The temporal occurrence of Nitrogen Fixation along a Channel-backwater connectivity gradient in navigation PoolS 6 and 8 of the upper Mississippi River
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Nitrogen distribution is both spatially and temporally heterogeneous within the Upper Mississippi River (UMR).  The distribution of dissolved inorganic nitrogen (DIN) is strongly affected by river elevation and therefore discharge.  Highly connected sites receive frequent water exchanges from the main channel and have low water residence times (WRT) and higher DIN.  Less connected or isolated sites have infrequent or absent water exchanges, increased WRT, and reduced dissolved inorganic nitrogen.  Past work indicated that sites with no or low connectivity exhibit low water column DIN and likely low nitrogen to phosphorus (N:P) ratios that would favor the development of nitrogen fixing cyanobacteria, particularly during the summer low water period.  To date, no published study has demonstrated the temporal or spatial context of nitrogen fixation in the UMR system.  We conducted nitrogen fixation assays employing the acetylene reduction technique at 14-day intervals during the summer of 2008.  Assays were conducted at six sites representing a gradient of connectivity.  The sites ranged from a completely isolated backwater, to intermediate connectivity sites receiving limited flow from the main channel, to a main channel site within the Mississippi River.  We also sampled water column nutrients and chlorophyll a.  The highest nitrogen fixation rates (216 μM C2H4 · m-2 · h-1) were observed in the isolated backwater (Trempealeau National Wildlife Refuge, TNWR) in late July, and were 4 to 20 fold those rates observed at other sites.  Low rates (20 μM C2H4 · m-2 · h-1) were observed in the main channel.  Nitrogen fixation generally peaked in August and coincided with the period of cyanobacteria dominance in the river.  The onset of the summer fixation was marked by declining N:P ratios prior to the chlorophyll a maxima.  No threshold N:P ratio consistently predicted the onset of fixation.  Generally, nitrogen-fixation in lakes is considered to be a late summer event when water temperatures are high, dissolved inorganic nitrogen is low, and N:P ratios are low favoring the development of cyanobacteria blooms. Our research supports this view, but also indicates that fixation had already occurred and was in decline by late May and June in the isolated backwater (TNWR) and our lowest intermediate connected site (Lawrence Lake).  Ironically, Pool 8, a system estimated to transport ~80,000 terragrams per year of nitrogen, can at times be both spatially and temporally nitrogen limited for some autotrophic taxa.      
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