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CILER’s Mission: 

 
CILER’s overarching mission is to serve as a focal point for collaborations between the 
National Oceanic & Atmospheric Administration and University researchers in the 
Great Lakes region. The research mission of the institute is to improve the 
understanding of the fundamental physical, chemical, biological, and ecological 
processes operating in the Great Lakes region in order to improve observation and 
forecasting systems that help guide management.  CILER is also tasked with translating 
and disseminating science for the general public, highlighting NOAA initiatives, and 
promoting educational training opportunities in the region through research fellow 
positions and the student summer fellowship program. 

 

Executive Summary: 

The Cooperative Institute for Limnology and Ecosystems Research (CILER) was 
originally established in 1989, with the objective of fostering University and NOAA 
partnerships in the Great Lakes region.  The renewal of the CILER Cooperative 
Agreement went into effect in July of 2007.  This agreement was awarded to the 
University of Michigan (host institution) and nine partner universities (Michigan State 
University, University of Toledo, Grand Valley State University, University of 
Minnesota-Duluth, University of Wisconsin, University of Illinois at Urbana 
Champaign, Ohio State University, State University of New York at Stony Brook, and 
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Penn State University).  Since the renewal of this new agreement has been in effect, 
CILER has supported 86 amendments that total over $13.6 million in research funding.  
During the past year (i.e., current reporting period), CILER administered 16 additional 
CI project grants totaling $6 million.  The Great Lakes Restoration Initiative (GLRI) 
resulted in a significant increase in proposal submissions both to NOAA and the U.S. 
Environmental Protection Agency for federal and non-federal monies.  CILER provided 
program support to projects funded through NOAA totaling approximately $4 million 
for 2010-2011.  Additionally, GLRI grants were awarded competitively through EPA to 
non-federal partners in the amount of $1.2 million. 
 
In October, NOAA convened an external panel of scientists to conduct a 5-year review 
of CILER management, science, and outreach (See Outreach Director’s report.).  CILER 
is now in the process of addressing recommendations made by the panel.  These tasks 
have or are currently being worked on, including:  

1) Develop new vision and mission statements showing CILER’s unique role as a part of 
Great Lakes research.  These new statements will seed development of a 5-year strategic 
plan for the CI.  

2) Engage more partners through changes in management structure i.e., expanding the 
former Council of Fellows into a promoted Management Council that includes more 
academic professors.  And, create a new Council of Fellows that include Great Lakes 
academic researchers willing to mentor and rotate postdoctoral fellows through their 
laboratory programs every 1 to 2 years.  

3) Mentor younger staff in regard to publications, travel, networking, and university 
roles.   
 
CILER Research Overview

CI academic partners and NOAA-GLERL continue to develop a HABs transport 
forecasting system that 1) rectifies imaging spectrometer with lake observation data, 
and 2) takes into account a refined HAB particle trajectory model.  Work also continues 
on modeling the transport and subsequent forecasting of viral and bacterial sources in 
the Great Lakes, how this impacts beach closures, and how these models can be 
coordinated into developing and implementing a generalized approach to nowcasting, 
forecasting, and product delivery.   
 

:  
 
Research conducted under the ecosystem forecasting theme aims to develop forecasts for 
physical hazards, water levels, harmful algal blooms (HABs), and fish recruitment and 
production.   
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Climate change-related work focuses on downscaling global models to the Great Lakes.  
A value added relative to global models is the depiction of lake effect precipitation, 
where a generalized increase under higher greenhouse gas concentrations intensifies 
over lake effect zones during the winter season.  Greater accuracy in the physical 
modeling of ice processes should lead to a greater confidence in this result.  Improved 
predictions on impacts from climate change continue by filling in gaps in Great Lakes 
hydrology models that look at water balance and levels (as influenced by nearshore 
wave-current interactions), as well as sediment transport and water quality.   
 
Finally, projects under this research theme also continue to look at the relationship 
between water quality and pelagic production/interactions through modeling and 
forecasting in order to better understand the causes and effects--and to propose 
solutions for--eutrophication, hypoxia, invasive species, and habitat modification.   

 

Research in the second theme, invasive species, focuses on the prevention, monitoring, 
detection, and control of invasive species, and on a better understanding of the range of their 
ecosystem impacts. 
   

Great Lakes Nonindigenous Species Information System (GLANSIS) work continues 
through CILER, with 1) an emphasis on developing a prioritized list of potential high-
risk invader species, and compiling associated fact sheets, and 2) identifying range 
expansion species and developing full profiles of them for inclusion in the information 
system. 
 
The long-time monitoring and tracking of trends in primary producers,  pelagic 
crustaceans, and benthic macroinvertebrates in the Great Lakes continues as a means to 
measure and forecast food web dynamics due to outside influences, such as invasive 
species.  Related to this work, investigators are trying to also identify the role of 
pathogens in causing the disappearance of a rich food source, Diporeia, and how this 
relates to invasive mussel presence in the Great Lakes.  
 
Research in the third theme, coastal observing systems, focuses on providing observing system 
data and platforms, data management and communications, and data products and forecasts 
needed for effective environmental management, and for monitoring and understanding 
ecosystem responses to natural and anthropogenic conditions.   
 
The Great Lakes Observing System program continues through CILER, with an overall 
focus to develop products from integrated observations that relate to climate change 
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impacts and protection of public health, ecosystem/food web dynamics, and navigation 
safety and efficiency.  CILER and academic partners within the nearshore observing 
team have helped develop and maintain operational capabilities for the observing 
system components.  Specific objectives for this program through CILER include: 1) 
increasing nearshore observations to improve wind/wave forecasting and circulation 
modeling, 2) advancing nearshore ecological forecasting procedures, 3) improving 
monitoring of lake heat and water balances, 4) developing continuous running high 
resolution hydrodynamic models of interconnecting waterways, and 5) integrating 
information and delivering customized products that meet user needs.   
 
NOAA maintains its role in the Great Lakes CoastWatch program by continuing to fund 
a support position through CILER.  The Great Lakes program obtains, produces, and 
delivers satellite environmental data and products to stakeholders (including the Coast 
Guard and NWS) from near real-time observations through the Great Lakes 
CoastWatch website. 
 
Finally, new projects through CILER investigate novel, rapid, and cost-effective 
technologies to detect pathogenic E.coli and HAB cyanotoxins in recreational 
freshwaters.  Both projects also compare sensor/instrument performance against well-
established analytical protocols.  Of particular interest is the construction, validation, 
and deployment of a robotic sampler coupled with an in-water mass spectrometer to 
measure the cyanotoxins.  The system is programmable for time-series measurements of 
specific toxin congeners, or suites of them.  Sample extraction, purification, and 
spectrometer quantification are automated within the unit.  In addition, the recovery of 
analytes of interest will be assessed with the incorporation of novel isotope dilution-
enabled automation technology.  
 

The fourth theme, protection and restoration of resources, supports research to protect, 
restore, or enhance priority coastal land and water habitats throughout the basin. 
 
CILER has been providing GLRI support for projects funded under NOAA, which 
includes organizing and facilitating an external review of these projects, and organizing 
and leading workshops to improve information exchange and collaborations among 
GLRI and other researchers within the Great Lakes region. 
 
One of the GLRI-supported projects involves identifying science-based environmental 
limits, or tipping points, that threaten Great Lakes ecosystems.  The project uses existing 
Great Lakes water quality, biological monitoring, and land use data to do this.  The 
ultimate goal is to institute land-use policies and restoration plans that ensure green 
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infrastructure and habitat-sustaining ecosystems are maintained.  Two tipping points 
models (land-use and estuary) have been compared and are being integrated that also 
incorporate bacterial contaminants as well.  The Saginaw Bay ecosystem has been a test 
bed to evaluate Dreissena-, contaminants-, and nutrient input-driven tipping points.   

 
Research projects in the fifth theme, integrated assessments, generate policy-relevant and 
synthetic efforts to help guide long-term resource use in the basin. 
 
Two large integrated assessment programs have been funded in part through CILER for 
multiple years.  One has been looking at an adaptive integrated framework for 
managing invasive species, land-use, and climate change stressors in Saginaw Bay.  The 
framework utilizes ecosystem and socio-economic historical and current data input 
from managers, researchers, and modelers in order to drive the direction of an 
ensemble of models (watershed, hydrological, and human dimension) to predict 
resource outcomes (water quality, fish production, and economic metrics).  Results 
indentify knowledge gaps for model refinement, drive further field and experimental 
research, and bring to light management alternatives.  The ultimate goal is to develop 
models adaptable across U.S. coastal ecosystems with their own unique sets of multiple 
stressors.  The other program looks at the causes, consequences, and solutions to deal 
with hypoxia in central Lake Erie.  The overall objective is to create, test, and apply 
models to forecast how multiple factors, such as surface water flow, phosphorus input, 
lake dynamics and ecology, climate variation, fish movement patterns, and fish and 
Dreissenid biology influence, or are influenced by, hypoxia formation.  The main 
emphasis on model output is fish production potential under the various scenarios. 
 
Finally, university and GLERL researchers are looking at improving GIS ecological 
classifications and food web modeling of invasive species impacts in the Great Lakes.  
Specifically, they inventory, map, and classify physical and biological habitats for 
aquatic ecoregions, analyze hydroacoustics data on fish species composition and 
biomass, construct food web models for inshore and offshore waters, and simulate 
invasive species impacts on the lakes.  The enhanced databases and models will be 
pieces in a larger puzzle looking at the spread and bioeconomic impacts of invasive 
species in order to improve management and policy in the Great Lakes, especially at 
preventing invasions in the first place, which is likely the most cost-effective.     
  

Finally, projects conducted under the sixth theme, Education and Outreach, facilitate 
education and outreach activities for NOAA in the Great Lakes region. 
 
One project under this theme employed CILER Summer Fellows and university 
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graduate students to work with climate and planning experts, and decision makers, to 
create education modules that will assist Great Lakes coastal communities with 
adapting to climate change.  The modules were designed for easy modification in order 
to include future research information and improved tools.  Modules cover background 
on the predicted impacts of climate change, developing an adaptation plan, and tools 
and information to help get plans implemented. 
 
As a part of NOAA’s Oceans and Human Health Initiative, the Center of Excellence for 
Great Lakes and Human Health is charged with engaging public health and natural 
resource managers, and decision-makers to develop useful products and services for 
stakeholders.  Another project through CILER supports a MI Sea Grant Outreach 
Specialist in order to accomplish these tasks.  Specifically, this person 1) identifies and 
assesses user needs as they pertain to Great Lakes and human health, and 2) 
disseminates user-friendly scientific information, technology, and research materials to 
aid health officials, local governments, and communities in making sound 
environmental decisions.   

 
Outreach Director’s Report 
 
In February of 2011, the 14th annual Great Lakes regional National Ocean Sciences Bowl 
competition was hosted again by CILER and other local federal, university, and non-
profit partners for 16 high school teams.  Almost 200 students, coaches, and volunteers 
convened at the School of Natural Resources and Environment on the University of 
Michigan’s campus despite the wintery conditions.  Four new teams joined the 
competition, two of which were from Michigan’s Upper Peninsula.     The Great Lakes 
Bowl is one of 25 regions from around the country.  Each year, CILER’s Regional 
Coordinator accompanies the winning team to a national competition at the end of 
April.  The 2010 competition was held in St. Petersburg, FL.  The 2011 competition will 
be held in Galveston, TX.   
 
CILER organized their 12th Summer Student Fellows Program, which supports 16 
undergraduate and graduate students.  Over 105 applications were received for this 
national competition.  Students participated on research projects with NOAA and other 
federal agencies, and university scientists within the Great Lakes region.  Again this 
year, CILER also hired Long Term (9-12 month) Student Fellows (2 students) to 
supplement the Summer Student Fellows Program.  
 
Planning has been underway to expand the Partners for Excellence program to include 
all Ann Arbor public high schools.  This program promotes Great Lakes research to 
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younger high school students looking into college careers.  Last summer’s students 
provided positive testimony about their experiences to the 5-year external review panel. 
 
The CILER-GLERL seminar series continues to bring in research and education and 
outreach experts from around the Great Lakes region.  We have expanded this program 
through enhanced listserves, such as the Great Lakes Information Network, and online 
webinars.  Attendee participation through these venues has increased significantly over 
the past year. 
 
Based on recommendations from the external review of CILER’s education and 
outreach over the past 5 years, we have been actively engaging local partners and 
museums to include user-friendly information about CILER in a Great Lakes interactive 
kiosk and display currently on tour around Michigan.  We have also been working with 
our school’s communications director and web master to enhance CILER’s website to 
ultimately make it a one-stop shopping source for all things-CILER.  We have also hired 
a Summer Fellow who is well-versed in translating science related to CILER’s research 
themes into a user-friendly format that will be included in our kiosk and 2-pagers as 
handouts or website material.  In addition, a high school student has been hired to work 
on CILER Flash animations for the kiosk.  
 
Administrative Summary: 
As part of the 5-year review held last October, CILER’s administrative functions were 
assessed.  The final admin review report from NOAA is pending, but preliminary 
results were very favorable.  CILER will continue to follow the research guidelines and 
practices established by the University of Michigan and NOAA.  Based on 
recommendations during the CILER review, CILER is ramping up its Outreach and 
Education involvement.  Sander Robinson’s duties in this position are being expanded.  
Sander is taking an active role by working closely with the local NOAA and Sea Grant 
outreach personnel to make CILER more visible in the region.  Other recommendations 
made during the review, such as administering the PEERRS training to Post Docs, and 
the creation of a CILER handbook for researchers are currently being addressed. 
 
Dr. Colton of GLERL and Dr. Burton of CILER continue working together on ways to 
improve the NOAA-CILER relationship to better meet the mission and goals of both 
organizations.   
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Executive Board/Management Council/Council of Fellows: 
Executive Board: 

The Executive Board makes recommendations concerning CILER’s administration, 
budget, future cooperative agreements, and Management Council members.  The 
members of the Executive Board include: Al Powell (Director, NOAA Center for 
Satellite Applications and Research), Russell Callender (Acting Director, NOAA 
National Centers for Coastal Ocean Science), Rosina Bierbaum (Dean, SNRE), Mark 
Banaszak-Holl (Associate Vice-President for Research, UM), Allen Burton (ex-officio) 
and Marie Colton (ex-officio).   
 

Members of the new CILER Management Council: 
The Management Council provides reviews and recommendations of the scientific 
direction of the CI, and includes directors of the Great Lakes Sea Grant programs, with 
additional representation by NOAA and university scientists.  The next meeting is in 
May, and will involve discussions about new vision and mission statements, and how 
they can be incorporated into a 5-year strategic plan.  Members include: 
 

Jim Diana, University of Michigan, Michigan Sea Grant Program 
Brian Miller, University of Illinois, Illinois-Indiana Sea Grant Program 
Jeff Gunderson, University of Minnesota, Minnesota Sea Grant Program 
Jeffrey Reutter, Ohio State University, Ohio Sea Grant Program 
Jim Ammerman, State Univ. New York-Stony Brook, New York Sea Grant Program 
David Schwab, Ecosystem Modeling/Forecasting Branch Chief, NOAA-GLERL 
Steve Ruberg, Obs. Systems/Adv. Tech. Branch Chief, NOAA-GLERL 
Henry Vanderploeg, Ecosystem Dynamics Branch Chief, NOAA-GLERL 
Doran Mason, CILER Program Manager, NOAA-GLERL 
Craig Stow, Principal Investigator, NOAA-GLERL 
Edward Rutherford, Principal Investigator, NOAA-GLERL 

 
Members of the new Council of Fellows: 

The new Council of Fellows will include Great Lakes academic researchers willing to 
mentor and rotate postdoctoral fellows through their laboratory programs every 1 to 2 
years.  Membership is to be determined at the next Management Council meeting in 
May, 2011. 
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Summary of Research Projects-Funding  

This report details project activities through the fourth year of the new cooperative 
agreement with updates covering the period through March 31, 2011. CILER has 
administered more than 86 projects distributed as shown in Figure 1.  The total funding 
level through year four is $13.6 million. 

 

 

 

 
 

  

Figure 1.  Pie Chart - Funding distribution for CILER by theme through 03/31/11.  
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Table 1. Breakdown of funding by Theme awarded to CILER for the current 
Cooperative Agreement, NA07OAR4320006, through March 31, 2011. 

 

 

Task Research Theme #Amendments Funding ($) %Funding 

I Administration 4 $657,665 5% 

II Theme I:  Great 
Lakes Forecasting 

24 $2,726,344  20% 

II Theme II:  Invasive 
Species 

16 $1,330,572 10% 

II Theme III:  
Observing Systems 

10 $2,908,865  21% 

II Theme IV:  
Protection and 
Restoration of 
Resources 

9 $1,666,148 12% 

II Theme V:  Integrated 
Assessment 

12 $3,302,439 

  

24% 

II Theme VI:  
Education and 
Outreach 

11 

 

$1,032,072  8% 

Totals  86 $13,624,105 100% 
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Table 2.  Breakdown of subcontract funding by institution: 

 

Case Western Reserve University $182,587 

Duke University $137,542 

E2 Engineering $116,500 

Grand Valley State University $59,499 

Heidleberg University $67,999 

LimnoTech $150,504 

Michigan State University $1,359,829 

Michigan Technological Research Institute $5,000 

Michigan Technological University $232,999 

Ohio State University $113,198 

Oregon State University $172,560 

Purdue $720,692 

Smithsonian $102,640 

State University of New York $448,001 

University of Illinois $60,000 

University of Minnesota $313,996 

University of Wisconsin $263,961 

University of South Florida $422,247 

University of Washington $239,400 

Upstate Freshwater Institute $5,000 

Wayne State University $140,327 

Western Michigan University $60,300 

Total $5,374,781 
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SUMMARY OF RESEARCH PROJECTS BY THEME: 
 
THEME I:  GREAT LAKES FORECASTING 
 

AN INTEGRATED APPROACH TO MONITORING, FORECASTING, AND UNDERSTANDING 

HARMFUL ALGAL BLOOMS (HABS) IN THE GREAT LAKES 
 

RELATING ENVIRONMENTAL PARAMETERS TO MERIS-DERIVED ABUNDANCE ESTIMATES 

OF MICROCYSTIS 
 

DEVELOPING PREDICTIVE MODELS THAT IMPROVE COASTAL, HUMAN HEALTH AND 

BEACH FORECASTING 
 
IMPROVED UNDERSTANDING AND FORECASTING OF VIRAL AND BACTERIAL SOURCES AND 

TRANSPORT IN THE GREAT LAKES 
 

LINKING STATISTICAL AND MECHANISTIC MODELS FOR IMPROVED BEACH CLOSURE 

FORECASTING: GRAND HAVEN, MICHIGAN  
 

BEACH QUALITY FORECASTING COORDINATOR 
 

Great Lakes Water Level Response to Climate Change 
 
MODELING GREAT LAKES ICE AND REVEALING LINKAGES BETWEEN LAKE ICE AND 

CLIMATE PATTERNS 
 
MODELING SEA ICE-OCEAN-ECOSYSTEM RESPONSES TO CLIMATE CHANGES IN THE 

BERING-CHUKCHI-BEAUFORT SEAS WITH DATA ASSIMILATION OF RUSALCA 

MEASUREMENTS 
 

COMPARATIVE ANALYSIS OF NET BASIN SUPPLY COMPONENTS AND CLIMATE CHANGE 

IMPACT ON THE UPPER GREAT LAKES  
 
NEXT GENERATION LARGE BASIN RUNOFF MODELS 
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WAVE-CURRENT COUPLING USED TO DEVELOP A NESTED-GRID HYDRODYNAMIC MODEL 
 

WATER QUALITY AND FISH PRODUCTION IN COASTAL ECOSYSTEMS 
 

THE EFFECTS AND IMPACTS OF HYPOXIA ON PRODUCTION POTENTIAL OF ECOLOGICALLY 

AND COMMERCIALLY IMPORTANT LIVING RESOURCES IN THE NORTHERN GULF OF MEXICO 
  
 

THEME II:  INVASIVE SPECIES 
 
ENHANCEMENT OF THE NOAA GREAT LAKES AQUATIC NONINDIGENOUS SPECIES 

INFORMATION SYSTEM (GLANSIS) 
 
STATUS AND TRENDS IN BENTHIC MACROINVERTEBRATES IN THE GREAT LAKES  
 
STATUS OF MACROINVERTEBRATES IN LAKE ONTARIO 
 
STATUS OF PELAGIC CRUSTACEANS IN SOUTHERN LAKE MI / FOOD WEB DYNAMICS IN 

SOUTHERN LAKE MICHIGAN 
 
MECHANISTIC APPROACH TO IDENTIFY THE ROLE OF PATHOGENS IN CAUSING DIPOREIA  

SPP. DECLINE IN THE LAURENTIAN GREAT LAKES 
 
POPULATION DYNAMICS OF THE NON-INDIGENOUS AMERICAN SHAD ALOSA SAPIDISSIMA 

ALONG THE WEST COAST OF THE U.S. AND ANTICIPATED EFFECTS OF CLIMATE CHANGE ON 

RANGE EXPANSION 

 
THEME III: OBSERVING SYSTEMS 
 
IMPLEMENTATION OF THE GREAT LAKES OBSERVING SYSTEM (GLOS), 2008-2011 
 
GREAT LAKES COASTWATCH RESEARCH ASSISTANT FOR NOAA COASTWATCH PROGRAM 

ELEMENT 

 
RAPID BIOSENSOR TECHNOLOGY FOR RECREATIONAL FRESH WATERS 
 
ROBOTIC SAMPLER-MASS SPECTROMETER FOR IN-WATER DETECTION OF CYANOTOXINS 
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THEME IV:  PROTECTION AND RESTORATION OF RESOURCES 
 
GREAT LAKES RESTORATION INITIATIVE – NOAA PROGRAM SUPPORT 
 
IDENTIFY LAND USE TIPPING POINTS THAT THREATEN GREAT LAKES ECOSYSTEMS 
 
AGRICULTURAL AND LAND USE INDICATORS 
 
DEVELOPING A DIAGNOSTIC TOOL FOR ASSESSING EXCESSIVE SEDIMENT HARM TO 

STREAM COMMUNITIES 
 
THEME V:  INTEGRATED ASSESSMENT 
 
ADAPTIVE INTEGRATED FRAMEWORK:   A NEW METHODOLOGY FOR MANAGING IMPACTS 

OF MULTIPLE STRESSORS IN COASTAL ECOSYSTEMS 
 
ECOFORE:  FORECASTING THE CAUSES, CONSEQUENCES AND REMEDIES FOR HYPOXIA IN 

LAKE ERIE 
 
GIS ECOREGION CLASSIFICATION AND FOOD WEB MODELING 

 
THEME VI:  EDUCATION AND OUTREACH 
 
ASSISTING GREAT LAKES COMMUNITIES WITH CLIMATE CHANGE ADAPTATION  
 
OUTREACH AND EDUCATION COORDINATION FOR THE NOAA CENTER OF EXCELLENCE 

FOR GREAT LAKES AND HUMAN HEALTH 
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PROJECT REPORTING 

 

THEME I: GREAT LAKES FORECASTING 

CILER activities that fall under the theme of Great Lakes Forecasting include research 
focusing on developing forecasts for physical hazards, water levels, harmful algal 
blooms, and fish recruitment and production. 
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PROJECT TITLE:  AN INTEGRATED APPROACH TO MONITORING, FORECASTING, AND 

UNDERSTANDING HARMFUL ALGAL BLOOMS (HABS) IN THE GREAT LAKES 

Principal Investigators:   

Thomas Johengen - CILER, University of Michigan 
David Millie – University of South Florida 
Rick Rediske – Grand Valley State University 
Mike McCormick – private consultant 
NOAA Technical contacts: 
Gary Fahnenstiel and Juli Dyble Bressie – NOAA GLERL 
 

Overview and Objectives: 
 
Harmful algal blooms (HABs) are a significant concern for ecosystem and human health 
in the Great Lakes.  Blooms can reduce the aesthetic qualities of a water supply and 
cause complaints about taste and odor in drinking water; the decomposition of blooms 
can result in hypoxia or anoxia in the bottom water resulting in fish kills and benthic 
invertebrate mortality; and blooms can produce toxins that have direct detrimental 
impacts on human and animal health (Hawkins et al 1985, Teixera et al. 1993, Kuiper-
Goodman et al. 1999).  Microcystis aeruginosa is the dominant bloom-forming, toxic 
cyanobacterium occurring in the Great Lakes.  Microcystis has (again) become a 
dominant component of the summer phytoplankton in both Saginaw Bay and western 
Lake Erie after being a relatively minor component during the late 1980s and early 
1990s.  The toxin of highest concern in the Great Lakes in the hepatotoxin microcystin 
and recent studies have measured up to 5 µg/L intracellular microcystin (Dyble et al, 
2008), exceeding the recommended limit for microcystin in drinking water (1 µg/L; 
World Health Organization 1998).  These microcystin concentrations are of particular 
concern because they are found close to a public water supply intake in the bay.  Since 
the Great Lakes are such a highly utilized resource for both recreation and drinking 
water, the ability to predict the location of HAB blooms, especially in relation to 
drinking water intakes and recreational beaches, would allow protection of human and 
ecosystem health. 
 
The most commonly used method for detecting HAB blooms is to do ship-based 
sampling on transects followed by microscopy-based detection methods (including cell 
counts).  This process is time and resource intensive in terms sample analysis and ship 
time.  Due to limits in time and resources, the spatial and temporal frequency of 
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sampling is generally not sufficient to provide timely warning about the presence of 
HAB bloom at a drinking water intake or recreational beach, thus potentially 
threatening human health.  For example, in order to detect a bloom at a drinking water 
intake, there would need to be monitoring daily or every other day near the intake pipe 
in order to detect the presence of toxic cells.  Once detected, drinking water treatment 
needs to be increased in order to adequately remove the toxins and it is beneficial to 
have advanced warning in order to prepare for this.  Even if sampling could somehow 
be conducted with sufficient enough frequency, processing the samples quickly enough 
to be responsive to a developing bloom would take a significant amount of time.  Thus, 
there is a significant need for a HAB forecasting system that can predict the presence of 
blooms at significant points of interest.  Such an approach currently is utilized in the 
Lake Erie Harmful Algal Bloom (LE HAB) Bulletin, whereby Microcystis blooms are 
depicted based upon spectral signatures as detected by the medium resolution imaging 
spectrometer (MERIS; Wynne et al. 2008). The LE HAB Bulletin then relies upon multi-
day projections of select physical parameters (e.g. wind velocity/direction, water 
movement, etc.) to forecast passive bloom transport.  
 
The main focus of this project is to validate and improve the preliminary Lake Erie 
HABs bulletin through a series of observations and modeling.  Interactive 
environmental predictors and/or quantifiers for Microcystis abundance are not 
incorporated into Bulletin simulations and as a consequence, actual prediction for, and 
validation of Microcystis abundance is lacking.  To improve on this deficiency routine 
data acquisition will be required in western Lake Erie of HAB measures (e.g, cell , toxin 
and pigment concentrations, etc.) and  key environmental and meteorological variables 
(e.g., nutrients, light, temperature, wind speed, etc) .   
 
Research activities in 2010 were directed to improve several of the present processing 
methods for integrating the satellite and modeled results.  Particular tasks included: 
 
1) resolving questions of false positives, particularly with the goal of improving the 
processing of data and accuracy of forecasts.  
2) establishing meaningful relationships and accuracy between the satellite index and  
cell and toxin concentrations.  
3) Implementing and evaluating a wind mixing model for estimating surface 
concentration.   
4) inclusion of algal growth component in forecast model to help predict development 
of future blooms. 
 
To determine the utility of and potential limitations for a Microcystis forecast ‘tool’ 
based upon remote-imagery data, the proposed work will relate existing field, or 
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ground-truth data (supplied by NOAA-GLERL) to imagery-derived estimates of 
surface-dwelling cyanobacterial biomass.  Specifically, computer-intensive, statistical 
models will be used to 1) delineate key endogenous and/or exogenous factors (e.g. 
hydrological/meteorological conditions, etc) corresponding to holistic Microcystis 
patterns; 2) develop models for visualizing and predicting remotely-derived Microcystis 
abundance in relation to dynamic environmental constraints; and in consultation with 
Dr. Stumpf and GLERL researchers, 3) identify knowledge and/or candidate models for 
integration into a ‘next generation’ Great Lakes HAB) bulletin. Where sufficient data 
exists, neural network models utilizing supervised training and/or a hybrid integration 
of unsupervised and supervised training will be developed and validated. Proven 
knowledge extraction techniques will delineate the influence of single-/multi-predictor 
parameters(s) upon Microcystis abundance.  
 
Finally, forecasting the physical movement of a HAB depends upon the reliability of the 
time evolution of the forcing field, and its successful integration to an appropriate 
hydrodynamic model.  The Great Lakes Forecasting System (GLFS), which is utilized in 
the LE HAB bulletin, has met with much success over a variety of applications.  
However, tracking the flow at the very surface or near surface such as with a HAB 
remains a challenge.  To test the adequacy of a particle trajectory model for HAB 
application requires Lagrangian data on the surface waters.  To meet this need we 
proposed to employ several surface drifting buoys that fix their GPS position at high 
frequency time intervals (approximately 1 minute).  The drifters will be deployed 
during a HAB episode and the deployment location will be dictated in coordination 
with satellite imagery and logistical considerations.  The experimental configuration of 
the drifters will be determined by modeling needs: e.g., all drifters deployed at once in a 
tight cluster or drifters released sequentially from the same location over a period of 
hours to days.  The Garmin Rhino unit being able to broadcast its current position upon 
interrogation by another Rhino unit facilitates drifter retrieval.  Upon drifter retrieval 
the data are downloaded, batteries changed or recharged, and it is ready for the next 
deployment.  Given the size of western Lake Erie we may need to experiment with the 
higher power Rhino 520 HCx units if we encounter difficulty in locating the drifters.  
Finally, once all of the data are generated it will be analyzed and plotted, and together 
with a metafile, made available soon after the experiments are completed. 
 
This project addresses NOAA Strategic Plan Goal(s):  (1)  Protect, restore, and manage 
use of coastal and ocean resources through ecosystem-based management, and (3)  
Serve society’s needs for weather and water information 
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Accomplishments: 

In 2010 the OHH/GLRI HABs program focused on an intensive field year in Lake 
Erie.  During this year several critical sampling projects were initiated.  The first 
consisted of weekly sampling. Eighteen sampling trips were completed from June 8th 
through October 18th, 2010. All 9 stations were sampled on each trip except for August 
23rd, where weather limited collection to 5 stations. Additionally, there were 19 samples 
taken throughout the year to quantify blooms that occurred away from our normal 
sampling stations. The water intakes for Put-In-Bay and Kelleys Island were sampled 
on July 12th, 2010. All together this adds up to 186 station visits in the 2010 field season. 
 The parameters quantified included temperature, conductivity, light 
transmittance, kPAR, total phosphorous, total dissolved phosphorous, soluble reactive 
phosphorous, ammonium, nitrate-nitrite, silica, chloride, total suspended material, 
volatile suspended material, dissolved organic carbon, chlorophyll-α, particulate carbon 
and nitrogen, phytoplankton abundance and composition, phycocyanin fluorescence 
and concentration,  microcystin,  and  photosynthetic capacity and yield. 

All analysis has been completed for total phosphorous (480 samples), total 
dissolved phosphorous (320 samples), soluble reactive phosphorous (320 samples), 
ammonium (320 samples), nitrate-nitrite (320 samples), silica (160 samples), chloride 
(160 samples), total suspended material (94 samples), volatile suspended material (94 
samples), dissolved organic carbon (46 samples), chlorophyll-α (492 samples), and 
microcystin (364 samples). All of this data has been delivered to the database manager 
and is currently ready for distribution. Particulate carbon and nitrogen (480 samples) 
and phycocyanin (98 samples) have been processed however the data have not been 
completely analyzed and are not ready for distribution. Phytoplankton counts are in 
progress (approximately 150 complete of 169 samples). 

