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EXECUTIVE SUMMARY
Hypoxia events in the central basin of Lake Erie pose a potential threat to food web dynamics by impacting survival, altering growth, and affecting behavior of populations of producers and consumers.  In order to evaluate the possible ecological risks associated with hypoxia at this site, we propose to utilize an ecosystem risk model to assess changes in trophic production due to low dissolved oxygen levels.  The primary objective of this project is to develop a reliable model that can be used to forecast changes in production associated with hypoxia events of varying frequency, magnitude, extent, and duration.  This will be accomplished through application of the Comprehensive Aquatic System Model (CASM) that will be modified to simulate hypoxia effects on different trophic levels that constitute a representative food web of the central basin.  Data that describe the physical and chemical characteristics of the central basin will be used in combination with biological data for populations of organisms including bacteria, algae, zooplankton, benthic invertebrates and fish.    Simulations of both current and past hypoxia events in Lake Erie will be performed to address the following questions: 1) how do hypoxic events affect production of different trophic levels; 2) what are the simulated direct and indirect effects of hypoxia on consumer populations; 3) are there threshold-level effects of hypoxia on production; and 4) how do forecasts of changes in production reflect field-measured responses.  As configured, CASM would thus provide a means of linking diverse physical and biological data in a more coherent way for estimating potential risks to production across trophic levels.  Once calibrated and verified, the output from these simulations should help scientists and managers within the Great Lakes assess the level of impacts of hypoxia events with respect to trophic productivity within this basin.  

 2  SCIENTIFIC RATIONALE

a)  Project Description
Low oxygen concentrations (i.e., hypoxia or anoxia) can have a range of effects on the growth and survival of aquatic organisms.  While anoxia remains a concern, the main focus of this proposed research is on hypoxia (i.e., waters with dissolved oxygen concentrations < 50% saturation sensu Breitburg 2002).  Most organisms respond to hypoxia through complex physiological and behavioral responses.  Physiological changes can include cellular alterations that maintain oxygen delivery, conservation tactics that preserve energy reserves, and improved energy efficiency that maintains critical metabolic processes (reviewed in Wu 2002).  Prolonged exposure to low dissolved oxygen concentrations often leads to decreases in growth, as organisms divert valuable energy reserves to basic physiological responses aimed at compensating for lower oxygen concentrations.  Such decreases in growth have been documented for organisms ranging from bivalves (Diaz and Rosenberg, 1995) to polychaetes (Forbes and Lopez 1990) to fish (Chabot and Dutil 1999).  Behavioral responses for mobile organisms tend to involve movement vertically or laterally to waters of higher oxygen concentrations (Wannamaker and Rice 2000). 
Although physiological and behavioral responses to decreasing oxygen levels have been well documented for aquatic organisms, the ecological relevance of such changes has been more difficulty to quantify.  Even in systems that have experienced chronic low oxygen events (e.g., Patuxent River, Gulf of Mexico), few data are available that characterize the implications of low oxygen exposure to overall trophic production.  Estimates of changes in trophic productivity associated with hypoxic events are crucial for understanding potential large-scale, long-term impacts on ecosystem production. 
There exists a rich history in the development and application of eutrophication models for Lake Erie from conditions extending from 1970-1980 (Blumberg and Di Toro 1990; Fitzpatrick and Di Toro 2005).  However, these models primarily target aggregated phytoplankton community responses to eutrophication.  Representatives of consumers and higher trophic levels are not generally included in these models.  
The current funding situation in Lake Erie provides a unique opportunity to apply an ecosystem-based bioenergetics model to characterize the potential changes in trophic production due to hypoxic events in the central basin.  This project proposes to develop the Comprehensive Aquatic System Model (CASM) for the central basin.  Although CASM has been used extensively to assess impacts from exposure to chemical toxicants, it has not yet been used to evaluate types of effects from exposure to hypoxic conditions.  CASM is well suited for this type of application, since it is able to utilize laboratory-based data on physiological responses of organisms to stressor exposure and translate these data into impacts on survival and growth (bioenergetics) of populations of producers and consumers.  This model will be modified to quantify changes in mortality and bioenergetics-based growth of different populations of organisms associated with hypoxia events and to accommodate migrations associated with oxygen gradients. 

