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EXECUTIVE SUMMARY:

We propose to create an easily accessed data base and begin analyzing the spatially rich seasonal data on phytoplankton, zooplankton, benthos, nutrients, and physical variables from the Saginaw Bay Zebra Mussel Program (1991-1996) and work with other investigators who will bring in data on fishes as well as expertise in modeling (statistical and dynamic) to evaluate effects of zebra mussels on ecosystem structure and function.  Of particular interest in the near term will be examining the relation between changes in phytoplankton community structure relative to zebra mussel influences and diagnostic modeling with the SAGZM—a dynamic mass balance model that includes nutrients, 5 functional phytoplankton groups, zooplankton, and zebra mussels—to explore hypothesized mechanisms of Microcystis bloom creation by zebra mussels.  We hope this diagnostic model will serve as the seed for obtaining support for a fully implemented SAGZM model.  Likewise, it is our hope that preliminary explorations of impacts to the fish community using statistical modeling will lead to a fully funded study.

BACKGROUND AND PROPOSED WORK IN GENERAL TERMS (slightly modified from description of FY1998): From 1991-1996 GLERL carried on an extensive monitoring and experimental program to document and explain the effects of zebra mussels on the Saginaw Bay ecosystem.    Much of the experimental work and description of ecosystem change for the years 1991-1993 was published in a special volume of J. Great Lakes Res.  These studies documented, for example, the rapid increase in zebra mussel populations that increased water clarity, reduced chlorophyll concentration and primary production in the water column due to zebra mussel filtering.  These studies also documented changes in the benthos, including a decrease in oligochaetes and an increase in the amphipod Gammarus.   

Starting in 1994 the trend of low algal standing stocks during summer was reversed with the appearance of toxic Microcystis blooms.  Much of the research effort since then has been focused on how zebra mussel selective filtering and nutrient excretion may have promoted these blooms.  It was further recognized that P from some event like sediment resuspension or runoff might have been required in addition to zebra mussel selective filtering to support the levels of observed phytoplankton blooms.  In late summer of 1995, a major toxic bloom of Microcystis appeared on Lake Erie.  We, as members of a larger team of investigators—headed by D. Culver of Ohio State University and supported in part by the Lake Erie Protection Fund, examined the role of mussel selective filtering and nutrient excretion in promoting Microcystis blooms in both Saginaw Bay and Lake Erie through comparative experiments with mussels and seston from both systems and from selective filtering experiments with various cultured strains of Microcystis, including an isolate of the toxic Microcystis from Lake Erie.

By doing experiments with a variety of toxic and non-toxic Microcystis strains, we have shown that zebra mussels selective rejection operates for certain toxic strains and that this selection can promote toxic blooms of Microcystis in nature.  These results were recently published.  We also have done experiments describing mussel selective filtering rate, feeding behavior (observed directly), physiological condition, and nutrient excretion at monthly intervals April - November in 1995 and 1996 at an inner and outer bay station of Saginaw Bay and comparative experimental work for Lake Erie and Saginaw Bay for 1997 to evaluate the role of seston C:N:P ratios and phytoplankton composition on feeding rate and nutrient excretion.  These experiments, which show that zebra mussels are very sensitive to quality of the seston and that they can increase or decrease P limitation depending on N:P ratios of the seston, need to be published.

We propose to finish describing the changes (spatial and temporal) in the Saginaw Bay ecosystem that occurred from 1990-1996, emphasizing the unreported results from the 1994-1996 monitoring study, including zooplankton, phytoplankton, and benthic invertebrates other than Dreissena.   All samples have been processed and the biological, chemical, and physical variables and are in various separate databases.  We propose to assemble an easily accessed database (MicroSoft Access) making linkage among variables easy for statistical and dynamic modeling.  Exploratory dynamic and statistical modeling will be done.  Specific tasks are listed below.

CY 2004 PLANS

Data management—Jim Liebig will work with Jagjit Kaur in organizing the entire data set so that various physical and biotic variables can be linked for analyses using various regression and statistical techniques as well as ecosystem modeling analyses.  We will use Microsoft Access for this purpose.

Mussel process studies—Hank Vanderploeg, Tom Johengen, and Jim Liebig will complete manuscripts on zebra mussel feeding and seston quality interactions and on mussel nutrient excretion and seston quality from our experiments in Saginaw Bay and Lake Erie.

