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Abstract

A prominent feature of Lake Erie’s central basin is the area of severe hypoxia/anoxia that recurs annually during late summer.  Although the size of the hypoxic zone declined with reduced phosphorus inputs during the mid-1980s (Bertram 1993), current levels of oxygen depletion are on par with those observed during the preceding period of severe cultural eutrophication.  This proposal is intended to compliment the research priorities and activities developed under the 2005 International Field Year Lake Erie program, being led by the NOAA-Great Lakes Environmental Research Laboratory.  

This research will directly address several of the program goals including: 1) improving our understanding of the exchange of sediments, nutrients, and carbon among basins, and its effects on oxygen availability, 2) helping to understand how trophic conditions have been altered by Dreissenids; and 3) enhance the development of models to forecast primary production.   The project will focus on both the causes and consequences of central basin Lake Erie hypoxia as a function of nutrient dynamics, and will contribute to the ability to predict lake-scale trophic conditions through remote sensed data.  Specifically we will: (1) conduct synoptic surveys of nutrient conditions at approximately 40 stations throughout the Lake on a monthly basis from May – October, (2) examine sediment-water nutrient and oxygen fluxes under various thermal and oxygen conditions within the central basin; (3) examine carbon and nutrient fluxes within the central basin over a seasonal basis using sediment trap collections to understand the timing and magnitude of fluxes to the hypolimnion; and (4) examine spatial and temporal patterns of chlorophyll, suspended matter, and dissolved organic carbon to support algorithm development of remotely-sensed data from the Modis satellite.  

Nutrient dynamics and trophic conditions in association with Lake Erie Hypoxia 
Project Rationale
Of the numerous anthropogenic impairments experienced by aquatic ecosystems during this century, none has been more ubiquitous than eutrophication (Naiman et al. 1995, Carpenter et al. 1998).  One typical consequence of eutrophication is severe hypoxia (or even anoxia) in bottom sediments, owing to enhanced bacterial respiration.  Indeed, eutrophication-driven reductions in oxygen levels have been documented in freshwater, marine, and estuarine systems throughout the world (Caddy 1993, Diaz and Rosenberg 1995, Breitburg et al. 2001, Rabalais and Turner 2001), including the central basin of Lake Erie (Rosa and Burns 1987).

Lake Erie has historically experienced low-oxygen events, particularly in the deep waters of the central basin (Rosa and Burns 1987).  However, the extent of this dead zone increased during the mid-1900s, likely owing to excessive phosphorus inputs (Rosa and Burns 1987, Bertram 1993).  Despite the tremendous gains made in restoring the water quality in Lake Erie through a series of phosphorus control abatement program (DePinto 1986) large-scale low-oxygen events have continued to occur in central Lake Erie during late summer over recent years, at levels comparable to those observed during the height of eutrophication (Murray Charlton, NWRI, unpub. Data).

There remains much uncertainty whether the continued observation of central basin hypoxia is simply a matter of physical and morphological conditions, or if the lake is still experiencing too much nutrient input and subsequent organic matter production.  Furthermore it is unclear why several recent monitoring efforts have suggested that phosphorus concentrations are increasing in Lake Erie (Fig. 1) when recent loading estimates suggest that inputs since 1990’s have been fairly constant.  
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Fig. 1.  Total phosphorus concentrations in the central basin of Lake Erie from 1972 – 2003, as reported by Charlton and Milne, ).

We will collect detailed information on nutrient concentrations throughout the Lake and compare these data against previous findings from monitoring efforts of EPA-GLNPO and CCIW, as well as against new compilations of TP loads that are being performed for Lake Erie by David Dolan and Pete Richards in a separate study.  Another potential source of phosphorus that may be unaccounted for is the release of sediment bound phosphorus that may occur under conditions of anoxia.  It has been well documented that large fluxes of P can be observed when the overlying water goes anoxic and surficial sediment and porewater change their redox condition.  We will examine these input sources as well as examine the spatial and temporal distribution of nutrients throughout the western basin to better understand the fate of these nutrients and their potential influence on production rates.  

