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d) Executive Summary of Project Rationale   Our research of the past several years has indicated the central importance of bacterioplankton to the apportionment of available P to phytoplankton (Heath et al. 2003; Heath 2004).  Our recent work has also indicated a central role of labile DOC compounds in controlling activities of bacterioplankton assemblages involved in P-dynamics (Gao 2002; Gao and Heath 2005, in review; Meilander and Heath, 2005 in prep.).  The problem is that neither the bacterial taxa nor the LDOC compounds most involved in these processes are well characterized. The aim of this study is to couple ecosystem functions related to P- and C-dynamics to those bacterial taxa most involved in the process.   This research will extend our current investigations and augment our currently funded projects from Ohio Sea Grant and the NSF – Biocomplexity Initiative.  It will directly address issues in the RFP of 1) Nutrient dynamics (both P- and C-dynamics at the base of the food web) and 2) Microbial ecology of bacterioplankton in Lake Erie.  Also, differences in bacterial community structure and/or non-native species may contribute to accelerated hypoxic/anoxic conditions in the Central Basin.  Bacterioplankton in hypoxic/anoxic sites may respond to LDOC differently (high LDOC and relatively low phosphate uptake) than aerobic communities (low LDOC and high phosphate uptake).  Our investigations will address these issues (5 Impacts of hypoxia/anoxia in the lower food web).  Using contemporary molecular biological technologies we will identify major bacterial taxa that are most common throughout Lake Erie and those that are unique to stations nearshore, offshore, basin-wide, and to the hypoxic “dead zone.”  We will also identify the major taxa that respond most to experimental amendments of select compounds representative of LDOC or to experimental amendments of orthophosphate, or select dissolved organic P compounds.  We request sufficient funds to support one doctoral student for one year and materials and supplied one week of ship time per month (May – September); no equipment is requested.   Results of this study will contribute in a novel way to the understanding of the role of bacterioplankton in P- and C-dynamics that may lead to improved management strategies and to improved capabilities to model and anticipate the effects of nutrient pulses and their impact on Lake Erie trophic structure and ecosystem functions.  
2.  Scientific Rationale

The dynamics of critical nutrients, as well as C and energy flow through the base of the food web depend on interactions among phytoplankton, zooplankton, and bacterial assemblages present.  Although traditionally the focus has been placed on phytoplankton and zooplankton in a “grazing food chain (GFC),” increasingly the importance of bacterial assemblages and the “microbial food web” (MFW) is becoming evident in mediating many important community and ecosystem processes in Lake Erie.  Our research over the past decade has shown that the MFW becomes more important in C-flow to higher trophic levels in offshore vs. nearshore communities (Heath et al. 2003).

Our investigations indicate that bacterial assemblages may even control the apportionment of available P to phytoplankton.  In eutrophic communities the majority of available P is apportioned to phytoplankton, whereas greater and greater portions of available P are apportioned to bacteria as communities become more oligotrophic (Heath et al. 2003, Heath and Munawar 2004).  Our most recent investigations indicate that nutrient use efficiency of P by bacterial assemblages is largely dependent on the labile (i.e. useable) fraction of dissolved organic compounds (LDOC) and that the phosphate uptake rate and P-content of bacteria depends more on LDOC than phosphate concentration (Gao 2002, Heath and Munawar 2004, Gao and Heath, 2005 in review).  .  
These results indicate that bacterial P-metabolism in nearshore environments may differ from those offshore.   When LDOC is very low, bacterial phosphate uptake and the P-content of bacterial cells are at a maximum, and bacterial production efficiency is low (i.e. low amounts of C are fixed into new production per unit P assimilated); when LDOC is above 50 - 70 μM the bacterial production efficiency increases and cell P-content and phosphate uptake rate decrease.  We have observed these characteristics in laboratory and controlled manipulations of natural assemblages (Gao 2002, Gao and Heath 2005, in review), as well as in natural bacterial assemblages in Lake Erie (Meilander and Heath, 2005 in prep.).  The implications for lake ecosystem functioning are clear: changes in P-apportionment to bacteria could impact how much P is available to phytoplankton and the efficiency by which it is transferred to higher trophic levels.