Data from the 2009 and 2010 field seasons is being used to build input files for 
the EcoLE water quality model.  This model currently provides two-dimensional water 
quality information for Lake Erie.  With this additional data it may be possible to alter 
the model to better predict Microcystis blooms within Lake Erie. 

Not all HAB blooms produce toxins.  Genetic composition of the bloom is the 
most significant driver of bloom toxicity as some strains are toxic and some are 
incapable of producing toxin (Figure 1).  Thus the composition of the strains within the 
bloom can be an important predictor of overall bloom toxicity.  The genetic composition 
of a bloom can change over a bloom season with strain succession and therefore bloom 
toxicity may also not be constant over the entire course of the bloom.  To assess the 
impacts of genetic composition on bloom toxicity, quantitative PCR was used to 
determine the number of Microcystis colonies that contain the microcystin synthetase 
gene, mcyB.  While the presence of this gene does not confirm that the gene is being 
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expressed and the cell is producing microcystin, the absence of this gene does indicate a 
non-toxic strain.  The total number of Microcystis cells was quantified using a genetic 
marker for all Microcystis strains, cpcBA which encodes the production of phycocyanin, 
the pigment that gives cyanobacteria their characteristic blue-green color. 
 During two large bloom events in August and September over 100 stations were 
sampled to elucidated a satellite characterized HAB event in western Lake Erie.  All 
stations were sampled in one day using a variety of sampling using a variety of boats.  
At each station similar parameters were measured as noted above with the exception of 
nutrient concentrations.  Also during these blooms events sampling was conducted in 
the vicinity of two water treatment plants to determine the efficiency of water treatment 
plants in removing the toxin microcystin.   Both of the water treatment plants were very 
efficient at removing the toxin microcystin from the water (Table 1). 

Finally, two hydrodynamic experiments were conducted in western Lake Erie in 
August and September consisting of deployment of satellite-tracked drifters in HAB 
areas.  These drifters were followed for several weeks to months throughout the 
western and central basins of Lake Erie (Figure 2).  Several satellite-reporting surface 
drifting buoys were deployed on the edge of an algal bloom in western Lake Erie on 9 
August 2010.  The objective was to provide data on the particle trajectories and 
dispersion associated with HABs and to test model adequacy for forecasting the fate of 
such blooms.  All surface waves exhibit Stoke’s Drift, which imparts some down-wave 
motion to any object that follows the water surface.  The excellent water tracking ability 
of these drifters occurs because their buoyancy is concentrated along the main spar 
resulting in minimal wave contamination.  The drifters are a modified eddy drifter built 
in consortium with the Gulf of Maine Lobster Foundation and NOAA’s Northeast 
Fisheries Science Center.  All of the raw data and trajectories are available at the 
following web site: 
 
 http://www.nefsc.noaa.gov/drifter/index_2010.html 
 

One drifter was lost in open water on 2 September while the two remaining 
drifters traveled half way across Lake Erie and were lost on 5 and 8 December, 
respectively (Fig. 1).  Over 2800 hours of data were collected representing the longest 
Lagrangian time series ever collected on the Great Lakes.  Plans for 2011 include more 
HAB tracking in western Lake Erie and a dye experiment in Lake Michigan to quantify 
the tracking ability of these drifters.  All results will be analyzed and published in a 
journal publication. 
 
  

http://www.nefsc.noaa.gov/drifter/index_2010.html�
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Table 1:  Microcystin concentrations (ug/l) in raw and finished (processed through water treatment plan)  
from Kelly’s Island (KI) and South Bass Island (SB) water treatment plants.  The percent removal of 
microcystins from raw water is also calculated. 
 

 RAW  FINISHED  % Reduction  

KI  2.04  0.00  100%  

SB  0.45  0.01  98%  

SB  2.16  0.01  >99%  

 

 
Figure 1: The Microcystis community composition was assessed in western Erie during the 2009 bloom 
season.  Data is presented for 7 sampling times at two sites (WE6, WE7) in Maumee Bay that experienced 
consistent blooms throughout 2009.  As the figure shows below, the percentage of the bloom comprised 
of toxic strains increases during the middle of the summer (end of July to middle of August) and then 
decreases to mostly non-toxic strains by the end of the bloom.  This is significant because it means that 
during the latter part of the bloom, the risk to human health in drinking and recreational waters 
decreases.  Microcystin concentrations during this latter part of the bloom are also very low, supporting 
this observed change in community composition.  This data will be incorporated into modeling and 
forecasting efforts to further refine the prediction of Microcystis events that will be potentially harmful to 
human health.     
 

* 

* Sample not collected 
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Figure 2:  Satellite drifter tracks from two deployments in western Lake Erie in August and September. 
 
Publications: 
 
Fishman, D. B., S. Adlerstein, H. Vanderploeg, G. Fahnenstiel, and D. Scavia.2010. 
Phytoplankton community composition of Saginaw Bay, Lake Huron, during the zebra 
mussel (Dreissena polymorpha) invasion: A Multivariate analysis.  J. Great Lakes Res. 
36;9-19. 
 
Millie, D. F., G. L. Fahnenstiel, G. R. Weckman, D. M. Klarer, J. D. Bressie, H. A. 
Vanderploeg, and D. Fishman.  An ‘Enviro-Informic’ assessment of Saginaw Bay (Lake 
Huron USA) phytoplankton: Data-driven characterization and modeling of Microcystis 
(Cyanophyta).  J. Phycol. In Press.  
 
Young II, W. A., D. F. Millie, G. R. Weckman, J. S. Anderson, D M. Klarer, and G.L. 
Fahnenstiel. Modeling net ecosystem metabolism with an artificial neural network and 
Bayesian belief network.  Ecological Modeling and Software. In Press.  
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Presentations:  
 
Dyble Bressie, J., Fahnenstiel, G.L., Gossiaux, D.  “Freshwater harmful algal blooms 
(HABs): impacts on human health and new approaches for understanding bloom 
growth and toxicity” WA Department of Ecology, Olympia, WA, 2 Dec 10 
 
Outreach Activities: 
 
A number of groups toured GLERL, ranging from review teams to elementary 
students. Ashley Burtner served as lab host to these tours, spending about 15-20 
minutes talking about projects, methods, or Great Lakes issues in general, depending 
on the interests of the groups. Harmful algal blooms and this project were frequently 
discussed. 
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PROJECT TITLE:  RELATING ENVIRONMENTAL PARAMETERS TO MERIS-DERIVED 

ABUNDANCE ESTIMATES OF MICROCYSTIS  

 

Principal Investigators: David F. Millie (Florida Institute of Oceanography; St. Petersburg, 
Florida) 

 

Overview and Objectives: 
 
Bloom-forming cyanobacteria, particularly Microcystis aeruginosa, occur within nutrient-
enriched waters throughout the Laurentian Great Lakes. Accurate prediction of these 
blooms is the goal of many federal/state, academic, and private partnerships.  Passive 
remote sensing (from satellite and fixed-wing platforms) offers the potential for 
geographically comprehensive assessments of Microcystis distribution in near real time.  
Such an approach currently is utilized for the Great Lakes Harmful Algal Bloom (GL 
HAB) Bulletin, whereby blooms are depicted based upon spectral signatures as detected 
by the medium resolution imaging spectrometer. The GL HAB Bulletin then relies upon 
multi-day projections of select physical parameters (e.g. wind velocity/direction, water 
movement, etc.) to forecast passive bloom transport. Notably, interactive environmental 
predictors and/or quantifiers for Microcystis abundance are not incorporated into 
Bulletin simulations and as a consequence, actual prediction for, and validation of 
Microcystis abundance is lacking. 
 
To determine the utility of and potential limitations for a Microcystis forecast ‘tool’ 
based upon remote-imagery data, this work will relate existing field, or ground-truth 
data (supplied by NOAA-GLERL) to imagery-derived estimates of surface-dwelling 
cyanobacterial biomass (supplied by Dr. Richard Stumpf, NOAA-NCCOS, as a parallel 
component of this work).  Specifically, computer-intensive, statistical models will be 
used to 1) delineate key endogenous and/or exogenous factors (e.g. 
hydrological/meteorological conditions, etc) corresponding to holistic Microcystis 
patterns; 2) develop models for visualizing and predicting remotely-derived Microcystis 
abundance in relation to dynamic environmental constraints; and in consultation with 
Dr. Stumpf and GLERL researchers, 3) identify knowledge and/or candidate models for 
integration into a ‘next generation’ Great Lakes HAB) bulletin. 
 

This work supports NOAA’s Strategic Goals/Plans of 1) Protect, restore, and manage 
use of coastal and ocean resources through ecosystem-based management and 2) 
NOAA Mission support (Center of Excellence for Great Lakes & Human Health, 
GLERL) 
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Accomplishments: 
 
1) Synthesized HAB data sets for western Lake Erie from 2009 and 2010 (supplied by 

GLERL scientists) 
2) Requested and compiled (supplied, to date, for 2010 only) MERIS imagery data (2009 

& 2010) from NOAA-NCCOS  
3) Initiated statistical models for visualizing Microcystis abundance in relation to 

imagery-derived cyanobacterial indices and dynamic environmental constraints; 
4) Manuscript in preparation – currently addressing minor revisions and text editing 

requested by the editor after peer review: 
 
Young II, W. A., Millie, D. F., Weckman, G. R., Anderson, J. S., Klarer, D. M., & 
Fahnenstiel, G. L.  2011-in revision.  Modeling net ecosystem metabolism with an 
artificial neural network and Bayesian belief network.  Environmental Modeling & 
Software. 
 

5) Manuscript in preparation - intended submittal of draft, April, 2011 to Ecological 
Modeling: 
 
Weckman, G. R., Millie, D. F., Young, W. A., Ivey, J. E, & Fahnenstiel, G. L.  Modeling 
Algal Abundance with Artificial Neural Networks: Demonstration of a Heuristic, 
‘Grey-Box’ Technique to Deconvolve and Quantify Environmental Influences. 
 

Publications:  
 

Millie, D. F., Fahnenstiel, G. L., Weckman, G. R., Klarer, D. M., Dyble Bressie, J., 
Vanderploeg, H. A., & Fishman, D.  In press - 2011.  An ‘enviro-informatic’ assessment 
of Saginaw Bay (Lake Huron USA) phytoplankton: characterization  and modeling of 
Microcystis (Cyanophyta).  Journal of Phycology. (Funding source: NOAA-GLERL & 
CILER) 

Pinckney, J. L., Millie, D. F., & Van Heukelem, L. In press - 2011.  Appendix 1; update 
on filtration, storage, and extraction solvents. In: Roy, S., , Egeland, E. S., Llewellyn, C. 
A. and Johnsen, G. [Eds.]. Phytoplankton Pigments: Characterization, Chemotaxonomy and 
Applications in Oceanography. Cambridge Environmental Chemistry Series. Cambridge 
University Press. Cambridge. 400 pp. (Funding source: NOAA-GLERL & CILER) 

Millie, D. F., Pigg, R. L., Fahnenstiel, G. L., & Carrick, H. J. 2010. Algal chlorophylls: a 
synopsis of analytical methodologies (invited chapter). In: American Water Works 
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Association, Manual M57, Algae. American Water Works Association, Denver, Colorado 
USA . pp. 93-122  (Funding source: NOAA-GLERL & CILER) 

Nunzia, S., López-García, P., Boihem, L., Millie, D. & Barbieri, R.  2010.  Biomarkers of 
endolithic communities within gypsum crusts (Southern Tunisia).  Geomicrobiology 
Journal  27: 101–110.  (Funding source: NOAA-GLERL & CILER) 

 

Presentations:  

 
Millie, D. F. & Fries, D.  “Mass Spectrometry ‘On-a-Chip’: A Novel Analysis for Great Lakes 
Microcystins”.  Presentation (7/22/2010) for the workshop, Development and Application of 
Biosensors for Monitoring Human and Ecosystem Health; National Oceanic & Atmospheric 
Administration, Great Lakes Environmental Research Laboratory, Ann Arbor, MI 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



29 
 

PROJECT TITLE: DEVELOPING PREDICTIVE MODELS THAT IMPROVE COASTAL, HUMAN 

HEALTH AND BEACH FORECASTING 
        

Principal Investigators:  Allen Burton, CILER, Richard R. Rediske, Annis Water 
Resources Institute 
       

Overview and Objectives: 
 
 

1. Analyze samples from Great Lakes water intakes for microcystins by HPLC/MS   
2. Analyze samples from drowned river mouth lakes for microcystins by HPLC/MS   
3. Develop the Protein Phosphatase Inhibition (PPIA) method for use in the GLERL 

Muskegon Field station 
4. Provide drowned river mouth lake microcystin data to NOAA to enter in their 

Harmful Algal Bloom Event Response Database. 
 

This project addressed the following NOAA Goals:  
 
1)  Protect, restore, and manage use of coastal and ocean resources through ecosystem-
based management  
2)  Serve society’s needs for weather and water information 
 
We provided data to inform scientists, decision makers, and members of the public on 
the nature and extent of HABs in west Lake Michigan and Lake Erie. 

 
Accomplishments: 

 
70 samples from Muskegon Lake, Bear Lake, and Lake Erie were analyzed by HPLC/MS 
for microcystin LR, RR, and LA and Protein Phosphatase Inhibition (PPIA).  Muskegon 
and Bear Lake data were reported weekly to NOAA for their Harmful Algal Bloom 
Event Response Database from June 15-Aug 31.  Two sets of Lake Erie samples also 
were processed and reported.  PPIA results were 30%-50% greater than HPLC/MS 
results, indicating the presence of additional microcystin compounds in the three 
systems.  A Standard Operating Procedure (SOP) was developed and provided to the 
NOAA/Lake Michigan Field Station for implementation in their laboratory. 
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Publications: 

  
None.  One is in preparation. 

 
Presentations:  

 
None 
 
Outreach: 
 
Data provided for Harmful Algal Bloom Event Response Database.  Data was available 
for public access on the NOAA website: http://www.glerl.noaa.gov/res/Centers/HABS/ 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.glerl.noaa.gov/res/Centers/HABS/�
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PROJECT TITLE:  IMPROVED UNDERSTANDING AND FORECASTING OF VIRAL AND 

BACTERIAL SOURCES AND TRANSPORT IN THE GREAT LAKES 

 

Principal Investigators: Allen Burton, CILER 

     Joan Rose, Phanikumar Mantha, Michigan State University 

       

Overview and Objectives: 
 
Our overall objectives were to address processes affecting human health issues in 
coastal areas (and in watersheds that contribute to these areas). Beach and watershed 
modeling continue to be the focus of our research and we have made further progress 
in both areas. The project addresses the following NOAA Strategic Plan Goal(s): 
 

1)  Protect, restore, and manage use of coastal and ocean resources through ecosystem-
based management; 
2)  Understand climate variability and change to enhance society’s ability to plan and 
respond; 
3)  Serve society’s needs for weather and water information 

 
Accomplishments: 
 

During the reporting period, we have made significant progress in developing and 
testing our watershed model [2] for the Grand River and Saginaw Bay watersheds (the 
two largest watersheds in Michigan). The models were tested using different types of 
data including stream flows and groundwater heads from the USGS, soil temperature 
and soil moisture from the Michigan Automated Weather Network (MAWN) and 
remotely-sensed data (e.g., MODIS products). To improve climate change assessments 
in these large regional watersheds, we have improved the descriptions of vegetation 
processes by linking the watershed model with a land surface model developed by 
NCAR (the Community Land Model, CLM version 4.0). Results of this research will be 
communicated to journals in 2011. 
 
Publications: 
 

1. T. Fong, M.S. Phanikumar, I. Xagoraraki and J.B. Rose, Quantitative Detection of 
Human Adenoviruses in Wastewater and Combined Sewer Overflows Influencing a 
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Michigan River, Applied & Environmental Microbiology, vol. 73, no. 3, pp. 715 - 723, 
doi: 10.1128/AEM.01316-09 (2010) 

2. C. Shen and M.S. Phanikumar, A Process-Based, Distributed Hydrologic Model 
Based on a Large-Scale Method for Surface - Subsurface Coupling, Advances in 
Water Resources, vol. 33(12), pp. 1524 - 1541, doi: 10.1016 / j.advwatres.2010.09.002 
(2010) 

3. C. Shen, J. Niu, E.J. Anderson and M.S. Phanikumar, Estimating Longitudinal 
Dispersion in Rivers Using Acoustic Doppler Current Profilers, Advances in Water 
Resources, 33(6), pp. 615-623, doi:10.1016/j.advwatres.2010.02.008 (2010) 

4. C. Shen, J.M. Qiu, A. Christlieb, Adaptive mesh refinement based on high order 
finite difference WENO scheme for multi-scale simulations, Journal of 
Computational Physics, 230, 3780–3802 (2011) 

 
Presentations:  
 
1. Special Session “Recent Advances in Physically-Based Distributed Hydrologic 

Modeling”, American Geophysical Union, Fall Meeting, December 13-17, 2010 
(Session Chair: Phanikumar Mantha) 

2. E.J. Anderson and M.S. Phanikumar, Surface Storage Dynamics in Large Rivers: 
Comparing Three-Dimensional Particle Transport, 1D Fractional Derivative and 
Multi-Rate Transient Storage Models, AGU Fall Meeting, San Francisco, December 
13-17, 2010, abstract #H43F-1322 

3. C. Shen, M.S. Phanikumar, A Process-Based, Distributed Hydrologic Model Based 
on a Large-Scale Method for Surface - Subsurface Coupling, AGU Fall Meeting, San 
Francisco, December 13-17, 2010, abstract #H43F-1312 

 
 
Outreach Activities: 
 

None reported for this period 

 

 

 

 

 

 

http://adsabs.harvard.edu/abs/2010AGUFM.H43F1322A�
http://adsabs.harvard.edu/abs/2010AGUFM.H43F1312P�
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PROJECT TITLE: LINKING STATISTICAL AND MECHANISTIC MODELS FOR IMPROVED BEACH 

CLOSURE FORECASTING: GRAND HAVEN, MICHIGAN  
 

Principal Investigators: Allen Burton, CILER, Phanikumar Mantha, Michigan State University 

       

Overview and Objectives: 
 
Statistical models for beach closures rarely achieve a coefficient of determination (R^2) 
of 0.6 or above which means 40% of the variability is not explained by the models. The 
objective of this project is to develop accurate models for beach closures by (a) 
understanding the dominant processes impacting the fate and transport of fecal 
indicator bacteria (FIB) in the near-shore region and (b) developing hybrid models 
based on a combination of wavelet, neural-network and mechanistic models that can be 
used to predict beach bacteria levels accurately and in real-time. The project addresses 
the following NOAA Strategic Plan Goals: (1) Protect, restore, and manage use of 
coastal and ocean resources through ecosystem-based management; and 3) Serve 
society’s needs for weather and water information; 
 
Accomplishments: 

 
During this reporting period, we have published two papers based on the results of a 
budget analysis of E. coli at beaches in Southern Lake Michigan and identified the 
dominant mechanisms responsible for fate and transport[2,3]. We have also made 
significant progress in developing and testing hybrid models for the Grand River, 
Michigan and Indiana beaches [1]. The hybrid modeling approach used a combination 
of wavelets and neural networks to make highly accurate (R^2 >> 0.6) short-term (upto 
24 hours ahead of time) forecasts. Results based on this work are being communicated 
to a journal (April 2011): 

 
J. Niu, M.S. Phanikumar and R.L. Whitman,  Forecasting microbiological water 
quality at recreational beaches in real-time: A hybrid modeling approach, 
Environmental Science & Technology (2011, in preparation) 
 

Publications: 
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5. P. Thupaki, M.S. Phanikumar, D. Beletsky, D.J. Schwab, M.B. Nevers and R.L. 
Whitman, Budget Analysis of Escherichia coli at a Southern Lake Michigan Beach, 
Environmental Science & Technology, vol. 44, no. 3, pp. 1010-1016, doi: 
10.1021/es0902232a (2010)  

 
6. Z. Ge, M.B. Nevers, DJ. Schwab and R.L. Whitman, Coastal Loading and Transport 

of Escherichia Coli at an Embayed Beach in Lake Michigan, Environmental Science & 
Technology,  vol. 44, No. 17, pp. 6731–6737, doi: 10.1021/es100797r (2010) 
  

Presentations:  
 
None for this reporting period. 
 
Outreach Activities: 
 
So far, we have presented results of our research to students in a classroom setting at 
MSU and outside. In 2011, we plan to present our research to the public in town hall 
meetings and on our web sites. 
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PROJECT TITLE:  BEACH QUALITY FORECASTING COORDINATOR 

Principal Investigators:  David Rockwell, CILER 

    Allen Burton, CILER 

NOAA Technical contact: David Schwab, GLERL 

     

Overview and Objectives 
 
NOAA Strategic Plan Goal(s) the Project Addresses: 
 
3) Serve society’s needs for weather and water information. 
 
Beach Water Quality Forecasting Coordinator role is best located in this NOAA 
Strategic Plan Goal. 
 
The NOAA Center of Excellence for Great Lakes and Human Health (CEGLHH) is a 
multi-disciplinary, multi-institutional research center that is developing tools to predict 
water quality in the Great Lakes. Focus areas for the Center include ecological 
forecasting, nearshore transport, drinking water, beach closings, and harmful algal 
blooms. CEGLHH hired a Beach Quality Forecasting Coordinator to coordinate on-
going efforts of CEGLHH and other agencies with the purpose of developing and 
implementing a generalized approach to beach quality nowcasting and forecasting.  
 
Specific responsibilities for the Coordinator include: 
 

1. Inventory and document ongoing activities related to beach quality forecasting 
such as: 
 USGS Project SAFE 
 USGS Ohio beach nowcasting 
 Lake County Illinois Swimcast 
 Great Lakes Information Network Beachcast 
 NOAA/GLERL research on process-based beach quality modeling 
 EPA AMI bacterial exposure project 

 
2. Develop a generalized process for beach quality nowcasting, forecasting, and 

product delivery.  The process should include a protocol for identifying 
appropriate parameters to use as independent variables, gathering water quality 
records, obtaining the required independent variables, developing a statistical 
model relating water quality to the independent variables, implementing a 
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system for routine operation of the model in nowcast and forecast mode as well 
as dissemination to users, and evaluation of the accuracy of the system.  The 
coordinator might not be the person carrying out all these activities, but would 
be responsible for coordinating the required activities, documenting the protocol, 
and ensuring that the protocol could be applied and sustained at any new 
beaches. 

 
3. Work with EPA, USGS, NOAA, Sea Grant, appropriate state and local agencies, 

and the Great Lakes Beach Association to make sure that the end result is a 
product that will be useful for both nowcasting and forecasting of conditions at 
Great Lakes beaches.  The product should also be transferable to other beaches 
and operationally sustainable. 

4. In addition, the Coordinator will be expected to possess existing knowledge on 
methods for predicting recreational water quality at beaches and the processes 
needed to develop data sets capable of providing useful explanatory variables 
for model development. 

Accomplishments  
 

• Responsibility 1. Updated Inventory and Document Ongoing Beach Water 
Quality Forecasting Activities (See attachment Appendix 1) 

 
 Responsibility 2.  Provided draft QAPP for 2011 NOAA plan for Beach Water 

Quality Forecasting Program Grant for Gt. Lk. Restoration Initiative. Provided 
QAPP for 60 Hour Beach Forecasting Models Grant (GL 00E00658-0) Reviewed 
and commented on 2011 NOAA Beach Water Quality Forecasting Grant . 

 
 Responsibility 2. Updated Beach Model Data Base Spreadsheet (See attachment  

Beaches_Model_Data_Base_Excel_97_v7averagesJuly162010) Identifies ~100 
Great Lake Beaches where predictive models have been developed. These 
beaches use EPA’s Beach ID number in the USGS Great Lakes Beach Analysis 
Tool Utilizing Geographic Information Systems. 
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 Responsibility 3 and General Duties of BHICT Coordinator.   
 Modified the Great Lakes Beach Health Interagency Coordination Team. 

BHICT is comprised of three members from USEPA, four from USGS, and 
three from NOAA.  Regular meeting have been held per mission 
statement a. 

 
Membership: 
 
USEPA:  Holly Wirick, Frank Anscombe, and Dr. Richard Zepp 
USGS:  James Morris, Sandra Morrison, Norman Grannemann & Dr. Richard Whitman 
NOAA:  Richard Wagenmaker, Sonia Joseph Joshi, and Dr. David Schwab 
Beach Quality Forecasting Coordinator:  David Rockwell 
 
Frank Anscombe<Anscombe.Frank@epa.gov>,Norman Grannemann 
<nggranne@usgs.gov> , Sonia Joseph Joshi <Sonia.Joseph@noaa.gov> , James Morris 
<jrmorris@usgs.gov> , David Schwab <David.Schwab@noaa.gov> , Richard 
Wagenmaker <Richard.Wagenmaker@noaa.gov> , Richard Whitman 
<rwhitman@usgs.gov> , , Richard Zepp <Zepp.Richard@epa.gov> , Holly Wirick 
<Wirick.Holiday@epa.gov> Sandra Morrison <smorrison@usgs.gov> ,David 
Rockwell <dcrockwe@umich.edu>, 
 

  Developed Mission Statement working with Team Agency Personnel 
 
Mission for Beach Health Interagency Coordination Team 
 

a. Meet regularly to help coordinate Beach Health activities at the management 
level for the three federal agencies via video/phone conferencing and bi-annual 
face to face meetings. 
 

b. Capitalize on the unique research capabilities of each agency in the Great Lakes 
region.  

 
c. Utilize our individual resources more effectively and efficiently by 

understanding our programmatic goals, sharing tasks and capabilities whenever 
possible by identification of common geographical work areas and common 
research objectives.  

 
d. Develop coordinated responses to emerging issues (e.g. Great Lakes 

Restoration Initiative) for Beach Health in the Great Lakes through 
communication with each other and our beach health partners. 
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 Prepared Letter of Recommendation for tenure-track faculty position in water 
and health program  at The Johns Hopkins Bloomberg School of Public 
Health Department of Environmental Health Sciences  

 Determined   speakers for EPA’s 2011 National Beach Conference Session X 
“How can Predictive Tools Complement Beach Monitoring Programs” with 
Dr. Richard Whitman, March 17th 2011 and moderated and participated in 
panel discussion.  

 Developed Predictive Tools Forum on March 14th with Mr. John Wathen and 
Dr. Richard Zepp and presented a talk covering Data retrieval – current, 
remote sensing, historical and forecast data. 

 Personal note. Elected to be President of the Great Lakes Beach Association   
December 2010. 

 

  Responsibility 4.  Implementation of the GLRI grant (GL 00E00658-0)  60 Hour 
Beach Forecasting Models.  This grant represents a general process for 
forecasting beach water quality and product delivery.   
 Two Ottawa County MI beaches forecast models were developed in 2010. 

                         Refinement of these tests will continue summer 2011.  
 Hired Computer Programmer to support GL 00E00658-0.  
o Assembled E. coli Data and identified Time Period for 24 of 24 beaches. 
o Identified initial Hydrodynamic Grid Locations for 24 of 24 beaches. 
o Determined Beach Orientations for 24 Beaches and Sampling Locations for 

19 beaches 
o Completed Extraction of Hydrodynamic Deterministic Data Base for 24 

beaches.  
o Began Optimal Grid Cell Location Process at 1 beach  
o  Identified Meteorological Stations for 24 Beaches and extracted 

Meteorological Data for 2 beaches. 
 
Publications  
 

None 
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Presentations  
 
 
*David Rockwell, Mike Cyterski, Adam Mednick. Virtual Beach 2 for Beach Managers. 
Great Lakes Beach Association Meeting, Tom Ridge Environmental Center Erie PA, 
October 18-21, 2010. 
 
*David Rockwell, Beach Health Interagency Coordination Team (BHICT), Great Lakes 
Beach Association Meeting, Tom Ridge Environmental Center Erie PA, October 18-21, 
2010, Great Lakes Beach Association. 
 
*David C. Rockwell, David J. Schwab, Sonia Joseph Joshi, Shannon Briggs, Adam 
Mednick. Ottawa County Beach Forecasting Model, Fifth Annual Water Quality Forum, 
Ottawa County, Michigan Health Department, November 1, 2010. 
 
*David C. Rockwell. Beach Health Interagency Coordination Team. Building a Lake 
Michigan Modeling and Forecasting Community Framework, Dec 9-10, 2010 Ann Arbor 
Workshop. Regional Ecosystems Research Branch, NOAA/Center for Sponsored 
Coastal Ocean Research 
 
*David Rockwell. BBeeaacchh  HHeeaalltthh  IInntteerraaggeennccyy  CCoooorrddiinnaattiioonn  TTeeaamm  ((BBHHIICCTT)),,  NOAA GLRI 
Internal Review, CILER-University of Michigan, AAnnnn  AArrbboorr  MMII,,   February 15-16, 2011.  
 
*David Rockwell and Gene Whelan. Automated Data Retrieval and Processing in 
Support of Integrated Environmental Modeling, Predictive Tools Forum, Miami FL, 
March 14th, 2011, USEPA, Session Moderators David Rockwell, CILER, University of 
Michigan, John Wathen, U.S. EPA  Hdqts Washington DC, and Dr. Richard Zepp, U.S. 
EPA ORD Athens GA. 
 
Invited Member of Panel Session X: How Can Predictive Tools Complement Beach 
Monitoring Programs, U.S. EPA’s National Beach Conference, Miami FL, March 15-17, 
2011, U.S. EPA, including Dr. Stanley Grant, University of California-Irvin; Dr. Diane 
Mas, Fuss & O’Neill, Inc, Dr. Walter Frick, President, Visual Plumes Consultants, and 
Dr. Richard Whitman, U. S. Geological Survey. 
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PROJECT TITLE:  GREAT LAKES WATER LEVEL RESPONSE TO CLIMATE CHANGE 

 

Principal Investigators:  Allen Burton, CILER, and Michael Notaro, U. of Wisconsin  

NOAA Technical Contacts: Brent Lofgren and Jia Wang, GLERL    

Overview and Objectives: 
 
This projects main effort lies under the NOAA Strategic Goal “Understand climate 
variability and change to enhance society’s ability to plan and respond.”  However, it 
also has aspects relating to “Protect, restore, and manage use of coastal and ocean 
resources through ecosystem-based management.” 

 

In order to give greater spatial detail to potential changes in climate than is afforded by 
global-scale climate modeling, and to ensure greater end-to-end consistency among the 
atmospheric, lake, and land components of the system and depict the interactions 
among these components, we are carrying out regional modeling activities.  This 
involves simulation using current models with simplified 1-dimensional treatment of 
lake dynamics and river flow treated using some post-processing steps, and 
simultaneously take initial steps toward developing a more integrated model.  This will 
have treatment of lake dynamics and ice formation and transport included, as well as 
more complete integration of runoff into the modeling system.  

 
All of these activities will contribute toward downscaling of the climate simulated by 
global models (dynamical downscaling).  One of the particular aspects of this approach 
that have already been found to give value added relative to global models is the 
depiction of lake effect precipitation.  Superimposed on a generalized increase in 
precipitation under higher greenhouse gas concentrations is intensification particularly 
over the lake effect zones, and particularly during the winter season.  Greater accuracy 
in the physical modeling of ice processes should lead to greater confidence in this 
result.. 
 
Accomplishments: 

 
Staff were hired for work on this project:  At U. of Michigan, post-docs Ayumi Fujisaki 
and Lin Luo and research associate Yi Yang, and at U. of Wisconsin, post-doc Valerie 
Bennington.  One more post-doc hire is pending at U. of Michigan. 