b)  Project Objectives

The primary objective of this study is to integrate the vast amount of field data collected for Lake Erie to develop a realistic simulation model for identifying potential effects of hypoxia events on trophic production within the central basin.  With a calibrated Lake Erie version of the CASM, a secondary objective of this study is to utilize the model to generate forecasts of potential changes in production and food web dynamics associated with actual hypoxia events.  We intend that these forecasts be used to compare predicted responses to hypoxia with actual measured effects in the central basin of Lake Erie.  This would provide an unusual and valuable opportunity to utilize real-time field data to evaluate the accuracy of forecasts from an ecological effects model.

Once modified, CASM will be used to address the following questions: 

1) How do hypoxic events affect production of different trophic levels within the central basin?

2) What are the simulated direct and indirect effects of hypoxia events on consumer populations? 

3) Are there threshold-level effects of hypoxia on trophic production?

4) How do forecasts of changes in production relate to actual field-measured responses of different trophic levels to hypoxic events?.  

In addition, if funded, this hypoxia model would have the potential to be used to in future applications to address related ecological issues concerning hypoxia in the central basin.  These future objectives include comparing differences in responses of communities to hypoxia-based effects on changing organism composition (e.g., pre-1980s, post 1980s, with a different cast of invasive species and different trophic conditions), and for assessing whole-lake changes in productivity associated with hypoxia events in the central basin.
c)  Project Methods
We propose to develop and modify the CASM to assess the potential effects and ecological risks associated with hypoxic events in central Lake Erie. CASM is a bioenergetics-based model that estimates the daily production dynamics of populations of aquatic producers, consumers, and decomposers in an ecosystem context (DeAngelis et al. 1989: Bartell et al. 1999; Figure 1).  CASM was originally developed as an ecosystem-model for estimating ecological risks posed by toxic metals, organic contaminants, and agrochemicals on aquatic ecosystems (Bartell et al. 1999; Bartell et al. 2000; Naito et al. 2002).  Because the model is based on bioenergetics of different populations of organisms, impacts of contaminants have been evaluated through decreases in bioenergetics associated with sublethal exposure levels.  Table 1 presents the governing equations for the CASM.  We propose to modify CASM in order to simulate the impacts of hypoxia (and anoxia) on survival and bioenergetics-based growth of selected Lake Erie producers and consumers.  

CASM Modifications and Hypoxia Effects
The generic CASM model will be adapted to represent the food web and environmental conditions (e.g., light, temperature, nutrients, dissolved oxygen) characteristic of the central basin of Lake Erie.  The principal modifications to the CASM include defining a food web structure representative of the central basin of Lake Erie and compiling the necessary bioenergetics parameters to simulate the production dynamics of modeled populations.  

To assess potential impacts of hypoxia on trophic dynamics and production, CASM will be further modified to reflect changes in bioenergetics of different populations of organisms associated with different levels of hypoxia.  This will be accomplished by utilizing published data on the effects of hypoxia on organism energetics.  Available data on energy changes due to exposure to low dissolved oxygen will be translated into a probit approximation of a nonlinear concentration-response relationship for each modeled population.  These functions will then be used to calculate population-specific “effects factor” calculations in CASM.  The effects factor is a dimensionless scaling constant used by the model to adjust physiological parameters in the bioenergetics equations as a function of oxygen concentrations and the exposure-response functions (O’Neill et al., 1982; Bartell et al. 1999).  The CASM will be used to calculate daily values of the effects factor for each population as a function of daily changes in hypoxia levels (based on available field data, primarily from the U.S. EPA and field data collected from IFYLE). Because organisms (particularly fish) experiencing low dissolved oxygen demonstrate decreased feeding activity (Thetmeyer et al. 1999), this effect will also be incorporated into the model via changes in feeding rates associated with certain levels of dissolved oxygen.  
CASM Spatial Articulation