Project Objectives
This research will focus on both the causes and consequences of central basin Lake Erie hypoxia as a function of external and internal nutrient loading will directly address several of the program goals including: 1) improving our understanding of the exchange of sediments, nutrients, and carbon among basins, and its effects on oxygen availability, 2) helping to understand how trophic conditions have been altered by Dreissenids; and 3) enhance the development of models to forecast primary production.   The project will focus on both the causes and consequences of central basin Lake Erie hypoxia as a function of nutrient dynamics, and will contribute to the ability to predict lake-scale trophic conditions through remote sensed data.  Specifically we will: (1) conduct synoptic surveys of nutrient conditions at approximately 40 stations throughout the Lake on a monthly basis from May – October, (2) examine sediment-water nutrient and oxygen fluxes under various thermal and oxygen conditions within the central basin; (3) examine carbon and nutrient fluxes within the central basin over a seasonal basis using sediment trap collections to understand the timing and magnitude of fluxes to the hypolimnion; and (4) examine spatial and temporal patterns of chlorophyll, suspended matter, and dissolved organic carbon to support algorithm development of remotely-sensed data from the Modis satellite.  
Approach and Methods
1. Synoptic Surveys of Nutrient Concentrations
We will determine nutrient concentrations for total phosphorus (TP), total dissolved phosphorus (TDP), soluble reactive phosphorus (SRP), nitrate (NO3), ammonia (NH4), and silica (SiO2) at approximately 40 stations located throughout the Lake (Fig. 2) on monthly cruises conducted from May – September.  Concentrations will be determined at two depths per station in the western basin and three depths per station in the central and eastern basins.  We are particularly interested in examining any build up of phosphorus and ammonia in the hypolimnetic region of the central basin as hypoxia develops.  Hypolimnetic build up in nutrients will be compared against experimentally determined sediment-water flux rates and nutrient flux rates of settling material to compare the relative importance of these sources.  Patterns in nutrients concentrations will be shared to all PIs in the program in support of collaborative studies on lower food webs and microbial production, and fluxes of organic matter to the central basin hypolimnion.  Results may also be helpful to verify results of a coupled hydrodynamic and nutrient loading model that has been recently developed by participating PIs.  Lastly we will use these results to improve our understanding of the relationship between nutrient distributions and particle concentrations associated with both river plumes and areas of high particle concentrations associated with internal resuspension.
2.  Sediment-Water Nutrient and Oxygen Fluxes  

We will experimentally determine sediment oxygen demand (SOD) rates and sediment nutrient flux rates at two locations within the central basin during July, August, and September.  All rates will be determined using sub-cores extracted from a box-core to ensure the least disturbed sediment-water interface.  Approximately 300 mls of hypolimnetic water will be analyzed for initial conditions, filter sterilized through a 0.2um filter and then added back as overlying water and gently circulated via a peristaltic pump. Parallel cores will be filled with water stripped of dissolved oxygen to quantify potential release rates of phosphorus from the sediments overlain by water containing no oxygen.  Cores will be incubated for 24 hours in the dark at in situ temperatures after which the water will be withdrawn and analyzed for dissolved oxygen, dissolved inorganic nitrogen, and dissolved inorganic phosphorus.  Nutrients will be determined via automated colorimetric procedures and oxygen concentrations will be determined by Winkler titration with a high-precision automated titrator.  

3. Nutrient and Particulate Matter Fluxes

Both GLERL and NWRI deployed sequential sediment traps in the central basin of Lake Erie during 1994.  These samples are currently being processed and will be made available for carbon and nutrient analyses.  We will measure time-series of particulate organic carbon and total particulate phosphorus (TPP) fluxes to the hypolimnion from two trap locations for the total period of deployment.  These fluxes will help us to understand the timing and magnitude of organic matter delivery to the hypolimnion and provide background information against which we can compare rates of water column and sediment oxygen demand.  These nutrient mass fluxes will also help modeling activities aimed at understanding the fate and distribution of nutrient inputs when combined with our other measurements of nutrient distributions throughout the water column.  POC will be analyzed by a Carlo Erba CHN analyzer and TPP will be analyzed by combustion/boiling HCl extraction after Andersen 1976, followed by standard automated analyses on the Auto Analyzer. 