 
Analysis was carried out on historical variability of lake ice cover. 
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Preliminary results have been generated using CHARM (Coupled Hydrosphere-
Atmosphere Research Model) at GLERL. 
 
Preliminary runs of the Great Lakes Ice Model (GLIM), which incorporates the 
Princeton Ocean Model (POM) treatment of Great Lakes dynamics, on a five-lake basis.  
Comparison has been made on Lake Erie between this approach and an alternative—
IcePOM. 
 
U. of Wisconsin post-doc Val Bennington visited GLERL to help launch the project there 
by gaining insight and getting software and data, as well as presenting a seminar. 
 
Publications: 
 
Bai, X., J. Wang, M. Colton, Q. Liu, and Y. Liu, 2011. Severe ice conditions in the Bohai 
Sea, China vs. mild ice conditions in the Great Lakes during the 2009/2010 winter with 
strong -AO and El Nino. J. Applied Meteorol. Climatol. (in press) 
 
Wang, J., X. Bai, G. Leshkevich, M. Colton, A. Clites, and B. Lofgren, 2010: Severe Great 
Lakes ice cover in winter 2008/09, AGU EOS, 91 (5), 41-42. 

 
Presentations:  
 
Keynote Speaker: 
Wang, J., Great Lakes Ice and Climate Research, IAHR 2000 Ice Symposium, Lahti, Finland, 
June 14-18, 2010 
 
Invited: 
Wang, J. Hydrodynamics and ice modeling in the Great Lakes. NASA Great Lakes 
Workshop, Cleveland, OH, April 12-13, 2010. 
 
Wang, J. Great Lakes climate and ice research: Diagnosis and modeling. Dept. of 
Atmospheric, Oceanic, and Space Science (AOSS), University of Michigan, Ann Arbor, 
November 11, 2010. 
 
Wang, J., X. Bai, M. Colton, A. Clites, B. Lofgren.  Temporal and spatial variability, and 
extreme events of the Great Lakes ice cover: Impacts of ENSO and AO. AGU Fall 
Meeting, San Francisco, Dec. 13-17, 2010. (NH11C. Land-Ocean-Atmospheric Processes: 
Implication to Natural Hazards and the Global Carbon Cycle I) 

javascript:popUpWindowHref('/session?TAG_ACTION=VIEW_SES_POP&NEXT_PAGE=SESSION_REPORT_POP&SESSION_ID=74013','_proof','resizable=yes,width=700,height=600,return=true,scrollbars=1');�
javascript:popUpWindowHref('/session?TAG_ACTION=VIEW_SES_POP&NEXT_PAGE=SESSION_REPORT_POP&SESSION_ID=74013','_proof','resizable=yes,width=700,height=600,return=true,scrollbars=1');�
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Oral: 
Wang, J., X. Bai, G. Leshkevich, M. Colton, A. Clites, and B. Lofgren, Extreme Great 
Lakes ice cover in the winter of 2008-09: Contribution of +AO and La Nina, IAGLR, 
Toronto, May 17-21, 2010. 
 
Wang, J. Seasonal, interannual and spatial variability of the Great Lakes ice cover, 1973-
2010. Conference of Cryospheric Change and its Influences: Cryospheric issues in regional 
sustainable Development. Lijiang, China, August 12-14, 2010 
 
Wang, J., Lake ice climatology and modeling. Great Lakes Restoration Initiative 
Workshop, Ann Arbor, MI, February 15-16, 2011. 

 
Poster: 
Wang et al. Severe ice cover in the Great Lakes during winter 2008/09. Ocean Sciences 
Meeting, Feb. 22-26, Portland. 
 
Wang et al. Severe ice cover in the Great Lakes during winter 2008/09. The State of 
Arctic Conference, March16-19, Miami. 
 
Outreach Activities: 
 
Brent Lofgren, Guest Lecturer, U. of Michigan School of Urban Planning course—
Liquid Planning, March 16, 2011. 
 
Wang transferred ice cover data (information transfer) and answered questions for 
stakeholders:  
 
Stuart Ludsin (Ohio State Univ.), Great Lakes ice anomalies 
 
Barry M. Lesht, Consultant 
 
Alex Irwin, Lake Erie Energy Development Corporation (LEEDCo) 
 
Ole Stobbe, Mainstream Renewable Power, Offshore Engineering, Germany, on Lake 
Erie ices impact on wind turbo construction 
  
Caroline Starbird, Great Lakes ice cover 
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John Bennett, Lake St. Clair ice cover 
 
 
 
Wang had teleconference/interview with public media: 
  
The Plains Dealer, Cleveland, on Great Lakes Freezing 
 
Great Lake Echo, Great Lakes ice cover anomaly 
 
Chicago Public Radio, Ice impact on storm surges in Lake Michigan 
 
The Detroit News, Climate impact on ice cover 
 

  



44 
 

PROJECT TITLE:  MODELING GREAT LAKES ICE AND REVEALING LINKAGES BETWEEN 

LAKE ICE AND CLIMATE PATTERNS 

 

Principal Investigators:  Dmitry Beletsky, CILER 

    Allen Burton, CILER 

 

NOAA Technical Contact: Jia Wang, GLERL 

 

Overview and Objectives 
 
Lake ice cover is an important predictor of regional climate. Lake ice extent also 
modifies the circulation patterns and thermal structure because: 1) wind stress drag is 
different in magnitude over water surface than over ice surface; 2) the albedo over ice 
vs. water differs, and 3) heat and moisture exchange between the atmosphere and the 
lake water can differ significantly (as much as an order of magnitude difference) in 
magnitude with and without lake ice, thus leading to a striking difference in 
evaporation in wintertime due to wind mixing.  
 
The Great Lakes ice severity conditions are determined by surface air temperature 
(SAT), water temperature, heat flux, and water heat storage that is directly proportional 
to water depth. These factors are associated with global (hemispheric) and regional 
climate patterns, such as the Arctic Oscillation (AO) or the North Atlantic Oscillation 
(NAO), and Pacific-North America (PNA) pattern.  
 
The Great Lakes are located at the edge of the Icelandic Low, far away from the action 
center. Thus, although being influenced by the Icelandic Low whose intensity is 
associated with AO/NAO (+/-AO means a stronger/weaker Icelandic Low), ice cover 
may not have a statistically significant relationship with AO/NAO. A similar 
doubt/hypothesis is also applied to the PNA pattern. Based on previous research (Wang 
et al. 1994; Mysak et al. 1996), the PNA pattern may have a marginally significant 
impact on ice cover in the Great Lakes, because the Great Lakes are located between the 
Alberta High and the SE-US Low.  
 
The objective of this study is to use generalized statistical analyses of the NCEP/NCA 
reanalysis and climate GCM products and historical sea ice observations including 
recent satellite measurements to analyze the statistical relationship between lake ice 
cover and climate indices in both spatial and temporal spaces. Generalized relationship 
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between lake ice cover, lake levels, and atmospheric circulation patterns will be 
concluded. The second objective is to develop and test an ice model of Lake Erie. 
 
The NOAA Strategic Plan Goal(s) the Project Addresses include:  
 
1)  Understand climate variability and change to enhance society’s ability to plan and 
respond; 
2)  Serve society’s needs for weather and water information; 
3)  Support the nation’s commerce with information for safe, efficient, and 
environmentally sound transportation 
 
Accomplishments 
 
A coupled Great Lakes Ice-circulation Model (GLIM) of Lake Erie was developed based 
on POMGL and CIOM and tested during the 2003-2004 winter. Model results compared 
favorably with observations. A full-length paper was in press in the Journal of Great 
Lakes Research. Furthermore, a process study was conducted using GLIM to investigate 
the dynamic feature of lake ice along with measurements. This resulted in a paper 
submitted to the IAHR international conference proceedings. 
 
We further investigated the impacts of ENSO and AO on Great Lakes ice cover using 
lake ice observations for winters 1963-2008 and NCEP reanalysis data to revise the 
previous submitted paper by Bai et al., which was submitted to Monthly Weather 
Review. We also examined the unique ice feature in the 2008-09 ice season as a case 
study and published this AGU EOS featured article. 

 
Publications 

 
Wang, J., H. Hu, D. Schwab, G. Leshkevich, D. Beletsky, N. Hawley and A. Clites, 2010. 
Development of the Great Lakes Ice-circulation Model (GLIM): Application to Lake Erie 
in 2003-04. Journal of Great Lakes Research (in press) 
 
Wang, J., X. Bai, G. Leshkevich, M. Colton, A. Clites, and B. Lofgren, 2010: Severe Great  
Lakes ice cover in winter 2008/09: Contribution of AO and ENSO, AGU EOS, 91 (5), 41-
42. 
 
Bai, X., J. Wang, C. Sellinger, and A. Clites. The impacts of ENSO and AO on the 
interannual variability of Great Lakes ice cover (submitted to MWR) 
 
 



46 
 

Wang, J., X. Bai, D. Wang, D. Wang, H. Hu, and X. Yang, 2010. Interannual variability of  
the East Asia winter Monsoon, as controlled by the Siberian High and Arctic Oscillation:  
Driving downwelling in the western Bering Sea. (Submitted to Aquatic Ecosystems Health 
and Management) 
  
Wang, J., H. Hu, and X. Bai, 2010. Modeling Lake Erie ice dynamics: Process studies. 
(Submitted IAHR Proceedings; International Association of Hydro-environmental 
engineering Research) 

 
Presentations 
 
Invited: 
 
Wang, J., Modeling Great Lakes ice. Canadian Regional Climate Model and Diagnosis 
Workshop, May 23-29, Montreal 
 
Wang, J., Development of the Great Lakes Ice-circulation Model (GLIM): Application to 
Lake  Erie. Joint Assembly of IAPSO, IAMAS, IACS, July 19-29, Montreal, Canada 
(IAPSO--International Association for the Physical Sciences of the Oceans; IAMAS 
International Association of Meteorology and Atmospheric Sciences; IACS International 
Association of Cryospheric Sciences) 
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PROJECT TITLE:  MODELING SEA ICE-OCEAN-ECOSYSTEM RESPONSES TO CLIMATE 

CHANGES IN THE BERING-CHUKCHI-BEAUFORT SEAS WITH DATA ASSIMILATION OF 

RUSALCA MEASUREMENTS 
 

Principal Investigators:  Dmitry Beletsky, CILER 

    Allen Burton, CILER 

    Haoguo Hu and Xuezhi Bai, CILER  

NOAA Technical Contact: Jia Wang, GLERL    

Overview and Objectives: 
 
This project addresses 1), 2) and 3) of the following NOAA Strategic Plan Goal(s):  
 
1)  Protect, restore, and manage use of coastal and ocean resources through ecosystem-
based management; 
2)  Understand climate variability and change to enhance society’s ability to plan and 
respond; 
3)  Serve society’s needs for weather and water information; 
 
This proposed study is to use the combination of an IARC high-resolution (4-km) 
Coupled Ice-Ocean Model (CIOM, Wang et al. 2002, 2004, 2005; Wu et al. 2004) and 
Princeton Regional Ocean Forecast (and Hindcast) System’s (PROFS) data-assimilation 
methodologies to improve our understanding of ocean and sea ice circulation in the 
Bering-Chukchi-Beaufort (BCB) seas, driven by ocean tides, Alaska Stream (AS) and 
Alaska Coastal Current (ACC) inflow/outflow, freshwater discharge, and synoptic wind 
stress. We propose to implement the data assimilation approach based on PROFS to 
cover the Bering Sea, Chukchi Sea, and part of the Beaufort Sea. That will allow 
assimilations of existing and on-going hydrographic data and moorings across the 
Bering Strait in addition to those data in the Chukchi Sea and Bering Sea. Importantly, 
PROFS’ Lagrangian assimilation scheme will also assimilate the Argo data 
(http://www.argo.ucsd.edu/).  Particularly the developed PROFS approach will allow 
CIOM to assimilate hydrographic data measured during the period (2007-2012) when 
the RUSALCA’s moorings will be deployed near Bering Strait. A high-resolution 
coupled atmosphere-ice-ocean global climate model (from Japan) will provide the BCs 
to both CIOM and PROFS. Then, a series of sensitivity simulations with CIOM 
combined with PROFS will be conducted to examine in 1) AS inflow 2) Response to a 
change in position of the Aleutian Low, 3) Both positive and negative phases of AO 
(Arctic Oscillation) and PDO (Pacific Decadal Oscillation) to identify the similarity and 
difference of the ice-ocean response to AO and PDO, and 4) Response to Arctic Dipole 

http://www.argo.ucsd.edu/�
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Anomaly (DA) to investigate the DA’s impact on SST, sea ice concentration (retreat) in 
the Alaska Arctic water due to the enhanced Bering Inflow. In return, the modeling 
results will be discussed with those PIs with RUSALCA field observation projects and 
an optimal sampling strategy will be designed to better coverage.  
 
A 3-D, 9-compartment, Physical-Ecosystem Model (PhEcoM), coupled to CIOM, will be 
used to study the ice-ocean-ecosystem dynamics in the same region. The data from 
RUSALCA nutrient and plankton moorings will be used for conducting independent 
data analysis to also validate this model, and for assimilation by PROFS . This model 
will be used to test our proposed hypotheses: 1) North-south connection/advection of 
nutrients and planktons, 2) West-east seesaw of plankton blooms due to a change of 
location of the Aleutian Low, and 3) On-shelf nutrient supply by mesoscale eddies for 
sustainable “Green Belt” booms. Therefore, this proposed study using PhEcoM-CIOM-
PROFS will have a broad impact on 1) the ice-ocean-ecosystem dynamics that explains 
the high primary productivity region, along the Green Belt (i.e., along the Bering Slope), 
seasonal blooms and the interannual variability in the BCB seas, and 2) ice edge 
variability due to climate changes and the impacts on primary and secondary 
productivity. 
 
Accomplishments: 

 
Publications: 
  
Yang, X.-Y., J.-Y.Hu, J. Wang and D. Wang, 2011. Western North Pacific temperature  
variability associated with the Okhotsk sea ice anomaly. J. Oceanogr., DOI: 
10.1007/s10872-011-0018-3 
 
Mizobata, K., K. Shimada, S. Saitoh and J. Wang, Estimation of heat flux through the  
eastern Bering Strait. J. Oceanogr. 66(3) 405-424 DOI: 10.1007/s10872-010-0035-7. 
 
Hu, H. and J. Wang, 2010. Modeling effects of tidal and wave mixing on circulation and 
thermohaline structures in the Bering Sea: Process studies, J. Geophys. Res., 115, C01006, 
doi:10.1029/2008JC005175. 

 
Presentations:  
 
Keynote Speaker: 
Wang, J., Great Lakes Ice and Climate Research, IAHR 2000 Ice Symposium, Lahti, Finland, 
June 14-18, 2010 
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Invited: 
Wang, J., Arctic Dipole Anomaly is the major driver to Arctic summer sea ice minima: 
Implication to freshwater transport..Northwest GLOBEC Workshop, Portland, OR, Feb. 
20-21, 2010. 
 
Wang J., Sea ice forecasting: Statistical and numerical models. NOAA Sea Ice 
Forecasting Workshop, NOAA ESRL, Boulder, May 11-12, 2010. 
  
Wang, J. Arctic Oscillation and Dipole Anomaly and their contribution to sea ice export: A 
climate modeling study for the period 1900-2010. IPY Oslo Science Conference, Oslo, June 7-
11, 2010. 
 
Wang, J. Why ice minima occurred in 2007, 08, and 09? Canadian Meteorological and 
Oceanographic Society (CMOS) Annual Meeting, June 1-4, Ottawa. 
 
Wang, J. and H. Hu. Modeling the effects of tidal and wave mixing on circulation and  
thermohaline structures in the Bering Sea: Process studies. IAHR 2000 Ice Symposium,  
Lahti, Finland, June 14-18, 2010 
 
Wang, J. Leading Arctic climate patterns and sea ice export: Diagnosis and modeling. SMHI 
Rossby Centre, Stockholm, Sweden, June 22, 2010. 
 
Wang, J. Leading Arctic climate patterns and sea ice export: Diagnosis and modeling. 
University of Stockholm, Sweden, June 23, 2010. 
 
Wang, J. Why ice minima occurred in 2007, 08, and 09?  Ocean University of China, 
Qingdao, China, Sep 1, 2010. 
 
Wang, J. Why ice minima occurred in 2007, 08, and 09?  Peking University, Qingdao, China, 
Sep 3, 2010. 
 
Oral: 
Wang, J. and H. Hu. Modeling the effects of tidal and wave mixing on circulation and  
thermohaline structures in the Bering Sea: Process studies. IPY Oslo Science Conference,  
Oslo, June 7-11, 2010. 
 
Wang, J. Why ice minima occurred in 2007, 08, and 09?  IPY Oslo Science Conference, Oslo, 
June 7-11, 2010. 
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Wang, J. Why ice minima occurred in 2007, 08, and 09? Conference of Cryospheric Change 
and its Influences: Cryospheric issues in regional sustainable Development. Lijiang, China, 
August 12-14, 2010 
 
Wang, J. Why ice minima occurred in 2007, 08, 09, and 10? Second International Symposium 
on Arctic Research (ISAR-2), Tokyo, 7-9 December 2010. 
 
Wang, J., Modeling ice-ocean-ecosystem in the Bering-Chukchi seas. Pacific Arctic Group 
Meeting, Tokyo, Japan, December 10-11, 2010. 

 
Poster: 
Wang, J. Why ice minima occurred in 2007, 08, and 09? Alaska Marine Symposium 2010, 
Jan 18-22, Anchorage. 
 
Wang, J. and H. Hu, Modeling Bering Sea ice and polynya in 1999. Alaska Marine 
Symposium 2010, Jan 18-22, Anchorage. 
 
Wang, J. and Bai, Why ice minima occurred in 2007, 08, and 09? Ocean Sciences 
Meeting, Feb. 22-26, Portland. 
 
Wang et al. Unstructured-grid Great Lakes Ice-circulation Model (GLIM), Toronto, May 
17-21, 2010 
 
Wang, J. and H. Hu, Modeling Lake Erie ice cover. IAGRL, Toronto, May 17-21, 2010 
 
Wang, J. and Bai, Why ice minima occurred in 2007, 08, and 09? IPY Oslo Science 
Conference, Oslo, June 7-11, 2010. 
 
Wang, J. and Bai, Why ice minima occurred in 2007, 08, 09, and 10? AGU Fall Meeting, San 
Francisco, Dec. 13-17, 2010. 
 
Wang, J., Modeling ice-ocean-ecosystem in the Bering-Chukchi seas. Arctic Marine 
Productivity Workshop, February 22-24, 2011, Fairbanks, AK. 
 
Outreach Activities for 4/1/2010 – 3/31/2011: 
 
Climate change has real and serious implications for communities that have for 
centuries lived along the arctic coasts. For hunters, sarri (pack ice), tuvaqtaq (bottom 
fast ice) and tuvaq (shore-fast ice) are their currency and they must know how to follow 
ice patterns to track bearded seals, walruses, and bowhead whales.  
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1) Wang discussed with Mr. Brower, President of Barrow Whaling Captains 
Association for this information. The knowledge of long-term changes in landfast 
ice cover and coastal storm activities will therefore help understand the coastal 
environment, and the improved knowledge will be of great benefit and interest 
to coastal residents as they respond to climate-related changes and make 
decisions required to protect lives and property. 

2) Wang also responded to the requested information from Amy Tidwell of 
ExxonMobil on the Arctic marine primary productivity by teleconference. 

3) Wang also involved the Alaska region organized round-table discussion on 
Arctic primary productivity involving stakeholders, native Alaskans, and state 
government representatives.  

4) Wang teleconferenced with Helen Pootoogooluk of Nome Alaska on Arctic ice 
minima prediction. 
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PROJECT TITLE:  COMPARATIVE ANALYSIS OF NET BASIN SUPPLY COMPONENTS AND 

CLIMATE CHANGE IMPACT ON THE UPPER GREAT LAKES  
 

Principal Investigators: Allen Burton (CILER), Carlo DeMarchi (Case Western Reserve 
University) 

NOAA Technical Contact: Brent M. Lofgren (GLERL)  
      

Overview and Objectives: 
 
A better understanding of the water balance of the Great Lakes is necessary to face 
present and future challenges to the Great Lakes, such as extraordinarily low water 
levels in the recent years and future impacts of climate change. One of the principal 
tools that help scientists in this quest is the NOAA Great Lakes Environmental Research 
Laboratory’s Net Basin Supply (NBS) estimates. These data are used for statistical 
analysis of the water balance of the lake and its components.  In this study we will 
quantify the uncertainty in the NBS’ single components and final values, test a new 
method for overlake precipitation estimation, and recalibrate the GLERL’s model for 
lake evaporation with more recent data. We will also perform the traditional 
downscaling of GCM’s data for comparison with more advanced methods. 
 
This project will try to fill a gap in the knowledge of Great Lakes hydrology important 
both for operational purposes as well as for assessing the effects of climate change. 
 
The Project Addresses the following NOAA Strategic Plan Goal(s) :  
 
1)  Understand climate variability and change to enhance society’s ability to plan and 
respond; 
2)  Serve society’s needs for weather and water information; 
3)  Support the nation’s commerce with information for safe, efficient, and 
environmentally sound transportation; 
 
Accomplishments: 

We compared NOAA GLERL's lake evaporation estimates for Lake Superior with 
evaporation data collected in 2008-2010 and with the MESH model by Environment 
Canada for all lakes, deriving the error distribution of the GLERL model for lake 
evaporation.  
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We estimated the total uncertainty in NOAA GLERL's NBS using the results we 
produced for over-lake precipitation, river input, and lake evaporation. 
We are presently recalibrating the GLERL model for lake evaporation. 
 

 
Publications: 
 
None during this reporting period 
 
Presentations:  
 
DeMarchi, C., Dai, Q., Mello, M.E. and Hunter, T.S., 2010. Quantifying Great Lakes Net Basin 
Supply Uncertainty. International Conference Water 2010, Hydrology, Hydraulics and Water 
Resources in an Uncertain Environment, Quebec City, Quebec, July 5-7, 2010.  
 

DeMarchi, C., Mello, M.E. and Hunter, T.S., 2010. Estimating Lake-wide Runoff Uncertainty in 
the Great Lakes Using a Monte Carlo Technique. International Conference Water 2010, 
Hydrology, Hydraulics and Water Resources in an Uncertain Environment, Quebec City, 
Quebec, July 5-7, 2010.  
 

DeMarchi, C., Dai*, Q., Mello*, M.E., and Hunter, T.S. (2010c). Uncertainty 
Quantification in the Net Basin Supply of Lake Erie and Lake Michigan. International 
Conference SimHydro 2010: Hydraulic modeling and uncertainty, June 2-4, 2010, 
Sophia-Antipolis, France.  
 
DeMarchi, C. (2010). Great Lakes In-Lake Hydrology. A Workshop on NASA and the 
U.S. Great Lakes. NASA Glenn Research Center, April 12-13, 2010. Invited.  
 

Outreach Activities: 
 
None reported for this time frame. 
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PROJECT TITLE:  NEXT GENERATION LARGE BASIN RUNOFF MODELS  
 

Principal Investigator: Allen Burton, CILER, Carlo DeMarchi (Case Western Reserve 
University) 

NOAA Technical Contact: Brent M. Lofgren (GLERL)      

Overview and Objectives: 
 

Adding sediment transport and water quality component to the Distributed Large Basin 
Runoff Model (DLBRM). Improving DLBRM’s hydrology component to better reflect 
land use influence. Apply the DLBRM to simulate sediment and nutrient load in the 
Grand River basin (Michigan), in the AuGres-Rifle, Pigeon-Wiscoggin, Kawkawlin-
Pine, Saginaw Maumee River, Sandusky River, Cuyahoga River, and Grand River 
(Ohio).  The Project Addresses the following NOAA Strategic Plan Goal(s):  
1)  Protect, restore, and manage use of coastal and ocean resources through ecosystem-
based management;  2)  Understand climate variability and change to enhance society’s 
ability to plan and respond;  3)  Serve society’s needs for weather and water 
information; 
 
Accomplishments: 

We improved the Rainfall erodibility maps for the AuGres-Rifle, Pigeon-Wiscoggin, 
Kawkawlin-Pine, Saginaw, Grand River (Michigan), and Maumee (Ohio) and extend 
them to Grand River (Ohio), Cuyahoga River and Sundusky River basins (Ohio). Using 
US National Pollutant Discharge Elimination System (NPDES) permit program, Ohio 
Environmental Protection Agency (OhioEPA), and Michigan Department of 
Environmental Quality (MDEQ) data, and GIS we compiled geo-referenced databases 
of point sources with relative monthly discharge for the Cuyahoga, Grand (Ohio), 
Maumee, and Sundusky basins. Using the same sources, we prepared a georeferenced 
database of water quality samples to use in model calibration for the Cuyahoga, Grand 
(Ohio), Maumee, and Sundusky basins.  Regarding model development, we have begun 
expanding the DLBRM for adding sediment transport. 

 

Publications and Presentations: 
None for this reporting period. 
 
Outreach Activities: 
None for this reporting period. 
 

 



55 
 

PROJECT TITLE:  WAVE-CURRENT COUPLING USED TO DEVELOP A NESTED-GRID 

HYDRODYNAMIC MODEL 
 

Principal Investigator:  Allen Burton, CILER, Meng Xia, CILER 

NOAA Technical Contact: Dave Schwab, GLERL     
                                   

 
Overview and Objectives  

It has been always recognized that current could be significantly influenced by the 
surface waves. As waves move into near shore regions, the subsequent energy gradients 
cause additional near shore circulation. The wave and current interactions are an 
important aspect of the hydrodynamics at the beach and coastal scales. Specifically, the 
wave could interact with the currents and contribute to local water level changes, 
momentum and vertical stratification mixing. The Grand River is the largest tributary 
entering Lake Michigan. The combination of a major River, relatively simple shoreline 
geometry, and low-slope, regular bathymetry makes this an ideal site for developing, 
testing, and refining a nested-grid hydrodynamic model. There are also several highly 
utilized and often contaminated beaches in this area.  
 
The NOAA Strategic Plan Goal(s) the Project Addresses include:  
 
1)  Protect, restore, and manage use of coastal and ocean resources, and 
2)  Serve society’s needs for weather and water information 
 

 
Accomplishments 

In this past year, a three dimensional unstructured grid Finite Volume Coastal Ocean 
Model (FVCOM) has been used to investigate the wave current interaction at the 
nearshore region and in particular to implement the three dimensional effect of waves 
on the nearshore in the Grand River and adjacent beach areas. A couple significant 
improvements have been done in the past year: 
 
1) An unstructured grid FVCOM-based Lake Michigan Model has been configured and 
preliminarily calibrated using the water level data from NOAA Coastal Ocean Service. 
The model grid is shown at Figure 1, and water level comparisons can be found at 
Figure 2. 
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2) The ambient flow from the lake-scale FVCOM replaced the traditional Princeton 
Ocean Model to enable the smooth transfer of data between the lake model and local 
model. The data are shown at figure 3. 
 
3) The FVCOM model has been upgraded from version 2.7 to version 3.1. 
 
4) The local circulation model has been compared to ADCP meter data and shows a 
good skill to simulate the current. A significant difference could be found during the 
high wave period, so a continuous wave-current model will be explored.  Results can be 
found at Figure 4. 
 

 
Publications  

Meng Xia, David J Schwab et al. (2011) Unstructured model based Wave-Current 
Interaction and its application to Grand Haven Area of Lake Michigan.  To be 
submitted to Journal of Geophysical Research-Ocean.  
 
Meng Xia, David J Schwab et al. (2011) The influence of waves to the plume structure 
and the particle transport at the Grand Haven Area of Lake Michigan. 
To be submitted to Journal of Great Lakes Research. 
  
Presentations  
 
Meng Xia, David.J. Schwab, Steven Ruberg. Field observations and Modeling at Grand 
Haven, MI. Great Lakes Rip Current Workshop for Beach Safety (Invited talk, March, 
2011)  
 
Meng Xia, David J. Schwab. Wave-current modeling for Grand River at Lake Michigan, 
Invited talk by Grand Valley State University (Schedule at April 16th, 2010)  
 
  



57 
 

                             
 
                     Fig 1.        Lake Michigan FVCOM model grid 
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Figure 2. Lake Michigan Water Level comparison between model & water level data. (Red 
line is model and white line is observational data) 
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                             Figure 3.  The Grand Haven model grid  
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Figure 4. The velocity comparison between the model and meter data. ( The red line is the 
numerical model results and the pink is the ADCP meter data with 50 bins.) 
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PROJECT TITLE:  WATER QUALITY AND FISH PRODUCTION IN COASTAL ECOSYSTEMS 

 

Principal Investigators:  Stephen Brandt (Oregon State University) 

    Allen Burton, CILER 

Postdoctoral Faculty:  Sarah Kolesar (Oregon State University) 

     

Overview and Objectives 
 
Project Background 
 
Fishery managers in the Great Lakes and coastal marine systems need to be able to 
make predictions as they attempt to manage fisheries in ecosystems that are constantly 
changing and under multiple stressors. Problems such as habitat loss, hypoxia, harmful 
algal blooms, eutrophication, nonindigenous species invasions, and climate change all 
pose challenges to making the predictions that are needed in fishery management 
scenarios. For example, in the Great Lakes, recent changes in the benthic community, 
particularly the invasion by Dreissena mussels and subsequent decline of Diporeia, have 
been tied to changes in planktivorous fish distribution, abundance and production. The 
invasion of the predatory zooplanktors, Bythotrephes longimanus and Cercopagis pengoi 
may be affecting fish diet selectivity and zooplankton availability. Changes in forage 
fish abundance, condition, and distribution may be affecting predator fish (Pacific 
salmon, lake trout) condition and distribution in the Great Lakes. Changes in lake 
whitefish condition and distribution are affecting commercial fishery harvests in Lakes 
Ontario, Huron, and Michigan. In Lake Erie, low productivity and forage fish 
abundance as well as increased hypoxia may be contributing to low harvests of walleye 
in the lake and there is evidence that watershed loadings and water quality have direct 
impact on fish recruitment. In the Chesapeake Bay, Adriatic Sea and the Gulf of Mexico, 
eutrophication has caused dead zones that may affect the pelagic food webs, and, 
ultimately fish behavior, growth, distribution and production. Many of these same 
stressors also affect water quality and human health through their influence on 
drinking water and recreational water use. How can management balance these 
impacts? 
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Objectives 
 
Our overall objective is to improve our knowledge and understanding of the 
relationship between water quality and fish production as driven by nutrient loading, 
physical forcing, hypoxia and invasive species. This project directly addresses NOAA’s 
Strategic Plan Goal to protect, restore, and manage use of coastal and ocean resources 
through ecosystem-based management. Focusing research on forecasting fish growth 
and production will lead to a better understanding of the causes, effects, and solutions 
to problems such as eutrophication, hypoxia, nonindigenous species invasions, habitat 
modification, and climatic variations. 
 
Approach 
 
Overall, this program combines modeling and field programs and will largely be a 
comparison of results from different coastal ecosystems including the Great Lakes, Gulf 
of Mexico, Chesapeake Bay, the Adriatic Sea, Lake Kinneret and other coastal 
ecosystems. All of the field work has now been completed. Additional funding for this 
project has been obtained from NOAA (NGOMEX program), National Science 
Foundation and Oregon State University. This program works closely with other major 
programs that Brandt is a co-pi on. These include IFYLE, The Center of Excellence for 
Great Lakes and Human Health, ECOFORE, the NOAA- NGOMEX, the NOAA 
Multiple Stressors Program and the National Science Foundation Rapid Response 
Program.. 
 
