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Background:
While algae are typically defined as primary producers, constituting the foundation of aquatic food webs, the reality is that many phytoplankton species also function as predators. These “mixotrophs” are both photosynthetic and also capable of feeding on bacteria and other algal competitors.  This unique form of omnivory is utilized by these species to overcome environmental factors such as low light and/or nutrient availability, which can limit strictly photosynthetic growth.
Recent work has also shown that mixotrophic feeding in some species is linked to toxin production.  These toxins have caused large-scale fish kill events and may constitute significant risks to human health.  Despite these findings, little is currently known about which specific factor(s) can result in toxic mixotrophic bloom formation. I hypothesized that photosynthetic production by mixotrophs is limited by specific environmental conditions and these conditions are positively correlated to toxic mixotrophic bloom formation.  In my thesis research, I have quantified how utilization of photosynthesis vs. predation by mixotrophic species affects their growth rates under a range of environmental conditions in the laboratory; this Sussman Foundation funding has allowed me to tie these laboratory studies of potentially toxic mixotrophs to their distribution in U.S. lakes and reservoirs.
Since it is important to provide lake managers and stakeholders with the tools necessary to predict where and when toxic mixotroph blooms may occur now and under future environmental conditions altered by global climate change.  Thus, the primary objective of this Sussman internship was to produce a model describing the distribution of toxic mixotrophs in relation to predictive environmental variables such as light, nutrients, temperature and pH, in surface waters across the continental U.S.  
Internship Description:
To produce the model described above, I traveled to the Michigan State University-Kellogg Biological Station (MSU-KBS) between May 23, 2010 and August 23, 2100, where I worked with my internship sponsor, Dr. Elena Litchman.  Under the guidance of Dr. Litchman, I used a searchable database that she and Dr. Chris Klausmeier (also from MSU-KBS) have compiled from an EPA dataset containing over 2.5 million physical, chemical, and phytoplankton data points from 815 lakes and reservoirs across the continental U.S (map of sites depicted in figure 1).  
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Fig.1. Eight hundred and fifteen lakes and reservoirs sampled in the EPA National Eutrophication
                Survey.

Drs. Litchman and Klausmeier are both experts in modeling phytoplankton community dynamics and their expertise and guidance, in combination with the size of the dataset that they have available was invaluable to me in identifying predictor variables that are significantly related to the bloom formation of mixotrophic species.
Modeling Work and Analysis Conducted:
	While the original scope of this work was to produce a predictive model of only described toxic mixotrophic species, only eight of the 1340 species identified in the database were mixotrophic species previously identified as toxin producers.  I thus expanded the scope of the modeling work, analyzing distributional patterns of all mixotrophic taxa, as well as producing separate models specifically for those that produce toxins.  Given that toxin production may occur in species where it has not yet been identified (toxicity in Euglenoid algae was first described just last year), this expansion of my work will allow researchers and lake managers the tools necessary to assess newly identified toxic blooms as soon as they are identified.  Additionally, mixotrophic feeding may have important, more general, implications in our ability to properly quantify rates of productivity and energy transfer in aquatic food webs.  Thus, my predictive models will be useful in a wide variety of ecological application, independent of their ability to predict toxic bloom formation.
Results and Accomplishments
With 51 physical and chemical parameters to assess, 1340 algal species, and over 2.5 million individual data points included in the EPA dataset that I utilized, properly modeling mixotrophic algae required the development and testing of several different types of models that were entirely new to me.  In this sense, working with Drs. Litchman and Klausmeier was an invaluable experience for me and greatly improved the predictive power of the models that I produced.
To describe the distributional patterns of all mixotrophs in the dataset, predictive quantile regression models were created to determine critical threshold values for light and nutrient availability that cause high abundances, and thus bloom formation, of mixotrophic taxa.  Quantile regression models are particularly useful for determining critical limitation factors from complex multiple variable datasets, as they allow for calculation of regression equations that are not solely based on the mean population response.  
For individual mixotrophic species, I have also developed Maximum Likelihood Estimation (MLE) mixture models.  These models consist of two components.  The first of these allows me to use the extremely large power (certainty of predictions based on sample size) of my dataset in predicting the presence of a mixotroph (i.e.-utilizes the large number of ‘zero occurrence’ data points for an individual species in the analyses).  The second component allows me to then predict percent abundance where the mixotroph does occur.  
Current and Future Work:
I am currently working on developing several additional parameters (based on the existing EPA data) that will allow me to assess other possible predictors of mixotrophy.  These include, (1) adjusting the light measurement to account for lake surface-water mixing depth (which will more accurately reflect the light climate that the algae experience) and (2) using literature values to convert cell counts into cell biomass (algal cell size can range from under 4 to over 400 µm in size).  These additional data parameters will not only be useful in my own work, but will also be added to the existing EPA database housed at MSU-KBS, and will thus provide an additional resource to future researchers utilizing this valuable tool. 
	Once these variables have been added to my model, I will begin testing the model against a subset of the data that has been independently retained for this purpose.  It was decided after consultation with Drs. Litchman and Klausmeier that this would provide for a more robust assessment then would be obtained from sampling much smaller subset of lakes as was my original plan.  If I am able to obtain the funding however, this sampling may still take place next season as a follow up study to that published from my Sussman work.
In any publication or presentation that results from this research, I will acknowledge the exceptional contribution the Edna Bailey Sussman Foundation made to my research. At both the end of my internship at MSU-KBS, and this semester here at SUNY-ESF,  I have already presented the initial findings of my work to students and faculty, and the Sussman Foundation was acknowledge for their contribution to my work over the summer. 
Thank you for giving me this opportunity to work this past summer with the exceptional researchers at MSU-KBS.  It was a great learning experience and allowed me to greatly improve and expand the quality of my thesis research. This work would not have been possible without the support of the Edna Bailey Sussman Foundation and I am extremely grateful for your assistance. 
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