Phosphorous and nitrogen concentrations, eventually silicon concentration

Zooplankton

Zooplankton monitoring is not a part of the WFD.

Zooplankton will be the “missing link” between the phytoplankton and the fish.

Recommendation: Zooplankton monitoring
Sampling location: 
Samples from 3 stations in each lake. Examples of placement of the stations are shown in figure 1.
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Figure 1. Hypsograph and sampling places for 2 different lake types.

In each station samples are taken from the surface to the bottom as shown in table 2.

Zooplankton sampling. Number of samples depends on the water depth.

	Water depth
	Number of samples

	<2m
	2

	2-4m
	3

	4-8m
	4

	8-15m
	5

	>15 m
	Samples from every 3. Meter


Sampling equipment: Boat, Water sampler, 1-3 large containers, ladle, large plastic funnel, filtration equipment, figure (2), one measuring cup for each of the samples – the filtrated sample and the sample for sedimentation, spray bottle with distilled water, small plastic funnel, storage bottles, 90 (m planktonnet, Acid Lugol´s solution. 
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Figure 2.

Sampling types:
Net sample for qualitative analyse




Filtrated sample for quantitative analyse (large zooplankton species)




Precipitated sample for quantitative analyse (small zooplankton species)  

In each station the first sample is taken 0,5 m below the surface, and the last sample is taken 0,5 m from the bottom (from the middle of the water sampler). The samples from all 3 stations and all depths are pooled in the container and a representative sample is taken out for filtration, and another one is taken out for sedimentation. In nutrient rich lakes is taken 4,5 l, and in nutrient poor lakes is taken 9 l for filtration. Sedimentation samples: 0,9 l is taken in nutrient rich lakes and 1,8 l is taken in nutrient poor lakes. The limit between nutrient rich and nutrient poor lakes is set by an average concentration of 40 (g phosphorous in the summer period. 

Sampling frequency: In the Danish Environmental Monitoring Programme, we take 19 samples a year. In Lithuanian lakes it is not planned to take zooplankton samples, but a recommendation could be 9 samples a year – the sampling frequency could be as for phytoplankton. 

	Month
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D

	Denmark
	1
	1
	2
	2
	2
	2
	2
	2
	2
	2
	1
	1

	Lithuania
	
	
	
	1
	2
	2
	2
	2
	1
	1
	
	


Table 3.

Zooplankton parameters:

Zooplankton biomass: 

Total biomass, (g dry weight l-1
Ecological classes (Denmark)
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Biomass of cyclopoid copepods: (g dw l-1
Ecological classes (Denmark)
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Biomass of calanoid copepods: (g dw l-1
Ecological classes (Denmark)
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Average individual weight:

Average individual weight of cyclopoid copepods: (g dw l-1
Ecological classes (Denmark)
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Average individual weight of calanoid copepods: (g dw l-1:

Ecological classes (Denmark)
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Average individual weight of cladocera: (g dw l-1
Ecological classes (Denmark)
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Average individual weight of Daphnia: (g dw l-1
Ecological classes (Denmark)
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Zooplankton:Phytoplankton ratio

Ecological classes (Denmark) for the zooplankton:phytoplankton ratio (biomass)
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