In the Great Lakes, sampling has been completed and occurred seasonally in 
conjunction with other ongoing GLERL/CILER research projects and at stations where 
historical data sets are available. Special emphasis in the analyses is being placed on 
evaluating fisheries in Lake Erie and how physical (water currents, temperature, 
hypoxia, harmful algal blooms) and biological (productivity, prey concentration and 
types) parameters affect the production of these fisheries. Forage fish (smelt and 
shiners) abundance and distribution are being examined relative to water depth, water 
temperature, and abundance of various prey such as Diporeia, zooplankton, and Mysis. 
Fish and zooplankton were sampled during day and night using a variety of sampling 
techniques including bottom and midwater trawling and fisheries acoustics. Diet 
information will be related to prey availability to determine selectivity and importance 
of major prey items. Diet information will also be used as inputs into bioenergetic 
models. These models will help assess fish consumption relative to prey production. 
Spatially-explicit bioenergetics models (of yellow perch and walleye) will help to 
determine what factors (i.e., temperature, dissolved oxygen, fish density, prey types) 
are affecting fish growth in the Great Lakes. The models will also be used to help 



63 
 

predict how changes in the Great Lakes food web and hypoxic conditions may be 
affecting predator and forage fish production and growth. Additional modeling will 
occur to evaluate the effects of multiple stressors on fish and on how watershed 
processes affect water quality conditions and human health. 
 
To develop forecasting models in coastal marine systems, we will use the wealth of 
physical, chemical, and biological data, collected in Chesapeake Bay during 1995-2000 
as part of the Trophic Interactions in Estuarine Systems (TIES web site) project (funded 
as part of the National Science Foundation's Land Margin Ecosystem (LMER) program) 
and recently completed field programs in the Gulf of Mexico funded by NOAA for 2003 
– 2008) and by NSF for 2011. In so doing, we primarily seek to provide ecological 
forecasts to agencies involved in Chesapeake Bay and Gulf of Mexico fisheries 
management, but fully envision that the products and approaches developed herein 
will benefit management in a broad class of estuaries. The comprehensive data products 
and forecasting tools being produced require an interdisciplinary synthesis of physical, 
chemical, and biological data collected at numerous spatial and temporal scales with a 
variety of technologies (e.g., acoustics, CTDs, OPCs, ADCPs, remote sensing). A variety 
of analytical techniques, including spatially explicit bioenergetics modeling (this 
project), spectral analysis, multivariate statistical modeling, and network analysis (other 
co-pis) will be employed to aid this effort. We plan to continue quantifying the spatio-
temporal distribution of pelagic fish biomass (e.g., bay anchovy, striped bass) in both 
ecosystems, as well as continue exploring the role of habitat (e.g., temperature, 
dissolved oxygen, prey availability) and water quality in explaining fish distributions 
and potential growth rates. These efforts ultimately would enhance our ability to 
provide ecological forecasts of how anthropogenic factors such as eutrophication and 
dead zones can influence growth rate and habitat use of fishes in coastal ecosystems. 
 
This project will also examine the response of pelagic fishes (primarily sardines and 
anchovy) to the Po River outflow into the Adriatic Sea. Field programs will use fisheries 
acoustics to examine the spatial distribution of fishes across the Po River Front. Like 
many coastal environments throughout the world, the watersheds of the Adriatic Sea 
are regions of rapid population growth and changing land-use patterns. Changes in the 
coastal ecosystems of Croatia, Italy, and Slovenia are making the coastal zone more 
susceptible to environmental hazards, more costly in which to live, and of less value to 
the regional economy. The overall goal of this program is to cultivate a regional 
approach to partnerships and to environmental monitoring and forecasting in the 
Northern Adriatic Sea that will help mange coastal fisheries and tourism. 
 
Predictive models developed for all four major ecosystems will be compared to 
determine what predictive factors are common to the ecosystems. We will also analyze 
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similarities and dissimilarities in the effects of changes such as eutrophication, hypoxia, 
nonindigenous species invasions, habitat modification, and climatic variations on the 
Great Lakes and coastal marine environments. These data will help provide information 
on the applicability of predictive models across ecosystems, and provide a broader 
context for the assessing the effects of anthropogenic changes in aquatic ecosystems. 
 

Accomplishments  

Overall productivity 

This work has been extremely productive and, over the last 2 years, has produced 19 
scientific papers (14 peer-reviewed publications, 2 submitted papers and 3 drafted 
papers), a special 215 page edition of a journal with 20 papers, 15 scientific 
presentations and 3 special sessions at major scientific meetings.  

One main accomplishment was the publication in December 2009 of a dedicated issue of 
the Journal of Experimental Biology and Ecology on “Ecological Impacts of Hypoxia on 
Living Resources” (Vol. 381, Supplement 1), containing 20 peer-reviewed papers and 
215 pages (Lewitus et al., 2009). S. Brandt was a co-organizer of the conference 
(sponsored by NOAA) and co-editor of the special issue.  The primary purpose of the 
workshop and publications was to compare results across Lake Erie, the Chesapeake 
Bay and the Northern Gulf of Mexico to 1) assess the state-of-knowledge of hypoxia 
affects on living resources across these three ecosystems in a manner that can be used in 
evaluating the resource and potential economic impacts of alternative management 
decisions;  2) develop recommendations for selecting and applying management tools 
that quantify the effects of hypoxia on living resources to inform the management of 
hypoxia in coastal ecosystems; and 3) identify research priorities needed to further 
advance the state-of-knowledge of hypoxia effects on living resources for use in 
evaluating the resource and socio-economic impacts of alternative management 
decisions in coastal ecosystem impacted by hypoxia (Kidwell, et al. 2009).  

A unifying theme among the papers in this special issue is reference to the complexities 
in quantifying the impacts of hypoxia on living resources, and the need for food-web 
models to encompass indirect effects and interaction with other stressors. The papers 
represent the state-of-the-science in model development to quantify ecosystem 
responses to hypoxia, incorporating alterations in food-web structure and resultant 
trophic interactions, and also behavioral and physiological responses. The manuscripts 
exemplify the need to move beyond linear examinations of hypoxic effects on living 
resources towards the incorporation of indirect and frequently sub-lethal effects into 
models and assessments to improve our understanding of the ecological consequences 
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of hypoxia. 

Summary of results 

Results relevant to this progress report include acoustic surveys in NGOMEX that 
found altered or reduced habitat and prey for zooplanktivorous fish during hypoxia; 
while habitat overlap between predator and prey was reduced during severe hypoxia, 
overlap was high during mild hypoxia (Zhang et al. 2009). We observed low fish 
biomass in hypoxic waters, with fish aggregating horizontally at the edges of hypoxic 
areas. Fish also aggregated immediately above hypoxic bottom waters, but only during 
years of severe hypoxia. Similarly, low dissolved oxygen in Lake Erie was found to 
exclude fish and their zooplankton prey to areas above or adjacent to bottom water 
hypoxia. These hypoxia-related habitat shifts either compressed predators and prey, or 
allowed tolerant zooplankton species to use hypoxic waters as a refuge from fish 
predation (Vanderploeg et al. 2009a & b). Yellow perch also avoided hypoxic Lake Erie 
bottom waters by either moving horizontally away from the hypoxic zone or migrating 
above the oxycline, where they consumed more zooplankton than benthic 
macroinvertebrates, but occasionally fed in low oxygen areas (Roberts et al. 2009). 
Chesapeake Bay hypoxic bottom water was found to disrupt bay anchovy diel vertical 
migration and access to zooplankton prey by reducing access to bottom waters and 
forcing fish to reside in well-oxygenated surface or nearshore waters. In turn, reduced 
access to bottom waters reduces spatial overlap with mesozooplankton prey, which 
appear to use the hypoxic zone as a refuge. Ultimately, we discuss how these hypoxia-
driven changes in behavior and spatial overlap may influence food web interactions 
and bay anchovy recruitment in Chesapeake Bay (Ludsin et al. 2009).  Additional 
Chesapeake Bay results from Brandt et al. (2009) found that striped bass feeding 
increased with dissolved oxygen (DO) but temperature had no effect on feeding. 
Striped bass growth was reduced at DO < 4 mg/L and was affected by the interaction of 
temperature and DO. Bioenergetic modeling was performed using these results. Overall 
results should be useful to predict changes in striped bass habitat quality in response to 
changes in hypoxic conditions. 

Results from the northern Gulf of Mexico were presented during the November, 2010 
Coastal and Estuarine Research Federation biannual meeting. The two talks included a 
growth rate potential (GRP) bionenergetics model developed for pelagic fish in 
NGOMEX that demonstrated hypoxia reduces high-quality fish habitat, and multiple 
scales of acoustic habitat mapping (split-beam acoustics, SCANFISH sensor, and 
DIDSON acoustic camera) that showed hypoxia reduced fish habitat quality and altered 
predator-prey overlap. Two presentations at the February 2011 Advancing the Science 
of Limnology and Oceanography Aquatic Sciences Meeting expanded on pelagic fish 
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results from the northern Gulf of Mexico, Chesapeake Bay and Lake Erie (Invited paper 
by Brandt), including GRP modeling for 2 different species of pelagic predators, and 
preliminary results from Ecopath ecosystem models and diet analyses (Adamack et al.)  
We (Kolesar) co-chaired a special session at the International ASLO Meeting on  
“Consequences of Hypoxia for Living Resources and Biogeochemical Cycles” that 
included 24 papers providing an excellent assessment of the latest science on this topic 
from areas ranging from the Great Lakes, Baltic Sea, Chesapeake Bay, Narragansett Bay, 
Gulf of Mexico and Monterey Bay. Another Scientific Session is scheduled for the 
biennial meeting of the Coastal and Estuarine Research Federation meeting in 
November, 2011 on “Hypoxia Effects on Aquatic Living Resources”.  

Other published results include field studies of fish diet and growth in various systems. 
European anchovies collected in the northern Adriatic Sea off the Po River delta were 
reported to have fuller stomachs during the day than at night, and consumption peaked 
for fish in the 40-59 mm size class. Although anchovy length was not related to prey 
size, prey electivity was apparent and copepods dominated daytime diets while bivalve 
larvae were more common prey at night (Borme et al. 2009). Pothoven et al. (2009) 
quantified the diet composition, selectivity, daily ration, and diet overlap of emerald 
shiner and rainbow smelt in Lake Erie to understand feeding ecology before, during, 
and after hypoxia. Both species are important zooplanktivores with emerald shiners 
primarily consuming cladocerans, while rainbow smelt fed upon a variety of prey taxa 
(zooplankton, chironomids, fish), unless restricted from benthic feeding by hypoxia. 
Diet overlap between species was low at all times, and although rainbow smelt feeding 
was reduced during hypoxia, emerald shiner feeding declined throughout the sampling 
time, suggesting that reduced consumption may not have been linked to hypoxic 
conditions. Ultimately, our findings suggest that emerald shiners are as important 
regulator of zooplankton abundance in the Great Lakes as Rainbow smelt, given their 
potentially high mass-consumption rates, selectivity and diet patterns, and current high 
abundance.  An abstract presented at the Ecological Society of America Annual Meeting 
(Pangle et al., 2010) builds on diet study results for emerald shiner and rainbow smelt 
by developing a spatially-explicit bioenergetics-based habitat model exploring the 
magnitude of short- and long-term hypoxia effects based on interspecific differences in 
behavior, thermal requirements, and invasion history. Model results demonstrated that 
in the short-term hypoxia reduced habitat quality for rainbow smelt but not for emerald 
shiner; field observations and long-term model results support this finding. Building on 
previously published work by Constantini et al. (2008) quantifying growth rate 
potential (GRP) of striped bass during Chesapeake Bay hypoxia using a spatially 
explicit bioenergetics modeling framework, Brandt et al. (In Press) found that hypoxia 
can have both positive and negative effects on walleye GRP in Lake Erie. While 
inclusion of a dissolved oxygen function in the bioenergetics model reduced walleye 
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Figure 1: Mean ± SE walleye growth rate potential (GRP; g·g-1·d-1) calculated along transect 
B in Lake Erie before hypoxia (August 2005), during hypoxia (September 2005), and after 
hypoxia (October 2005) both day (white bars) and night (black bars) (a) without ƒC(DO), and 
(b) with ƒC(DO) in our model. 

With DO function 

Without DO function 

growth rate potential relative to the model without an oxygen function (Figure 1), 
positive walleye growth occurred during hypoxia when altered habitat distributions 
compressed walleye and prey fish in the upper water column. While results from both 
studies suggest that hypoxia enhances short-term predation efficiency, longer term 
effects of hypoxia may decrease fish growth (Constantini et al. 2008, Brandt et al. in 
press). Additionally, light levels and water temperature were important factors 
affecting walleye growth rate potential in Lake Erie during hypoxia. Since no previous 
research has explored the impacts of hypoxia on walleye in Lake Erie, our results are 
important to evaluating whether fisheries managers should be concerned about hypoxia 
in Lake Erie.  
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Other analyses and manuscripts were completed, including laboratory and field studies 
of hypoxia on yellow perch growth rates. Roberts et al. (in press) related RNA:DNA 
ratio to measured growth of experimental yellow perch, but the ratio was affected by 
temperature only, while laboratory growth rates and consumption were affected by 
both temperature and oxygen. The RNA:DNA ratio varied in space and time for fish 
collected in hypoxic and normoxic areas of Lake Erie, suggesting plasticity in responses 
to hypoxia. Work on prey selectivity of sculpin in the Lake Michigan was also 
completed (Hondorp et al. 2011). Diet data for two sculpin species confirmed prey 
selection of different sizes and types, with slimy sculpin favoring smaller prey such as 
amphipods and deepwater sculpin feeding on larger prey such as mysids. Prey 
partitioning reduced diet and habitat overlap between fish species. Differences in prey 
selection may mediate competitive interactions between slimy and deepwater sculpin 
directly by reducing diet overlap in areas of sympatry or indirectly by causing these fish 
to select different depth-habitats. Also completed obligations for introductory book 
chapter (Great Lakes Ecosystems) for the 2011 book on “Great Lakes Fisheries and 
Policy”. 
 
To forecast beach water quality based on watershed forcing factors, Sellinger et al. (in 
review) developed a novel Early Warning System using highly-solved, spatially-explicit 
physical hydro-meteorological data from the surrounding watershed (precipitation, 
runoff, wind direction, air temperature, and biology) to parameterize a four-
dimensional, data-visualization tool that predicts E. coli levels. This work was also 
presented during the Oceans and Human Health session at the 2010 Ocean Sciences 
Meeting. The Great Lakes are an important resource for recreational activities that 
involve full body contact with water, such as swimming, water-skiing, sail-boarding 
and wading. A major concern is microbial contamination by bacteria, viruses, and 
protozoa as well as nutrient loading. Many sources or conditions can contribute to 
microbiological and nutrient contamination including combined sewer overflows after 
heavy rains. In this modeling effort, physical hydro-meteorological data such as 
precipitation, runoff, wind direction, and air temperature; as well as biological data, 
E.coli counts, were analyzed to determine their statistical relationship. With the aid of a 
four-dimensional, data visualization tool also developed during this study; a multiple-
linear-regression, beach-closure forecast model was developed as a function of 
antecedent rainfall, runoff, wind direction, and watershed air temperatures. This model 
has 67 – 75% success in forecasting water quality in both clean and heavily 
contaminated shoreline areas. The uses publically available data and is programmed in 
an exportable language so that it can be easily transferrable to any coastal watershed.  
 

 
 With DO function 
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Finally, two manuscripts by Clouse et al. (drafted) based on results of interannual trawl 
surveys summarized diet contents for Atlantic bumper and also constructed food webs 
for several species of fish in NGOMEX whose trophic relationships have not been 
previously categorized. Results are based on the findings of a collection of 63 species.  
The feeding habits of these fishes are described via interannual variation in prey 
composition for the seven most abundant species and trophic relationships among 27 
fish species. Atlantic bumper diets differed based on maturity and all fish species 
sampled were omnivorous, both of which reduce competition. The effect of hypoxia on 
fish feeding in this ecosystem was also considered, and a presentation at the recent 
Advancing the Science of Limnology and Oceanography Aquatic Sciences Meeting 
(Adamack et al., 2011) expanded on statistical techniques to determine these effects. 
 
Programmatic  
 
The Principal Investigator convened an all-pi meeting of the scientists working on 
NGOMEX – (Impact of Hypoxia on Living Resources in the Gulf of Mexico) in 
Washington D.C. on Feb. 12-13, 2009.  At that meeting, there was a series of 
presentations on data collected and we compiled a list of manuscripts, authors, 
timetables, responsibilities and data needs for the project. 
 
A second NGOMEX (Impact of Hypoxia on Living Resources in the Gulf of Mexico) all-
PI meeting occurred June 14-15, 2010 in New Orleans, LA. The goals of this meeting 
were for PIs to share progress on data synthesis, make connections among various parts 
of the project, and inform local fishery managers of our latest results. A follow-up 
NGOMEX PI meeting is planned for November 6, 2011 in Daytona Beach, FL, 
leveraging anticipated broad participation by project investigators in the Coastal and 
Estuarine Federation Biennial Conference planned for the following week.  
 
Primary Goals for 2011 
 
The primary goals for the remainder of this project are to 1) work on manuscripts that 
have been drafted or on in revision 2) meet with colleagues in the Adriatic to scope out 
how we will finish remaining manuscripts and about future collaborations and 3) give 
papers at scientific meetings and prepare the Special Session on “Hypoxia Effects on 
Aquatic Living Resources”.  
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Publications  

Brandt, S.B., M. Constantini, S.E. Kolesar, S.A. Ludsin, D.M. Mason, C.M. Rae, and H. 
Zhang. 2011. Does hypoxia improve habitat quality for Lake Erie walleye?  A 
bioenergetics perspective. Canadian Journal of Fisheries and Aquatic Sciences. (In 
press). 

Hondorp, D.W., S.A. Pothoven, and S.B. Brandt. 2011. Feeding selectivity of slimy 
sculpin Cottus cognatus and deepwater sculpin Myoxocephalus thompsonii in southeast 
Lake Michigan: Implications for species coexistence. Journal of Great Lakes Research. 
37(1): 165-172.  

Moll, R.A., C. Sellinger, E. Rutherford, J. L. Johnson, M. R. Fainter and J. E. Gannon. 
2011. Great Lakes Ecosystems. IN: W. Taylor (Ed). Great Lakes Fisheries Policy and 
Management. Michigan State University Press. (In press). 

Papers in Review 
 
Sellinger, C.E., S.B. Brandt, and T. Hunter. 2011. An Early Warning System for 
Forecasting Beach Closures due to Fecal Pollution.  Environmental Sciences and 
Technology. In review. 
 
Roberts, J.J., S.B. Brandt, D. Fanslow, S.A. Ludsin, S. Pothoven, D. Scavia, and T.O. 
Höök. 2011. Effects of hypoxia on yellow perch consumption, growth and RNA:DNA 
rations. Transactions of the American Fisheries Society.  Submitted and in final 
revision.  
 
Papers Drafted  
 
Zhang, H., D. M. Mason, S. A. Ludsin, S. B. Brandt, C. A. Stow, A. T. Adamack, M. R. 
Roman and W. C. Boicourt. Hypoxia, habitat quality and the spatial distribution of 
pelagic fishes in the northern Gulf of Mexico. drafted.  

Clouse, M., A. Adamack, S. Ludsin, H. Zhang, D. Mason, and S. Brandt.  Summer 
feeding habits of Atlantic bumper in the northern Gulf of Mexico. drafted.  
 
Clouse, M., A. Adamack, S. Ludsin, D. Mason, S. Brandt, and H. Zhang. Feeding habits 
and trophic relationships of fish species in the northern Gulf of Mexico during summer 
hypoxic events. drafted. 
 

http://www.sciencedirect.com/science/journal/03801330�
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%2359068%232011%23999629998%232909813%23FLA%23&_cdi=59068&_pubType=J&view=c&_auth=y&_acct=C000029364&_version=1&_urlVersion=0&_userid=576687&md5=19b234df9748b61ceb8a70e47d1d755a�
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Presentations 
 
Brandt, S. B., M. Roman, J. Pierson, S. Kolesar, B. Boicourt, C. Sellinger. 2011. How does 
hypoxia affect habitat quality of fishes? Advancing the Science of Limnology and 
Oceanography Aquatic Sciences Meeting. San Juan, Puerto Rico. February 13-18, 2011. 
Invited presentation.  

Brandt, S. B., C. Sellinger, S. Kolesar, M. Roman, J. Pierson, B. Boicourt. 2011. How does 
hypoxia affect habitat quality of fishes? AEHMS 10 – The Aquatic Ecosystem Puzzle: 
Threats, Opportunities and Adaptation. Siena, Italy. June 13 – 15, 2011. Poster 
Presentation. 
 
Adamack, A. T., M. A. Clouse, S. A. Ludsin, D. M. Mason, S. B. Brandt, H. Zhang. 2011. 
Effects of hypoxia on fish diets in the northern Gulf of Mexico. Advancing the Science of 
Limnology and Oceanography Aquatic Sciences Meeting. San Juan, Puerto Rico. 
February 13-18, 2011. Oral presentation.  
 
Adamack, A. T., S.B. Brandt, S. E. Kolesar, and M. R. Roman (Session Co-Chairs). 2011. 
Hypoxia Effects on Aquatic Living Resources. Coastal and Estuarine Research 
Federation Biennial Meeting. Daytona Beach, FL. November 6-10, 2011. Special session 
accepted.  
 
Brandt, S.B. 2011. Hypoxia Effects on Fishes in the Gulf of Mexico. 2nd Annual Gulf of 
Mexico Hypoxia Research Coordination Workshop. Bay St. Louis, MS. March 31 – April 
1, 2011. Invited oral presentation.  
 
Kolesar, S. E., J. J. Pierson, and J. Testa (Session Co-Chairs). 2011. Consequences of 
Hypoxia for Living Resources and Biogeochemical Cycles. Advancing the Science of 
Limnology and Oceanography Aquatic Sciences Meeting. San Juan, Puerto Rico. 
February 13-18, 2011. Special session.  
 
Roman, M., J. Pierson, S. Brandt, S. Kolesar, C. Sellinger, J. Cowan, D. Mason, C. Stow, 
S. Sable, A. Adamack. 2011. CSCOR NGOMEX: Effects of hypoxia on production 
potential of ecologically and commercially important living resources in the northern 
Gulf of Mexico. Advancing the Science of Limnology and Oceanography Aquatic 
Sciences Meeting. San Juan, Puerto Rico. February 13-18, 2011. Poster presentation.  
 
Pangle, K.L., S. Pothoven, H.A. Vanderploeg, T.O. Höök, S.B. Brandt and S.A. Ludsin. 
2010. Hypoxia’s impact on pelagic fishes: a tale of two planktivores. Ecological Society 
of America. Pittsburg, PA. August 1-6, 2010. Oral presentation. 
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Brandt, S.B. and S. Kolesar. 2010. Effects of hypoxia on Growth rate potential of walleye 
in Lake Erie. Webinar presentation to ECOFORE Principal Investigators. April 22, 2010. 
 
Brandt, S.B., U. Varanasi, and J. Trtanj, (Session Co-Chairs). 2010. Oceans and Human 
Health:  Reducing Risks Through Prediction. From Observation to Prediction in the 21st 
Century. Ocean Sciences Meeting, Portland, OR. February 21-27, 2010. Special session. 
 
Sellinger, C.E., S.B. Brandt, and T. Hunter. 2010. Forecasting Beach Closings and 
Conditions in the Great Lakes.  Oceans and Human Health: Reducing Risks Through 
Prediction. From Observation to Prediction in the 21st Century. Ocean Sciences Meeting, 
Portland, OR. February 21-27, 2010. Poster. 
 
Outreach Activities 
 
Popular Press 
 
Our hypoxia research in the northern Gulf of Mexico is featured in the second chapter 
of a popular book released during 2009: Seasick: Ocean Change and the Extinction of Life on 
Earth (by Alanna Mitchell, University of Chicago Press ISBN: 9780226532585, 
http://www.press.uchicago.edu/presssite/metadata.epl?mode=synopsis&bookkey=2330
54).   
 
Houtman, N. 2011. Down to the Gulf. pp: 10 -11 In All Hands on Deck. Terra, Oregon 
State University. Winter 2011. 
 

 
Public Presentations 

Brandt, S. 2010. Troubled Waters: A fish-eye view of dead zones and oil spills in the 
Gulf of Mexico. Invited Speaker to SciencePub, November 8, 2010. Corvallis, Oregon. 
 
Brandt, S. 2011. Troubled Waters: A fish-eye view of dead zones and oil spills in the 
Gulf of Mexico. Invites Dinner Speaker. OSU Volunteers. April 9, 2011. Newport 
Oregon. 
 

 

 

 

http://www.press.uchicago.edu/presssite/metadata.epl?mode=synopsis&bookkey=233054�
http://www.press.uchicago.edu/presssite/metadata.epl?mode=synopsis&bookkey=233054�
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PROJECT TITLE: THE EFFECTS AND IMPACTS OF HYPOXIA ON PRODUCTION POTENTIAL OF 

ECOLOGICALLY AND COMMERCIALLY IMPORTANT LIVING RESOURCES IN THE NORTHERN 

GULF OF MEXICO  

 

Principal Investigators:  Mike Roman, University of Maryland Center for 
Environmental Sciences 

James Pierson, University of Maryland Center for 
Environmental Sciences 

    Stephen Brandt, Oregon State University 

    James Cowan, Louisiana State University 

    Shaye E. Sable, Dynamic Solutions 

     Aaron Adamack, CILER 

NOAA Technical Contacts: Doran Mason, GLERL 

     Craig Stow, GLERL 

    Fredrick Sutter, NOAA NMFS Southeast Regional Office 

Overview and Objectives: 
 
To assess the full impact of hypoxia on living resources of the Northern Gulf of Mexico 
(NGOMEX) requires a multi-scale (both time and space) and multi-stressor approach. 
This project proposes a framework to simultaneously account for direct and indirect 
effects of hypoxia, including their linear and non-linear interactions on key organisms 
to support ecosystem-based management in the NGOMEX. A battery of modeling 
approaches of varying complexity (individual - to ecosystem-level), spatial 
configuration (near-field plume to fine-scale spatial pelagic to entire NGOMEX), and 
temporal duration (hourly to inter-annual) will be employed to provide both 
understanding and forecast capabilities to the management community of the 
NGOMEX. 
 
Multiple models will be used to evaluate: 

• What is the effect of the spatial extent and seasonal timing of hypoxia on fish 
growth, recruitment and production potential? 

• How does hypoxia affect food web interactions in the pelagic zone? Specifically: 
o How will hypoxia affect the spatial distribution and predator-prey 

interactions of mobile organisms and zooplankton? 
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o How does hypoxia affect habitat quality and suitability for economically 
and ecologically important fishes? 

• How will management decisions on loadings affect fisheries through its impact 
on the timing and extent of hypoxia? 

• What is the potential of strong wind events (and their relationship to climate 
change) to re-aerate the water column and alter the interactions of fish and their 
prey? 

• What are the most effective tools to forecast food-web interactions, habitat 
suitability, and fish production in relation to hypoxia? 

 
It is hypothesized that hypoxia in the NGOMEX can strongly impact pelagic food webs 
and production through unexpected, indirect pathways, potentially leading to changes 
in production potential (both positive and negative) of economically and ecologically 
important fishes. Our overall goal is to provide quantitative tools to probabilistically 
forecast the effects of hypoxia on the living resources in the NGOMEX. Direct linkages 
to fisheries management will ensure continued interaction with, and attention to, the 
critical management issues. 
 
Researchers from CILER will focus on developing an ecosystem-based model for the 
Louisiana-Texas continental shelf which will be used to evaluate most of the major 
questions being addressed by this project. CILER researchers will also be developing an 
individual-based model for fish eggs and larvae which will be used to screen species for 
susceptibility to hypoxia conditions in the Northern Gulf of Mexico.  
 
This work addresses NOAA’s Strategic Plan Goals of “Protect, restore, and manage use 
of coastal and ocean resources through ecosystem-based management” through our 
development of an ecosystem-based model for the Northern Gulf of Mexico.  
 
Accomplishments: 

The primary focus of the past year has been on preparing and collecting data for the 
development of an ATLANTIS model for the Northern Gulf of Mexico.  

1.) We received permission from the developer of the Atlantis Model, Beth 
Fulton, to use her model and received access to the source code in May 2010.  

2.) An all-PI meeting was held in June 2010 during which project participants 
discussed that status of the various parts of the project and outlined plans for 
the upcoming year. We identified the water quality models that we planned 
to use to force the ATLANTIS model and set the model domain.  

3.) A number of projects participants participated in a research cruise in the 
Northern Gulf of Mexico that had the primary purpose of collecting data on 
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the effects of the Deepwater Horizon oil spill. Physical and environmental 
data collected during this research cruise may be used in our ATLANTIS 
modeling efforts at a later date.  

4.) A database of fish diet data collected as a part of the previous phase of this 
project was developed and distributed to project participants. The database 
will be used to help parameterize the ATLANTIS model and the Ecopath 
with Ecosim model that is being developed at Louisiana State University.  

5.) Preliminary project results were presented at the ASLO Aquatic Sciences 
Meeting in San Juan Puerto Rico (see Presentations section below for details). 

6.) Adamack, Kolesar, Roman and Brandt submitted a proposal to the Coastal & 
Estuarine Research Federation to host a special session on Hypoxia Effects on 
Aquatic Living Resources at the CERF 2011 conference. This proposal was 
accepted.  

 
Publications: 

none 
Presentations:  
 
Adamack, A.T., M.A. Clouse, S.A. Ludsin, D.M. Mason, S.B. Brandt, H. Zhang. Effects 
of hypoxia on fish diets in the Northern Gulf of Mexico. ASLO Aquatic Sciences 
Meeting, San Juan Puerto Rico, February 2011. NOAA-CSCOR NA07OAR4320006 
 
Roman, M., J. Pierson, S. Brandt, S. Kolesar, C. Sellinger, J. Cowan, D. Mason, C. Stow, 
S. Sable, A. Adamack, B. Sutter. CSCOR NGOMEX: Effects of hypoxia on production 
potential of ecologically and commercially important living resources in the Northern 
Gulf of Mexico. ASLO Aquatic Sciences Meeting, San Juan Puerto Rico, February 2011. 
NOAA-CSCOR NA07OAR4320006 
 
Adamack A.T. was an invited participant at The Ecosystem Management by Earth 
Systems Modeling (EMESM) Workshop. 26-27 January 2011. Gulf Coast Research Lab. 
Ocean Springs, Mississippi. Adamack’s participation was paid for by the Workshop 
Organizers and was funded by the Northern Gulf Institute.  
 
