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Over the past century, increased anthropogenic nitrogen use has directly influenced population growth and standards of living around the globe through increased fertilizer production and use.  Increased populations and fertilizer usage have led to nitrogen-driven eutrophication of freshwater and marine systems.  A prime example is in Syracuse, NY where nutrient pollution from the Metropolitan Syracuse Wastewater Treatment Plant (Metro) into nearby Onondaga Lake resulted in degraded water quality.  High concentrations of phosphorous and ammonium (a form of nitrogen) in the effluent of Metro led to detrimental algal blooms, decreased oxygen in the deep water that support cold-water fish and ammonium levels toxic to fish and other organisms.  Since 2003, upgrades at Metro have reduced nitrogen and phosphorous pollution and also converted ammonium to less toxic nitrate.  These upgrades have resulted in improved water quality in Onondaga Lake including decreased phytoplankton biomass.  These changes have also resulted in a dramatic shift in the type of nitrogen that is dominant in the lake, because ammonium levels are at record lows while nitrate concentrations continue to increase.  This shift may affect phytoplankton, which can utilize both ammonium and nitrate for growth but show variations between species in their ability to use each form of nitrogen.  The goal of my study this summer was to determine the preferences of the Onondaga Lake phytoplankton community for ammonium and nitrate and correlate those observed preferences with long-term trends in the community.  A correlation between phytoplankton species that have a strong preference for nitrate and the increasing lake nitrate concentrations would indicate that the changes in dominant nitrogen form could be affecting the phytoplankton community.  This is important because phytoplankton form the base of the aquatic food-web and because changes in nutrient loading have led in some systems to a change in toxin production of toxic algal species.  
In order to determine the nitrogen preferences of the phytoplankton community over the entire growing season (April- October), I needed to sample the phytoplankton community at least four times.  Large quantities of Onondaga Lake water were collected from a boat and brought back to the lab to analyze the phytoplankton they contained.  Once in the lab, I divided the water into several jars and added several different concentrations of ammonium or nitrate.  I measured the decrease in the concentration of ammonium or nitrate in the water over the next eight hours.  Since no nutrients were removed from the water, the decrease in the concentration of ammonium and nitrate in the water was due only to uptake by the phytoplankton for growth.  Thus, by measuring the decrease in the concentration of ammonium and nitrate in the water, I was measuring the rates of nitrogen uptake by the phytoplankton.  The range of concentrations allowed me to determine if the rate of nitrogen uptake was greater at low or high concentrations.  This is important in the lake, because concentrations of nutrients can be variable.  Species that can quickly uptake nutrients at low concentrations would grow faster and perhaps out-compete other phytoplankton in the lake with lower uptake rates at those concentrations.  
My initial experiment in June did not yield the expected results.  After eight hours there was no decrease in the amount of the ammonium or nitrate in the majority of my samples, indicating that the phytoplankton were not taking up nitrogen.  Most likely, the absence of nitrogen uptake is because the phytoplankton were not growing after they were moved from the lake to the lab.  Concentrations of phosphorous in Onondaga Lake are at a record low and phytoplankton need similar if not greater amounts of phosphorous in addition to nitrogen to grow.  It was possible that my phytoplankton samples did not have sufficient phosphorous to grow and as s result had little need to take up additional nitrogen.  To test this hypothesis, I sampled the lake again in July and added phosphorous to only half of the water to determine if it would stimulate growth and subsequent uptake of nitrogen.  Once again, there was no decrease in the concentrations of ammonium or nitrate over the eight hours, indicating no nitrogen uptake and no growth.  
 I determined that the most likely cause for the lack of growth in my experiment was that the phytoplankton were still in shock from the transport from the lake to the lab.   In addition to the trauma of sampling and transportation, the lab conditions can not exactly replicate conditions in the lake.  In order to have phytoplankton growth during the experiment I would need to allow the phytoplankton to acclimate to the conditions in the lab over a long period (days to weeks).  My fear is that over this period the species of phytoplankton that would adjust faster could out-compete those that took longer to resume growth.  This would result in a community for my experiment that was no longer the same as that found in the lake. 
 I had intended to sample three more times over the summer, but determined that my current design for my experiment was no longer able to answer the question I had set out to solve.  I would need a different approach in order to determine the nitrogen preferences for the Onondaga Lake phytoplankton.  With the help of my committee members, I was able to develop a different experiment that should better quantify the phytoplankton uptake preferences in the lake and allow me to estimate how these preferences are driving phytoplankton community dynamics. 
I analyzed Onondaga County phytoplankton community counts from 2001-2006.  This period included the upgrade to the sewage treatment plant in 2003 that resulted in the increased the shift in the dominant nitrogen form from ammonium to nitrate.  I identified many species that changed in abundance dramatically over this short period.   I selected four of these species and will utilize them to estimate the nitrogen preferences of similar species in the phytoplankton community.  I expect that the species that have become more abundant since the change in wastewater treatment would be able to take up nitrate faster than those species that have declined.  If this were the case they would be able to out-compete the other species and grow faster, leading to their increased abundance.  Using mathematical models I can estimate how dramatically this changes would affect competitions and from that I can estimate how the phytoplankton community may have changed and validate those estimation through comparison with the long-term data set.  
The next leg of the experiment will be conducted over winter break.  This experiment and the previously analyzed long-term phytoplankton data will result in several publications for journal submission in which the Sussman Foundation will be acknowledged.  I would like to thank my advisors, Dr.’s Kim Schulz and Myron Mitchell and Mary-Gail Perkins for their help and advice over the last several months and of course the Sussman Foundation for their generous support of my research.  
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