Despite its evident importance, LDOC remains operationally defined and very poorly characterized in freshwater and marine environments (Kirchman 2000).  LDOC is determined by incubating filtered lake water for 30 days with an inoculum of bacterial assemblage retrieved from the same site.  LDOC is then determined from the amount of oxygen consumed (determined by Winkler titrimetric method) and the increase in bacterial biomass, determined by micrographic image analysis (Sondergaard et al. 1995).  Currently, most of the marine and freshwater DOC pools remain uncharacterized (Benner, 2002).  LDOC apparently includes easily assimilated compounds such as sugars, amino acids, proteins, organic acids, and nucleic acids.  These compounds are part of a transitory carbon pool often originating from autochthonous sources (cell lysis/exudates) and are readily available to small organisms with high growth efficiencies, e.g. bacteria (Sinsabaugh and Foreman 2003).   

Although it is generally assumed that LDOC is a fraction of total DOC available to bacteria irrespective of the bacterial assemblage, experiments conducted at limited stations in Lake Erie during summer 2004 suggest that bacterioplankton drawn from different depths may utilize different portions of the total DOC pool. That is, “LDOC” detected at any time may be a function of both the chemical composition of the water and the taxonomic composition of the bacterial assemblage.  In these limited “swap” experiments, LDOC was estimated by inoculating epilimetic bacterioplankton into 0.2 μm filtered water collected from the epilimnion and from the hypoxic hypolimnion in the central basin; conversely, hypolimnetic bacterial assemblages were used to inoculate filtered water from both the epilimnion and the hypolimnion.  LDOC detected in summer 2003 was neither a function solely of the water investigated nor of the assemblage used but a combination of the two (Meilander and Heath, 2005, in prep).  A reasonable hypothesis is to suppose that specific taxa in each bacterial assemblage responded to particular DOC compounds, while other taxa responded to different compounds, but this remains to be shown.    

Despite an increasing awareness of the importance of bacterial assemblages in critical ecosystem and community processes, investigation of the role of bacteria in Lake Erie has remained largely at the level of “black box microbial ecology” (Heath 2004).  In contrast with investigations of phytoplankton and zooplankton communities that require a detailed identification of the taxonomic composition and the responses of those particular taxa to their chemical and physical environment, bacterial taxa present remain largely unidentified, and the responses of bacteria to their environment have been assumed implicitly to be identical without regard to possible differential responses of various taxa.  The reason for this neglect is because traditional identification and characterization of particular bacterial taxa has depended on isolation of each taxon into axenic culture.  
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Erie (Gao 2002, Fig. 1).  Semi-quantitative






PCR amplification of 16s rDNA from total

Lake water bacterial DNA can be fractionated using denaturing gradient gel electrophoresis (DGGE), whereby different nucleotide sequences from different taxa electrophorese to unique positions, leading to identification of “operational taxonomic units” (OTUs; Fig. 2).  In principle, individual taxa can be identified from the nucleotide sequence of this stretch of DNA, cut from the DGGE gel, using contemporary gene sequencing tecxhniques, followed by reference to gene sequence libraries (e.g. Blast Search) (Rudi and Jakobsen 2001). 

It is most likely that not all taxa respond equally to all available P and LDOC compounds in Lake Erie.  It is important to identify those taxa that respond greatest by increasing in growth to inputs of available P, and LDOC compounds.  Contemporary molecular biological techniques allow for identification of those taxa most affected by selective amendments (Macnaughton and Stephen 2001).  Following manipulations (e.g. amendments of a limiting nutrient) in the field, OTUs identified as most increased or decreased by the manipulation (i.e. most changed in DGGE band intensity) can be isolated and subjected to thermocycling-based gene-sequencing technologies followed by reference to established gene sequence libraries.  Such studies have been conducted in agricultural and marine settings, but to the best of our knowledge have not been attempted in Lake Erie.

THE GOAL of this work is to investigate and identify the differential responses of bacterial taxa to available P and LDOC found in nearshore and offshore environments of Lake Erie by using contemporary molecular biological techniques.  Emphasis will be placed on issues related to the “dead zone” and comparison of nearshore – offshore communities, especially with regard to P- and C-dynamics.