All P.I. NGOMEX meeting.  14-15 June 2010. Crown Royal Hotel. New Orleans, LA. 
NOAA-CSCOR NA07OAR4320006 

 
Outreach Activities: 
 
None 
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THEME II: INVASIVE SPECIES 

 
CILER activities that fall under the theme of Invasive Species include research focusing 
on the prevention, monitoring, detection, and control of invasive species, and on a 
better understanding of the range of their ecosystem impacts.   
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PROJECT TITLE: ENHANCEMENT OF THE NOAA GREAT LAKES AQUATIC 

NONINDIGENOUS SPECIES INFORMATION SYSTEM (GLANSIS) 
 
Principal Investigators:  Allen Burton, CILER, Rochelle Sturtevant, MI Sea Grant 
NOAA Technical Contact: Ed Rutherford, GLERL 
      
Overview and Objectives:  
 
The Great Lakes have been heavily impacted by aquatic nonindigenous species (ANS) 
since the 1800s, and now over 180 ANS appear to be established here. A huge wealth of 
data is distributed among journals, gray literature, electronic literature sources, and on-
line databases, making it unmanageable for any individual. Despite the regional 
importance of ANS, the Great Lakes were underrepresented in Internet-accessible 
databases. GLANSIS was created to provide a comprehensive, up-to-date, quality 
controlled, easily accessible on-line database of Great Lakes ANS. Among the goals of 
GLANSIS are to 1) provide a comprehensive source of authoritative up-to-date Great 
Lakes ANS information and 2) compile and update information relevant to the species 
in the database. The present version of GLANSIS does not include any information on 
potential invaders, nor does it include species such as the rusty crayfish that are 
considered native to part of the Great Lakes basin but invasive in others parts of the 
basin. GLANSIS includes a field for impacts, but presently the information in these 
fields is inconsistent—sometimes including impacts only in the Great Lakes, sometimes 
impacts in other U.S. ecosystems, and sometimes potential impacts based on 
observations elsewhere in the world. Lastly, the current GLANSIS profiles are highly 
technical, which limits their usefulness to non-technical stakeholders, such as students, 
regulators, and the general public. 
 
The University of Michigan (CILER) proposes to work with NOAA (GLERL) scientists 
who oversee GLANSIS to 1) develop a prioritized list of potential high-risk invader 
species and compile associated fact sheets; 2) identify range expansion species and 
develop full profiles for addition to the system; 3) develop a simple screening tool to 
apply to all GLANSIS species for improved consistency of the database with respect to 
realized and potential impacts; 4) develop non-technical (public) fact sheets for each of 
the species in the GLANSIS database, in collaboration with the Great Lakes Sea Grant 
Network.  
 
This project addresses the following NOAA Strategic Plan Goal: 
 
1) Protect, restore, and manage use of coastal and ocean resources through ecosystem-
based management 
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• GLANSIS provides critical up-to-date information needed by decision makers 
for Great Lakes management. 

• The distribution of many potential invaders and range expansion species in 
the Great Lakes is currently restricted by water temperature and over-
wintering capabilities. The addition of fact sheets and distribution 
information about these species will allow for monitoring, detection, and 
rapid response to new invasion risks should the Great Lakes warm as 
projected by climate change predictions. 

• The addition of non-technical fact sheets will make GLANSIS information 
more available to public stakeholders. 

• Ballast and biofouling of ships have historically been key vectors in the 
introduction of new ANS. GLANSIS profiles on species with a high 
probability of invasion if introduced to the Great Lakes, as well as 
standardized organism impact assessments, will provide critical information 
on potential vectors of introduction. These vectors include those involving 
recreational boating and commercial shipping practices. 

 
Accomplishments: 
 
Objective 1: Develop a prioritized list of potential high-risk invader species and 
compile associated fact sheets 
 
The development of a list of 52 potential invaders has been led by CILER student Emily 
Baker. This list has been reviewed by the GLANSIS Expert Review Panel, presented at 
NOAA’s 2010 GLRI Review, published on the GLANSIS website (see publication list for 
URL), and used to initiate the development of fact sheets for at least six watch list 
species. The 2011 CILER GLANSIS summer fellow and/or intern will continue to 
develop additional watch list fact sheets. 
 
Objective 2: Identify range expansion species and develop full profiles for addition to 
the system 
 
The range expansion list is in progress, but it is not yet complete or posted to the 
GLANSIS website. Criteria have been developed for the range expansion list and 
reviewed by the GLANSIS Expert Review Panel. Fish species have been 
comprehensively evaluated against the criteria by 2010 CILER summer fellow Kathleen 
Thompson and the results were reviewed by the GLANSIS Expert Review Panel. This 
list includes 18 fish and one crayfish. The 2011 CILER summer fellow will contribute to 
fact sheets for these and other range expansion taxa identified by NOAA’s contracted 
research associate. 
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Objective 3: Develop a simple screening tool to apply to all GLANSIS species for 
improved consistency of the database with respect to realized and potential impacts 
 
An organism impact assessment (OIA) tool in the form of a questionnaire was 
developed by CILER student Julie Larson. This questionnaire considers three main 
categories of impact—environmental, socioeconomic, and beneficial—and accounts for 
impact in each category according to six criteria.  Numerical scores are associated with 
each of four possible responses to the resulting 18 questions. These scores are then 
summed and interpreted with a qualitative statement of impact that can be compared 
across taxa. 
 
Following approval by the GLANSIS Expert Review Panel, the OIA tool was tested by 
Ms. Larson on 7 priority species, and the results were vetted by the Review Panel. As a 
result, subsequent modifications to the OIA template were made and resubmitted to the 
Review Panel, which granted approval. Ms. Larsen has since applied the OIA tool and 
template to all GLANSIS species in the following groups: fish; annelids; arthropods, 
including crustaceans; and bivalve and gastropod mollusks (77/182 total ANS = 42%). 
Fish fact sheets have been approved by the Review Panel, with the review of additional 
draft fact sheets forthcoming. A NOAA technical memo and manuscript for peer review 
are in development. 
 
Objective 4: Develop non-technical (public) fact sheets for each of the species in the 
GLANSIS database, in collaboration with the Great Lakes Sea Grant Network 
 
Illinois-Indiana Sea Grant (IISG) is working to produce non-technical fact sheets on 
GLANSIS species for the general public. Thus far, there are drafts in progress for 29 of 
the fact sheets. IISG has also identified ways that individual species information can be 
presented to make it more assessable to the general public. These measures include 
removing technical labels from photographs, standardizing the common name, and 
reducing the technical labeling on distribution maps. 
 
 
Publications: 
  
Baker, E, AJ Fusaro, and RA Sturtevant. 2011. GLANSIS Watchlist of Potential Great 
Lakes Aquatic Invasive Species. NOAA. 
http://www.glerl.noaa.gov/res/Programs/glansis/watchlist.html 
 
(Supported by federal award number: NA07OAR4320006) 
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Presentations:  
 
Sturtevant, RA. 2011. Oral presentation at NOAA's GLRI Check-Up: Assessing the 
Health of the Great Lakes. Ann Arbor, MI. February 15, 2011. Ann Arbor, MI. 
 
Sturtevant, RA, and DF Reid. 2010. Enhancements to the Great Lakes Aquatic 
Nonindigenous Species Information System (GLANSIS). ICAIS. August 2010. San 
Diego, CA. 
 
Sturtevant, RA, and DF Reid. 2010. GLANSIS as a Management Tool. IAGLR. May 2010. 
Toronto, Canada. 
 
Sturtevant, RA. 2010. Enhancements to the Great Lakes Aquatic Nonindigenous Species 
Information System. CILER Review. October 2010. Ann Arbor, MI. 
 
(Supported by federal award number: NA07OAR4320006) 
 
 
Outreach: 
 
Fusaro, AJ. Oral presentation at Lake Michigan State of the Lake session, Great Lakes 
Fishery Commission 2011 Lake Committee Meetings. March 23, 2011. Ypsilanti, MI. 
 
Rutherford, E. Oral presentation to anglers. January 2011. Ludington, Michigan. 
 
Sturtevant, RA. Outreach to Great Lakes Panel on ANS at their semi-annual meetings 
via member updates, committee meetings, and discussion. 
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PROJECT TITLE:  STATUS AND TRENDS IN BENTHIC MACROINVERTEBRATES IN THE 

GREAT LAKES  

 

Principal Investigators:  Allen Burton, CILER 

NOAA Technical Contact: Thomas Nalepa, GLERL 

       

Overview and Objectives: 
 
This research project monitors trends in benthic macroinvertebrate populations in Lakes 
Michigan and Huron.  Changes in the abundance and composition of benthic 
populations provide a measure of environmental response to anthropogenic influences 
such as nutrient enrichment and invasive species.  Specific objectives are thus to 
determine and assess changes in benthic populations over the long term.  These 
objectives fit the goals of NOAA’s strategic plan to protect, restore, and manage use of 
coastal and ocean resources through ecosystem-based management.  For instance, the 
project tracks spatial and temporal trends in the invasive mussels Dreissena polymorpha 
(zebra mussel) and Dreissena rostriformis bugensis. These two species have caused broad 
changes in ecosystems of the Great Lakes, and have motivated a re-assessment of 
management strategies.  In Lake Michigan, the original program was initiated in 1980 at 
40 sites in the southern basin of Lake Michigan, and samples have been collected at 
these same sites for two consecutive years every five years since.  Because population 
changes in some taxa (i.e., zebra mussel, quagga mussel, and the native amhipod 
Diporeia) were occurring so rapidly in the late 1990s, the monitoring program was 
expanded in 1998 and samples are now collected every year at these 40 sites.  To 
determine trends in dreissenids and Diporeia over the entire lake, samples were 
collected in late summer at 160 sites located throughout the lake in 1995, 2000, and 2005.  
In Lake Huron, samples were collected at 75 sites in the main basin in 2000, 2003, and 
2007, and at 33 sites in Georgian Bay and North Channel in 2002 and 2007.  Extensive 
sampling was also conducted in Saginaw Bay in 2007, 2008, and 2009.  We collected 
samples at the same sites sampled in 1991-1996 to determine trends in the total benthic 
community.  Samples were collected with the Ponar grab to assess changes in the total 
benthic community and also with divers to assess changes in the dreissenid population 
on hard substrates.   
 
 
Accomplishments: 
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Efforts during this reporting period focused on processing samples (counting, sorting 
organisms) and collecting new samples as part of the study design.  In August 2010, 
samples were collected at 130 sites located throughout the lake.  These were the same 
sites that have been sampled every 5 years since 1995.  In terms of processing, samples 
collected at the 40 sites in the southern basin were given priority, and trends in 
abundances of quagga mussels at these sites are given in Figure 1.  Quagga mussels are 
now the dominant benthic taxa in the lake and their great filtering capacity has caused 
broad ecosystem changes.  Quagga mussel abundances appear to be decreasing at sites 
in the 31-50 m-interval, or stopped increasing at sites in the 51-90 m interval.  However, 
abundances are still increasing at > 90 m, whereas abundances at 16-30 m are too 
variable to evaluate trends.  The plan is to continue processing the rest of the samples 
collected in August 2010 to determine if trends noted in the southern basin are also 
occurring in the central and northern basins. 
 
In Saginaw Bay, we again collected samples using divers to determine densities of 
dreissenids at sites in the inner bay.  All mussels were counted and size-frequencies 
determined.  The later will be sued to estimate biomass.  
 
Publications: 

Nalepa, T. F., D. L. Fanslow, and S. A. Pothoven.  2010.  Recent changes in density, 
biomass, recruitment, size structure, and nutritional state of Dreissena 
populations in southern Lake Michigan.  J. Great Lakes Res. 36 (Suppl. 3): 5-19. 

Vanderploeg, H. A., J. R. Liebig, T. F. Nalepa, G. L. Fahnenstiel, and S. A. Pothoven.  
2010.  Dreissena and the disappearance of the spring phytoplankton bloom in 
Lake Michigan.  J. Great Lakes Res. 36 (Suppl. 3): 50-59. 

Fahnenstiel, G. L., T. F. Nalepa, S. A. Pothoven, H. J. Carrick, and D. Scavia.  2010.  Lake 
Michigan lower food web: long-term observations and Dreissena impact.  J. Great 
Lakes Res. 36 (Suppl. 3): 1-4. 

 
Presentations:  
 
Nalepa, T.F. 2010.  Zebra and quagga mussels in the Great Lakes. American Water 

Works Association Annual Conference, Chicago, IL, June 23, 2010.  
Nalepa, T. F.  2010.  The global threat of invasive species to large, freshwater lakes: the 

Great Lakes as an example.  Great Lakes of the World VI Conference, Lake 
Tahoe, CA, August 2-4, 2010. 

Nalepa, T. F. Distribution, population trends, and ecological impacts of quagga mussels 
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in the Great Lakes region. Annual Conference of Illinois Potable Water 
Association, Springfield, IL, September 22-24, 2010.  

Nalepa, T. F.  2011.  Trends in densities of dreissenids in Saginaw Bay.  Multistressors 
Workshop. Ann Arbor, MI. January 2011.  

Nalepa, T. F., G. L. Fahnenstiel, S. A. Pothoven, H. A. vanderploeg.  2011.  Populations 
trends, life-habit traits, and ecological impacts of the quagga mussel in the Great 
Lakes region.  103rd Annual Meeting of the National Shellfisheries Association. 
Baltimore, MD, March 2011.  

 
Outreach Activities: 
 
Nalepa, T. F. 2010. The offshore expansion of quagga mussels and its ecological impacts.  

University of Toledo Lake Erie Center Public Forum, Toledo, OH, May, 2010.  
Nalepa, T. F. 2010.  Aquatic invasive species and recent food web disruptions in the 

Great Lakes.  Eighth Annual Aquatic Invasive Species Field Course, Inland Seas 
Education Association, Traverse City, MI, July, 2010. 

Nalepa, T. F. 2010.  Benthic macroinvertebrate populations in the Great Lakes: An 
introduction and recent changes.  Guest Lecture, Hope College, November, 2010.  

Nalepa, T. F.  2011.  Ecological impacts of quagga mussels in the Great Lakes.  Lecture 
for class visit of students from Eastern Michigan University, February, 2011.  
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PROJECT TITLE:  STATUS OF MACROINVERTEBRATES IN LAKE ONTARIO   

 

Principal Investigator:  Allen Burton, CILER 

NOAA Technical Contact: Stephen Lozano, NOAA 
     

Overview and Objectives: 
 
The objective of this project is to document the results of the LOLA 2008/2009 Lake 
Ontario benthic invertebrate survey. I will also summarize the lake-wide replacement of 
a native species, (Diporeia) by an invasive mussel (Dreissena rostiformis bugensis) from 
1994 to 2008.  Prior to the introduction and spread of two dreissenid species, Dreissena 
polymorpha and D. r. bugensis, Diporeia was the dominant benthic organism in deeper 
waters (>20m) of Lake Ontario.   
 
Watkins et al. (2007) documents from 1990 to 2003 that invasive dreissenids mussels 
have extended their distribution from 38 m in 1995 to 174 m in 2003 and reached 
densities averaging 8,000/m2 at all sites < 90 m.  During the same period, Diporeia 
populations have almost disappeared at depths < 90 m.  At depths between 31-90 m, 
average densities of Diporeia have declined from 1,380/m2 to 63/m2 from 1997 to 2003.  
At deeper depths (>90 m), average densities have declined from 2,182/m2 to 545/m2 
between 1999 and 2003.  
 
NOAA Strategic Plan Goal(s) the Project Addresses:  
 

Protect, restore, and manage use of coastal and ocean resources through ecosystem-
based management; 
 
Accomplishments: 

 
DENSITIES AND DISTRIBUTION 

Two taxa, dreissenids and Oligochaeta, comprised 94% of all macroinvertebrates 
collected in 2008/2009.  Only 0.5% of all organisms were Diporeia (Table 1).  Results 
from the ANOVA of transformed mean densities (log10 (D+1)) were significantly 
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different for the main effect (basin) and/or the covariate (depth) for all taxa except 
Diporeia (Table 2).   

 Overall, depth was the most important factor for determining abundance 
of macroinvertebrates in Lake Ontario.   

 Dreissenids was most abundance at depths between 31-90 m.   
 Oligochaeta and Chironomidae were least abundant at depths > 90 m,  
 while Sphaeriidae were most abundant at depths > 90 m 

  
The geometric means for five important taxa are show in Table 3. Dreissenids were 
most abundant at depths between 31-90 m, 3,596/m2, 6,822/m2, and 4,435/m2 in the 
western, central and eastern basin respectively. Dreissenid densities were variable, 
ranging from 0 to 18,880 organisms/m2.  On an individual basis, 9 or less individuals 
were collected in three Ponar grab samples at 18 stations and over 100 mussels were 
collected at 27 stations in three Ponar grab samples.   

 Oligochaeta was the second most abundant taxa in 2008/2009.  Densities 
were greatest in the western basin, reaching average densities of 1,255 to 
2,824 in the mid-depth (31-90 m) and shallow depth (< 30 m) respectively. 
 

The lack of environmental influence (basin and depth) on Diporeia is not surprising 
considering the small number of Diporeia collected in 2008/2009.  At 42 of 51 stations, 
less than 3 individual organisms were collected and 37 stations had zero Diporeia in 
three Ponar grab samples.  The greatest numbers of Diporeia were collected at two 
stations in deeper waters in the western (34 individuals at 94 m) and eastern (37 
individuals at 170 m) basins of the lake.  The spatial distribution pattern of Diporeia was 
different from earlier years.  Comparisons with earlier years will be difficult due to the 
small number of organisms collected in 2008/2009. Between 1997 and 2003, the 
abundance of Diporeia declined most rapidly from the eastern basin of Lake Ontario and 
then from near-shore areas after 1999 (Figure 3).  Average densities of Diporeia at depths 
greater than 30 m were 4,715 in 1994.  In  2008, Diporeia was virtually absent from all 
waters of Lake Ontario.  To document the change in distribution of Diporeia, the 
contour maps were re-scaled to 0-1,000/m2 on Figure 4.   There is little chance that 
Diporeia will recover soon in Lake Ontario as dreissenids continue to spread. 
 
The spatial extent of dreissenids is displayed on Figure 5.  The mussels continue to 
expand from 2003 to 2008 into deeper waters.  At depths greater than 90 m, dreissenids 
were collected at 7%, 26%, 45%, and 60% of the stations in 1997, 1999, 2003, and 2008 
respectively.  Average abundance at depths greater than 90 m were 0.4/m2, 35/m2, 
427/m2, and 725 in 1997, 1999, 2003, and 2008 respectively. 
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BIOMASS 

Biomass estimates were calculated for samples collected in 1994, 1997, 1998, 1999, 2003, 
and 2008.  Since lengths were not made for earlier years, an average biomass for 
Diporeia (1.3 mg) and dreissenid (7 mg) for ash free dry weight were used to convert 
densities to biomass.  Figure 6 displays the average biomass at four depth intervals.   
 

Diporeia 
 There was a dramatic reduction in biomass between 1994 and 1997 in the 

depth interval between 30 to 90 m.  Average biomass was 4,288 mg/m2 
and 355 mg/m2 in 1994 and 1997 respectively.  

 After 1997, Diporeia biomass was greatest in deeper water. Average 
biomass was 1181mg/m2, 1405 mg/m2, 978 mg/m2, and 422 mg/m2 in 1997, 
1998, 1999, and 2003 respectively. 

 In 2008, biomass at all depths is essentially zero. By 2008, average biomass 
at depths > 90m was 1 mg/m2. 

 Biomass is declining by 120 mg/m2/year from 1994 to 2008. 
 

Dreissenids 
 Dreissenid average biomass was much larger than Diporeia biomass at 

depths < 90 m from 2007-2008.  
 In 2008 dreissenid biomass was greater than Diporeia biomass at depths > 

90m. 
 Biomass is increasing by 145 mg/m2/year from 1997 to 2008. 
 Quagga mussels continue to expand in deeper water due to long siphons 

and long byssal threads for attaching to objects in softer sediments. 
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Table 1.  Densities of major taxa organized by basin and depth. 
 

Year Station Basin Depth Diporeia Dreissenids Oligochaeta 
Chirono-

midae 
Sphaer-

iidae 
2008 22 West 10.9 0 0 4,419 114 0 
2008 3 West 24 7 4,634 1,638 79 0 
2008 1318 West 25.5 0 980 2,181 329 0 
2008 35 West 28 0 951 4,040 57 0 
2008 9 West 58.4 7 2,860 2,517 872 21 
2008 2 West 59.8 0 8,667 908 222 14 
2008 1330 West 60.9 7 11,556 2,060 186 0 
2008 6 West 62.2 0 7,351 815 715 0 
2008 28 West 64.6 86 3,054 1,001 136 0 
2008 16 West 66.3 0 336 1,023 737 7 
2008 14 West 98.4 236 0 372 744 0 
2008 19 West 106.7 136 0 522 179 29 
2008 24 West 119.8 0 7 129 250 179 
2008 26 West 120.2 14 21 50 36 14 
2008 34 West 135.8 0 4,834 2,024 272 0 
2008 33 West 137.7 7 0 100 0 265 

         
2008 57 Central 12.7 0 1,545 1,259 86 14 
2008 37 Central 18.5 0 343 629 14 0 
2008 43 Central 18.7 7 36 1,945 64 0 
2008 31 Central 19.8 0 1,266 50 0 0 
2009 38 Central 20 0 7 930 93 0 
2008 91 Central 21.8 0 779 1,595 1,001 322 
2008 42 Central 64.6 0 7,780 765 865 0 
2008 32 Central 77.9 0 6,622 765 207 0 
2008 45 Central 80.2 0 6,150 579 64 0 
2008 101 Central 120 107 0 86 21 0 
2008 52 Central 125.4 0 2,989 343 29 86 
2008 41 Central 128 50 0 72 14 7 
2009 102 Central 130 0 0 93 0 14 
2008 36 Central 140 0 79 164 7 21 
2008 39 Central 154.3 0 114 243 0 193 
2008 40 Central 190 0 7 172 0 0 

         
2008 80 East 18.6 0 837 186 722 0 
2008 82 East 27.3 0 479 687 21 0 
2008 77 East 29.1 0 0 994 43 29 
2008 75 East 32.3 21 2,503 951 86 21 
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2009 106 East 33 0 5,363 2,296 7 0 
2008 84 East 36.6 14 9,582 2,331 0 7 
2008 73 East 39.5 0 286 2,017 558 0 
2008 61 East 54 0 7,351 1,073 236 0 
2008 94 East 54.3 0 8,925 1,302 50 0 
2008 74 East 68.9 0 3,311 1,137 50 107 
2008 67 East 71.3 0 18,879 2,446 0 0 
2008 107 East 84 0 6,229 207 0 7 
2008 63 East 87 0 3,146 1,337 0 122 
2008 72 East 112.5 0 5,771 794 0 894 
2009 105 East 170 0 0 29 0 0 
2008 69 East 184.5 0 43 93 0 43 
2008 60 East 186 0 57 272 0 50 
2008 55 East 192.1 257 50 72 21 21 
2008 64 East 213.8 0 14 143 0 7 

 
 
 

 
 
 
 
 

Table 2.  Results of one-way ANOVA and Tukey's HSD test.  Basin was the main effect and depths  
 were the covariate term in the ANOVA.  Differences in densities are displayed in the last column.  
            
    F-ratio  P value  Effect    
 Diporeia Basin  1.76  0.18      
  Depth  2.42  0.10      
            
 Dreissenids Basin  0.07  0.94      
  Depth  20.19  0.00  Highest densities at depths 31-90 m   
            
 Oligochaeta Basin  4.05  0.03  (Slightly elevated densities in Western basin) 
  Depth  21.56  0.00  Highest densities at depths >90   
            
 Chironomidae Basin  6.67  0.00  Greater densities Western basin   
  Depth  8.61  0.00  Lowest densities at depths >90   
            
 Sphaeriidae Basin  0.61  0.55      
  Depth  5.45  0.01  Highest densities at depths >90   
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Table 3. Geometric mean and 2*SE for important taxa in Lake Ontario arranged by basin and depth 
contours. 
           

West Diporeia Dreissenids Oligochaeta Chironomidae Sphaeriidae 
10-30 m 1  (0-4) 255  (242-269) 2,824  (2821-2826) 114  (111-117) 0  (0-2) 
31-90 m 3  (0-7) 3,596  (3593-3600) 1,255  (1253-1257) 371  (368-373) 3  (0-6) 
> 90 m 12  (6-17) 9  (1-17) 253  (249-256) 82  (77-88) 16  (10-21) 

Central           
10-30 m 0  (0-3) 231  (226-236) 699  (695-702) 44  (39-49) 3  (0-8) 
31-90 m 0  (0-2) 6,822  (6820-6825) 697  (695-699) 227  (222-231) 0  (0-2) 
> 90 m 2  (0-7) 15  (8-21) 145  (143-148) 4  (0-8) 11  (7-16) 

East           
10-30 m 0  (0-2) 73  (55-90) 503  (499-506) 88  (83-94) 2  (0-8) 
31-90 m 1  (0-4) 4,435  (4432-4438) 1,273  (1270-1275) 13  (8-17) 4  (1-8) 
> 90 m 2  (0-7) 47  (40-53) 135  (132-138) 1  (-3-4) 26  (21-31) 
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Figure 1. Station locations for LOLA benthic survey in 2008 and 2009. 
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Figure 2.  Depth contours (30 m & 90 m) that were used for demarking depth intervals 
are plotted on the sediment classification developed by Thomas et al. (1972). 
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Figure 3.  Contours of Diporeia density scaled from 0 to 10,000/m2. 
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Figure 4.  Contours of Diporeia density scaled from 0 to 1,000/m2. 
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Figure 5.  Contours of dreissenid density scaled from 0 to 25,000/m2. 
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Figure 6.   Biomass estimates for Diporeia and dreissenids in 1994, 1997, 1998, 1999, 
2003, and 2008. 
 
 

 

 
0-31     31-50    51-90      >90 

Depth Intervals (m) 
 



96 
 

PROJECT TITLE:  STATUS OF PELAGIC CRUSTACEANS IN SOUTHERN LAKE MI / FOOD WEB 

DYNAMICS IN SOUTHERN LAKE MICHIGAN 

 

Principal Investigators:  Allen Burton, CILER 

NOAA Technical Contacts: Steven Pothoven, GLERL 

    Gary Fahnenstiel, GLERL 

       

Overview and Objectives: 
 
Overview:  This project will assess the current status of the primary producer 
community, pelagic crustacean community and associated environmental variables in 
southern Lake Michigan.  Data from this project will ultimately be used in food-web 
models to evaluate how non-indigenous invertebrates have altered the lower food-web 
structure and to predict production of various components of the food-web of particular 
interest to resource managers, e.g. forage fish production, recruitment, condition, and 
growth.  The project addresses the NOAA Strategic Plan Goal to “Protect, restore, and 
manage use of coastal and ocean resources through ecosystem based management”   

 

Objectives: 1) Evaluate the primary producer community within the water column at 
the sampling stations as well as the important environmental variables driving the 
primary producers.  2) Evaluate the status of pelagic crustaceans, including 
zooplankton, Mysis relicta, Hemimysis anomala, Bythotrephes longimanus, Cercopagis pengoi, 
at sites in southern Lake Michigan.  3) Compare data to historical data collected from 
the same region since the 1980s.  4) Compare data to that collected by USGS partners at 
northern Lake Michigan sites in 2010.  5) Begin integrating data into food-web model 
analyses. 

 
 
Accomplishments: 

 
A number of papers were published in a special issue of the Journal of Great Lakes 
Research (36: Supplement 3) chronicling the changes in the Lake Michigan food web and 
the impacts of invasive species, in particular, dreissenid mussels, on the food web. 
 
 Field sampling was done biweekly for nutrients/primary producers and monthly for 
zooplankton and Mysis during April-December 2010.  Most samples have been 



97 
 

processed and enumerated in the laboratory and compiled into appropriate databases.  
A number of important observations were made, including: 
 

1) During the isothermal period, total phosphorus, chlorophyll a and 
phytoplankton primary productivity decreased substantially in 2007-2009 
compared to 1995-1998 (34%, 68%, and 71% decrease, respectively).   Much 
smaller (<22%) or no decreases were noted between 1983-1987 and 1995-1998 for 
all parameters.   

2) Secchi depth transparency increased from 6 m in 1985-1989 and 7 m in 1995-1998 
to 18 m in 2007-2010.  These pronounced changes in water column properties 
during the isothermal period in 2007-2010 were primarily attributed to the 
filtering activities of the quagga mussel (Dreissena rostriformis bugensis) and to a 
lesser extent to phosphorus load reductions.   

3) In contrast to the significant changes in phytoplankton communities, total 
zooplankton biomass did not differ among time periods (1986-1988, 1994-1998, 
2007-2009).  However, the biomass of cyclopoid copepods declined to nearly 
negligible levels in 2007-2009, perhaps reflecting a more oligotrophic system that 
favored calanoid copepods.  Mysis relicta densities in the spring declined 60% 
between 1996-2000 and 2007-2010. 
 

 
Publications: 

  
FAHNENSTIEL, G.L., T.F. NALEPA, S.A. POTHOVEN, H.J. Carrick, and D. Scavia. 
Lake Michigan lower food web: Long-term observations and Dreissena impact. Journal of 
Great Lakes Research 36:1-4 (2010). Doi:10.1016/j.jglr.2010.05.009 

FAHNENSTIEL, G.L., S.A. POTHOVEN, T.F. NALEPA, H.A. VANDERPLOEG, D.M. 
Klarer, and D. Scavia. Recent changes in primary production and phytoplaknton in the 
offshore region of southeastern Lake Michigan. Journal of Great Lakes Research 36:20-29 
(2010). Doi:10.1016/j.jglr.2010.03.009 

POTHOVEN, S.A., G.L. FAHNENSTIEL, and H.A. VANDERPLOEG. Temporal trends 
in Mysis relicta abundance, production, and life-history characteristics in southeastern 
Lake Michigan. Journal of Great Lakes Research 36:60-64 (2010). 
Doi:10.1016/j.jglr.2010.03.008 

Mida, J.L., D. Scavia, G.L. FAHNENSTIEL, S.A. POTHOVEN, H.A. VANDERPLOEG, 
and D.M. Dolan. Long-term and recent changes in southern Lake Michigan water 
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quality with implications for present trophic status. Journal of Great Lakes Research 36:42-
49 (2010). Doi:10.1016/j.jglr.2010.03.010 
 
Presentations:  

 
VANDERPLOEG, H.A., T.F. NALEPA, G.L. FAHNENSTIEL, S.A. POTHOVEN, J.R. 
LIEBIG, J.F. CAVALETTO, C.P. Madenjian, and D.B. Bunnell. Recent dramatic 
dreissenid-induced changes in offshore pelagic food web of the Great Lakes: 
Mechanisms and implications. American Society of Limnology and Oceanography - 
summer meeting, Santa Fe, NM, June 6-12, 2010 (2010). 

 
Outreach: 
 
Outreach Activities 

1) Grand Haven Great Lakes Night: “Impact of recent invaders on Lake Michigan” 
Grand Haven, MI 6/10/2010 (Sea Grant) 

2) Muskegon State Park, slide show “Impacts of invasive species in Lake Michigan” 
and hands on samples, Muskegon, MI, 7/17/2010 

3) Congressional staffer day, Muskegon, MI 9/1/10 
4) Purdue fisheries class lecture (11/4/10) 
5) Hope College lecture (11/22/10) 
6) Lake Michigan Under Seige: Dreissenid Mussels Flexing their Muscles - Gary 

Fahnenstiel, March 8, 2011. The Great Lakes: Partnerships for Protection and 
Restoration.  Lansing, MI.  Sponsored by: Michigan State University, Michigan 
DNRE, Michigan Sea Grant, Institute of Water Resource, Office of the Great 
Lakes. 
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PROJECT TITLE:  MECHANISTIC APPROACH TO IDENTIFY THE ROLE OF PATHOGENS IN 

CAUSING DIPOREIA  SPP. DECLINE IN THE LAURENTIAN GREAT LAKES  

 

Principal Investigators:  Allen Burton, CILER, and Mohamed Faisal, MSU 

NOAA Technical Contact: Thomas F. Nalepa, NOAA 

Overview and Objectives: 
 

This project will examine the possibility that the decline of Diporeia may have 
been caused by pathogenic bacteria, by changes in the community structure of bacteria 
associated with Diporeia, or by changes in environmental conditions that would make 
Diporeia more vulnerable to bacterial infection.  All of these bacterial-related hypotheses 
may be directly or indirectly related to the activities of large dreissenid populations.  To 
test these hypotheses, preserved specimens of Diporeia from Lakes Michigan and 
Ontario, that were collected in the period of time before and after dreissenids, will be 
analyzed.  The specific analysis and corresponding method are:  1) changes in bacteria 
communities associated with Diporeia will be screened using T-RFLP (terminal-
restriction fragment length polymorphism); 2) identification of certain beneficial 
bacteria or the emergence of pathogenic bacteria will be achieved by partial gene 
sequencing of bacterial 16S rDNA; 3) to determine if shifts in the bacterial community 
or emergence of pathogens are associated with tissue destruction in vital organs, tissue 
will be variously stained and examined microscopically. 