Hypoxia is fundamentally a spatial-temporal phenomenon.  The ecological impacts of hypoxia will depend on the frequency, magnitude, extent, and duration of low dissolved oxygen conditions.  As currently configured, CASM is a point model that describes the production dynamics beneath a 1-m2 area of water column of specified depth.  CASM does provide for thermal stratification.  To examine the implications of mobile organisms’ ability to leave areas of low dissolved oxygen and inhabit more favorable conditions, we propose a simple spatial articulation of the model wherein two CASM water columns will be modeled with the inclusion of opportunities for fish (and other mobile consumers) to migrate from areas with low dissolved oxygen concentrations to better oxygenated areas.  This “side-by-side” water column approach permits exploration of different abilities to migrate without having to integrate the CASM governing equations with a complex hydrodynamic model.  Available data indicate that behavioral responses of organisms to hypoxia occur at higher thresholds than levels causing mortality effects (reviewed in Breitburg 2002).          

CASM Parameter Estimation, Calibration, and Risk Estimation
Data for initial parameterization of CASM for Lake Erie’s central basin are available from historic monitoring and research surveys conducted by resource agencies and universities.  Phytoplankton and zooplankton community data are available from US EPA monitoring programs, and from research survey programs at Ohio State and University of Toronto.  Benthos community data are available from the 1970s, and in 2003 from investigators at University of Windsor.  Agency trawling and gillnet survey data on forage fish populations are available for several stations in the central basin from the early 1980s to present, with data at some stations extending back to the 1970s.  Population abundance and size composition data are available for walleye and yellow perch since the late 1980s.  
Data needed to configure CASM simulations of present hypoxia conditions will be provided through planned ecosystem monitoring of Lake Erie’s central basin by GLERL scientists (http://www.glerl.noaa.gov/res/Programs/erie/docs/GLERL-PI-plans.pdf).

Once the model structure has been developed from site-specific data for Lake Erie, the CASM will be calibrated to simulate measured ecological production dynamics in this system. This will be done through simulations of daily biomass values of modeled species.  These values will then be compared to available data from the central basin of Lake Erie. To be deemed appropriate, the model will need to adequately capture the ecological interactions within the system and to reasonably reproduce seasonal biomass changes.

The modified CASM will be used to estimate the potential risk of hypoxia exposure on the annual biomass production of each modeled population.  The effects of uncertainties associated with the effects factors on estimated risks are characterized by assigning a statistical distribution to each effects factor and using Monte Carlo simulation methods to sample from these distributions in repeated simulations of the CASM (e.g., Bartell et al., 1999, 2000). 

These repeated simulations will yield an estimate of the potential risk of hypoxia to the annual biomass production of each population. The risk estimate will be presented in the form of a probability estimate that the total annual biomass of a given population will increase or decrease by a certain percentage (e.g., -10, -20, -30, etc.) compared to the simulated annual production values determined for selected baseline or reference simulations.

The CASM also provides an opportunity to assess the impacts of multiple stressors on ecological production dynamics.  Low dissolved oxygen conditions can be correlated with increased temperature values (e.g., Blumberg and Di Toro 1990), elevated N and P concentrations, and increased concentrations of (toxic) ionized ammonia.  Nonlinear relations between exposure to individual stressors and subsequent growth make it difficult to estimate such impacts without the use of a complex ecosystem model.  The CASM permits the assessment of risks posed by simultaneous exposure to multiple stressors (e.g., Bartell 2003).