Project Objectives

1. 
To identify 5 – 10 major bacterial taxa that are most common throughout Lake Erie and those 3 – 5 major taxa that are unique to stations nearshore, offshore, basin-wide, and to the hypoxic “dead zone”

2.
To determine at a wide range of stations representing all basins, nearshore and offshore, surface or profundal, whether LDOC detected is unique the station water chemistry, or to the bacterial assemblage used to identify it, or is a function of both.

3.
To identify 5 – 10 major taxa sampled from stations low in LDOC that respond most to experimental amendments of select compounds representative of LDOC (e.g. glucose, amino acids, nucleosides, etc.), or from stations low in SRP to experimental amendments of orthophosphate, or select dissolved organic P compounds (e.g. glucose-6-phosphate).

Project Approach/Methods
Approach for Objective #1: Describing bacterial community structure in diverse environments.  Bacterial community structure will be described using molecular methods – fluorescent in situ hybridization (FISH) and denaturing gradient gel eletrophoresis (DGGE).  Samples obtained for FISH will be collected on preserved shipboard and returned to the lab for processing.  Fluorescent probes for α, β, γ-Proteobacteria, Cytophaga-Flavobacteria, and Domain Archaea (Sigma Genosys) will be hybridized with lake samples and observed under epifluorescent microscopy.  Samples obtained for DGGE will be collected on filters and preserved shipboard.  DNA will be extracted using Ultrapure DNA extraction kits (MoBio).  DNA will be run through DGGE gels and observed using a UV transilluminator (ethidium Br stained).  Banding patterns will be image analyzed using GelPro software.  Bands unique to study sites will be excised from the gel, subjected to standard thermocycling gene sequencing routines and sent to Ohio State University’s genomics facility for sequencing.  DNA sequences will be matched to known bacterial species or groups via Blast Search.

Approach for Objective #2:  Determining if changing LDOC concentration shifts bacterial community structure.  To determine if shifts in LDOC change bacterial community structure, a cross-dialysis experiment will be performed.  Natural bacterial communities in water from sites with eutrophic (high LDOC) will be dialyzed against water from oligotrophic (low LDOC) sites (same procedure for anoxic vs. aerobic, epilminetic vs. hypolimnetic, and nearshore vs. offshore sites), i.e. we will conduct “swap” experiments at many sites in Lake Erie as conducted preliminarily in summer 2004 at one site described above. Only the low molecular weight carbon compounds will cross through the dialysis membrane.  The dialysate will be filtered and preserved shipboard (at time 0, 12, 24, 48 hours) for DGGE analysis in the laboratory.  Differences in banding patterns over time will be evidence of shifts in bacterial community structure under changing LDOC concentration. 

Bacterial productivity will be determined radiometrically using [3H]-leucine using the method of Jorgensen et al (1992).  DAPI stained bacteria will be enumerated via epifluorescent microscopy.  Bacterial biovolume will be estimated using Metamorph Image Analysis software.  Phosphate uptake will be measured radiometrically using 32P or 33P.  Bacterial uptake will be the difference of total uptake (collected on 0.2 μm filter) and algal uptake (collected on 1.0 μm filter).  Bacterial particulate phosphorus will be measured spectrophotometrically using the method of Murphy and Riley (1968).  Bacterial community structure will be analyzed using FISH or DGGE (described above).  Note – radioactive components will not be conducted aboard EPA vessels; samples will be collected independently or transferred to lab personnel for analysis when in port.

Approach for Objective #3:  Linking bacterial community structure with ecosystem function.  On a monthly basis at no less than one station from each basin sampled from the upper waters, we will determine whether controlled amendments with various low molecular weight carbon compounds stimulate bacterial growth, and alter bacterial phosphate uptake in general.  will be added to water samples and cultured bacteria (see above) obtained from diverse sites.  Glucose, lysine, or adenosine (all potential components of LDOC pool), or orthophosphate, or glucose-6-phopsphate will be added to lake water samples to a final concentration of 100 μM.  Bacterial productivity, number, biovolume, biomass, phosphate uptake, and phosphorus content per cell will be determined initially and at daily intervals for 2 days.   Bacterial DNA will be amplified initially and 2 days after the amendment and subjected to DGGE analysis as above.  Those bands that are most increased by a given amendment will be excised and gene sequenced as above.

