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Indicator Fact Sheet

(WEC5) Biological quality of lakes

Author: Jens Bøgestrand, NERI

EEA project manager: Niels Thyssen
Key message

 Many European lakes are heavily impacted by eutrophication, indicated by a high proportion of cyanobacteria in the phytoplankton communities. The situation is worst in densely populated countries.

Figure 1: Cyanobacteria percentage of total phytoplankton biomass. 
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Notes: Minimum, maximum, upper and lower quartiles by country and lake depth (S=shallow, D=deep). Number of lakes in parantheses. Lake depth criterium is 6 m max depth or 3 m mean depth.
Denmark: 2001 data, july-august average
France: 1994-98, summer average / 2002, july-august average
Greece: 1985, july-august average
Norway: 1988-93, july-august average

Sources:  NERI (DK), Commission internationale pour la protection

des eaux du Léman (FR), IOW (FR), NCMR (GR), NIVA (NO).

Results and assessment 

Policy relevance:

Ecological quality elements in Water Framework Directive (2000/60/EC).

Policy context:

The phytoplankton community as a quality element will be used in the management of lakes in the river basin districts. Together with other quality elements it will used to assess whether good ecological status has been achieved and whether the objectives of the river basin management plans have been met.

Environmental context:

High concentrations of particularly phosphorus promotes algae growth in general, but also changes the composition of phytoplankton in favour of species that are particularly competitive under eutrophic conditions, often species of cyanobacteria. Therefore, the proportion of cyanobacteria in the lake phytoplankton community is often high in eutrophic lakes. Particularly in deep, stratified lakes, some species of cyanobacteria benefit from their ability to move to a certain depth and thereby position themselves optimally regarding nutrient availability and light.

Some species of cyanobacteria produce massive algal blooms particularly during late summer. Such blooms are a nuisance to bathers and to the public in general. Certain cyanobacteria species may produce toxins, which can be fatal to humans, pets or cattle drinking the water.

At very high levels of eutrophication in shallow lakes, certain species of green algae (chlorophytes) may dominate instead of cyanobacteria. They are able to keep very high growth rates, higher than cyanobacteria, when there is a high continued supply of nutrients released from the sediment (internal loading) accumulated during several years of pollution. During recovery, such lakes may change from chlorophyte dominance to cyanobacteria before eventually becoming dominated by clean-water species. This process may take several years due to the large pool of nutrients in the sediment.

Further, eutrophication may lead to drastic and stable changes in the whole ecosystem (see indicator fact sheet on phosphorus and eutrophication, WEU3) making the lake resistant to improvement.

This indicator factsheet also relates to indicators on phosphorus, Secchi depth and chlorophyll in lakes.

Assessment:

Cyanobacteria are dominant in the phytoplankton community in many lakes, most conspicuously in Denmark where, until recently, many lakes have been polluted with phosphorus from sewage and industrial discharges. Norwegian lakes are less impacted by pollution, and the concentration of phytoplankton, in particular cyanobacteria, is lower. The French Lac Leman and Greek Lake Trihonida are dominated by taxa of phytoplankton other than cyanobacteria, contrary to the French reservoir Cheze / Jean Descottes with complete dominance by cyanobacteria during July and August. These 3 lakes cannot be considered representative for regions or countries.

Sub-indicators

Key message

( There has been a reduction in the number of Danish lakes with strong dominance of cyanobacteria during summer.

Figure 2: Percentage of lakes with cyanobacteria constituting more than 80% of the phytoplankton biomass during summer
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Notes: based on 27 Danish lakes.

Sources:  National Environmental Research Institute (DK)

Assessment:

The reduction of nutrient load to Danish lakes during the past decades has changed the phytoplankton composition. Previously many lakes were completely dominated by cyanobacteria during summer (July to August), but since 1989 many of these lakes have developed a more diverse phytoplankton community. Further improvements are expected during the coming years when the internal loading from the sediment gradually fall and the ecosystems adapt to the less eutrophic conditions.
Data 
Spreadsheet files: WEC5_DistributionCyan2.xls

WEC5 trends.xls

Meta data
Technical information
1. Data source: Various national or regional data holders. Collected on ad-hoc basis.

2. Description of data: Summer biomass of different phytoplankton taxa

3. Geographical coverage: DK, FR, GR, NO. Major shortages in many countries.

4. Temporal coverage: 1985-2002, but few consistent time series.

5. Methodology and frequency of data collection: annually

6. Methodology of data manipulation, including making ‘early estimates’: Heterogeneous data from different national sources have been compiled. The average of cyanobacteria biomass during summer (if possible July-August) as a ratio of total phytoplankton biomass has been calculated and expressed as a percentage.

Quality information
7. Strength and weakness (at data level): poor geographical and temporal coverage. 

8. Reliability, accuracy, robustness, uncertainty (at data level): countries have different methods of biomass estimation

9.
Overall scoring (give 1 to 3 points: 1=no major problems, 3=major reservations): 3

Relevancy: 1

Accuracy: 2

Comparability over time: 3

Comparability over space: 3

Further work required 

The geographical and temporal coverage will be improved with the implementation of the Water Framework Directive. The indicator will need further testing with a more complete data set.

Time-series analyses should be further developed.
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