Sensitivity and Uncertainty Analyses

Numerical sensitivity analyses will be performed for the CASM by simultaneously varying all model input parameters by approximately ( 1% of their nominal values in repeated (Monte Carlo) simulations (Gardner et al. 1981).  Identification of sensitive CASM parameters will be used to guide the calibration process and to evaluate model structure.  Uncertainty analyses also will be performed to characterize the precision of modeled biomass values given realistic uncertainties assigned to the model input parameters.  Uncertainty analysis employs the same Monte Carlo methods used to characterize parameter sensitivities, but replaces the ( 1% normal variation with distributions that describe the variation of parameters reflecting field conditions. Uncertainty analyses will be used to identify critical model parameters in estimating risks and to assess the relative contribution of direct and indirect toxic effects on production.  
d)  Project Relevance
This project has the potential to play a prominent and unique role in the Lake Erie program.  By linking physiological responses of organisms to population-level changes in production in the context of changing chemical and physical conditions, this model can provide a method for characterizing potential changes in trophic production associated with specific hypoxic conditions.  This capability supports the overall Lake Erie research objective of integrating effects of physical conditions and food web dynamics in the context of hypoxia impacts on trophic dynamics, particularly for fish populations.  In addition, the ultimate goal of this project is to improve ecological effects models with respect to generating reasonable forecast of ecological conditions.  The Lake Erie program provides an unusual opportunity for this assessment because of both the extensive dataset for this system and the comprehensive fieldwork planned for the upcoming field season (2005).  Finally, the output from CASM may provide insights into the trophic dynamics of the system that can then be capitalized with future field studies (by highlighting potential indirect effects indicated by the model output).  Rarely has there been the opportunity to validate output from ecological models with real-time ecological data sets.  
e)  Collaboration/Project Linkages

There are several opportunities for collaborative work associated with the Lake Erie integrative field program and this proposed project.  Because CASM is an ecosystem-based model, it performs best with ample physical, chemical, and biological data.  We believe there are numerous linkages between our project and the field work proposed for Lake Erie including connections between our model development and assessments of habitat quality and fish distributions (Drs. Stephen Brandt and Stuart Ludsin), zooplankton field data and trophic connections (Dr. Henry Vanderploeg), assessments of invertebrate composition and biomass (Drs. Steven Lozano and Thomas Nalepa), and comparisons with trophic web models based on ecological network analysis (Dr. Doran Mason).  Our project can utilize the available field data for integrating physical-chemical-biological linkages within the central basin and provide useful output for prioritizing future critical field data (or identifying additional data needs).
f)  Governmental/Societal Relevance (deliverables)

The output from this model will provide general estimates of potential decreases in productivity associated with hypoxic events in the central basin.  These data should help improve the scientific understanding of interactions associated with hypoxia, which will aid managers in developing plans for dealing with hypoxic events.  The results from different hypoxia scenarios should provide information on what level of hypoxia is associated with different levels of decreases in production to help forecast conditions most likely to cause the greatest impacts on production (e.g., timing, magnitude, and development of hypoxia events). 
Figure 1. Illustration of a CASM food web developed for the Duluth-Superior Harbor, MN. The boxes represent a model population or a nonliving component essential for the food web. The arrows represent energy/biomass flow throughout the system. Note that CASM architecture can accommodate as many as 10 species within each trophic level.
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Table 1. The equations that form the basis of CASM are basic bioenergetics equations that assess the change in energy of producers and consumers within the modeled system.  

[image: image3.emf] 

Producers Consumers

where where

 













  



Si K

Si

P K

P

N K

N

Si P N f

Si P N

, , min , ,

         

G M S T Rh T h I g Si P N f P B

t

Bi

m i

    

, ,

d

d

]

1 . 0 2 . 0

) / exp( )} 1 . 0 2 . 0 exp( ) / [exp{( 316 . 0

) (

Z

I I Z z I I

I g

S S



    



}] 10 / ) 10 ( 5 . 1 { 5 . 1 exp[ } 10 / ) 10 {( ) (

5 . 1

T T T T T h

O O

     

} ) ( ) 1 ( {

d

d

G M T Rh U D C B

t

B

i

i

     





































 

 

j j

j ij i j ij ij

m

B w B B a w T h C C / ) (

 

