Project Relevance


As noted above, our research of the past several years has indicated the central importance of bacterioplankton to the apportionment of available P to phytoplankton (Heath et al. 2003, Heath 2004, Heath and Munawar 2004).     Our recent work has also indicated a central role of LDOC in controlling activities of bacterioplankton assemblages (Gao and Heath 2005, in review, Meilander and Heath, 2005 in prep.).  The problem is that neither the bacterial taxa nor the DOC compounds most involved in these processes are well characterized.  This proposed research will extend our current investigations and augment our currently funded projects (see below) to identify those bacterial taxa most common to Lake Erie environments, those most characteristic to unique environments, and those most involved in P- and C-dynamics.  It will also extend our current research in identifying those classes of DOC compounds most involved in P-apportionment and control of P-dynamics in Lake Erie.  As such it will directly address issues in the RFP of 

1) Nutrient dynamics (both P- and C-dynamics at the base of the food web).

2) Microbial ecology of bacterioplankton in Lake Erie.

5) Impacts of hypoxia/anoxia in the lower food web - High bacterial productivity and growth efficiency in the Central Basin may well contribute to late summer hypolimnetic hypoxia and/or anoxia.  Currently, little is known about the bacterial groups present in this area and the quantities of LDOC that may be driving their increased activities.  Differences in bacterial community structure and/or non-native species may contribute to accelerated hypoxic/anoxic conditions.  Bacterioplankton in hypoxic/anoxic sites may respond to LDOC differently (high LDOC and relatively low phosphate uptake) than aerobic communities (low LDOC and high phosphate uptake).  In turn this may result from variations in bacterial community structure.  This project aims to identify bacterial taxa unique to this region of Lake Erie and the processes involved in producing hypoxic conditions.
Collaboration with other Linkages

We are currently funded by the National Science Foundation (Biocomplexity Initiative) in collaboration with colleagues at Ohio State University (Culver, et al.) and at Limno-Tech (DePinto, et al.) to investigate the biodiversity of prokaryotic and eukaryotic species at the base of the food web in Lake Erie.  Equipment purchases necessary for the molecular biological approaches to microbial investigation and identification have been supported by the NSF/Biocomplexity project.  This study will extend that study to focus on nutrient dynamics and issues related to hypoxia in the Central Basin of Lake Erie.  


We are also funded by Ohio Sea Grant (R/ER-67) to investigate the Microbial Shunt Hypothesis of P-apportionment at the base of the food web in Lake Erie.  The work proposed here will extend those studies to the taxonomic investigation and identification of those bacterial taxa apparently most involved in processes examined in OSG R/ER-67.


We also collaborate with the Canadian Department of Fisheries and Oceans (DFO) and the Canadian Centre for Inland Waters (CCIW) in investigation of Lakes Superior and Huron.  In those studies we investigate P- and C-dynamics in plankton communities of those lakes.  The studies proposed here will augment and inform those investigations, as well.

Governmental/Societal Relevance


Identification and characterization of those organisms most involved in critical ecosystem processes is essential to both short-term and long-term management strategies in Lake Erie.  With increasing awareness, bacterial assemblages are becoming recognized as that group of organisms most important in P- and C-dynamics at the base of the food web (Heath et al. 2003; Heath 2004).  Yet as a group these organisms are the most poorly identified and the least characterized in terms of responses to loadings of P and C compounds.  The aim of this study is to couple particular ecosystem functions related to P- and C-dynamics to those bacterial taxa most involved in the process.  Clearly, this project will not complete this ambitious task, but it will directly take important steps to begin identifying those bacterial taxa most common to Lake Ere as well as those characteristic to specific environments (e.g. nearshore, offshore, surface, profundal, basin-specific, etc. and those most affected by controlled amendments of labile DOC and P compounds.  