For nearly 20 years, the decline of the benthic amphipod Diporeia in all the Great lakes except 
Lake Superior has puzzled scientists and managers alike.  While the loss of Diporeia is 
temporally linked to the introduction and spread of the zebra mussel (Dreissena polymorpha) 
and the quagga mussel (Dreissena rostriformis bugensis), the exact mechanism for the 
negative response of Diporeia is not clear.  A common hypothesis is that dreissenids are 
outcompeting Diporeia for available food.  Filter-feeding dreissenids occur at the substrate 
surface and ingest organic material settling from the water column before it becomes available to 
Diporeia.  Diporeia is a detrivore that burrows within the substrate.  Yet when Diporeia 
populations are declining, individuals show no sign of starvation, that is, lipid levels and weight 
per length do not decline.    

Diporeia was a keystone species in the Great Lakes ecosystem and played a vital 
role in the movement of energy and nutrients from the lower food web (phytoplankton) 
to the upper food web (fish).  The project will provide new insights into the loss of 
Diporeia and potential linkages to dreissenids.  Thus, we may better predict if Diporeia 
will re-colonize offshore regions if dreissenid populations stabilize or decline. As such, 
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it addresses the goals in the NOAA Strategic Plan to protect, restore, and manage use of 
coastal and ocean resources through ecosystem-based management.  

Accomplishments: 

Before analysis could begin, some preliminary work was accomplished that addressed 
two issues: 1) the integrity and suitability for histopathological examination of 
specimens that that had been preserved in formalin and stained in Rose Bengal and; 2) 
the yield and quality of DNA that could be extracted from Diporeia following up too 
several decades in formalin. To address the first issue, various destaining-restaining 
protocols were tried, and the use of Mayer’s hematoxylin and eosin staining yielded 
excellent results in identifying tissue abnormalities.  These abnormalities included 
muscle degeneration, abscesses, and inflammation.  Other special stains such as Feulgen 
picro-methyl blue, Giermsa, and Grocott’s methenamine silver also allowed the proper 
differentiation of pathogens and lesions.  To address the other issue, substantial efforts 
were made to find the optimal technique to obtain high quality DNA from Diporeia for 
PCR amplification of the ribosomal DNA of the microbial community.  It was 
determined that methods of DNA extraction using long incubations (24-48 hours) with 
both proteinase K and Chelex followed by washing the DNA  through phenol 
extractions and ethanol precipitations were the most successful for extracting genomic 
DNA from preserved Diporeia.   
 
Given the successful resolution of these methological issues, we can now proceed 
analyzing all the specimens in the two lakes.    
 
Publications: 

None  

 
Presentations:  

 
None 
 
Outreach: 
 
None 
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PROJECT TITLE:  POPULATION DYNAMICS OF THE NON-INDIGENOUS AMERICAN SHAD 

ALOSA SAPIDISSIMA ALONG THE WEST COAST OF THE U.S. AND ANTICIPATED EFFECTS OF 

CLIMATE CHANGE ON RANGE EXPANSION 
 

Principal Investigators: Allen Burton, CILER, Daniel J. Hasselman and Thomas P. Quinn, 
Univ. of Washington  

NOAA Technical Contacts:  Phil Roni and Blake E. Feist, Northwest Fisheries Science 
Center,NOAA 
 

Overview and Objectives: 
 
 American shad (Alosa sapidissima) are an anadromous clupeid fish native to the 
Atlantic coast that were introduced to the Sacramento River in 1871.  Since that time 
they have dispersed along the Pacific Coast and have been reported from Baja Mexico to 
Russia.  American shad have been reported from several rivers along Pacific coast that 
constitute critical habitat for one or more native salmon conservation units; several of 
which are federally listed as threatened or endangered.  Although the impacts of this 
non-native planktivore on Pacific coastal ecosystems is uncertain, American shad may 
alter trophic community structure and negatively impact native Pacific salmon species. 
 
There are three objectives to this research: 
 
1) resolve the distribution and relative abundance of self-sustaining shad spawning 
runs among Pacific coastal rivers, and identify source population of migrants for 
colonization of additional drainages; 
2) identify habitats susceptible to shad colonization and potential for range expansion 
under climate change scenarios, and predict timelines for invasion of specific rivers; 
3) characterize the life history variation exhibited by non-indigenous  shad. 
 
This research will aid NOAA in achieving its mission by resolving the invasion risk 
posed by nonindigenous American shad to the long term persistence and economic 
viability of native Pacific salmons, and addresses the following NOAA Strategic Plan 
Goals: 
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i)  Protect, restore, and manage use of coastal and ocean resources through ecosystem-
based management; 
ii)  Understand climate variability and change to enhance society’s ability to plan and 
respond. 
 
 
 
Accomplishments: 

 
Collections of American shad were obtained from the Columbia (N=300) and 
Sacramento (N=100) Rivers in 2010, and contacts have been made in other regions in 
support of field collections in spring 2011.  These fish have been processed and 
biological materials have been collected for molecular analyses, examination of age 
distribution and degree of iteroparity, examination of isotopic signatures, and 
geometric morphometrics. 

 
Tissue collections from multiple research groups working independently have been 
compiled, and now comprise a long term data set for the Columbia River that have now 
been genotyped. 
 
Data sets from multiple researchers containing valuable information have been 
compiled so that a synthesis paper on the current state of knowledge of shad in the 
Pacific Northwest regions can be drafted. 
 
Multiple oral and poster presentations on shad have been given to various interest 
groups in the Pacific Northwest to raise awareness about shad in the region.   
 
Publications: 

  
No publications have been generated yet form this project.  However a paper in the 
final stages of preparation entitled ‘Factors underlying the establishment, rapid 
dispersal, and increased abundance of invasive American shad (Alosa sapidissima) in the 
Pacific Northwest’ has been generated as an invited review for the journal ‘Fisheries’. 

 
Presentations: 
 
Hasselman, D.J., T.P Quinn, B.E. Feist, and P. Roni.  October 6, 2010.  Range expansion 
of invasive American shad along the Pacific coast of North America.  Cooperative 
Institute for Limnology and Ecosystem Research, Ann Arbor, MI. 
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(Oral presentation and poster presentation) 
Support: NOAA/CILER; Grant number: NA07OAR4320006 
 
Hasselman, D.J., R.A. Hinrichsen, and B.A. Shields.  January 12/February 3, 2011.  
History of introduction and dispersal of non-indigenous American shad (Alosa 
sapidissima) in the Pacific Northwest.  Workshop for School of Aquatic and Fishery 
Sciences faculty and graduate students.  University of Washington, Seattle, WA. 
(Oral presentation) 
Support: NOAA/CILER; Grant number: NA07OAR4320006 
 
Hasselman, D.J., R.A. Hinrichsen, and B.A. Shields.  February 25, 2011.  History of 
introduction and dispersal of non-indigenous American shad (Alosa sapidissima) in the 
Pacific Northwest.  47th Annual meeting of the Oregon chapter of the American 
Fisheries Society, Bend, OR. 
(Oral presentation) 
Support: NOAA/CILER; Grant number: NA07OAR4320006 
 
 
Outreach Activities: 
 
I have not participated in outreach activities in the Great Lakes region.  The geographic 
location of my research (Pacific Northwest region of the U.S.) makes such outreach 
activities difficult to accomplish effectively. 
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THEME III: OBSERVING SYSTEMS 

CILER activities that fall under the theme of Observing Systems include research 
focusing on providing observing system data and platforms, data management and 
communications, and data products and forecasts needed for effective environmental 
management, and for monitoring and understanding ecosystem responses to natural 
and anthropogenic conditions.   
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PROJECT TITLE:  IMPLEMENTATION OF THE GREAT LAKES OBSERVING SYSTEM 

(GLOS), 2008-2011  

  
Principal Investigators: Thomas Johengen, CILER, Guy Meadows, Dept. of Naval 
Architecture and Marine Engineering, University of Michigan, Jay Austin, Large Lakes 
Observatory, University of Minnesota – Duluth, Gregory L. Boyer, Great Lakes 
Research Consortium, SUNY-ESF, J. Val Klump, Great Lakes WATER Institute, 
University of Wisconsin-Milwaukee, B. Shuchman and W. Charles Kerfoot, Lake 
Superior Ecosystem Center, Michigan Technological University 

 

Overview and Objectives: 
 

The GLOS-RA proposed to implement key observing system and modeling 
improvements over the 2008-2011 period that focus on critical needs of the Great Lakes 
region as identified through an extensive needs assessment process. The overall focus of 
the program is to develop new products for four priority issue areas that affect the 
health, well-being and economic viability of the region, these being: climate change 
impacts; ecosystem and food web dynamics; protection of public health; and navigation 
safety and efficiency.   Critical information needs for these priority areas are being 
addressed by implementation of an array of integrated observations including new 
moorings and additional sensors to measure temperature and current profiles. 
AUV/glider technologies are being initiated to collect critical transect information. 
Cross-lake ferries and other vessels of opportunity are being instrumented to collect 
repetitive observations of surface chemistry. Satellite remote sensing products are being 
derived to begin daily monitoring of lake surface loadings of nutrients and sediments.  
CILER and associated partners within the nearshore observing team have helped 
establish, maintain, and develop operational capabilities for the proposed observing 
system components including, data collection and output and new products to serve 
identified users and managers within the Great Lakes.  Activities also included the 
continued development of connecting channel and nearshore modeling efforts for 
GLOS, including: a hydrodynamic model of the St. Lawrence River using the FVCOM 
modeling based as adapted for the Great Lakes; a hydrodynamic model for Green Bay 
to monitor the Fox River plume as it enters the bay; and a pre-existing high-resolution 
Saginaw Bay model using Princeton Ocean Model (POM) to investigate the Saginaw 
River plume as it enters Lake Huron. Enter here.   

The work proposed under this project will significantly advance implementation of the 
rapidly evolving GLOS-RCOOS conceptual design. Data and information needs of the 
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four priority issues addressed under this proposal will satisfy the following specific 
objectives: 
• Increase nearshore observations to improve wind/wave forecasting and circulation 
modeling; 
• Improve monitoring of lake heat and water balances; 
• Advance nearshore ecological forecasting procedures; 
• Develop continuous running high resolution hydrodynamic models of the 
interconnecting waterways; and 
• Integrate information and deliver customized products that meet specific user needs. 
 
This project addresses NOAA Strategic Plan Goal(s): 
   
1) Protect, restore, and manage use of coastal and ocean resources through ecosystem-
based management; 
2)  Understand climate variability and change to enhance society’s ability to plan and 
respond; 
3)  Serve society’s needs for weather and water information; 
4)  Support the nation’s commerce with information for safe, efficient, and 
environmentally sound transportation 
 
Accomplishments: 
 
University of Michigan Marine Hydrodynamics 
 
 The University of Michigan Ocean Engineering Laboratories (OEL) deployed an 
S2 coastal monitoring buoy in Little Traverse Bay in partnership with the local 
communities of Harbor Springs and Petoskey.  The buoy, carrying an inertial wave 
sensor (IWS) designed by the OEL as well as a met package, was deployed for the Great 
Lakes navigational season.  The buoy transmitted data real-time in ten minute reports 
to the MHL website, the GLOS website and the NDBC.  During the fall a Nortek AWAC 
was deployed next to the buoy for a wave sensor comparison, and the data from the 
buoys was used for calibrating the Great Lakes Environmental Laboratories Great Lake 
Coastal Forecasting System.  The MHL also deployed an S2 coastal monitoring buoy in 
collaboration with Michigan Tech Research Institute off the Keweenaw Peninsula in 
Lake Superior.  This buoy carried the OEL wave sensor, met package and a thermistor 
that was also developed by the OEL.  The thermistor reported water temperature at 
eight separate depths every ten minutes.  The data demonstrated the complex dynamics 
of the interaction between the Keweenaw Current, Portage River and Lake Superior 
coastal waters.  The OEL also deployed an S2 buoy in partnership with the University 
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of Michigan Biological Station in Douglas Lake.  It will be used as a test bed for 
experimental sensors. 
 During the winter season, the buoys were retrieved for upgrades, maintenance 
and calibration.  The wave sensor software was upgraded and installed on all buoys 
and thermistors were fabricated for Little Traverse Bay and Grand Traverse Bay.   
 Another buoy has been ordered from S2 and is due to be delivered the first week 
in April.  This buoy will be the first S2 buoy to carry an ADCP, and will be deployed off 
shore of Ludington in Lake Michigan.  The OEL is currently working with the city of 
Ludington to apply for the necessary permits.  The OEL is also working with MTU to 
prepare a second buoy for deployment off the Keweenaw Peninsula.  The buoy will be 
delivered to the OEL the second week in April where it will be fitted with an OEL 
thermistor string. 
 An Autonomous Underwater Vehicle was purchased for use by all GLOS 
partners.  The AUV was delivered in February and an AUV technician, Russ Miller, was 
hired.  The AUV carries a side scan sonar and a YSI. Another AUV with a camera and a 
side scan sonar have been ordered for use in Saginaw Bay for cladophora and fish 
studies.  A glider has also been ordered for use by all GLOS partners; Russ Miller will 
be the technician responsible for all three autonomous vehicles. 
 
University of Michigan- Modeling 
 
 Nearshore modeling efforts have been initiated for the upper St. Lawrence River, 
Saginaw Bay, and Green Bay in order to improve nearshore hydrodynamic predictions 
and river plume modeling in the proposed areas.  A hydrodynamic model of the upper 
St. Lawrence River (USL) has been developed to predict water levels and currents in 
three-dimensions for nowcast and forecast conditions.  The USL model grid has been 
developed and adapted from a two-dimensional St. Lawrence River model from 
Environment Canada.  The model was transitioned to the Finite Volume Coastal Ocean 
Model (FVCOM) and designed to predict water levels and currents in real-time as part 
of GLOS coverage.  The 3D FVCOM model was calibrated to six steady state scenarios, 
covering a range of flow conditions, as well as a dynamic (and on-going) calibration 
from May 2010 to the present.  Calibration includes model comparison to 12 water level 
gages and volumetric flow discharge at the outlet (Moses-Saunders Dam).  Following 
static calibration and the on-going dynamic calibration, the model is currently being 
simulated for a daily nowcast of hourly water levels and currents.  As of 3/31/2011, the 
USL model is being transitioned to an automated nowcast as part of the NOAA Great 
Lakes Coastal Forecasting System (GLCFS).  Future steps for the model are the 
calibration and implementation of a model forecast for water levels and currents and 
the real-time automated setup of the forecast model. 
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 The pre-existing Saginaw Bay / Saginaw River model has been compared to 
current meter observations for several locations (5 as of 3/31/2011) as part of the 
calibration and validation process.  Calibration for levels, waves, and currents has been 
carried out for observations from summer 2009 and 2010.  Nortek ADCP current meters 
were deployed for two months in summer 2010 (July-August 2010) in three locations 
near the Saginaw River and nearshore Saginaw Bay.  The high-resolution model is 
currently run on an hourly nowcast and forecast as part of the NOAA GLCFS, and is 
under on-going validation with the proposed observations for 2010 and 2011. 
 The Green Bay / Fox River model is currently under development.  A coarse-
resolution, Lake Michigan model is currently being developed in FVCOM, in which 
boundary conditions will be used to drive a nested, high-resolution Green Bay 
hydrodynamic model.  The Lake Michigan model has been calibrated for temperature, 
water levels, and currents for the year 2008.  Following full calibration, these conditions 
will be supplied to the Green Bay model.  Plans have been developed to deploy 3 
current meters in Green Bay, near the Fox River and the inner bay for the summer 2011 
in collaboration with University of Wisconsin – Milwaukee. 
 
University of Wisconsin- Milwaukee 
 
 The Great Lakes WATER Institute (GLWI) GLUCOS (Great Lakes Urban Coastal 
Observing System) Nearshore Endurance Buoy was fully deployed for the 2010 
sampling season (mid-May through early November) and is being refurbished for 
deployment in early spring 2011.  Buoy based measurements include:  surface 
meteorology, lake surface temperatures, dissolved O2, conductivity, turbidity, algal 
fluorescence, and CO2 concentrations in the lake and atmosphere.  Some of these data 
are made available near-real-time through the website of the UW-Milwaukee Great 
Lakes WATER Institute.  Data collected by this system has served as the basis for two 
M.S. theses (see Publications section below). 
 Purchase orders for two new standard GLOS buoys and ancillary equipment 
have been placed.  In addition to the basic backbone, the Lake Michigan nearshore buoy 
will have a thermistor string, a wave height sensor, an ADCP, and a multi-spectral algal 
pigment sensor.  The Green Bay Nearshore buoy will be similarly equipped.  In 
addition, a continuous in situ dissolved phosphate analyzer will be deployed within 
lower Green Bay as part of the GLRI monitoring program.     
The Lake Express high speed ferry monitoring system completed a successful season 
(May – October 2011).  It is currently undergoing refurbishment and upgrades, in 
anticipation of deploying on the ferry over its entire operating season, from May 1 to 
the end of October 2012.  The monitoring system will continue to be operated as in 
previous years; with data on temperature, dissolved oxygen, chlorophyll a, and 
air/water CO2 being collected at 30-second intervals during almost all of the ferry’s lake 
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transects (4 to 6 daily).  Ferry monitoring data collected over the previous three years 
was analyzed more thoroughly, resulting in several novel findings.  These include the 
discovery of a persistent west-east spatial pattern in CO2 flux over the lake between 
Milwaukee WI and Muskegon MI, and the finding that intense storm events have a 
significant, whole-lake impact on lake-atmosphere carbon exchange, challenging the 
previous notion that large scale carbon dynamics in Lake Michigan are driven primarily 
by internal nutrient cycling processes.  This information will be useful in assessing the 
potential impact of increased high-intensity storm events, which are forecast by climate 
change models. 
 As an adjunct to the ferry and nearshore buoy monitoring programs, in order to 
extend in-lake CO2 monitoring over the winter months, a CO2 monitoring unit was 
operated at the Linnwood Water Works in Milwaukee.   The intake draws water from 
~17 meters depth and ~ 1 mile offshore.  The system was in place from November 2009 
to May 2010.  
 In cooperation with the Milwaukee County Parks, Miller-Coors, and the 
Milwaukee Municipal Sewerage District, the WATER Institute has developed a buoy 
deployable in the immediate vicinity of Bradford Beach – the principal swimming beach 
on Milwaukee’s waterfront, and a web cam on the beach house.  This system monitors 
wave conditions and water temperature.  The prototype buoy was deployed toward the 
end of the season in 2010.   A 2nd generation buoy is being developed for the 2011 
swimming season. 
 
State University of New York 
 
 All instrumentation to be installed in previously ordered TIDAS 900 series buoys 
is ordered and being installed to allow for winter deliver for testing, calibration and 
communication validation.  Buoy location is determined and coast guard license has 
been received. We must set the buoy anchor in early spring before we can launch the 
buoy and secure its location with anchoring lines and cables.  GLRC hired a new project 
coordinator to facilitate the communications and deployment of the buoy in Oswego.  
We finished analysis of the data collected as part of our Lake Ontario Nearshore 
Nutrient survey using our ferry box system – this was important to determine the 
location of the buoy that we plan to install off Genesee. 
 
 
 
University of Minnesota-Duluth 
 
 The funding available in summer 2010 was largely for continued meteorological 
buoy operations. We placed a meteorological buoy in the western arm of Lake Superior, 
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in the vicinity of the water intake for the City of Duluth. The buoy had the same suite of 
instrumentation it hat the previous year (wind speed and direction, air temperature, 
relative humidity, barometric pressure, downward shortwave and longwave radiation, 
PAR, and water temperature at a number of depths), with the following improvements: 
we measured water temperature down to 40m, and added a sub-surface PAR sensor at 
3m below the surface.  
 This summer was an interesting year meteorologically for a two primary reasons; 
first of all, Lake Superior surface temperatures broke records (over the period of 
instrumental record) due to a nearly ice-free winter in 2009-2010, and a particularly 
warm summer. Second, a wind event of unprecedented strength and duration occurred 
in mid-August, which was captured by the buoy (as well as the MTU buoy near the 
Keweenaw Peninsula and other UMD assets in the lake). Events like these may have 
significant impacts on the health of fisheries in the lake by removing access to cold 
water refugia for some species. We are currently working on developing a descriptive 
manuscript of this event.  
 We are currently preparing for the 2011 field season. These preparations 
currently include: the purchase of a new S2 TIDAS buoy, which will be placed offshore 
of Duluth, and will provide measurements similar to those discussed above, plus 
surface wave amplitude and direction; enhancement of the UMD Webb Research 
electric glider, which involves the addition of sensors for Chlorophyll-A, turbidity, and 
dissolved oxygen and an improved communications protocol (RUDICS); and the hiring 
of a part-time technician to oversee GLOS-related activities in my lab.  
 
Publications:  
 
Austin, J. A. Resolving a persistent offshore surface temperature maximum in Lake 
Superior using an Autonomous Underwater Glider. Submitted to AEHMS, September 
2010 
 
Fillingham, J. 2010.  Evaluation of the Influence of Surface Atmospheric Stability and Fetch on 
Wave and Air-Water Gas Exchange Modeling on Lake Michigan.  UW-Milwaukee M.S. 
Thesis.  
 
Brown, H. C., H. Purcell, and G. Meadows. “Development of the Upper-Great Lakes 
Observing System.” Proceedings of the IEEE/MTS Oceans Conference and Exhibition  
 
Olson, W.J.  2009. Lake-atmosphere carbon dioxide flux in the coastal region of Lake Michigan.  
UW-Milwaukee M.S. Thesis.  
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Wilhelm, S. W., S. E. Farnsley, G. R. LeCleir, A. C. Layton, M. F. Satchwell, J. M. 
DeBruyn, G. L. Boyer, G. Zhu, and H. W. Paerl (2011)  The relationships between 
nutrients, cyanobacterial toxins and the microbial community in Taihu (Lake Tai), 
China.  Harmful Algae. 10:207-215. 
 
Presentations: 
  
Anderson, E .J. and D. J. Schwab (2010) Hydrodynamic Modeling in the St. Lawrence 
River. Presented to the Coordinating Committee for Great Lakes Hydrology and Basic 
Hydraulics, US Army Corps of Engineers. 
 
Austin, J.  Resolving a persistent offshore temperature maximum using an Autonomous Underwater 
Glider. Presented at ASLO/NABS 2010, February 2010. 
 
Austin, J.  Resolving a persistent offshore temperature maximum using an Autonomous Underwater 
Glider. Presented at IAGLR 2010, Toronto, ON. May 2010. 
 
Bootsma, H.A. September 30, 2010.  Spatial and temporal dynamics of carbon dioxide in Lake 
Michigan.  Invited presentation given at Louisiana State University, Sep. 30, 2010. 
 
Bootsma, H.A. Measuring and modeling carbon and phosphorus dynamics in Lake Michigan.  
Presentation given at UW-Milwaukee Math Department mathematical biology seminar 
series, Nov. 5, 2010. 
 
Boyer, G. L.  (2010)  Development and deployment of a remote observing system for 
determination of Taxon-specific phytoplankton abundance.  Oral Presentation. Syracuse 
Center for Excellence Annual Progress meeting; April 15. 
 
Boyer, G. L.  (2010)  Occurrence of Cyanobacteria Toxins in New York State - the facts 
behind the headlines.  New York Watershed Science and Technology Conference. West 
Point, NY September 16, 2010. 
 
Boyer, G. L.  (2010)  Occurrence of cyanobacteria toxins in New York State.  Taste and 
Odor Workshop for Water suppliers: Detection and Prevention. West Point, NY 
September 17, 2010. 
 
Boyer, G. L.  (2010)  Physical, Molecular and Chemical Approaches to Monitoring for 
harmful cyanobacterial blooms. Oral Presentation, First Symposium on Cyanobacteria 
and Cyanotoxins in water. Guatemala City, September 28, 2010. 
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Boyer, G.  (2010)  Toxic Cyanobacteria in the Great Lakes: A multidisciplinary approach.  
Seminar Presentation. Cork Institute of Technology, December 8, 2010. 
 
Boyer, G. L.  (2010)  Blooms like it hot: Global Climate Change and its impacts on 
Drinking water:  E.T.S. Walton Public Lecture,. Cork, Ireland, December 9th, 2010. 
 
Boyer, G. L.  (2011)  Toxic Cyanobacteria in the Great lakes: What modern tools and toys 
tell us about an age old problem.  Seminar, Department of Chemistry, Nazareth College. 
Rochester, NY.  February 2011 
 
Brown, H. C., H. Purcell, and G. Meadows. “Development of the Upper-Great Lakes 
Observing System.” Proceedings of the IEEE/MTS Oceans Conference and Exhibition  
 
Klump, J. V.  2010.  GLOS Observing Team.  Cooperative Institute for Limnological and 
Ecological Research (CILER) Review Panel, 6 Oct. 2010.  Ann Arbor, MI  
 
Klump, J.V. 2010.  The GLOS Observing Team:  A regionally distributed partnership.  2010 
GLOS PI workshop, 29-30 June 2010, Ann Arbor MI  
 
Klump, J.V., H. Bootsma, and T. Hansen.  2011.  University of Wisconsin-Milwaukee Great 
Lakes Observing System (GLOS) Component Review.  GLOS PI Annual Workshop, 24-26 
Jan. 2011, Ann Arbor, MI. 
 
Klump, J.V., M. Zorn. 2011.  The Green Bay Nearshore/Tributary GLOS system.  GLOS PI 
Annual Workshop, 24-26 Jan. 2011, Ann Arbor, MI. 
 
Klump, J.V., M. Zorn. 2011.  GLOS in Green Bay:  continuous monitoring in support of AOC 
remediation and restoration.  NOAA CHRP Green Bay Hypoxia Project, Annual PI and 
Managers workshop,  2 March 2011, University of Wisconsin-Green Bay.  
 
Ludewig, B. G. and J. Austin. Numerically produced nowcasts of circulation, surface heights and 
hydrography for the St. Louis River Estuary. Presented at IAGLR 2010, Toronto, ON. May 2010. 
 
Pavlac, M. M., T. T. Smith, S. P. Thomas, G. L. Boyer, J. C. Makarewicz, T. W. Lewis, W. 
J. Edwards, C. M. Pennuto, C. P. Basiliko, and J. F. Atkinson  (2010)  Monitoring of the 
Lake Ontario Nearshore using real time fluorescence.  Abstracts, SUNY-ESF 
Undergraduate and Graduate Research Symoposium. Syracuse NY, April 2010. 
 
Pavlac, M. M., T. T. Smith, S. P. Thomas, G. L. Boyer, J. C. Makarewicz, T. W. Lewis, W. 
J. Edwards, C. M. Pennuto, C. P. Basiliko, and J. F. Atkinson  (2010)  Monitoring of Lake 
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Ontario Nearshore using real-time fluorescence.  Abstracts, Intl Assoc. Great Lakes Res. 
Toronto, Ont. May 2010 
 
Sullivan, J. M., and G. L. Boyer  (2010)  Potential discrimination of phytoplankton on the 
basis of their pigment signatures.  Abstracts, Intl Assoc. Great Lakes Research. Toronto 
ONT, May 2010. 
 
Sullivan, J., and G. Boyer  (2011)  Optical discrimination of phytoplankton genera using 
fourth derivative absorbance spectra and a similarity index.  Abstracts, Great Lakes 
Research Consortium. Syracuse NY March 18, 2011. 
 
Thomas, S. P., M. M. Pavlac, G. R. Westby, K. T. Holeck, L. F. Rudstam, E. L. Mills, and 
G. L. Boyer  (2010)  Monitoring thermal stratification in Oneida Lake.  Abtracts, SUNY-
ESF Undergraduate and Graduate Research Symposium. Syracuse NY, April 2010. 
 
Outreach Activities: 
 
Guy Meadows presented the to the eighth grade science class of Harbor Springs Middle 
School.  The buoy was retrieved from Little Traverse Bay, and the children were 
brought to the local marina, where Dr. Meadows demonstrated the capabilities of the 
buoy and discussed the wide range of uses for the data.  
  
 Eric Anderson led a workshop for the St. Lawrence River boaters and user community 
in Alexandria Bay, NY.  The initial workshop surveyed users and boaters on the St. 
Lawrence for a needs assessment on the river and to steer the development of the 
hydrodynamic USL model. 
 
For the past two years the University of Wisconsin- Milwaukee has co-sponsored the 
Wisconsin Regional ROV competition.  High school teams from southeastern Wisconsin 
design and build remotely-operated vehicles (ROVs) and participate in a contest in 
which their ROVs must accomplish a number of tasks underwater.  This year's 
competition theme was offshore oil spills and the ROVs had to do tasks which 
mimicked those performed by the ROVs on the Deep Water Horizon oil well including: 
remove a broken pipe from a well head, stop the flow of oil (simulated by running tap 
water), collect water samples and measure the depths at which the samples were 
collected.  The winner of the competition goes to the International ROV Competition, 
this year at the Johnson Space Center's Neutral Buoyancy Lab.  The ROV competition 
has a significant engineering component including: a written report on the design of the 
vehicle, an interview with a panel of professional engineers and a poster presentation.  
Our involvement with the ROV competition represents our commitment to inspiring 
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students to become the next generation of engineers and scientists who will be 
developing and operating offshore observatories of the future. 
 
 Gregory Boyer presented a number of briefings to local water providers and users of 
the Lake Ontario Shoreline as part of our outreach efforts on Harmful Algal Blooms: 
 
Boyer, G. L.  (2010)  Taxonomy of Cyanobacteria. Workshop. University Rafael 
Landivar, Guatemala City, October 2 2010. 
 
Boyer, G. L.  (2010)  Mitigating Microcystis in the Chesapeake, Technical Advisory 
Committee.  PCM Meeting. Baltimore MD, Sept 23, 2010. 
 
Boyer, G. L.  (2010)  Occurrence of cyanobacteria toxins in New York State.  Taste and 
Odor Workshop for Water suppliers: Detection and Prevention. West Point, NY 
September 17, 2010. 
 
Boyer, G.  (2010)  Briefing on the Sodus Bay Algal bloom.  Save Our Sodus Annual 
Dinner. Sept 11, 2010, Sodus Bay Heights. 
 
Boyer, G. L.  (2011)  Save the River Winter meeting. February 5th. Clayton NY. 
 