  

k k

l kl i ki k k ki

m

B w B w B B w T h C G

k

/ ) (


Definitions of parameters for producers: Bi = biomass of population, i; t = time; Pm = maximum photosynthetic rate; f(N,P,Si) = nutrient limitation function; g(I) = light limitation function; h(T) = temperature limitation function; R = respiration rate; S = sinking rate; M = mortality rate; G = grazing loss, N, P, Si  = concentrations of dissolved inorganic N, P, Si; KN, KP and KSi = half-saturation constants; I = incident light; IS = light saturation intensity; z = average depth of water body; Z = sum of biomass for all algae; TO = optimal temperature; T = ambient water temperature.  Definitions of parameters for consumers: Bi = biomass of population, i; t = time; C  = consumption rate; D = specific dynamic action; U = excretion rate; R = respiration rate; M  = mortality rate; G = predation loss; Cm = maximum consumption rate; wij = preference of consumer i for prey j, aij = assimilation of prey j by consumer i.  Each subscript represents: i = target population; j = prey for target population; k = predator for target population; l = prey of population k with the exception of the target population.
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3   PROJECT TIMELINE
05/2005  
Begin compiling and synthesizing available data from Lake Erie to be used to parameterize CASM.

Research literature to identify concentration-response relationships for hypoxia and mortality, growth, and behavioral effects.

Coordinate with GLERL researchers to determine future availability and type of ecological data for the central basin.
06/2005
Based on available data, construct representative trophic web for central Lake Erie – accommodate potentially different trophic configurations based on changes in community structure associated with zebra and quagga mussels (Dreissenid spp.), the spiny waterflea (Bythotrephes longimanus), and the fishhook waterflea (Cercopagis pengoi).  These different trophic webs might then be used to compare differences in hypoxia effects based on recent establishments of invasive species into the central basin.

Begin coding hypoxia relationships into CASM.


Deliverables: proposed trophic web relationships for central Lake Erie basin
08/2005
Begin coding CASM to reflect trophic relations in central basin.
Begin generating hypoxia exposure scenarios for the central basin.  These scenarios will be derived primarily from USEPA data.  Depending on the output, we may also run hypothetical scenarios, in order to characterize better ecosystem-level responses to low oxygen levels.  This is one of the advantages of CASM, since it permits simulating different scenarios to characterize ecosystem responses. 
Deliverables: range of annual hypoxia events (24-hr time step) for the central Lake Erie basin to be simulated using CASM
11/2005
Begin running reference simulations for central Lake Erie (epilimion and hypolimnion) and compare output with available field data.  These reference simulations will be conducted assuming dissolved oxygen concentrations in the hypolimnion are similar to the epilimnion (and oxygen concentrations will be maintained > 5 mg L-1).

Deliverables: reference simulations of CASM under non-hypoxic conditions.
12/2005
Begin running simulations of CASM with hypoxia conditions.

01/2006 
Analyze output from hypoxia scenarios, compare/validate with field data.


Deliverables: risk-based estimates of hypoxic events to productivity of different trophic levels within the central basin; assessment of model performance with field data.  Identification of likely indirect effects associated with hypoxia events.
02/2006
Run sensitivity and uncertainty analysis for model, identify parameters having greatest influence on model output.

04/2006
Final report on model methods and results.

 
Budget justification:
Funds are requested for Larissa Sano (GSRA, then 7 months postdoctoral fellow) to configure the CASM model for Lake Erie, and to assist Dr. Steven Bartell with model simulations and analysis.  Funds are requested for 1-2 trips for Sano to travel to Maryville, TN to work on model development with Bartell.

b. Matching Fund Description: 
Matching funds are provided by Michigan DNR funding of Rutherford’s salary (3.25 months) to work on classification and spatial analysis of Great Lakes fisheries habitats. Rutherford will collaborate on data compilation, analysis and model interpretation.  

c. Other in-kind support:
Through related projects, Rutherford has assembled many of the available historic data sets needed for CASM model configuration for Lake Erie, including temperature, dissolved oxygen, phytoplankton and zooplankton biomass, benthos community data, and forage fish and piscivore densities, growth and survival rates.  
5   PROJECTED VESSEL TIME NEEDS:

a. No vessel time will be needed for this project; however, we have provided suggestions regarding the type of data most useful for calibrating and comparing with the output from CASM

6    Please address following:
a. No radioactive or hazardous materials will be used in any component of this project.

b. This project will not generate any hazardous waste.
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Madenjian, C.P., Hook, T.O., Rutherford, E.S., Mason, D.M., Croley, T. II, Szalai, E.S., Bence, J.R. Recruitment Variability of Alewives in Lake Michigan. 2005.  Transactions of the American Fisheries Society 134(1):218-230.

