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Lake ecosystems provide a large number of ecosys-
tem services important for human welfare, livelihood 
and recreation. The value of these ecosystem services, 
in combination with the recognition that lake eco-
systems are amongst the most perturbed systems on 
earth, highlight the need for a thorough understand-
ing of how anthropogenic pressures are affecting the 
lake ecosystems. For effective management and cost-
effective programmes of measures, knowledge of the 
effect of forestry, agriculture and other stressors, and 
the combination of several stressors, is vital.

In this study, we assessed the response of lake littoral 
invertebrate assemblages to five pressures: urbaniza-
tion, agriculture, forestry, acidity and invasive species.

The dataset used was compiled from regional and na-
tional monitoring data between 2000 and 2013, and 
contained standardized physicochemical and biologi-
cal (invertebrates sampled in the autumn in the lit-
toral zone) data, as well as GIS-derived variables, for 
863 lakes. Lakes limed to mitigate the effects of acidi-
fication were removed. Of the remaining 589 lakes, 
184 were affected by forestry, 120 by agriculture, 56 
by acidification, 28 by urbanization and 15 by invasive 
species. 37 % of the lakes were affected by one pres-
sure only, 11 % by two pressures and 3 % by three or 
more pressures.

How much of the variance in taxonomic composition 
that could be explained by the focal pressures and 13 

environmental variables relating to the pressures and 
to natural variations, were assessed with three sepa-
rate analyses. 

First, multivariate regression was used to assess how 
much of the variance in species composition the en-
vironmental variables explained individually. The re-
sults showed that the taxonomic composition of the 
invertebrate assemblages was significantly related 
to all 13 of the environmental variables tested. The 
amount of variance accounted for ranged from 2 % 
(percent deciduous forest in the catchment) to 43 % 
(altitude of the lake). 

Second, covariance among environmental variables 
was accounted for to assess the conditional effect of 
the different predictors. Altitude was found to be the 
best predictor of taxonomic composition (accounting 
for 43.4% of the explained variance), followed by pH 
(19 %), percent coniferous forest in the catchment (9 
%), lake surface area (7 %) and percent mixed forest in 
the catchment (5 %). 

Third, in order to examine the unique and combined 
effects of environmental variables representing select-
ed pressures and natural variability, the environmen-
tal variables were divided into six groups, five related 
to the pressures studied and one representing natural 
variation. For each set of predictors, the amount of 
variance explained when natural variance and vari-
ance caused by other stressors were removed, were 
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