Phytoplankton community structure changes—Hank (with the help from more statistically sophisticated colleagues) will relate changes in the phytoplankton community both temporally and spatially to zebra mussel impacts from selective filtering, altering nutrient ratios and concentrations and changing light climate and other physical variables.  The spatially rich data set will be especially useful for extracting zebra mussel impacts because mussel density was highly patchy and turnover rate of water in the bay is slow.

Zooplankton community structure changes—Tom Nalepa will begin analysis of the zooplankton community of Saginaw Bay. Samples were collected monthly between 1990 and 1996 to assess impacts of the zebra mussel on the abundance, composition, and distribution of zooplankton populations in both the inner and outer bay.   Changes in the zooplankton will be assessed relative to trends in the phytoplankton community and zebra mussel densities.

Diagnostic dynamic modeling—As a foundation for the diagnostic model, Jagjit will use Limno-Tech’s coupled multi-class phytoplankton-zebra mussel model (SAGZM), a dynamic mass balance model that represents nutrients, five phytoplankton functional groups, zooplankton and three cohort groups of zebra mussels. The model successfully reproduced observed spatial and temporal trends in Saginaw Bay immediately prior to the zebra mussel invasion in late 1991. Model predictions were consistent with observed water quality responses that took place in the bay during the period of the initial zebra mussel invasion (Bierman et al. 2003). We propose to use the SAGZM for investigating the effects of zebra mussels on phytoplankton production and composition after the zebra mussel invasion.  Specifically, we want to apply the model to explore the mechanisms responsible for the formation of Microcystis blooms in Saginaw Bay. 

To understand the system dynamic in the post-zebra mussel period, it is required to calibrate the model for one of those post-zebra mussel years (e.g., 1993) and confirm the model results with data of other years (1994-1996). This complete application of the model will require the knowledge and compilation of data for the physical, chemical and biological variables of the system from 1991-1996. This would include data for the 1991-1996 period for chloride concentrations, flows, wind, temperature, solar radiation, nutrients (P, N, Si) concentrations in available and unavailable forms, nutrient and particulate loadings, and zebra mussel densities for individual years. Using these inputs, the model results can be compared with available data in the post-zebra mussel period.  This effort is beyond the scope of what can be accomplished without further funding.

However, some simple diagnostic/sensitivity analysis could be conducted prior to developing a complete application involving model calibration and confirmation for the post-zebra mussel period. That can provide the diagnostic of the system in terms of ecosystem behavior in the post-zebra mussel period. To develop a quantitative understanding of the response of a system to aggregate effects of multiple stressors, we can use the model to explain observed (data) plankton trends in the pre- and post-zebra mussel conditions. Additionally, we can conduct sensitivity analysis to investigate the effects of zebra mussel parameters (filter rates, growth rates, P cycling coefficients, and mineralization of P in feces and pseudofeces). Additionally, we can review the compiled data and identify gaps to conduct complete modeling analysis.

The model is currently set for average 1991-1995 input conditions. We know that there will be yearly variations in those conditions, zebra mussel densities and forcing functions. Nevertheless, this initial diagnostic/sensitivity analysis will serve as a vehicle to synthesize all the individual components of the system that can help explain the changes in ecosystem dynamic. In doing so it will be an invaluable research tool to identify data and understanding gaps and help direct a complete application of the model to the post-zebra mussel period.

Tasks for this initial testing/diagnostic:

· Build database by compiling physical, chemical and biological data for the 1991-1996 period

· Classify available data in phytoplankton and zooplankton groups as required by the model.

· Compile data on model segment-basis and compute statistics. 

· Include data in the model post-processor.

· Conduct model runs and compare the model results with data.

· Conduct sensitivity/diagnostic analysis on phosphorus loadings, zebra mussel densities, zebra mussel filtering rates, growth rates, P cycling coefficients, and mineralization of P in feces and pseudofeces.

Statistical modeling of fish community changes—Sara Adlerstein’s objectives are to quantify impacts of changes in nutrient loadings and zebra mussel invasion on fish community structure and food webs in Saginaw Bay: 
1. Characterize changes in physical habitat, lower trophic levels, and fish community structure within and between periods of high and low nutrients and pre- and post- zebra mussel impacts based upon: a) physical/chemical data; b) spatial distribution and density of phytoplankton, zooplankton, and benthos taxa; c) juvenile and adult forage fish species composition, spatial distribution and density, relative proportion of native vs. exotics and pollution tolerant vs. intolerant species, and planktivores vs.benthivores; and d) age-disaggregated spatial distribution, density, diet, and growth of dominant piscivores.
2. Model variability in fish community structure (as defined in 1) in relation to physical and biological habitat.
GOVERNMENTAL/SOCIETAL RELEVANCE: The proposed research will bring closure to one of the few studies that documents the impact of zebra mussels on an entire ecosystem and explains the linkage between zebra mussels and harmful toxic blooms of Microcystis.  Zebra mussels and harmful algal blooms are of great concern to the general public, Congress, and NOAA.

