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Executive Summary:  
The direct interactions between phytoplankton and zooplankton can have significant effects on herbivorous and carnivorous fish in lake ecosytems.  The quality of zooplankton diet available to fish is a function of the nutrient quality of these organisms, which is determined by the structure of the phytoplankton community.  Essential organic compounds such as fatty acids and amino acids in phytoplankton may be a controlling factor in food quality of diets available to higher trophic level organisms.  Phytoplankton productivity in the eastern, central and western basins of Lake Erie differs considerably over the seasons and this proposal seeks to determine the changes in the concentration of essential fatty acids in phytoplankton and their role in changing dietary quality for zooplankton. The major goals of this research are to determine the spatial and temporal variation in algal fatty acids in the three basins of Lake Erie, and ascertain whether zooplankton respond to temporal changes in the fatty acid content of their algal food source.  We will use molecular level techniques to determine fatty acid composition of phytoplankton and zooplankton and correlate changes in composition with changes in food web structure as indicated by stable isotope analyses.
2.  Scientific Rationale

a) Project Description:  
Essential fatty acids are synthesized by primary producers; herbivores and predators must obtain these biochemicals from their diet.  In aquatic systems, essential fatty acids are known to be important for zooplankton and fish growth and reproduction both in aquaculture (Bell and Sargent 2002) and in the natural environment (e.g., Müller-Navarra 1995).  Although the importance of fatty acids in nutrition of organisms such as zooplankton and fish is the focus of current research, the potential influence of fatty acids on community and ecosystem ecology is relatively understudied.  Changes in the fatty acid content at the base of the food chain, will significantly impact growth of higher trophic level organisms, including zooplankton and fish.
Essential compounds (e.g., vitamins, essential fatty acids, essential amino acids) are required for growth of organisms, but for many animals, these vital substances cannot be synthesized and must be supplied through the diet.  For example, essential polyunsaturated fatty acids (PUFAs) are required for maintaining cell membrane structure, and are important molecular components in the eyes and brains of higher organisms in aquatic and terrestrial ecosystems (Hulbert et al. 2002).  

When the supply of these minor, but essential, dietary components is in short supply, growth efficiency of organisms is reduced (e.g., for essential fatty acids; DeMott and Müller-Navarra 1997, Weers and Gulati 1997, Wacker and von Elert 2001).  For example, increasing the amount of essential fatty acids available to zooplankton, while keeping the total food quantity constant, resulted in significantly higher growth rates (DeMott and Müller-Navarra 1997).  It has been proposed that the conservation of essential fatty acids from food to consumer may allow the relative abundances of particular fatty acids to be used as a tracer of diet (Napolitano 1998).  In aquatic systems, different amounts of specific fatty acids are produced by different primary producer taxa (Ahlgren et al. 1992).  We believe that tracing temporal and spatial changes in fatty acid profiles in seston in conjunction with other food web analyses, such as stable carbon and nitrogen isotopes (Teece and Fogel, 2004), may better allow us to discern the important role that fatty acids play in supporting aquatic food webs.
The different nutrient loading in the eastern, central and western basins of Lake Erie make this lake an ideal experimental setting to discern temporal changes in fatty acid compositions of algae under different nutrient regimes.  Further, the nutrient characteristics of this lake will allow us to investigate the transfer of essential fatty acids from phytoplankton to zooplankton under different natural conditions.
b) Project Objectives:

The major goals of this research are to:
1) Determine the spatial and temporal variation in algal fatty acids in the three basins of Lake Erie
2) Determine the response of zooplankton to temporal changes in the fatty acid content of their algal food source

3) Correlate changes in fatty acid content of zooplankton with changes in food web structure as indicated by stable isotope analyses