The University of Minnesota- Duluth continues to maintain a strong presence at the 
Great Lakes Aquarium, presenting real-time data from the meteorological buoy along 
with descriptions of the instrumentation and a discussion of why particular 
measurements are being made. We are planning on improving this display in the 
coming year, adding the additional buoy as well as GLOS-GLRI sponsored 
instrumentation within the harbor.  
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PROJECT TITLE: GREAT LAKES COASTWATCH RESEARCH ASSISTANT FOR NOAA 

COASTWATCH PROGRAM ELEMENT 

 

Principal Investigators:  Allen Burton, CILER 

NOAA Technical Contact: George Leshkevich, NOAA 

     

 

Overview and Objectives 

CoastWatch is a nationwide National Oceanic and Atmospheric Administration 
(NOAA) program within which the Great Lakes Environmental Research Laboratory 
(GLERL) functions as the Great Lakes regional node.  In this capacity, GLERL obtains, 
produces, and delivers environmental data and products for near real-time observation 
of the Great Lakes to support environmental science, decision making, and supporting 
research.  This is achieved by providing Internet access to near real-time and 
retrospective satellite observations, in-situ Great Lakes data, and derived products to 
Federal, state, and local agencies, academic institutions, and the public via the Great 
Lakes CoastWatch web site (http://coastwatch.glerl.noaa.gov).  The goals and objectives 
of the CoastWatch Great Lakes Program directly support NOAA’s statutory 
responsibilities in estuarine and marine science, living marine resource protection, and 
ecosystem monitoring and management.  Great Lakes CoastWatch data are used in a 
variety of ways including monitoring of algal blooms, plumes, ice cover, and water 
temperatures, two and three dimensional modeling of Great Lakes physical parameters 
(such as wave height and currents), damage assessment modeling, research, and for 
educational and recreational activities.  The CoastWatch project contributes to NOAA 
Strategic Goal(s):  

Serve society’s needs for weather and water information; 
 
Support the nation’s commerce with information for safe, efficient, and 
environmentally sound transportation; 
 
NOAA Mission support 
 

This project focuses on research and applications development utilizing CoastWatch 
imagery and imagery from new satellite sensors such as synthetic aperture radar (SAR) 
for ice classification and mapping and ocean color sensors such as the Sea Viewing 
Wide Field-of-View Sensor (SeaWiFS) and/or MODIS for ocean color (chlorophyll) 
products.  These products will enhance the CoastWatch Great Lakes product suite by 
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developing regional products and applications for the Great Lakes, and will contribute 
to the operational responsibilities of sister agencies such as the U.S. Coast Guard and 
National Weather Service.  One of the objectives of the CoastWatch Great Lakes 
program is to provide access to near real-time and retrospective (two weeks) satellite 
observations and derived products of the Great Lakes for Federal, state and local 
decision making, supporting research and public use.  Communications requirements 
and data distribution are accomplished electronically via the Internet.  A goal is 
accurate and reliable data and products from sustained and integrated satellite 
observing systems. 
 
Accomplishments 
 
1. Monitor, develop and/or improve the operational program to receive, 
process, analyze, and archive the CoastWatch data. eg.  Write operational program to 
make the AVHRR/GLSEA images available for Google Earth. 
 
Google Earth (KLM) programming complete - Waiting for new CoastWatch server 
implementation for Google Earth implementation. 
 

Modified the IDL program and UNIX script to make the Great Lakes Average Ice 
Concentration Data and Graphs available on the CoastWatch website on a daily basis. 

2010-2011 

 
2.   Maintain and improve the CoastWatch Great Lakes Node web server, design 
and develop the web site, eg., make image gallery section on web page,  check the 
images and links on web site. 
 
Installed and in process of testing Thredds/LAS server for possible use on the 
CoastWatch Great Lakes web site. 
 

Wrote an IDL program and Unix script to produce the average Great Lakes surface 
temperature compared to current year surface temperature, and make the data and 
graph available on the CoastWatch web site. 

2010-2011 

 
Aid in planning for 2011 implementation of new Great Lakes CoastWatch web server 
hardware including server, memory, and peripherals and the THREDDS server 
software. 
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3.   Design, modify, and develop the software to analyze and process the 
CoastWatch data, eg., write programs to create kml and png files for Google Earth, 
write programs to create turbidity product when the new algorithm becomes available. 
 

Wrote IDL program to make the Great Lakes ice chart shoreline match the CW AVHRR 
image shoreline (for updating the Great Lakes Ice Atlas project). 

2010-2011 

 
Wrote IDL program and Unix script to make the Great Lakes average temperature of 
Jan., Feb., March and July, August, Sept. from 1992 to 2010, and make the output in .xlsx 
format. 
 
Write IDL program to covert GLSEA files (1995-2002) from .dat format to .asc format. 
 
4.   Participate in CoastWatch related research and prepare presentations for 
meetings. 
 
Prepared presentations for meetings and conferences (such as: CoastWatch Node 
Manager Meeting, Making a Great Lake Superior Conference, IAGLR, etc.). 
 

Working with CoastWatch West Coast node to test program for converting Great Lakes 
data in cwf or hdf format to NetCDF format for the new CoastWatch server. 

2010-2011 

 
Helped prepare presentations for:  
 
“CoastWatch Great Lakes Program After 20 Years” presentation in IAGLR, May, 2010 
 
“CoastWatch Great Lakes Node Summary”  presentation in CoastWatch Node Manager 
Meeting, New Orleans, LA  April 6 -8, 2010  
 
5.   Assist in the mentorship of a Great Lakes summer fellow. 
 
6.   Document CoastWatch software, including path designations and data 
source input/output.  Construct flow chart depicting data and code relationships. 
 
Create flow chart and documentation for documenting the operational process of the 
Great Lakes CoastWatch site.  (Continuing).  
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2010-2011 
Currently assisting in the development of new directory structure for new CoastWatch 
server. 
 
Updating documentation with the implementation of the Thredds/LAS server  
 
Publications 
  
None for reporting period (2010-2011) 
 
Presentations   
 
See Section 4 above. 
 
Outreach Activities
 

  

”CoastWatch Great Lakes Program“ presentation to Eastern Michigan University 
December 2, 2010 
 
“CoastWatch Great Lakes Program Update” presentation to NOSB student participants 
at GLERL, Feb.4, 2011 
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PROJECT TITLE:  RAPID BIOSENSOR TECHNOLOGY FOR RECREATIONAL 

FRESH WATERS 
 
Principal Investigators: Allen Burton, CILER, Dr. Joan B. Rose and Dr. Joanna Pope, 
Michigan State University 
       
Overview and Objectives: 
 
Recent advancements in sensor technology for detection of pathogenic organisms have 
been applied to a variety of fields where rapid results are important such as in food 
safety.  Sensors using lateral flow devices typically focus on pathogenic strains of 
microorganisms.  However, some companies are specializing in Escherichia coli (E. coli) 
and coliform sensors for drinking, waste and recreational waters.  One of the major 
issues which emerges from the biosensor technology is the detection limit and the 
resulting false negatives.  In addition evaluating environmental samples other than 
clean water can often result in false positives. Rapid methods for beaches have focused 
on two primary technologies: i) immunomagnetic separation (IMS/ATP) and ii) DNA 
amplification (qPCR-based), and both are compared to the gold standard, namely 
bacterial culturing (CFU-based).  These have been focused on two bacterial targets, 
namely enterococci and E. coli. 
 
Our objectives are: 
 
• To evaluate rapid sensor methods for the detection of E. coli as this is most often 
what the technology targets 
• To compare the performance of these sensors against established analytical 
techniques such as immunomagnetic separation/adenosine triphosphate (IMS/ATP), 
bacterial culturing (CFU-based) and DNA amplification (qPCR-based).  Time to results, 
cost per sample and application complexity, use with environmental matrices, false 
positives, and false negatives will all be evaluated. 
 
This work will advance our understanding of how rapid and cost-effective 
identification of water-associated human health threats; and provide monitoring and 
detection information to protect public health and reduce public health risks in 
recreational waters of the Great Lakes basin. 
 
The NOAA Strategic Plan Goal(s) the Project Addresses includes serving society’s 
needs for weather and water information. 
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Accomplishments: 
 
Work to date has focused on identifying appropriate technologies for inclusion into the 
toolbox of methods to be used for rapidly assessing microbial water quality.  Our 
definition of “rapid” is any method that takes less than 18 hours to generate a 
quantitative result, from the time at which the sample arrives at the laboratory.  
Eighteen hours has been chosen as the limit because this is the minimum time required 
to generate a quantitative result using culture-based methods, which are currently 
considered the “gold standard” for determining microbial water quality.  Analytical 
methods we currently have available to us for the detection of water-borne E. coli rely 
on culturing i.e. US EPA Method 1603 and qPCR-based, targeting the uidA gene (Frahm 
& Obst, 2003.  Therefore to analyze recreational water samples to be collected this 
summer for E. coli concentrations, we have been exploring other methods to be added to 
our suite of tools that generate a quantitative result, are rapid and are beyond the 
research and development phase of their application. 
 
An additional method we are proposing that is becoming established in microbial water 
quality evaluation is IMS/ATP (Bushon et al., 2009).  It was hoped that as this 
technology is new to our laboratory, we would be able to run evaluation samples 
during the current reporting period to determine its performance against the culture-
based and qPCR methods.  However, discussions with the USGS Water Science Center 
in Ohio confirmed that samples must be processed with 6 hours of collection for robust 
results and consequently it was recommended that a laboratory in Michigan be 
involved.  Further investigations via the Michigan Department of Environmental 
Quality and county health departments did not reveal any laboratories that currently 
have the necessary equipment to process the samples.  However, it is hoped that during 
summer 2011 county laboratories may have the equipment on loan from USGS as has 
happened during previous recreational seasons.  Therefore we are working with our 
network of contacts to determine an appropriate partnership to analyze water samples 
using this method. 
 
With regards to the sensor method to be included in the analysis, two options were 
explored during the current project period.  The first was the Endetec TECTA system, a 
part of the Veolia company, an Automated Rapid Microbial Detection System that 
targets an enzyme called β-galactosidase in E. coli.  A meeting took place at the 
American Water Works Association 2010 Water Quality Technology Conference in 
Savannah, GA in November, where Dr. Joanna Pope met with a technical representative 
who demonstrated the TECTA system.  Although sending an evaluation model to 
Michigan State University in spring 2011 was suggested by the representative, further 
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discussion confirmed that the system is not ready for validation outside of the 
company’s laboratories, and it will not be possible to include this technology in the 
analyses for 2011. 
 
A second option for the sensor component of the toolbox was discussed with Neogen, a 
Lansing-based company that offers multiple rapid methods for the detection of water- 
and food-borne pathogens and indicator organisms.  Although multiple options were 
discussed, included PCR-based methods and laminar flow detection methods, it has not 
been possible to include any Neogen rapid methods in the waterborne E. coli analyses. 
Additional methods were discussed with Dr. Evangelyn Alocilja in the Department of 
Biosystems & Agricultural Engineering at MSU.  She has developed antibody-based 
biosensors for the detection of E. coli O157, but these sensors are not yet ready for 
commercial application. 
 
Therefore despite a number of issues with the methods to be included in this work, we 
have made important evaluations in terms of the limitations of rapid methods and 
biosensor technologies for waterborne E. coli.  For current technologies to be able to 
generate a rapid, quantifiable result issues such as poor sensitivity and specificity need 
to be overcome.  The forthcoming work plan is to continue investigations into possible 
methods to be included in the toolbox, while collecting recreational surface water 
samples during summer 2011 and evaluating the current culture-based and qPCR 
methods that also need to be compared to one another.  One option that we have just 
begun exploring is including the RAZOR EX –Field BioDetection Instrument from 
Idaho Technology Inc. into the suite of methods.  This instrument is reported to 
simultaneously detect waterborne Cryptosporidium, Salmonella, and E. coli 0157 using 
real time PCR in less than 30 minutes.  Further discussions are ongoing with the 
manufacturer to determine if it is appropriate and/or possible to include this instrument 
in the current work plan. 
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Publications: 
 
No papers have yet been published for this project. 
 
Presentations:  
 
No presentations or workshops have yet been completed for this project. 
 
Outreach Activities: 
 
No outreach activities have yet been conducted for this project. 
 
References: 
 
Bushon, R.N., Brady, A.M., Likirdopulos, C.A. and Cireddu, J.V. (2009) Rapid detection 
of Escherichia coli and enterococci in recreational water using immunomagnetic 
separation ⁄ adenosine triphosphate technique. J Appl Microbiol 106, 432–441. 
 
Frahm E & Obst U. 2003. Application of the fluorogenic probe technique (TaqMan PCR) 
to the detection of Enterococcus spp. and Escherichia coli in water samples. J. Microbiol. 
Methods 52: 123–131. 
 
US Environmental Protection Agency. 2005. Method 1603: E. coli in Water by Membrane 
Filtration Using Modified Membrane-Thermotolerant E. coli Agar (Modified mTEC). 
Washington DC. 
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PROJECT TITLE:  ROBOTIC SAMPLER-MASS SPECTROMETER FOR IN-WATER DETECTION 

OF CYANOTOXINS  
 

Principal Investigators:  Allen Burton, CILER, David Fries (University of South Florida; 
St. Petersburg) & David F. Millie (Florida Institute of Oceanography; St. 
Petersburg,Florida) 
 

Overview and Objectives: 

Blooms of toxic cyanobacterium,  (particularly Microcystis aeruginosa) annually occur 
throughout nutrient-enriched waters of the Great Lakes and threaten aquatic resources 
and potentially human health.  To minimize impacts and potentially mitigate health 
risks, the time-series detection, measurement and source tracking of cyanotoxins are the 
objectives of federal, state, academic, and private partnerships. 

Sensor-based monitoring of chemical analytes is a current monitoring practice, with 
many instruments currently available commercially. Importantly, the monitoring of 
toxins and contaminants throughout dynamic Great Lakes waters requires complex 
technological innovations capable of both time-series sampling and accurate 
detection/quantification of material fluxes/transformations across diverse spatial scales.  
The development/validation of automated sensors and probes to detect and identify 
harmful algal species and their toxins are central to specific goals mandated by NOAA’s 
Oceans & Human Health Research Initiative. 

This project will construct, validate, and deploy within selected Great Lake coastal 
waters, an operational, bio-chemical sensor comprised of a robotic sampler coupled 
with an in-water mass spectrometer based on an ion trap technology. This prototypical 
precision system provides programmability for time-series measurement of singular (or 
suites of) ‘target’ chemical/biochemical agents, coincident with the automated sample 
purification/extraction/archiving and mass spectrometer confirmation/quantification.  
Initially, sensor development/verification will target the heptapeptide hepatotoxin 
congeners known as microcystins, with verification of other cyanotoxins and chemical 
analytes, as time/work allows. The stability of and quantitative recovery for microcystin 
within the sampler will be assessed with the incorporation of novel isotope dilution- 
enabled automation technology. 

This work supports NOAA’s Strategic Goals/Plans of 1) Protect, restore, and manage 
use of coastal and ocean resources through ecosystem-based management and 2) 
NOAA Mission support (Center of Excellence for Great Lakes & Human Health, 
GLERL) 
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Accomplishments: 

6) Deployed mass spectrometer for testing/analysis of surface hydrocarbons (near 
Deepwater Horizon Spill Site, June-August 2010) 

7) Improvements were conducted on mass spectrometer for coupling of robotic sampler 
as front-end sample preparation machine to mass spectrometer  

8) Currently operating robotic sampler as in-water biological detection instrument (in 
sea trials) 

9) Made improvements to sampling process of robotic sampler for more precise/specific 
sampling for mass spectrometer 

10) Tested several prefabricated/custom manufactured filter materials within robotic 
sampler 

11) Design of stainless steel instrumentation deployment structure for mass 
spectrometer-robotic sampler coupled in-water system 

12) Successfully coupled/recorded fluorescence data with UV Aquatracka on solar-
powered autonomous underwater vehicle; coupling/data aided in pairing of robotic 
sampler with underwater vehicle 
 

Publications: 

None to report for this period. 
 

Presentations:  

Millie, D. F. & Fries, D.  “Mass Spectrometry ‘On-a-Chip’: A Novel Analysis for Great Lakes 
Microcystins”.  Presentation (7/22/2010) for the workshop, Development and Application of 
Biosensors for Monitoring Human and Ecosystem Health; National Oceanic & Atmospheric 
Administration, Great Lakes Environmental Research Laboratory, Ann Arbor, MI 
 
Outreach Activities: 
 
1) Demonstrated automation capabilities of robotic sampler with solar-powered 

autonomous underwater vehicle during Research One event October 11th - 15th for 
public/university staff 

2) Scheduled demonstration of automation/deployment capabilities of robotic sampler 
standalone/with solar-powered autonomous underwater vehicle (MTS Workshop; 
Sarasota, FL, April 12th - 15th for education leaders/public/faculty staff 

3) Scheduled data/demonstrations/capabilities of robotic sampler-mass spectrometer 
in-water detection system to public/faculty staff (Marine Quest, Florida Wildlife & 
Research Institute, April 30th) 



125 
 

THEME IV:  PROTECTION AND RESTORATION 
   OF RESOURCES 
 
Projects under this theme advance restoration initiatives, including ecological priorities 
of Lakewide Management Plans, and Remedial Action Plans for Areas of Concern. 
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PROJECT TITLE:  GREAT LAKES RESTORATION INITIATIVE – NOAA PROGRAM SUPPORT 

 

Principal Investigators:  Allen Burton, Tom Johengen, and Sander Robinson (CILER)  

NOAA Technical Contacts: Marie Colton (NOAA); Felix Martinez (NOAA) 

     

Overview and Objectives 
 
CILER has been assisting with the execution of NOAA and USEPA non-Federal CILER-
directed GLRI grant implementation, providing evaluations of performance 
effectiveness of the awards, and assisting in reporting requirements.  In addition, CILER 
has been organizing and leading workshops to facilitate information exchange across 
relevant GLRI projects that are important for related NOAA activities.  Finally, 
undergraduate and graduate student fellows have been supported to assist with these 
GLRI projects.   
 
In summary, the overarching objective is to provide the necessary programmatic 
infrastructure to support all reporting on GLRI deliverables by NOAA and 
participating stakeholders, and to provide data and information that are public friendly 
and timely. 
 
This project addresses NOAA Strategic Plan Goal(s): 
 
1)  Protect, restore, and manage use of coastal and ocean resources through ecosystem-
based management, and  
2)  NOAA Mission support 
 

Accomplishments 
 
CILER administered eight Cooperative Agreement proposals, totaling roughly $4 
million dollars, to engage academic participation in federally-directed GLRI projects.  In 
addition, CILER administered seven GLRI proposals submitted to EPA-GLNPO’s open 
call, and CILER scientists were successful on three of the proposals, totaling nearly $1.2 
million dollars of funding.   
 
CILER led its first workshop on development and application of biosensors for 
monitoring human and ecosystem health.  CILER will continue to execute final 
recommendations produced from the workshop, and continue to facilitate new 
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collaborations and opportunities related to NOAA and GLRI funded projects and 
identified priorities.  
 
A workshop on building a community modeling and forecasting framework for Great 
Lakes-wide management was coordinated and carried out during this period.  A final 
report on the workshop was completed.  Based on the outcome, planning commenced 
for a follow-up symposium/town hall-style conference to advertise models best suited 
to enhance the integrated forecasting and subsequent management of Great Lakes 
ecosystems.  A solicitation for abstracts was sent to the Great Lakes community of 
researchers to present their modeling work at Coastal Zone’s 2011 Chicago meeting in 
July this year.  We were able to secure a day-long Special Session entitled:  “Integrated 
Modeling of Large Lake Ecosystems”.   
  
An expert panel external to NOAA and GLRI-funded projects was assembled by CILER, 
and attended the FY10 GLRI review, and heard summary presentations from project 
leads.  The reviewers synthesized this information in a debriefing session during the 
last day of the review based on certain evaluation criteria.  CILER created a draft 
document of the information that was sent to reviewers for comments.  CILER is now in 
the process of incorporating these comments into a second draft to be finalized in May.   

 
For summer 2011, fellow applicant position announcements for GLRI-related projects 
were posted, applications were received, interviews were conducted, and Fellow 
positions were filled from January through March.    
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Publications 

None at this time. 
 
Presentations 
 
Gronewold, D.  Propagating Data Uncertainty into Forecasts.  CILER-led Biosensor 
Workshop, Great Lakes Environmental Research Lab, Ann Arbor, MI.  June 
 
Anne J. McNeil.  DETECTING ANALYTES VIA GEL FORMATION.  CILER-led Biosensor 
Workshop, Great Lakes Environmental Research Lab, Ann Arbor, MI.  June 
 
Willie F. Harper, Jr.  Biosensing with Microbial Fuel Cells.  CILER-led Biosensor 
Workshop, Great Lakes Environmental Research Lab, Ann Arbor, MI.  June 
 
Jinsang Kim. Self-signaling and Signal-amplifying Conjugated Polymer-based 
Biosensors and Sensor Arrays.  CILER-led Biosensor Workshop, Great Lakes 
Environmental Research Lab, Ann Arbor, MI.  June 
 
Vijayavel Kannappan.  RAPID-CP:  a Novel Rapid Technology for Detecting Sewage 
Contamination Using Clostridium perfringens.   CILER-led Biosensor Workshop, Great 
Lakes Environmental Research Lab, Ann Arbor, MI.  June 
 
Judy Beck.  Lake Michigan LaMP.  Workshop on:  Building a Community Modeling and 
Forecasting Framework for Lakewide Management in the Great Lakes.  University of 
Michigan, Ann Arbor, MI.  December 
 
Marie Colton.  Community Ecosystem Modeling and Forecasting Frameworks.  
Workshop on:  Building a Community Modeling and Forecasting Framework for 
Lakewide Management in the Great Lakes.  University of Michigan, Ann Arbor, MI.  
December 
 
Russ Kries.  EPA Lake Michigan Mass-Balance Modeling.  Workshop on:  Building a 
Community Modeling and Forecasting Framework for Lakewide Management in the 
Great Lakes.  University of Michigan, Ann Arbor, MI.  December 
 
David Rockwell.  Beach Health Interagency Coordination Team.   Workshop on:  
Building a Community Modeling and Forecasting Framework for Lakewide 
Management in the Great Lakes.  University of Michigan, Ann Arbor, MI.  December 
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Kevin Sellner.  Chesapeake Community Modeling Project.  Workshop on:  Building a 
Community Modeling and Forecasting Framework for Lakewide Management in the 
Great Lakes.  University of Michigan, Ann Arbor, MI.  December 
 
David Green.  An Ecological Forecasting System for the Chesapeake Bay.   Workshop 
on:  Building a Community Modeling and Forecasting Framework for Lakewide 
Management in the Great Lakes.  University of Michigan, Ann Arbor, MI.  December 
 
Marie Colton.  NOAA’s Role in the Great Lakes Restoration Initiative.  GLRI Review.  
University of Michigan, Ann Arbor, MI.  February 
 
Rochelle Sturtevant.  Great Lakes Aquatic Nonindigenous Species Information System.  
GLRI Review.  University of Michigan, Ann Arbor, MI.  February 
 
David Lodge.  Regional Ecosystem Prediction – Aquatic Invasive Species in the Great 
Lakes.  GLRI Review.  University of Michigan, Ann Arbor, MI.  February 
 
Doran Mason.  Identifying Land Use Tipping Points that Threaten Great Lakes 
Ecosystems.  GLRI Review.  University of Michigan, Ann Arbor, MI.  February 
 
David Schwab and Gary Fahnenstiel.  Developing Forecasting Predictive Models to 
Improve Coastal and Human Health.   GLRI Review.  University of Michigan, Ann 
Arbor, MI.  February 
 
David Rockwell.  Beach Health Interagency Coordination Team.  GLRI Review.  
University of Michigan, Ann Arbor, MI.  February 
 
Jennifer Read and Steve Ruberg.  Implementation of the Great Lakes Observing System.  
GLRI Review.  University of Michigan, Ann Arbor, MI.  February 
 
Jennifer Day.  Coordinated Implementation of the Lakewide Management Plans 
(LaMPs), Programs, and Processes through the GLRI.  GLRI Review.  University of 
Michigan, Ann Arbor, MI.  February 
 
Ed Johnson.  Expanded Long-Term Contamination Monitoring.  GLRI Review.  
University of Michigan, Ann Arbor, MI.  February 
 
Mary Baker.  Great Lakes Sediment Contamination Database.  GLRI Review.  University 
of Michigan, Ann Arbor, MI.  February 
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Mark Cohen.  Atmospheric Mercury Deposition into the Great Lakes.   GLRI Review.  
University of Michigan, Ann Arbor, MI.  February 
 
Mary Baker.  Lake Sturgeon Health Assessment.  GLRI Review.  University of 
Michigan, Ann Arbor, MI.  February 
 
Julie Sims.  Great Lakes Habitat and Marine Debris Programs.   GLRI Review.  
University of Michigan, Ann Arbor, MI.  February 
 
Elizabeth Mountz.  Coastal and Estuarine Land Conservation Program.   GLRI Review.  
University of Michigan, Ann Arbor, MI.  February 
 
Brent Lofgren and Jia Wang.  Regional Climate Research for Application to Decision 
Making.   GLRI Review.  University of Michigan, Ann Arbor, MI.  February 
 
Heather Stirratt.  Topographic and Bathymetric Data Inventory for the Great Lakes, and 
Bathymetric Lidar Collection:  Lake Superior.  GLRI Review.  University of Michigan, 
Ann Arbor, MI.  February 
 
Joshua Lott.  Adaption to Climate Change – State and Local Coastal Managers.    GLRI 
Review.  University of Michigan, Ann Arbor, MI.  February 
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PROJECT TITLE:  IDENTIFY LAND USE TIPPING POINTS THAT THREATEN GREAT LAKES 

ECOSYSTEMS 
  

Principal Investigators: Allen Burton, CILER, Brian Miller (Illinois-Indiana Sea Grant); 
Bryan Pijanowski (Purdue University); Joan Rose, David Hyndman, Jan Stevensen 
(Michigan State University), Michael Wiley, Catherine Riseng, Sara Adlerstein 
(University of Michigan); Jeffrey Tyler (Fisheries Projections, Inc.) 

NOAA Technical Contacts:  Doran Mason and Edward Rutherford (NOAA)    
   

Overview and Objectives: 
 
In order for coastal communities to achieve ecosystem sustainability, they must first 
know what land and habitat components are necessary to sustain their ecosystems.  
When communities are armed with science-based environmental limits or “tipping-
points”, they are able to institute land use policies and restoration plans that ensure 
critical green infrastructure and habitat sustaining Great Lakes ecosystems are 
maintained.  (For example, the Sea Grant Sustainable Coastal Community Development 
network has used a 10% impervious cover tipping point to work with communities to 
measure their existing impervious surface cover, and implement land use change 
policies, ordinances, comprehensive plans, and smart growth strategies necessary to 
keep a community’s impervious surface cover below levels that impact their streams.)  
This project will use existing Great Lakes water quality, biological monitoring, and 
corresponding watershed land use data to identify tipping points that impact Great 
Lakes ecosystems. 

Objectives:  

Task 1. Kickoff Meeting.  We will hold a kickoff meeting in Ann Arbor within two 
weeks of the start of the project (April 1-15, 2010), either on the campus of the 
University of Michigan or at NOAA-GLERL.  Presentations by key members of the 
project will be made so that everyone has opportunities to discuss details of their role in 
the project.  Several potential land use planners/watershed council members/natural 
resource managers will also attend.  Candidate locations for modeling work in the first 
year will include the Muskegon River Estuary System and Saginaw Bay watersheds.  

Task 2. Preliminary CART Model.  PU and UM team will develop an alpha-version of a 
CART model that demonstrates how land use change impacts a key aquatic natural 
resource (runoff, nutrient loading, fish diversity, fish habitat) across a regional 
watershed and across 3 (IL, WI and MI) or 4 (if IN is added) state regions.  This model, a 
short description of how it is to be used/interpreted, will be distributed to the rest of the 
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team.  Because the data are assembled already and several of the team members have 
used CART models (Pijanowski, Wiley and Riseng), we anticipate that this will be 
completed by June 1, 2010. 

Task 3. Compare output from CART model with mechanistic coupled model (Muskegon 
Mega-model). PU, UM and GLERL team will compare predictions of land-use tipping 
points from coarse-scale CART model with predictions from a calibrated, highly-
mechanistic coupled modeling system for the Muskegon River estuary. Multiple land 
use scenarios will be evaluated with both models including varying rates of urban 
change, forest regeneration rates, riparian setbacks, and water recharge protection 
areas. We anticipate this task will be completed by Jan. 31 2011. 

Task 4. Stakeholder Response.  Indiana Sea Grant, in coordination with researchers who 
have worked with various watershed stakeholders, will elicit a response document that 
provides reactions to the preliminary CART model.  This document will help the 
research team to refine scale, use, outcomes of the CART model so that it is more 
applicable to land use planning and natural resource management issues that are 
common to their watershed.  We anticipate that the response document be completed 
by August 15, 2010.  From these responses, the project team will select one, possible two 
locations to conduct a full demonstration of the tipping point tool.  

Task 5. Extend the Hierarchical Tipping Point Models to Include Bacterial 
Contaminants.  Those familiar with hierarchical modeling and spatial analysis using 
GIS will work with the MSU group, led by Dr. Joan Rose, to incorporate some of the 
state’s data on E coli and other bacterial contamination.  Escherichia coli (E. coli) 
contamination continues to cause beach closings and advisories in the Great Lakes.    
The state standards are based on health goals to protect beach goers from getting sick, 
thus when water quality is in violation of these standards one might consider this a 
public health tipping point, however the relationship of the public health/water quality 
threshold to land use indicators has yet to be explored.  Dr. Dreelin of the Center for 
Water Sciences and Dr. Rose have worked with Michigan (DNRE) to examine 
Michigan's E. coli database for exceedances.  E. coli data for the state of Michigan has 
been compiled and analyzed.   Three approaches have been used to examine the data: 1) 
determine the extent of water quality standard violations and identify waters which are 
most at risk for closings; 2) identify potential sources of E. coli that cause exceedences of 
water quality standards; and 3) evaluate the validity of the current state and federal 
policies for regulating E. coli in surface waters.  Statistical analyses of the state E. coli 
database included E. coli data collected from 1998-2006 as part of beach monitoring, 
Total Maximum Daily Load, and other state water quality programs.  For all sites, we 
can calculate median and 95th percentile estimates based on the monthly and daily data 
using the Hazen method to gain an understanding of typical E. coli values for Michigan 
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waters.  We also can examine how the percentage of sites exceeding the state 
recreational water quality standard has changed over time. For a selected number of 
sites, we will began to analyze relationships among E. coli and other parameters such as 
rainfall, turbidity, and proximity to known key land use structures such as combined 
and sanitary sewer overflows in order to understand conditions leading to water 
quality violations.    

In the course of this study the following approaches will be used: 

• The Michigan total body contact recreational water quality standards will be 
used to determine sites that had exceeded monthly or daily standards. 

• Data will be broken down by time. 

• 26 Sanitary Survey Beaches and 19 select sites will be examined in terms of 
monthly and daily exceedances and land use for possible inclusion in the CART 
model.  

A preliminary CART/hierarchical model for bacterial contaminants will be completed 
by October 1, 2010. 

Task 6. Apply regression and multivariate statistical models to evaluate land use 
tipping points for Saginaw Bay ecosystem.  We will perform a retrospective study to 
quantify ecosystem responses to habitat changes through statistical analyses of long-
term data. The data, collected by state and federal agencies, include measurements of 
nutrient loadings, watershed land cover, and biota (phytoplankton, zooplankton, 
benthos, fish, birds) in Saginaw Bay. We will implement multivariate and generalized 
linear/additive models to characterize changes in community structure, distribution and 
abundance with stressors. This analysis will be complete by February 1, 2011. 

Task 7. Integrate the Hierarchical Models.  We will integrate the hierarchical models 
(land use, hydrology, fisheries and contaminants) for a select number of locations.  We 
anticipate being able to integrate these models and/or have the ability to predict 
biological/contaminant outcomes from land use scenarios by February 1, 2011.  

Task 8. Conduct a Demonstration of Use.  We will travel to one or two locations and 
work directly with planners and natural resource managers to demonstrate the tipping 
point tool.  This demonstration will include a presentation and discussion regarding 
specific targets (i.e., tipping points) that should guide planning for their community.  
We intend to hold this/these meeting(s) by March 2011. 