Hook, T.O., Rutherford, E.S., Brines, S.J., Geddes, C.A., Mason, D.M., Schwab, D.J., and Fleischer, G.W.  2004. Landscape-scale measures of steelhead (Oncorhyncus mykiss) bioenergetic growth rate potential in Lake Michigan and comparison with angler catch rates.  Journal of Great Lakes Research 30(4):545-556.

Horne, B.D., Rutherford, E.S., and Wehrly, K.W.  2004.  Simulating effects of hydro-dam alteration on thermal regime and wild steelhead recruitment in the Manistee River, Michigan.  River Research and Applications 20:185-203.

Hook, T., Rutherford, E.S., Brines, S.J., Schwab, D., and McCormick, M.J. 2004. Relationships between surface water temperature and steelhead distributions in Lake Michigan.  North American Journal of Fisheries Management 24:211-221.

Hook, T.O., Rutherford, E.S., Brines, S.J., Mason, D.M., Schwab, D.J., and McCormick, M.J., Fleischer, G.W., DeSorcie, T.J., and Sprules, W.G.  2003. Spatially explicit measures of production of young alewives in Lake Michigan: Linkage between essential fish habitat and recruitment.  Estuaries 26(1):21-29.

Rutherford, E.S., K.A. Rose, and J.H. Cowan, Jr.  2003.  Evaluation of the Shepherd and Cushing (1980) model of density-dependent survival: a case study using striped bass (Morone saxatilis) larvae in the Potomac River, Maryland, USA.  ICES Journal of Marine Science 60:1275-1287.

Rose, K.A., Rutherford, E.S, McDermot, D.S., Forney, J.L., and Mills, E.L. 1999.  Individual-based model of yellow perch and walleye populations in Oneida Lake.  Ecol. Monog. 69(2):127-154.

Rutherford, E.S., K.A. Rose, J.L. Forney, E.L. Mills, C.M. Mayer and L.G. Rudstam.  1999.  Individual-based model simulations of a zebra mussel  (Dreissena polymorpha) induced energy shunt on walleye (Stizostedion vitreum) and yellow perch (Perca flavescens) populations in Oneida Lake, NY.  Canadian Journal of Fisheries and Aquatic Sciences 56:2168-2160. 
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EDUCATION

University of Michigan, School of Natural Resources and Environment, Ann Arbor, MI.  

Ph.D. Candidate in Resource Ecology and Management.  Expected degree conferral, May 2005.

Dissertation title: “Aquatic toxicity, ecological risks, and tradeoff analysis of glutaraldehyde 

treatment for ballast water.”  

Oregon State University, College of Oceanic and Atmospheric Sciences, Corvallis, OR.  

M.S. in Marine Resource Management, Minor in Information Science & Technology.  1997.

Stanford University, Program in Human Biology, Stanford, CA.  

B.A. in Human Biology, with a focus on Marine Ecology.  1993. 

RESEARCH POSITIONS

Graduate Student Research Assistant, CILER, University of Michigan.  02/03 – present.

Currently conducting research to evaluate the potential for ecological impacts due to the release of a chemical biocide into Great Lakes water.  Research involves developing a biocide decay model and implementing an ecological risk model for the Duluth Harbor, MN.  

Graduate Student Research Assistant, CILER, University of Michigan.  09/98 – 12/01.

Project coordinator and lead scientist on a project to assess the aquatic toxicity and potential environmental impacts of the biocide glutaraldehyde for treating ballast water.  Responsibilities included conducting aquatic toxicity experiments, analyzing toxicity data, and writing reports and manuscripts.  
Research Scientist, Department of Ecology, Evolution & Marine Biology, UCSB.  06/97 - 09/97. Conducted field research to elucidate biogeography of intertidal organisms.  

Graduate Research Assistant, Oregon State University, Corvallis, OR.  01/96 - 09/96.  

Evaluated application of scientific principles to the design of marine protected areas.  

Biological Technician, Utah Department of Natural Resources, Salt Lake City, UT.  06/94 - 10/94. Worked on ecological and management issues related to endangered fish species.     