Historically, excessive phosphorus inputs into Lake Erie resulted in large algal blooms and central basin anoxia (Bolsegna and Herdendorf 1993).  Recently, available P reached peaks levels in 1997 (Dolan and McGunagle 2003).  Despite recent decreases in P-loading, total phosphorus levels throughout the lake increased 0.394 μg/L/yr since 1990 (Rockwell and Warren 2003).  Internal factors may be influencing this rise in P levels.  These factors may be related to biotic transfer of nutrients or due to abiotic factors that can influence food web nutrient transfer.  While some studies have investigated the significance of phosphorus to individual species, trophic links, and functional groups, few studies have attempted to find a mechanism for the relationship between labile DOC compounds, P-availability and P-flow in food webs.  In the Lake Erie ecosystem, phosphorus flux through time has impacted community structure of algal communities (and possibly bacterial communities) resulting in bottom up food web effects.  Results of this study will contribute in a novel way to the understanding of the role of bacterioplankton in P- and C-dynamics that may lead to improved capabilities to model and anticipate the effects of nutrient pulses and their impact on trophic structure and Lake Erie ecosystem functions.  
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3.  Project Timeline
April – May 2005 – Cruise planning and order materials and supplies.

May, June, July, August, September  2005 – sampling, shipboard experiments, objectives #1, #2, and #3.  Water samples returned to Kent State for radiometric and molecular analysis.  We request one week of ship time per month.

October – February 2005 – DGGE/FISH (laboratory), analyze results

February – April 2006 – prepare Final Report and manuscripts

4. Budget (omitted in this version)

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.   We need 10 feet of  bench space and 16 ft sq. deck space to conduct our on-board activities.
6. Radioactive and Hazardous Materials

This investigation will require the use of the following radioactive materials: [3H]-leucine and 32P or 33P.  All radiometric experiments will be conducted at Kent State University laboratory facilities.  No radioactive materials will be brough on board the research vessel.  Radioactive waste will be generated and disposed of at Kent State University.  Kent State University bears as an institutional responsibility the costs of disposal of radioactive and hazardous wastes.
7.  Curriculum Vitae  The following pages contain 2-page CVs for the PI and the Co-I.
8.  Current and Pending Support  
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Phosphorus Availability( Ohio Sea Grant.   R. T. Heath (PI)

$100,021
2002 – 2005 
(REU Site: Aquatic sciences research in the Lake Erie watershed( R. T. Heath (PI), L. G. Leff (Co-PI).  NSF/OCE - Education / Human Resources.








$    77,564
Tracey Trzebuckowski Meilander

4862 Westminster Lane





256 Cunningham Hall

Broadview Heights, Ohio 44147




Kent, Ohio 44242


(440) 717-9947






(330) 672-2530

tmeilander@msn.com






ttrzebuc@kent.edu


Education

Doctoral Candidate - Biological Sciences – Aquatic Ecology

Kent State University  Kent, Ohio  Degree expected 2006

Masters of Education – Science, Mathematics, and Technology Education

The Ohio State University  Columbus, Ohio  1997



Bachelor of Science – Zoology

The Ohio State University  Columbus, Ohio  1994


Research Experience

2001–present: Graduate Research Assistant – Department of Biological Sciences  Kent State University  Kent, Ohio

· Investigated phosphorus dynamics and the microbial food web in the Great Lakes ecosystem 

·  Collected field samples including water samples, bacteria, phytoplankton, protozoa, and zooplankton

· Laboratory techniques – bacterial production by [3H]-leucine method, bacterial respiration, bacterial numbers with nucleic acid stains, bacterial biomass using Metamorph Image Analysis software, alkalinity, phosphorus (soluble reactive phosphate, bacterial and algal phosphate), ammonium (fluorometric), chlorophyll (fluorometric), grazing experiments, fluorescent in situ hybridization,

·  Taxonomic identification of phytoplankton, rotifers, protozoa, and zooplankton

·  Equipment used – Hydrolab, dissecting, compound, and epifluorescent microscopes, spectrophotometer, turbidimeter, photometer, fluorometer, automatic titrater, electronic balance, photosynthetron, scintillation counter, centrifuge, autoclave, growth chamber, plankton net, Schindler trap, sonicator

· Logged in radioactive materials and performed radiation safety check

· Performed statistical analysis using SPSS including basic statistics, ANOVA, comparison of means tests, and regression analysis  

·  Responsible for ordering, repair, and upkeep of laboratory equipment

·  Presented laboratory data and results at local and national conferences

· Prepared grants to obtain extramural funding

Education Experience

2004-present: Kent State University  Kent, OH

· Graduate assistant for KSU Center for Public Health Preparedness

· Developed training courses for clinical laboratorians, public health officials, and educators 

· Assisted in web-page design and maintenance
2001-present: Kent State University  Kent, OH