RELEVANCE TO ECOLOGICAL FORECASTING: Relevance is obvious and implications to other forecasting problems is listed below under linkages.

PROJECT LINKAGES: Completion of the manuscripts on zebra mussel feeding and nutrient excretion in Saginaw Bay and Lake Erie will be an important contribution to anticipated efforts to develop GLERL program to explore recent changes in phosphorus and anoxia in Lake Erie as well for guiding GLERL and externally funded HAB programs.  We hope the statistical and diagnostic dynamic modeling will lead to further funding for these efforts.  In addition, we believe that a fully implement SAGZM would be a central component of an externally funded ECOHAB program.  We presume that the training on MicroSoft Access will be general enough to aid database construction for Lake Michigan longterm data sets on plankton and nutrients.

REFERENCE:
Bierman, V.J., Jr., Kaur, J., DePinto, J.V., Feist, T.J., and Dilks, D. 2003. Modeling the Role of Zebra Mussels in the Proliferation of Blue-green Algae in Saginaw Bay, Lake Huron. J. Great Lakes Res. (in review).

BUDGET FOR CY 2004:

1.  REQUESTED DISCRETIONARY FUNDS: $10,000

2.  BANKED FUNDS TO BE USED ON THIS PROJECT: None

3.  EXTERNAL FUNDS TO BE USED ON THIS PROJECT: None

4.  PROJECTED SHIPTIME NEEDS:  None

5.  SPECIAL MIL RESOURCES:  None

6.  SPECIAL COMPUTER RESOURCES: None.

7.  CONTRACT ($10,000): Contract to Limno-Tech for development Microsoft Access Data Base, Visual Basic Application tools, and training to GLERL personnel for use of data base and its modification.  (Details of proposed work are available below in an appendix).

8. SCIENTIFIC TRAVEL: None.

8.  PERONNEL JUSTIFICATION: Duties are described above.

Appendix—Description of Contract to Limno-Tech

Problem Statement

The Great Lakes Environmental Research Laboratory (GLERL) currently maintains multiple physical, chemical, and biological water column datasets for Saginaw Bay in multiple spreadsheets.  The access and integrity and ability to make ecosystem level analyses of these datasets would be greatly improved if they were centralized into a single Microsoft Access relational database supported by user-friendly forms for extracting data from the database.

Proposed Scope of Work

The development of a database to store Saginaw Bay datasets can be conceptualized as a tiered process involving two phases of work.  The tasks included in each of these phases and the associated costs are described below.

Phase 1

Phase I of database development would include basic tasks to transfer Saginaw Bay data into a Microsoft Access database and provide user access to the data using Visual Basic Application (VBA) tools.  The first step in this phase of work would involve obtaining the relevant datasets for Saginaw Bay from GLERL, including interaction between LTI and GLERL concerning the nature of specific data elements.  

After the database design has been completed and data has been transferred into the database table structure, LTI will design a series of data retrieval forms.  These forms will provide efficient access for all users to key data elements, and they will be accessible from a main menu form that will be shown each time the database is opened.  After working through a series of selections, including parameters and stations to include in the retrieval, the user will have the option of automatically generating a spreadsheet containing the data.  

This portion of the work would also include 2-3 hours of informal training conducted by LTI staff at GLERL. We expect that the cost for Phase 1 work would be $6,000.

Phase 2

The second phase of the database development would build on the development tasks described above for Phase 1.  This phase would involve building and programming a form or set of forms to allow easy addition of data to the database.  It should be noted that it is still possible to add data to the database without a data entry form, but this would require assistance from someone familiar with the structure and layout of the database.  This would most likely be a trained staff person at GLERL who has some familiarity with Microsoft Access. In addition, some plotting functionality will be provided that will allow the user to produce time series graphics for any combinations of parameter/species and sampling station.

We expect that the cost for Phase 2 work would be an additional $4,000, for a total of $10,000 for Phase 1 and Phase 2.
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