 (c) Project Approach/Methods

We will collect phytoplankton (seston) and zooplankton from the different basins of Lake Erie from May to September and analyze their fatty acid and stable isotope content.  Changes in the fatty acid content of phytoplankton will reflect changes in community and using specific marker fatty acids we will assess the changes in community and their effect on higher trophic levels.  Comparing the fatty acid profiles of phytoplankton and zooplankton over time will allow us to determine the extent to which zooplankton respond to changes in their algal diet.  Stable isotope analyses will provide a record of changing food web interactions between the lower trophic levels.
Sample collection: Seston will be collected in triplicate on glass fiber filters (GF/F) from the epilimnion, metalimnion and hypolimnion from stations in the east, central and western basins of Lake Erie.  Concurrently, zooplankton will be collected from whole water column tows.  Nutrient samples will be collected on ion-exchange columns and refrigerated until analysis at SUNY-ESF.  Seston and zooplankton samples will be stored frozen until analysis.
Fatty acid analyses: All samples (i.e. filters, zooplankton,) will be stored at –80oC prior to fatty acid analysis.  Samples will be analyzed using a modified procedure of Teece et al. (1999), analyzed using a gas chromatograph with flame ionization detection. Fatty acids will be identified by GC-mass spectrometry and by comparison with known standards, and concentrations e determined by comparison with an internal standard, nonadecanoic acid, added to the total organic extract prior to derivatization.  All derivatized samples will be stored at –20oC and under an inert nitrogen atmosphere to minimize degradation of samples.

Stable isotope analyses: The stable carbon and nitrogen stable isotope composition of freeze-dried seston (collected on GF/F filters) and zooplankton will be determined using a Costech Elemental Analyzer coupled to a ThermoFinnigan Delta XL Plus isotope ratio mass spectrometer via a ThermoFinnigan Conflo III interface at the Environmental Science Stable Isotope Laboratory (EaSSIL) located at SUNY-ESF.

(d) Project Relevance
This proposal directly addresses food web dynamics and the role of specific nutrients, namely fatty acids, in influencing food web interactions between lower trophic levels.  As fatty acids are implicated in food quality, changes in zooplankton fatty acid content will have direct implications for herbivorous and ultimately piscivorous fish in Lake Erie.  The spatial and temporal changes in fatty acid content of phytoplankton addresses overall phytoplankton productivity and also the spatial coupling between the eastern, central, and western basins of Lake Erie.
(e) Collaborations/Other Project Linkages:

This study complements a collaborative proposal with Kimberly Schulz and others at SUNY-ESF focusing on the importance of fatty acids in aquatic food chains, funded by NSF-Ecology.  The data from this project will benefit other IYLE projects including those focused on food web structure and function (PI-Mason), zooplankton dynamics and stable isotope markers (PI-Raikow) and exotic invertebrate effects on native food webs (PI-Vanderploeg).
(f) Governmental/Societal Relevance

An improved understanding of the sources and pathways of carbon and essential compounds such as fatty acids will aid in understanding the carbon cycling in Lake Erie.  The effect of changes in the algal population on higher trophic levels such as zooplankton and ultimately fish will have profound implications for recreational and commercial use of Lake Erie. 
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3. Project Timeline

June 2005 –Prepare for cruises, order materials and supplies.

May, June, July, August, September  2005 – collect nutrients, phytoplankton, and zooplankton.  Samples returned to SUNY-ESF for analyses.

October 2005 – March 2006 – extract and analyze samples, analyze results

March – April 2006 – prepare manuscripts

4. Budget Request - NONE
5.  Projected Vessel Time Needs


Five weeks of ship time (one week per month, May – September) aboard the large vessel (RV Lake Guardian).  We request housing for one female and one male per cruise.
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(iv) Synergistic Activities:

· Core mentor for Multicultural Scholars programs focused on underrepresented groups

· Presenter and participant in program for incoming minority students “Living and Learning: The Academic Experience"

· Development of web-based curricula and testing for General Chemistry

· Integration of peer-tutor workshop groups in General Chemistry

· Public outreach presenter at Green Lakes State Park and New York State Fair
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Total number of graduate students advised: 7
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