· Graduate teaching assistant for Biological Foundations (including diffusion and osmosis, photosynthesis, Mendelian genetics, mitosis and meiosis, bacterial conjugation, anatomy and physiology), Basic Microbiology, and General Microbiology

1999-2001: Brooklyn City Schools–Brooklyn High School  Brooklyn, Ohio

·  High school science teacher – Biology (including nature of science, cells, diffusion and osmosis, biochemicals, genetics, evolution, organismal diversity, ecology, organ system structure and function-fetal pig dissection) and General/Integrated Science (including forces and motion, basic chemistry, energy, Great Lakes issues, environmental problems and solutions, dynamic Earth)

1997-1999:  Columbus Public Schools-Franklin Alternative Middle School  Columbus, Ohio

· Eighth grade science teacher – General Science (including nature of science, forces and motion, simple machines, weather, seasons, astronomy, oceanography, genetics and human development, systems of the body, sound and light, technology and society

· Earth and Environment enrichment teacher (including endangered species, biomes, biodiversity, water, marine life, Great Lakes, rocks and minerals, natural resources, global warming, pollution)

Publications
Meilander, T. and R. Heath (in preparation).  LDOC and phosphorus apportionment in the Lake Erie microbial food web.  For submission to Aquatic Ecosystem Health and Management.
Presentations and Abstracts
2003 – International Association of Great Lakes Research – Poster – “Estimation of Bacterial Productivity, Respiration, and Growth Efficiency in Lake Erie”

2004 – Ohio Academy of Science – LDOC and Phosphorus Dyamics in Lake Erie Bacterioplankton”

Grants 
2001 – Ohio School Net “Go the Distance” Technology Grant - $40,000 of equipment and training for interactive video distance learning (IVDL) in the science classroom – In conjunction with WVIZ

Tracey Trzebuckowski Meilander

4862 Westminster Lane





256 Cunningham Hall

Broadview Heights, Ohio 44147




Kent, Ohio 44242


(440) 717-9947






(330) 672-2530

tmeilander@msn.com






ttrzebuc@kent.edu


Education

Doctoral Candidate - Biological Sciences – Aquatic Ecology

Kent State University  Kent, Ohio  Degree expected 2006

Masters of Education – Science, Mathematics, and Technology Education

The Ohio State University  Columbus, Ohio  1997



Bachelor of Science – Zoology

The Ohio State University  Columbus, Ohio  1994


Research Experience

2001–present: Graduate Research Assistant – Department of Biological Sciences  Kent State University  Kent, Ohio

· Investigated phosphorus dynamics and the microbial food web in the Great Lakes ecosystem 

·  Collected field samples including water samples, bacteria, phytoplankton, protozoa, and zooplankton

· Laboratory techniques – bacterial production by [3H]-leucine method, bacterial respiration, bacterial numbers with nucleic acid stains, bacterial biomass using Metamorph Image Analysis software, alkalinity, phosphorus (soluble reactive phosphate, bacterial and algal phosphate), ammonium (fluorometric), chlorophyll (fluorometric), grazing experiments, fluorescent in situ hybridization,

·  Taxonomic identification of phytoplankton, rotifers, protozoa, and zooplankton

·  Equipment used – Hydrolab, dissecting, compound, and epifluorescent microscopes, spectrophotometer, turbidimeter, photometer, fluorometer, automatic titrater, electronic balance, photosynthetron, scintillation counter, centrifuge, autoclave, growth chamber, plankton net, Schindler trap, sonicator

· Logged in radioactive materials and performed radiation safety check

· Performed statistical analysis using SPSS including basic statistics, ANOVA, comparison of means tests, and regression analysis  

·  Responsible for ordering, repair, and upkeep of laboratory equipment

·  Presented laboratory data and results at local and national conferences

· Prepared grants to obtain extramural funding

Education Experience

2004-present: Kent State University  Kent, OH

· Graduate assistant for KSU Center for Public Health Preparedness

· Developed training courses for clinical laboratorians, public health officials, and educators 

· Assisted in web-page design and maintenance
2001-present: Kent State University  Kent, OH

· Graduate teaching assistant for Biological Foundations (including diffusion and osmosis, photosynthesis, Mendelian genetics, mitosis and meiosis, bacterial conjugation, anatomy and physiology), Basic Microbiology, and General Microbiology