4. Ground Truthing for Remote-sensed algorithim Development
We will participate on monthly survey cruises from May – September to provide ground truth information needed to calibrate and verify algorithm development for remotely-sensed estimates of chlorophyll and suspended matter.  Surface water samples we be collected at each station occupied during daylight hours and analyzed for total suspended material (TSM), cholorphyll a (CHLa); and dissolved organic carbon (DOC 

Project Relevance
This effort addresses several of the research needs and priorities identified in the recent Lake Erie workshop sponsored by GLERL and the IFYLE call for proposals.  Our sediment-water flux experiments will provide an estimate for the potential internal P loading that may result from the bottom water going anoxic.  It has been well established that this condition results in a serious of geochemical reactions whereby previously bound phosphorus can be released in significant quantities from the sediment surface.  We can compare experimentally derived flux rates to actual observations of hypolimnetic P concentrations for regions any regions identified to have become anoxic.   Simple mass balance extrapolations, based on areal extent and duration of hypoxia, can be used to determine the potential importance of this phosphorus flux.   This process may also help explain why we have observed increasing phosphorus concentrations despite recent estimates of constant external loading rates.  Seasonal derived estimates of carbon and nutrient fluxes to the hypolimnion of the central basin will provide valuable information against which we can evaluate measured rates of sediment and water column oxygen demand.  We can also compare this time series of nutrient fluxes against measured and modeled nutrient inputs to evaluate their influence on production rates, as well as the transfer rates of organic matter to the central basin.  This project will compliment many of the ongoing research activities focused on Lake Erie both at GLERL and by academic collaborators that are participating in the 2005 IFYLE program
Societal Relevance

Currently, there is much concern by both Lake Erie management agencies and user groups about the resurrection of the dead zone in Lake Erie.  Our project would provide Lake Erie resource management agencies with a heightened understanding of the importance of internal phosphorus recycling from the hypoxic zone.  In collaboration with other Investigators, results of the study will help delineate the mechanisms responsible for annually recurring anoxia in the central basin of Lake Erie, and aide in the development of forecasting tools that can be used to predict the timing, magnitude, and duration of anoxic events.  

Literature Cited
Barbiero, R. P., R. E. Little, and M. L. Tuchman.  2001.  Results from the US EPA's biological open water surveillance program of the Laurentian Great Lakes: III. Crustacean zooplankton.  Journal of Great Lakes Research 27:167-184.

Bertram, P. E.  1993.  Total phosphorus and dissolved oxygen trends in the central basin of Lake Erie, 1970-1991.  Journal of Great Lakes Research 19:224-236.

Breitburg, D.L., L. Pihl, and S.E. Kolesar.  2001.  Effects of low dissolved oxygen on the behavior, ecology and harvest of fishes: a comparison of the Chesapeake Bay and Baltic-Kattegat systems.  Pages 241-268 in N.N. Rabalais and R.E. Turner, editors.  Coastal hypoxia: consequences for living resources and ecosystems.  American Geophysical Union, Washington, DC.

Caddy, J.  1993.  Toward a comparative evaluation of human impacts on fishery ecosystems of enclosed and semi-enclosed seas.  Reviews in Fishery Science 1:57-96.

Carpenter, S. R., N. F. Caraco, D. L. Correll, R. W. Howarth, A. N. Sharpley, and V. H. Smith.  1998.  Nonpoint pollution of surface waters with phosphorus and nitrogen.  Ecological Applications 8:559-568.

Dolan, D.M. 1993.  Point Source Loadings of Phosphorus to Lake Erie:1986 – 1990.  Journal of Great Lakes Research 19:212-223.

DePinto, J.V., Young, T.C., and McIlroy, L.M. 1986.Great Lakes water quality improvement, Environmental Science and Technology 20(8): 752-759.

Diaz, R. J., and R. Rosenberg.  1995.  Marine benthic hypoxia: a review of its ecological effects and the behavioural responses of benthic macrofauna.  Oceanography and Marine Biology Annual Review 33:245-303.

Naiman, R. J., J. J. Magnuson, D. M. McKnight, and J. A. Stanford.  1995.  The Freshwater Imperative: a Research Agenda.  Island Press, Washington, DC.

Rabalais, N.N., and R.E. Turner.  2001.  Hypoxia in the northern Gulf of Mexico: description, causes and change.  Pages 1-36 in N.N. Rabalais and R.E. Turner, editors.  Coastal hypoxia: consequences for living resources and ecosystems.  American Geophysical Union, Washington, DC.

Rosa, F., and N. M.  Burns.  1987.  Lake Erie central basin oxygen depletion changes from 1929-1980.  Journal of Great Lakes Research 13:684-696.
