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Phytoplankton constitute an important base in lake 
food webs. The carbon dioxide they fix during photo-
synthesis is converted into organic carbon that other 
organisms rely on for energy. At the same time they 
assimilate nutrients, phosphorus and nitrogen, from 
the water to produce the building blocks of all cells, 
e.g. amino acids, RNA and DNA.  As long as light is 
not limiting, phytoplankton react directly with in-
creased growth if nutrients are available. Phytoplank-
ton communities often have a high diversity with 
species-specific needs and requirements of their en-
vironment. Already in the early 1900s phytoplankton 
assemblages were used to describe different types of 
lakes, and when fertilizers and sewage discharges sub-
sequently led to widespread algal blooms it was shown 
that algae can produce toxins.

In the Water Framework Directive (WFD) phyto-
plankton are used to assess the ecological status of in-
land waters. Three features of the phytoplankton are 
considered: 
• Phytoplankton biomass or abundance and its ef-

fect on transparency
• Phytoplankton composition
• Phytoplankton bloom frequency and intensity

An important part of the WFD is the intercalibration 
of assessment methods, indices and class boundaries 
between member states. During such an intercalibra-
tion exercise several metrics were tested using data 
from 1795 lakes and 20 countries. From this work, 
three indices, Chlorophyll-a, the Plankton Troph-
ic Index (PTI) and biomass of cyanobacteria, were 

shown to respond relatively well to nutrients.  Sweden 
participated in this intercalibration and, after minor 
adjustments to class boundaries, now has an approved 
method to assess the ecological status using phyto-
plankton in lakes. The Swedish indices are similar but 
not identical to the indices that were proposed in the 
intercalibration. Despite that the Swedish indices were 
found to perform relatively well in bioassessment, ex-
periences from the intercalibration study indicated 
that effort should be made to reanalyse the response 
of selected indices to eutrophication and other pres-
sures using a spatially more comprehensive data set, 
i.e. using more than the 100 lakes that were included 
in the intercalibration study.

In this study, I showed using data from 800 lakes that 
Chlorophyll-a is a relatively robust parameter for ana-
lysing eutrophication of Swedish lakes, e.g. in combi-
nation with the current index of phytoplankton bio-
mass. I also showed that the proposed index of species 
composition, PTI, works better than the TPI index 
currently used in Sweden. Both PTI and TPI are simi-
lar in that both indices use information on sensitivity/
tolerance of phytoplankton taxon to elevated nutrient 
concentrations. TPI performs poorer than PTI be-
cause the metric focuses on very sensitive and very 
tolerant species, while species in the middle of the nu-
trient gradient are excluded from the analyses. This 
results in the TPI index displaying very high variation 
in the middle of a nutrient gradient. More taxa are in-
cluded in the PTI index, including taxa with optimum 
along the whole nutrient gradient. My studies showed 
that PTI performed so well enough to suggest class 
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boundaries to be established and start using the index 
in Swedish monitoring programmes. In order to as-
sess the intensity and frequency of algal blooms, con-
tinuous monitoring by satellites or sensors on buoys 
in the water is needed. Until this is possible, existing 
data, i.e. samples taken one to two times per summer, 
can be used to assess the biomass of cyanobacteria 
and the index should primarily relate to health risks, 
i.e. the risk that the cyanobacteria contain algal toxins 
that are dangerous for bathing or drinking. Such risk 
assessments have already been made by the World 
Health Organization, WHO, and I suggest that these 
should be developed for use in Sweden.
 
Using the comprehensive phytoplankton dataset, I 
also validated the relationship between the number of 
phytoplankton taxa and pH. Results showed the rich-
ness to be a robust measure of acidity and therefore 
continued use of this metric is recommended. Analy-
ses of the response of phytoplankton assemblages to 
catchment land use (proportion of agricultural and 
artificial surfaces) and nutrients were similar. The 
proportion of mines in the catchment was also found 
to affect species composition; although the causal re-
lationship is unclear as mines can provide both excess 

nutrients and heavy metals. Unfortunately, metal con-
centrations were not available so it was not possible to 
assess their importance for species composition. For-
estry and peat harvesting showed no significant cor-
relations with phytoplankton in this study.
Natural variables such as water colour, altitude and 
latitude were also important for explaining phyto-
plankton community composition. It is important to 
take into account the effect of the natural variables in 
the assessment, either by dividing the lakes to various 
types, or by incorporating the natural variables in the 
assessment models.

Conclusions
Phytoplankton respond clearly to human influence in 
the form of elevated nutrient concentrations from dif-
ferent types of land use. New indices to improve the 
ecological status assessment of lakes in Sweden using 
phytoplankton are proposed. Natural variables linked 
to geographic location of a lake in the landscape need 
to be taken into account to further model accuracy. 
That phytoplankton composition is related to mines 
needs further study in order to discern if the relation-
ships are driven by nutrients or metals or both.