1999-2001: Brooklyn City Schools–Brooklyn High School  Brooklyn, Ohio

·  High school science teacher – Biology (including nature of science, cells, diffusion and osmosis, biochemicals, genetics, evolution, organismal diversity, ecology, organ system structure and function-fetal pig dissection) and General/Integrated Science (including forces and motion, basic chemistry, energy, Great Lakes issues, environmental problems and solutions, dynamic Earth)

1997-1999:  Columbus Public Schools-Franklin Alternative Middle School  Columbus, Ohio

· Eighth grade science teacher – General Science (including nature of science, forces and motion, simple machines, weather, seasons, astronomy, oceanography, genetics and human development, systems of the body, sound and light, technology and society

· Earth and Environment enrichment teacher (including endangered species, biomes, biodiversity, water, marine life, Great Lakes, rocks and minerals, natural resources, global warming, pollution)

Publications
Meilander, T. and R. Heath (in preparation).  LDOC and phosphorus apportionment in the Lake Erie microbial food web.  For submission to Aquatic Ecosystem Health and Management.
Presentations and Abstracts
2003 – International Association of Great Lakes Research – Poster – “Estimation of Bacterial Productivity, Respiration, and Growth Efficiency in Lake Erie”

2004 – Ohio Academy of Science – LDOC and Phosphorus Dyamics in Lake Erie Bacterioplankton”

Grants 
2001 – Ohio School Net “Go the Distance” Technology Grant - $40,000 of equipment and training for interactive video distance learning (IVDL) in the science classroom – In conjunction with WVIZ


Robert T. Heath, Ph.D.

Professor of Biological Sciences and Director, WRRI


KENT STATE UNIVERSITY

    14 March 2005
Address:

Department of Biol. Sci



Water Resources Research Institute

Kent State University

Kent State University

Kent, Ohio 44242-0001



Kent, Ohio 44242

(216) 672-7828




(216) 672-2529

(216) 672-4834  FAX




E-MAIL: rheath@kent.edu

Personal Data:

Date of Birth:
12 March 1942


Soc. Sec. No.: 569-62-5414

Married to:





Elizabeth L. Buchanan, Ph.D.

Educational Background:

Ph.D.
- 1968 -

Univ Southern Calif

Biophysics (Molecular Biology)
B.S. 
- 1963 -


  Univ. Michigan

Pre-medicine

Professional Positions:

Kent State University
Director, WRRI 


(1993 -  pres)

Professor 




(1989 -  pres)

NOAA/Great Lakes Environm. Res. Lab., Ann Arbor, MI
Visiting Scientist - 1991-92 - Nutrient dynamics in G/L  (Wayne S. Gardner: Host)

University of Georgia, Institute of Ecology
Visiting Scientist - 1975-76 - 
Ecosystem Ecology    (Eugene P. Odum: Mentor)

California Institute of Technology, Division of Biology
Postdoc- 1968 - 1970  
Molecular Biology
(Robert L. Sinsheimer: Mentor)

Current Research Interests:  Ecosystem ecology of the Laurentian Great Lakes; plankton organismic, community and ecosystem adaptations to nutrient limitation at land-margin interfaces; phosphorus dynamics; carbon dynamics; the role of dissolved organic material in ecosystems.

Current Professional Activities:
Member, Int(l Review Board, Aquatic Ecosystem Health and Mgmt. (journal)

Chair, Research Advisory Committee, Old Woman Creek Nat'l Estuarine Research Reserve

