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Karst sinkholes discharging groundwater onto the Lake Huron floor through Paleozoic bedrock have created unique habitats characterized by steep environmental gradients and conspicuous benthic microbial mats and organic-rich sediments.  These ecosystems feature high microbial biomass and intense activity - biogeochemical “Hot Spots” (Biddanda et al. Ecosystems 9:828-842, 2006).  We have identified three sinkhole communities along a depth gradient in Thunder Bay National Marine Sanctuary.  The principal goals of this 2-year (9/06-8/08) study are to: (1) Describe the abundance, diversity and activities of the microbial community in the submerged sinkhole ecosystems located along the depth gradient, and (2) Determine how the changing environmental gradients in submerged sinkhole ecosystems impact microbial composition and processes.  Microbial communities are being characterized using molecular techniques that target different molecules.  First, membrane lipid profiling is combined with measurements of stable carbon isotope (13C) incorporation into individual fatty acids to provide an integrated view of community composition and activity.  Second, genetic diversity profiles (ARISA) and DNA sequence data provide a high-resolution view of community composition.  Third, fluorescence microscopy and radioisotopic tracers are used to directly assess microbial abundance and growth rates.  We are using these tools to test the hypothesis that photosynthesis-dominated microbial communities in shallow sunlit sinkholes give way to chemosynthesis-dominated sinkhole communities in deep aphotic water.  These analyses provide the first detailed picture of microbial life in sinkhole ecosystems of the Laurentian Great Lakes.


To integrate this research into undergraduate classroom experiences, students in the introductory biology course at UW-Stout created bacterial 16S rRNA clone libraries for several sinkhole communities.  These studies demonstrate that the shallow, sunlit sinkhole communities are dominated by cyanobacteria most closely related to clones from Antarctic lakes.  Deeper organic-rich sediments are highly diverse with little community dominance.  The biotechnology class at UW-Stout is currently creating archaeal clone libraries to further understand community composition.  We have also initiated undergraduate and graduate student projects that examine the source of microbial nutrition and the fate of microbial production utilizing stable isotope signatures of carbon and nitrogen.  These efforts are the subject of a NASA-MSGC master’s thesis proposal (GVSU) and a NSF RUI supplement request written by an undergraduate (UW-Stout).  Water chemistry data collected along the depth gradient support the idea that the groundwater supply to shallow and deep sinkholes is similar (low oxygen and high sulfate).  In these model sinkhole habitats, we will test the hypotheses about the role of microbial diversity in determining community function including carbon flow and nutrient cycling this summer.