Research Assistant, Department of Physiology, University of Utah, Salt Lake City, UT.  09/93 - 06/94. Conducted research characterizing sensitivity/specificity of the zebrafish (Danio rerio) olfactory system.  

PUBLICATIONS
Sano, L.L., S.M. Bartell, and P.F. Landrum.  Accepted.  Decay model for biocide treatment of ballast tanks: Application for the Laurentian Great Lakes.  Marine Pollution Bulletin.

Sano, L.L., A. Krueger, and P.F. Landrum.  2005.  Chronic toxicity of glutaraldehyde: Differential sensitivity of three freshwater organisms.  Aquatic Toxicology 71:283-296.

Sano, L.L., M. A. Mapili, A. Krueger, E. Garcia, D. Gossiaux, K. Phillips, and P.F. Landrum. 2004.   Comparative efficacy of potential chemical disinfectants for treating unballasted vessels.  Journal of Great Lakes Research 30:201-216.

Sano, L.L, R.A. Moll, A. Krueger, and P.F. Landrum.  2003.  Assessing the potential efficacy of glutaraldehyde for biocide treatment of un-ballasted transoceanic vessels.  Journal of Great Lakes Research 29:545-557.  

Landrum, P.F., L.L. Sano, M.A. Mapili, E. Garcia, A.M. Krueger, and R.A. Moll.  2003.  Degradation of chemical biocides with application to ballast water treatment.  NOAA Technical Memorandum GLERL-123.  June 2003.  

Lubomudrov, L.M., R.A. Moll, and M.G. Parsons.  1997.  An evaluation of the feasibility and efficacy of biocide application in controlling the release of nonindigenous aquatic species from ballast water.  Report to the Michigan Department of Environmental Quality, Office of the Great Lakes, November 1997.

Lentsch, L.D., B.G. Hoskins, and L.M. Lubomudrov.  1998.  The White River and endangered fish recovery: A hydrological, physical, and biological synopsis.  Prepared for the Recovery Implementation Program for Endangered Fish Species of the Upper Colorado River Basin, Project No. 21.  Publication of the Utah Division of Wildlife Resources, Salt Lake City, Utah.  

Michel, W.C. and L.M. Lubomudrov. 1995. Specificity and sensitivity of the olfactory organ of the zebrafish, Danio rerio.  Journal of Comparative Physiology A – Sensory Neural and Behavioral  Physiology 177:191-199.
WORKS IN PROGRESS
Sano, L.L., P.F. Landrum, and S.M.Bartell.  Assessing ecological risks posed by biocide release: Application of an aquatic ecosystem model to the Duluth Harbor, MN.
Sano, L.L. and P.F. Landrum.  Risk-risk tradeoffs for biocide treatment of unballasted transoceanic vessels: comparing the risk reduction of nonindigenous species with the potential for environmental harm.

PRESENTATIONS

Society for Environmental Toxicology and Chemistry (SETAC).  How risk is it?  Comparing the risk reduction of nonindigenous species due to biocide treatment with the potential for environmental harm.  Platform presentation.  Portland, Oregon, 11/2004.

Society for Environmental Toxicology and Chemistry (SETAC).  Assessing ecological risks posed by biocide release: Application of an aquatic ecosystem model to the Duluth Harbor, MN.  Poster presentation.  Portland, Oregon, 11/2004.  

International Association of Great Lakes Research (IAGLR).  Comparative efficacy of different biocides in treating unballasted oceanic vessels.  Platform presentation.  Chicago, IL, 06/2003.

Society for Environmental Toxicology and Chemistry (SETAC).  Comparison of biocide effectiveness in treating unballasted foreign vessels.  Poster presentation.  Salt Lake City, UT, 11/2002.

Society for Environmental Toxicology and Chemistry (SETAC).  Biocide treatment of ballast water: efficacy.  Poster presentation.  Baltimore, MD, 11/2001.  3rd place award for best student poster presentation.

Society for Environmental Toxicology and Chemistry (SETAC).  Biocide treatment of ballast water: environmental impacts.  Poster presentation.  Baltimore, MD, 11/2001.  