Executive Committee, Great Lakes Aquatic Ecosystem Research Consortium

Appointed Member, Ohio Coastal Resources Advisory Council

Appointed Member, Ohio EPA - Source Water Advisory Group 
Selected Recent Articles Representative of Current Research:
Gao, X. and R. T. Heath. 2005, in review. Factors that control cell phosphorus content and phosphate uptake in freshwater bacterioplankton communities. 
Heath, RT and M. Munawar.  2004. Bacterial productivity in Lake Superior, 2001: Implication for food web efficiencies in oligotrophic freshwater ecosystems.  Aquatic. Ecosyst. Health and Management 7(4): 465 - 474.
Heath, R. T. and M. Munawar.  2004. Editorial: Emerging Issues in Lake Superior Research.  Aquatic. Ecosyst. Health and Management 7(4): 433 - 434.
Heath, R. T. 2004. Microbial Turnover of Organic Phosphorus in Aquatic  Systems.  Chapter 9 in: Turner, B. L., E. Frossard, and D. S.  Baldwin, eds., "Organic Phosphorus in the Environment", CABI Publ., Oxfordshire, UK, pp 185 – 204. 
Heath, RT, S-J Hwang, and M. Munawar.  2003. Microbial food webs in nearshore and offshore communities of the North American Great Lakes.  Aquatic. Ecosyst. Health and Management 6(3): 231 - 239.
Shoup, D. E., R. E. Carlson, and R. T. Heath.  2003. Effects of predation risk and foraging return on the diel use of vegetated habitat by two size-classes of bluegills.  Trans. Am Fisheries Soc. 132: 590-597.
Shoup, D. E., R. E. Carlson, and R. T. Heath, and M. W. Kershner.   2003.  Comparison of the species composition , catch rate, and length distribution of the catch from the trap nets with three different mesh and throat size combinations.  North Am. J. Fisheries Mgmt. 23: 462 - 469.
Cody, D., R. T. Heath, and L.G. Leff.  2000. Characterization of benthic bacterial assemblages in a polluted stream using denaturing gradient gel electrophoresis.  Hydrobiologia. 432: 207 - 215. 

Heath, R.T.,  R. Sturtevant,  D, Shoup, and P. Enflo.  2000.  Modeling the effects of nutrient concentrations on community production and ecosystem stability:  Framework for a Great Lakes model.   In, "Great Lakes Modeling Summit: Focus on Lake Erie", L. Tulen, and J. dePinto, Eds., published by Int. Joint Commisison, Windsor, ONT., ISBN 1-894280-17-2: 37 - 50.
Bose, R., K. Allen, M. Wagner, E. Volckova, D. Li, and R. T. Heath.  2000.   DNA polymerase versus DNA binding to the anticancer drug, cis-platin.  Inorganica Chimica Acta 300: 937 - 943.

Leff, A.A., L.G. Leff, M.J. Lemke, R.T. Heath, and X. Gao.  1999.  Abundance of planktonic virus-like particles in Lake Erie subsurface waters.  Ohio J. Science  99 (2): 16 - 18.

Hwang, S-J.  and R.T. Heath.   1999.  Comparative in situ micro- and macrozooplankton bacterivory in coastal and offshore communities of Lake Erie.  Journal of Plankton Research. 21: 699- 719.

Hwang, S-J.  and R.  T.  Heath.  1997.  Bacterial productivity and protozoan bacterivory in coastal and offshore communities of Lake Erie.  Can.  J.  Fisheries Aquat. Sci. 54: 788 - 799.

Hwang, S-J and R.  T.  Heath.  1997.  The distribution of protozoa across a trophic gradient, factors controlling their abundance and importance in the plankton food web.  Journal of Plankton Research 19: 491 - 518.

Garono, R.  J., 

Garono, R. J., R. T. Heath, and S-J.  Hwang.  1996.  Detrended correspondence analysis of phytoplankton





 abundance and distribution in Sandusky Bay and Lake Erie.  J. Great Lakes Res.  22: 818 - 829.

  
Hernandez, I., S‑J Hwang, and R.T. Heath.  1996.  Measurement of phosphomonoesterase activity with a radiolabelled glucose‑6‑phosphate.  Role in the phosphorus requirement of phytoplankton and bacterioplankton in a temperate mesotrophic lake.   Arch.  Hydrobiology 137: 265 ‑ 280.


Heath, R.T., G. Fahnenstiel, W.S.Gardner, J.F. Cavaletto and S-J Hwang. 1995.  Ecosystem level effects of zebra mussels (Dreissena polymorpha): An enclosure experiment in Saginaw Bay.  J. Great Lakes Research 21: 501 - 516.

[image: image3.emf]Eubacterial Composition

0.00E+00

5.00E+04

1.00E+05

1.50E+05

2.00E+05

2.50E+05

3.00E+05

3.50E+05

Alpha Beta Gamma CF

Bacterial Groups

Cell counts (cells/ml)

Nearshore

Offshore

