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Patterns and processes of adaptation and tolerance to low pH of freshwater plankton

The pH is a major environmental factor of freshwater aquatic ecosystems, ranging from <2 to 12. Biodiversity is greatly reduced in highly acidic environments (pH <3) such as acid mining lakes (AML). Although the reduction of species numbers with decreasing pH has been described in several protist and metazoan phyla, the patterns and processes of adaptation and tolerance to low pH are little understood for planktonic organisms. Presumably there are more acid tolerant species, which take refuge in low pH environments, than acidophil species which are specifically adapted to the high hydrogen ion concentration. We will design in vitro and in situ experiments within this project to test if acidotolerant species benefit from competitive release under conditions of acid stress. For the first time, we will study the interactive effect of temperature and pH stress at different food levels for planktonic ciliates, rotifers and crustacea. Since it has been assumed that tolerance towards temperature and pH stress may have a common denominator in the form of heat shock proteins, we will develop molecular markers for the detection of small heat shock proteins (HSPs) at the genomic DNA and mRNA level in our target species. Further, we will develop a flow cytometric protocol to measure the cytosolic pH and determine the external pH at which efficient internal pH regulation collapses in the study species.

We aim to differentiate between genetically fixed, general physiological adaptation to acidic conditions (at the species level) and site-specific traits in similar habitats resulting from historic events, i.e. small-scale genetic shifts below the species level (microevolution). In the second part of the project we will, therefore, investigate the biomass spectrum and, using molecular methods, characterize the major players of three AML and one neutral reference lake. The four study lakes differ with respect to their pH, age and/or geographic location. Such lakes provide a rare case of suitable ecosystem models to test for the significance of strong habitat selection. We will design field and laboratory experiments challenging the assumption that the distribution of aquatic microorganisms (in AML) does not require any historical explanation, i.e. that the habitat acts strictly as a filter sensu Gleason’s ‘individualistic concept’ of population ecology.  If we find genetic and physiological differences at the sub-species level that cannot be explained by changing environments we will reject the hypothesis that the dispersal of free-living microorganisms is unlimited and that  their distribution can be understood solely in terms of habitat properties. The conclusions that will emerge from this part of the project have far-reaching implications for general ecology and the ongoing debate on the biodiversity of free-living microbes. 
