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Brief Description of Proposed Work:  

Ecological models will be developed from both theoretical and phenomenological approaches to make ecosystem forecasts.   The theoretical approach is based on established theories for a process or mechanism while phenomenological predictions are based on curve fitting (Carpenter 2002).  The focus of my research will be on the impact of exotic species to ecosystem measures of primary and secondary production. It has been well established that chlorophyll, a measure of phytoplankton biomass, and phosphorus are correlated (Schindler 1977).  It was also found that the relationship could be further defined by food web structure (Brooks and Dodson 1965, Shapiro et al. 1975).  In recent years the filtering capacity of dreissenids has been implicated in a decoupling of phosphorus-chlorophyll relationship (Mellina et al. 1995, Nicholls et al. 1999).  Another component of the research will be to determine the how best to combine slow and fast processes, e.g. the fast kinetics of phosphorus uptake versus the influence of land use on watershed phosphorus inputs.

Approach: 

As an initial step to developing ecological models based on phenomenological measurements, I propose to collect, organize, and analyze (statistical and pattern recognition techniques) historical data collected by the US EPA GLNPO and EC monitoring data collected in Lake Erie over the last 30 years. These data were collected from the open waters of Lake Erie and all the tributaries draining into the lake.  Data recovery is not completed, much of the more current monitoring data still resides at EPA and EC.  The files that are currently at GLERL span the years from 1963 to 1993 and include over 200 different physical, biological, and chemical parameters. One of the first tasks will be to obtain more current monitoring data.  

Another important task will be to organize the data to allow data analysis and synthesis. The shear size and variability in the measurements will require the help of a computer programmer to organize the data.  For example, there are over 63,000 DO measurements collected in the open waters of Lake Erie between 1963 and 1993.  These measurements were taken from over 15,300 different geographical locations and 35,900 different time periods. Some binning of data measurements into spatial and temporal intervals will be useful.

Project Rationale:  

The filtering impacts of larval and sessile dreissenids on the western Lake Erie ecosystem are large.  MacIsaac (1992) concluded that mussels would graze more than 1000 times the phytoplankton biomass that planktonic veligers would feed upon.  Their calculations showed that the sessile mussels could filter 14 times the volume of the western basin in just 1 day.  Madenjian (1995) used a bioenergetics model for growth of zebra mussels to estimate the removal of phytoplankton by mussels.  The zebra mussel population, as estimated in 1990, consumed 5.0 million tons of phytoplankton and another 1.4 million tons of phytoplankton were deposited as psuedofeces.  If primary production is estimated to be 24.8 million tons, then zebra mussels removed 26% of the primary production for western Lake Erie.  There are no filtering impacts by mussels for the central and eastern basin of Lake Erie.

More recent observations by various investigators have found that biomass of phytoplankton (chlorophyll a) in the central and eastern basins is at historically low levels.  At the same time, the concentrations of total phosphorus (TP) have been increasing over the past 5 years, even though TP loadings to Lake Erie have not risen.  It has also been observed that the central basin oxygen demand has not changed through the 1990s, and central basin hypolimnial oxygen depletion continues to occur. Such patterns are inconsistent with predictions and dynamics of models of internal lake function originally developed to guide management of Lake Erie’s nutrient budget. These obser​vations may represent situations that have naturally occurred at times prior to monitoring re​cords. Alternatively, they may reflect consequences of novel environmental and biological pressures modifying energy and nutrient flow through the ecosystem. The compartments and transfer pathways hypothesized to be most important in explaining recent changes in energy flow patterns are: 

• allochthonous particulate and dissolved organic carbon inputs;

• carbon fixation through benthic primary production, phytoplanktonic primary production and, increasingly, microbial food web production;

 
• particulate detrital carbon production (dreissenid feces and pseudofeces; feces from other zoo​benthos and zooplankton) - sedimentation processes, resuspension processes or sublittoral-to-profundal particulate transport (‘nearshore shunt’ of Smith et al. 2000);

During a recent investigators meeting in Windsor, ON (November 9, 2002), it was determined that the largest gap in knowledge was better estimates of dreissenid population abundance.  It was determined that distribution and biomass of dreissenids was the most limiting information for modeling the impact of dreissenids on the Lake Erie ecosystem.  We hope to partially fill this gap through our modeling and field activities. 

Societal Relevance: 

The decline of Diporeia clearly has the potential to reduce the carrying capacity of planktivorous fishes in the Great Lakes.  Changes in invertebrate food resources might alter competitive interactions between planktivorous fishes, which may affect salmonid production, yellow perch recovery, lake whitefish recruitment and growth, and success of natural reproduction of lake trout.  State and tribal fishery managers in the Great Lakes need to know the health of the forage base to make informed decisions on salmonid stocking and commercial fishing regulations and quotas. 

Governmental / Societal relevance:  

There is a diverse community of potential users of the modeling forecasts we are developing.  Environmental management within the Great Lakes is a partnership among federal, state, and local authorities.  In addition, the Great Lakes region is rich in environmental advocacy groups.  

Relevance to Ecosystem Forecasting:  

Ecosystem forecasting the impacts of dreissenids, an exotic species, in the Great Lakes is critical to managing the fisheries in Lake Erie. With the invasion of dreissenids into the Great Lakes, there has been a major disruption in the Great Lakes food web.  Knowing the impact of filtering rates and phytoplankton removal rates is also critical to modeling carbon and energy flux as proposed by the Lake Erie Millenium research consortium of federal, state, provincial and university researchers. 

Project Linkages: 

This project is closely linked to other projects in Lake Erie.
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