Society for Environmental Toxicology and Chemistry (SETAC).  Communicating children’s health risks from pesticide exposure: An evaluation of risk communication brochures.  Poster presentation.  Baltimore, MD, 11/2001.

American Association for the Advancement of Science (AAAS).  The science of marine protected areas – Introductory address.  Platform presentation.  Seattle, WA, 02/1997.  

Dr. Steven M. Bartell

Highwood, Inc.

Statement of Work

Highwood, Inc. is a small, woman-owned business established in 1994 with current headquarters in Greenback, Tennessee. The proposed project, if awarded, will be performed primarily by Dr. Steven M. Bartell and Cindy T. Woodard.  Dr. Bartell offers more than 25 years of professional experience in the design, application, and evaluation of ecological and environmental models.  Bartell specializes in ecological modeling, particularly in relation to physical, chemical, and biological stressors in aquatic ecosystems.  He is the originator of the Comprehensive Aquatic Systems Model.  He is fully capable of contributing to the modifications of the CASM to address hypoxia-related issues.  Bartell is supported by Cindy Woodard, who is skilled in technical literature searches, project administration, computer graphics, and report preparation. 

Steve Bartell, Highwood, Inc., will assist with the modification of the CASM to address hypoxia (and anoxia) issues in the Central Basin of Lake Erie.  Bartell will participate in the development of appropriate food web structures for the basin.  He will also assist in the development of necessary environmental input data and derivation of bioenergetics parameters for the L. Erie version of the CASM.  Bartell will collaborate in the modifications of the CASM to include the effects of dissolved oxygen on population survival, growth, and behavior.  Bartell will guide the development of the “side-by-side” water column spatial implementation of the CASM and participate in the construction of alternative scenarios of organism movement in relation to the frequency, magnitude, and duration of modeled low oxygen events.  Bartell will participate in the examination of model uncertainties and guide the application of numerical methods of sensitivity and uncertainty analysis for the L. Erie version of the CASM. 

Bartell will also participate in project meetings as necessary. Participation may be in person of via conference call, depending on the nature of the meeting and the availability of project funds. 

Products

The products produced in relation to this effort include (1) a working CASM code for the side-by-side model application to the Central Basin of L. Erie, and (2) a manuscript that describes and documents the model development and application to scenarios of hypoxia relevant to L. Erie.

Schedule

It is proposed that the initial model will be developed within three months following date of a contract.  The manuscript describing the model will be drafted within six months of the initiation of the project. 
[image: image2]
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7 March, 2005

Office of Contract Administration

To Whom It May Concern,

I write to inform you that Dr. Steven Bartell, co-Principal Investigator and proposed subcontractor on this proposal entitled “Forecasting hypoxia effects on food web dynamics in the central basin of Lake Erie”, was the sole source bidder on this subcontract.  We did not solicit any other bids because Dr. Bartell is the most qualified person and most economical choice to receive the subcontract.  Bartell has been a leader in the field of ecological risk assessment on aquatic ecosystems for over 25 years.  He originated the modeling framework (Comprehensive Aquatic Systems Model, or CASM) we propose to use to assess impacts of hypoxia on the Lake Erie food web.  CASM previously has been used to assess effects of contaminants and other stressors on aquatic ecosystems.  There are no other investigators with either his background and experience in modeling stressor effects on ecosystems, or his experience with the CASM modeling framework.  While Bartell’s contribution to this proposal is major, the cost he is charging is not.  I have reviewed the detailed costs of the subcontract, and find it to be entirely reasonable.
There are no conflicts of interest on this subcontract.  Bartell does not have any appointments at the University of Michigan, nor is he employed in any way by UM.  Bartell is not related to anyone on this project.

Regards,

Edward S. Rutherford, Associate Research Scientist

University of Michigan School of Natural Resources and Environment

Institute for Fisheries Research, 218 Museum Annex Bldg

1109 N. University, Ann Arbor, MI. 48109-1084.

Ph: 734 663-3554 x104; FAX 734 663-9399; email edwardr@umich.edu
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