This project addresses NOAA’s Strategic Plan Goal to protect, restore, and manage use 
of coastal and ocean resources through ecosystem-based management. 
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Accomplishments: 
 
Obj. 1. Kickoff meeting (All PIs): 
 
We held a kickoff meeting in Ann Arbor in June 2010 at NOAA-GLERL to discuss 
details of investigators’ roles in the project.  We identified the Muskegon River Estuary 
System and the Saginaw Bay watershed Lake Huron for detailed modeling work in the 
first year.  
 

Obj. 2. Develop preliminary CART model (Wiley, Riseng):  
 
Building on our recent published analysis (Riseng et al. 2010), we analyzed state-wide 
data sets for key land use thresholds for significant impairment of stream invertebrate 
and fish communities. The CART model used in results published last summer was 
relatively complicated and included many variables related to geographic variability in 
response (base-flow water yields, local geology, wet and forest cover).  Key land cover 
thresholds for high probability of impairment that emerged from that analysis were 8% 
urban land cover or 4% when agricultural land cover exceeded 32%.  We have re-run 
these analyses making two important adjustments. First we have simplified the 
covariate data set to focus primarily on land cover variables. Second, we used a 
continuous regression tree approach to estimate response instead of the two-level 
(training set classified as impaired or not) approach of our earlier analysis. 
 
In the regression tree analysis we built land cover (IFMAP 2000) based trees to estimate 
regionally normalized multi-metric scores (Wiley et al. 2003, Riseng et al. 2010) for 
invertebrate and fish assemblages and both combined. Models were relatively well-
fitting (Figure 1) and tractable (Figure 2). The results based on large state-wide data sets 
represent the average response in the State of Michigan. With the caveat that there may 
be substantial geographic variability (which we will explore in coming months) ey 
thresholds for impairment were very similar to those found in our earlier analysis.  
Urban land use appeared to be most strongly associated with reduced biological 
integrity and the threshold for negative responses appears to be ~08% of the catchment. 
In strongly agricultural areas (Ag land cover > 32%) the urban impact threshold was 
slightly lower (6%). At urban land cover levels > 23%  the new model predicts high 
levels of impairments for combined fish and invertebrate (>26% for fish metrics only). 
As in previous analyses, invertebrate metrics were more sensitive to agriculture than 
were the fish metrics. On the other hand fish assemblage metrics were somewhat more 
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sensitive to urbanization than invertebrate metrics (6% versus 8% for initial threshold in 
fish and invertebrate multi-metrics, respectively). 
 
Other work completed includes extension of NHD-linked flow, nutrient load, and 
channel stability models from the Muskegon Watershed (Wiley et al. 2010) to a state-
wide format based on the IFMAP 2000 land cover data. In the next several quarters we 
will complete a CART based analysis of thresholds (tipping points) similar to those 
reported above. We will also be working with Dr. Pijanowski at Purdue to explore a 
translation of all of these CART models to a NLCD land cover framework.    
 

 
 
 

Task 2. Figure 1. Median +/- 95% CI (blue box)  score in deviations from expected (value = 0)
for each of the 9 terminal nodes in the our CART regression model of
state-wide combined fish and invertebrate multi-metrics (Table 2.1).
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Obj. 3. Compare output from CART model with mechanistic coupled model 
(Muskegon Mega-model) (Tyler, Rutherford, Wiley, Riseng). 
 
We used coupled mechanistic models to evaluate expected impacts of future land use 
change on fish habitat suitability in the Muskegon River watershed.  The models 
included a dynamic weighted usable area of physical habitat for selected fish species 
(smallmouth bass, steelhead, Chinook salmon, walleye) and an individual based model 
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Task 2. Figure 2. CART regression tree nodes and splits for model of
state-wide combined fish and invertebrate multi-metrics (Table 2.1).

Table 2.1.  Terminal Nodes, mean normalized scores in standard deviations from 
regional expectation (zero), and number of sites classified in that node. %Urb column 
gives urban land  cover percentage rule for each node; %Ag gives same for Agricultural 
land cover (both level 1 land use coding from IFMAP 2000). (dams) indicates large 
number of dams upstream.

node mean n %Urb %Ag

2 -0.171 542 <08

1 -0.418 456 <08

3 -0.636 460 <05 >32

5 -0.706 53 >08<23

8 -0.744 111 >08<23

4 -1.127 61 >05<08 >32

6 -1.32 49 >08<23 >37

7 -1.459 61 >08<23 (dams)

9 -1.72 116 >23
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of age-0 steelhead. The models operate as the most down-stream component of a multi-
modeling system, the Muskegon River Environment Modeling System (MREMS, Wiley 
et al. 2010). MREMS consists of an integrated set of models and data which aims to 
describe the essence of Muskegon River watershed (Wiley et al, 2010).  Climate models 
provide precipitation, solar radiation and air temperature information.  Land use and 
land cover estimates of the watershed come from a combination of aerial photographic 
mapping and the Land Transformation Model v.3 (LTM, Piganowski et al., 2000).  
Hydrologic forecasts derive from a combination of the Integrated Land Hydrology 
Model (ILHM, Hyndman et al. 2007) and MODFLOW (Harbaugh et al. 2000) which 
include surface and near-surface processes (evapo-transpiration, snowmelt, 
groundwater recharge, overland flow and stream discharge).  MREMS makes use of 
two models from the Hydrologic Engineering Center (USACE, 1998), the Hydrologic 
Modeling System (HEC-HMS) and the River Analysis System (HEC-RAS) each 
configured for the Muskegon River.  HEC-HMS controls river channel water routing 
and HEC-RAS creates a high resolution depiction of the water depth, and flow velocity 
in the river.  A GIS of the river substrate and invertebrate population (Ivan et al, 2010) 
mated to the two-dimensional grid created by the HEC-RAS model provides the 
environment for the dynamic weighted usable area model and the IBM. 
 
Future (2070) land use scenarios examined included average sprawl rate with no forest 
regrowth (Business As Usual), average sprawl rate with some forest regrowth (FLP2), 
and slow urban growth with agriculture to forest transitions (Reduced Urban Sprawl). 
For the dynamic weighted usable area approach, all land use change scenarios 
suggested relatively minor reductions in habitat suitability compared to present (1998) 
(Figure 3). In contrast, results of the individual-based model of age-0 steelhead suggest 
and increase in abundance with future land use scenarios compared to present 
conditions (Figure 4). For the IBM, numbers of individuals are predicted to increase 
because of increased flow, creating more habitat in fry stage and lowering density 
dependent mortality.  
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Figure 3. Changes in physical habitat suitability (weighted usable area WUA) for age-0 smallmouth bass 
and steelhead in Muskegon River predicted for varying land use scenarios (present – 1998; continued rate 
of urban sprawl with no forest regrowth - Business as usual (BAU); continued rate of urban sprawl with 
some forest regrowth – (FLP2); slow urban growth with agriculture to forest transitions (RUS). 
 

 
Figure 4. Results of individual based model for age-0 steelhead. Same land use scenarios predicted as in 
Figure 3.  
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Obj. 4. Stakeholder response (Miller). 
 
This objective was not met because funds were not received by Indiana Illinois Sea 
Grant until late in FY 2010. A workshop is planned for this summer with selected 
stakeholders for the Indiana/Illinois area.  
 
Obj. 5. Extend the Hierarchical Tipping Point Models to Include Bacterial 
Contaminants (Rose, Hyndman): 
 
We conducted statistical analyses of the state E. coli database collected from 1998-2006 
as part of beach monitoring, Total Maximum Daily Load, and other state water quality 
programs (Figures 5, 6).  For four counties (Bay, Muskegon, Grand Traverse, Van 
Buren), we calculated median and 95th percentile estimates based on the monthly and 
daily data using the Hazen method to gain an understanding of typical E. coli values for 
Michigan waters.  We analyzed relationships among E. coli and other parameters such 
as rainfall, turbidity, and proximity to known key land use structures such as combined 
and sanitary sewer overflows in order to understand conditions leading to water 
quality violations.  There was a seasonality to excess disease particularly for Aug. Only 
key watersheds and specific years could be used to provide a suggestion of the 
relationships. Rainfall association to disease was strongest  one month prior to 
emergency room visits. While land use is the source of the contaminants associated with 
E. coli and pathogens, climate is the driver of the transport and better resolution is 
needed to address water quality changes. 
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Figure 5. All sites that are in the MDEQ E. coli database with data from the beach monitoring program 
including the TMDL program. The tipping point for E.coli is the state water quality standard for full-
body contact recreation. Michigan standards for E. coli. All surface waters of the state are designated and 
protected for total body contact recreation from May 1 to October 31. 300 E. coli/100 ml (geometric mean 
of 3 samples; daily); 130 E. coli/100 ml as a 30-day geometric mean (5 sampling events; monthly mean). 
 
  

 



141 
 

Figure 6. All sites that are in the MDEQ E. coli database that exceeded the recreational water quality 
standard: Red triangles exceed monthly standard; Yellow squares exceed daily standard; Blue circles did 
not exceed standard. 
 
Obj. 6. Apply regression and multivariate statistical models to evaluate land use 
tipping points for Saginaw Bay ecosystem (Adlerstein-Gonzalez. 
 
We performed a retrospective study to quantify ecosystem responses to stressors 
through statistical analyses of long-term data. The data, collected by state and federal 
agencies, included measurements of phosphorus and temperature, and biota 
(phytoplankton, zooplankton, benthos, and fish) in Saginaw Bay. We implemented 
multivariate and generalized linear/additive models to characterize changes in 
community structure, distribution and abundance with stressors.  

 

Tipping Points – Dreissena driven:  

The Saginaw Bay ecosystem structure within the last two decades has experienced 
dramatic changes that can qualify as tipping points. Changes were observed at short 
and long-term time scales. Short term changes were clearly associated with the invasive 
zebra mussel that colonized the area in 1991, while changes in phosphorus inputs or 
temperature in the bay did not correlate with observed trends.  The effects of the 
invasion were and, might be still profound: impacts occurred in the lower food web 
within one year of the initial colonization with sharp declines in phytoplankton and 
zooplankton levels, and disparate responses from macroinvertebrates. The declining 
effect of the Dreissena invasion for the phytoplankton communities was of the same 
magnitude as of nutrient reductions resulting from the clean water act. At the same 
time, Dreissena promoted the resurgence of nuisance Microcystis blooms in Saginaw Bay, 
and this effect reversed the relationship of the phosphorus levels and phytoplankton 
growth observed before the invasion. At longer time frames, fish communities have 
been in major transition during the study period, with most notable disappearance of 
alewives and resurgence of native predators. These changes might not be directly 
connected to the zebra invasion in Saginaw Bay but to dreissenid invasion in Lake 
Huron main basin.  
 

Changes in phytoplankton, zooplankton, and benthic macroinvertebrate communities, 
after the Dreissena colonization of Saginaw Bay in 1991 through 1996, confirm the 
dramatic and disparate consequences introduced by this invader into freshwater 
ecosystem lower food webs. Dreissena affected all levels of the highly productive 
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Saginaw Bay lower food web included in this analysis.  Dreissena colonization resulted 
in declines of phytoplankton and zooplankton overall, and declines in 
macroinvertebrates where they were most abundant and increases where they were 
scarce. Most consistent effects were for zooplankton as all major taxa within this group 
declined precipitously within one year of Dreissena colonization, while trends in 
phytoplankton and macroinvertebrates varied. Effects on plankton were persistent and 
beyond initial declines. This is not surprising as in 1992 and 1993 Dreissena was capable 
of filtering the entire inner bay in 0.8 and 5 days, respectively  (Fanslow et al. 1995). 
Declines of phytoplankton and zooplankton groups coincided with increases with 
Dreissena at lag times varying by individual taxa.  Declines in cyanophytes, 
bacillariophytes, chlorophytes, flagellates and dinoflagellates coincided with rapid 
increase in Dreissena from 1990 to 1992, whereas chrysophytes declined one year and 
cryptomonads declined two years after the Dreissena peak in 1992.  Densities of these 
taxa did not recover when Dreissena densities declined in 1993 except for diatoms. 
Zooplankton responses were more closely correlated with Dreissena as all groups 
decreased sharply from 1990 to 1992. Some recovery was observed a year after Dreissena 
declined, although calanoids continued to decline. Macroinvertebrate taxa that 
fluctuated in synchrony with Dreissena were Gammarus and oligochaetes; Gammarus 
increased in all stations as Dreissena increased, and oligochaetes declined at silty sand 
stations in the inner bay (where they were most abundant and Dreissena were scarce). 
Declining trends in Diporeia correlated well with Dreissena increases but the decline 
lagged three years and extended through 1996.  
 
The persistent decline in cyanophytes in Saginaw Bay was largely the result of the 
disappearance of the filamentous colonial Oscillatoria redekii, mostly likely due to the 
increase in water clarity from Dreissena filtering activities; Secchi disk depth increased 
from 0.7 m to 1.5 m between fall 1990 and fall 1991 (Fielder et al. 2000), and to over 2 m 
between 1992 and 1996 (Nalepa et al. 1996, Johengen et al. 2000). This is a major change, 
and alone can be considered a tipping point for the Saginaw Bay system. Although 
declines in cyanophytes were likely a direct result of Dreissena colonization, coincident 
relationships were not as clear for other phytoplankton groups. Most noticeable was the 
decline in chlorophytes. Although densities in 1990 were lower than densities found in 
1980 when the phytoplankton assemblage consisted of a mix of bacillariophytes, shade 
tolerant cyanophytes and chlorophytes (Stoermer and Theriot 1985), chlorophytes were 
practically eradicated after the Dreissena invasion. General phytoplankton increases in 
1991, except for cyanophytes (Fig. 3), were probably induced by phosphorus 
fluctuations as they occurred at a peak in total phosphorous loads from the Saginaw 
River into the bay (Fig. 9), but could also be indirectly linked to Dreissena through 
facilitation of phytoplankton competitive advantages with cyanophytes and reduction 
of calanoid grazing. 
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Inputs from the Saginaw River and non-point sources produce conditions that 
influenced the spatial distribution of Saginaw Bay phytoplankton communities but did 
not result in a tipping point as the fluctuation were not as dramatic as during the 
previous period of nutrient input control. Overall, community composition, identified 
by multivariate analysis clusters, dominated by cyanobacteria are indicative of highly 
eutrophic conditions and were more common in the inner bay, while assemblages 
dominated by diatoms are indicative of more oligotrophic conditions and were more 
common in the outer bay. This leads to the conclusion that the spatial distribution of the 
phytoplankton communities was linked to the trophic gradient known to occur from 
the inner to the outer bay. This spatial gradient did not change over the seven-year 
period but communities changed on seasonal and annual temporal scales.   
 
Changes in phytoplankton community composition indicate a shift to oligotrophic 
conditions, during the 1990 to 1996 period in Saginaw Bay despite the reoccurrence of 
Microcystis blooms, both conditions were modulated by the zebra mussel population 
invasion. The Saginaw Bay species composition in 1990, and early 1991 can be 
associated with eutrophic, light limited conditions in temperate shallow lakes 
(Reynolds et al. 2002, Reynolds 2006).  A different phytoplankton community, identified 
in 1992-1993, was dominated by light-tolerant and typically oligotrophic species.  A 
second set of changes occurred in 1994 with a shift in species among Cyclotella species, 
where C. comensis  was replaced by C. ocellata, a species characteristic of the nutrient-
poor Lake Huron waters and common in the outer bay during 1980  (Stoermer and 
Theriot (1985).  Shifts were also found in the cyanobacteria community composition that 
culminated with the onset of summer blooms of Microcystis in 1994-1996. A framework 
is emerging to explain the role of zebra mussels in promoting cyanobacteria blooms in 
waters that have been largely free of nuisance blooms since the advent of water quality 
controls (Bierman et al. 2005).   The indirect effect of altered nutrient cycling associated 
with zebra mussel populations, particularly the recycle of available phosphorus to the 
water column, is thought to play an important role in stimulating summer blooms of 
cyanobacteria. Another mechanism is that zebra mussel colonies selectively reject 
Microcystis and egests viable cells back into the water column, thus directly promoting 
blooms (Vanderploeg et al. 2001). Zebra mussel invasion occurred within a period of 
low phosphorus loads.  Phytoplankton densities decreased and water clarity increased. 
These trends, combined with the changes in the prevalence and distribution of 
phytoplankton assemblages suggest a move towards a more meso-to-oligotrophic type 
community from 1992-1993 in response to the changing ecological conditions. The 
disappearance of shade tolerant phytoplankton assemblages and their replacement with 
light tolerant assemblages also highlights the role of the altered light regimes associated 
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with zebra mussel invasions in disrupting the phytoplankton community composition.  
Perhaps this shift can be considered a tipping point for the phytoplankton communities. 
 
Declines in all zooplankton groups in Saginaw Bay within a year of Dreissena 
colonization are clear sign of the dramatic ecosystem changes caused by the invasion. 
The new, lower levels in zooplankton group densities remained depressed during the 
study period and do suggest a tipping point associated with the invasion. Shallow, well 
mixed systems similar to Saginaw Bay are overwhelmed by Dreissena filtration 
activities.  At the same time Saginaw Bay is phosphorous-limited during summer, 
which affects seston quality as food for consumers and the ability of phytoplankton to 
grow rapidly relative to grazing pressures; the drop in food abundance during the early 
phase of invasion, is evident by phytoplankton declines. In later years, low 
concentrations of chlorophyll occurred in spring but by summer/fall chlorophyll 
concentrations increased because of blooms in Microcystis, a low quality food for 
zooplankton. Further, Dreissena condition declined subsequent of the initial invasion 
(Vanderploeg et al. 2009), consistent with the mussels being stressed at first by low 
quantity of food and later by poor quality of food during summer that resulted from 
their selective feeding.  This feedback on food quantity and quality would also affect 
zooplankton. Dreissena impacts on all zooplankton groups were likely mediated 
through competition for food and direct predation since they occurred despite 
differences in feeding habits: cladocerans are mostly herbivorous, calanoids are 
omnivorous, cyclopoids are carnivorous, and rotifers have diverse feeding habits 
(Bundy et al. 2005).  Dreissena are capable of filtering algae, large bacteria, protozoa, 
rotifers and small crustaceans (MacIsaac et al. 1995,  Lavrentyev et al. 1995), prefer algal 
food < 50 µm but can filter particles from 0.4 to 450 µm including microzooplankton ( 
Cotner et al. 1995), and show maximum retention from 5 to 35 µm (Sprung and Rose 
1988).  Although all major zooplankton groups included species that were within the 
size range of Dreissena filtration, rotifers are most likely affected by mussel grazing since 
generally they do not have strong escape responses, whereas copepods including 
nauplii do (Williamson and Vanderploeg 1988).  
 
Trends among major macroinvertebrate groups in response to Dreissena were more 
dissimilar than among phytoplankton or zooplankton, as changes occurred at different 
time lags and impacts were often site-specific. While responses where dissimilar among 
groups there is no question that the communities were dramatically changed during the 
study period in association with the Dreissena colonization. Dissimilar responses are 
expected as macroinvertebrate communities were composed of taxonomic groups with 
longer and more diverse life history histories and with different degrees of mobility 
compared to phytoplankton and zooplankton. Observed declines in oligochaetes in 
areas with few Dreissena were likely mediated by indirect effects of food intake by 
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Dreissena as we observed decreases in densities of phytoplankton in these areas that 
would have constituted organic material settled to the bottom and consumed by this 
benthic group. Nevertheless, this might not be the case for Diporeia declines, because 
their diet consists mostly of diatoms (Nalepa et al. 1998, Dermott 2001), which did not 
change significantly in abundance after Dreissena colonization. Declines could be related 
to changes in species composition observed within diatoms, or to factors unrelated to 
food such as diseases Increases in Gammarus and oligochaetes in areas with high 
Dreissena densities (hard substrates in the inner bay) were likely due to increased 
substrate complexity and organic material in the bottom from dreissenid bio deposits as 
noted by Nalepa et al. (2003), and observed in other systems (Botts et al. 1996, Ricciardi 
et al. 1998). Nevertheless, increases in Gammarus also in areas of low Dreissena density 
can represent density-dependent movements away from high concentration areas. Also 
noted by Nalepa et al. (2003), chironomid densities did not increase in areas where 
Dreissena was abundant as reported in Lake St Clair (Griffiths 1993), although delayed 
trends observed after Dreissena peaks in areas where Dreissena were scarce could 
indicate benefits from slow accumulation of organic deposition.  It is unclear how to 
define tipping points for this group but the practical disappearance of Diporeia from 
most stations represents a significant ecosystem shift as these constitute the main prey 
of numerous fish species in bay as well as across the Great Lakes.    
 
Saginaw Bay fish communities are in major transition over the last decade. The fish 
community experienced large changes within the study period, with initial declines of 
yellow perch, white bass, emerald and spottail shiners, and increases in white perch, 
white suckers, and johnny darter. Later, yellow perch, walleye, white bass and round 
gobies have shown increases in abundance indices, while all other main populations of 
species sampled in the monitoring trawl surveys have declined.  Similar trends have 
been observed in other systems (Mayer et al. 2000, Idrisi et al. 2001). But it wasn’t until 
2004 that a tipping point was clear with the collapse of alewives and smelt and 
recoveries of native species such as walleye and yellow perch. Although variations in 
fish population abundance suggest a significant shift in the ecosystem, the collapse of 
alewives by itself can be considered a tipping point, the same way that the invasion of 
this species was a tipping point decades ago. Because the collapse of alewives in 
Saginaw Bay, and also the decline in smelt abundance, occurred a decade after zebra 
mussels reduced phytoplankton and zooplankton abundance, the connexions are 
unclear. The same declining trends for the alewife and smelt populations were 
synchronically observed in Lake Huron. Saginaw Bay is a nursery area for many fish 
species including alewife and smelt, and thus the trigger for dramatic declines are 
related to changes that these populations experienced in the Lake Huron main basin. 
Saginaw Bay is an embayment of Lake Huron and it constitutes an important 
recruitment area for several populations such as alewife that leave the bay in the winter 
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while other populations such as yellow perch are resident year round.  Thus, 
fluctuations of fish populations in the bay are affected by changes in the Saginaw Bay 
ecosystem and also by changes in the main Lake Huron basin. These changes can be 
related to the effects of dreissenids (zebra and quagga mussels) and to predation by 
Chinook salmon. It is possible that dreissenid invasions in the main basin and high 
natural reproduction rates of Chinook salmon constituted tipping points in Lake 
Huron, causing the decline of alewives in Saginaw Bay. This in turn might have lifted 
alewife predation pressure on native fish larvae and juveniles and triggered walleye 
and yellow perch strong year classes. Exploration of the relationships of fish 
community changes in Saginaw Bay with the Dreissena invasion and nutrient 
fluctuations requires a food web model framework, and this will be explored in the next 
stage of this study.  
  

The zebra mussel has altered the ecology of Saginaw Bay in several important ways that 
may constitute a shift in the trophic state with implications for the higher trophic levels.  
By directly impacting the phytoplankton and zooplankton community as well as 
reengineering the surrounding environment, the zebra mussel has contributed to 
widespread ecosystem changes in Saginaw Bay.  The return of summer cyanobacteria 
blooms in Saginaw Bay after zebra mussels became established reversed years of 
successful water quality management. Concern over the trajectory of zebra mussel 
affected ecosystems towards nuisance causing summer blooms of cyanobacteria was 
first prompted by the observation reported by (Lavrentyev et al. 1995) of dense summer 
blooms of species of the toxic cyanobacteria Microcystis in Saginaw Bay, Lake Huron 
three years after the initial colonization of the bay.  Since that observation, there has 
been a renewed interest in understanding the zebra mussel mediated alterations to the 
complex interactions between top down and bottom up relationships driving 
phytoplankton communities (e.g. Hecky et al. 2004; Vanderploeg et al. 2001; Wilson et 
al. 2006). 

 
Aside from its role as a novel predator and competitor in an aquatic system, the zebra 
mussel is also an ecosystem engineer that actively alters the surrounding physical 
habitat on a significant scale (Caraco 1997; Strayer et al. 1999; Vanderploeg et al. 2002).  
The removal of particulates from the water column increases light availability 
throughout the photic zone (Holland 1993).  Altered nutrient cycling occurs as the 
metabolic activities of the mussels provides a new source of nutrients (Heath et al. 
1995).  As zebra mussel biomass increases, nutrients such as phosphorus are collected 
and concentrated in the benthic environment and the growth of large populations acts 
as a benthic phosphorus sink (Johengen et al. 1995). Finally, the physical effects of 
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druses are associated with a localized structural complexity and enrichment of habitat 
beneficial for many benthic organisms (Beekey et al. 2004; Botts et al. 1996; Ward & 
Ricciardi 2007) while deteriorating conditions for macroinvertebrates such as Diporeia 
(Nalepa et al. 2003).  These alterations, in concert with a decrease in pelagic production 
with the removal of phytoplankton from the water column, affect the primary 
production of aquatic systems with significant implications for the composition of 
benthic and pelagic communities (Bykova et al. 2006, Hecky et al. 2004).   

 
Primary production and nutrient storage in lower trophic levels is the foundation of the 
food web.  Alterations to this foundation can result in widespread restructuring of food 
webs and community structures (Johannsson et al. 2000).  In order to understand and 
manage the impacts of zebra mussels, it is necessary to describe the altered ecology of 
the lower trophic levels.  The immediate change in the ecosystem of Saginaw Bay was 
so marked that it was suggested that the trophic state (defined as the “organic 
production of the entire system”) began to shift from a largely eutrophic pelagic system 
to a more mesotrophic benthic/pelagic system as primary production rates fell and 
water clarity increased immediately following the invasion (Fahnenstiel et al. 1995a; 
Nalepa et al. 2003).   Changes in the lower food web occurred rapidly and persisted 
until the end of the study, but it is not clear whether components reached a new state 
that was at equilibrium with the dreissenid population. Lag effects of an invading 
species are common within specific ecosystem components (Strayer et al. 2006). Also, 
dreissenid populations often fluctuate widely over the long term, and may expand into 
new areas over time (i.e., soft sediments in inner bay).  Ongoing monitoring of lower 
food web components in the bay based on the insights of this study will provide an 
even longer term perspective on lower food web impacts. Altered food webs are 
impacting Great Lakes fisheries, though a pathway through the linkages from 
phytoplankton - zooplankton to macro-invertebrate populations. Although it is 
 
 
Tipping point - Contaminants driven 
 
Data from the 1990-1996 NOAA monitoring on phytoplankton composition clearly 
shows that areas close to the Saginaw River are beyond safe environmental conditions. 
These conditions are historically persistent and thus, data available for this study does 
not provide information to identify a tipping point when conditions changed or to 
quantify the effect of Saginaw River output on the ecosystem. It is know, nevertheless 
that environmental insults to the Saginaw Bay area have been severe; to the extent to be 
declared a Great Lakes Area of Concern in 1978. Conditions have improved since, 
nevertheless, despite Saginaw Bay priorities (including remediation of PCB 
contaminated sediment, nonpoint pollution control, wetland restoration, and habitat 
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restoration) there are contaminated sediments, fish consumption advisories, degraded 
fisheries, and losses of significant recreational values.  The phytoplankton composition 
indicates that the Saginaw River output is part of the source of the problem. Also, there 
is synergy between the effect of the zebra mussel invasion and the presence of 
pollutants in Saginaw Bay. The mussels accumulate toxic products, which are past 
through round goby predation to higher trophic levels into the food web.  
 
Tipping point – Land use, nutrient inputs driven: 
  
During the period covered by the study, Saginaw Bay did not experience significant 
fluctuations in nutrient inputs capable to cause a tipping point in the system. Still a 
gradient in water quality exists between the Saginaw inner and outer bays, because the 
inner bay is influenced by enriched runoff from the Saginaw River while the outer bay 
is influenced by generally nutrient-poor oligotrophic influxes of water from Lake 
Huron. The Saginaw River watershed accounts for the majority of the external 
phosphorus added to the bay each year by tributary runoff.   
Excessive nutrients (e.g., phosphorus and nitrogen) entering the water of Saginaw Bay 
have been controlled, as this was among remediation priorities after the AOC 
declaration. Mandated point source phosphorus reductions in the 1970s focused on 
controlling point source phosphorus discharges to improve Saginaw Bay water quality. 
Since the late 1970s investment in waste water treatment, tributary loadings to the bay 
have diminished.  Non-point sources of phosphorus are now the major component of 
the tributary loads; therefore yearly loadings are variable and correlated with 
precipitation and river flows.   

In recent years muck is piling up in Saginaw beaches.  Nutrient inputs from wastewater 
issues, large farming and septic system, that facilitate the growth of algae Cladophora 
and Spirogyra which foul shorelines when it dies and washes up on beaches, are thought 
to be causing the problem. Here again there is the synergetic effect of zebra mussels: 
Cladophora is a benthic algae and increasing water clarity allows the light penetration to 
the bottom of the bay and promotes the algal growth (Lowe et al. 1995). Also, even 
when nutrient inputs are controlled, mussels take in particulate phosphorus and excrete 
soluble phosphorus, which is what algae in the bay require to grow. Muck along 
Saginaw Bay contains bacteria levels more than three times the amount that makes a 
beach off-limits to swimmers. Thus, this time the effect of mussels in Saginaw Bay is not 
only through the food web, which is harder to quantify and perhaps demonstrate to the 
general public, but it can affect human health quickly and unequivocally. 
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Figure 7. Trends in phosphorus loading from Saginaw River into Saginaw Bay 1973-1996. The loadings, 
although variable, have continued at 1996 levels until present. 
 

 
Figure 8. Results of GLM models for alewife abundance by year and with tow time from 1986 through 
2007. Fluctuations in abundance were not correlated with phosphorus loadings from Saginaw River. 
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Figure 9. Results of GLM models for walleye abundance by year and with area of bay (QUA) from 1986 
through 2009. Fluctuations in abundance were not correlated with phosphorus loadings from Saginaw 
River. 
 
Obj. 7. Integrate the Hierarchical Models. 
 
The integration of hierarchical models is ongoing.  
 
Obj. 8. Conduct a Demonstration of Use. 
 

This objective was postponed until 2011 when we have a set of land use indicators to 
demonstrate.  
 
Publications: 

Riseng, C.M., M.J. Wiley, P.W. Seelbach, and R.J. Stevenson. 2010. An ecological 
assessment of Great Lakes tributaries in the Michigan peninsulas. J. Great Lakes 
Research 36:505-519.  

Pekin, B., and B.C. Pijanowski. In Prep. Critical urban and agricultural area thresholds 
for watershed pollutant tipping points. Journal of  Environmental Management. 
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Presentations:  
 
Brian Miller (Illinois Indiana Sea Grant) presented an overview of this project at a 
public review of GLRI funded-research to NOAA and CILER investigators in February 
2011. 
 
Edward Rutherford (NOAA GLERL) presented results of the mechanistic modeling of 
land use tipping points at Purdue University in Nov. 30, 2010.   
 

Outreach Activities: 
 
None for this reporting period. 
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PROJECT TITLE:  AGRICULTURAL AND LAND USE INDICATORS  

  

Principal Investigators: Allen Burton, CILER, and Bryan C. Pijanowski, Purdue 
University 

       

Overview and Objectives: 
 
This CILER fellowship project focuses on the need to better enable university and 
agency scientists to work together on research projects relating to the health of the Great 
Lakes ecosystem and on combining their past and current research efforts into usable, 
relevant, and timely deliverables to aid planners and natural resource managers within 
the Great Lakes basin during the decision making process. These deliverables include, 
but are not limited to, the development of new land use and agricultural indicators 
(potentially for inclusion into the SOLEC indicator development process), research 
outreach materials such as research bulletins and an online decision support system 
(DSS), and workshops with key stakeholders within the basin. The CILER fellow has 
been tasked with the following project objectives: 
 

1) To facilitate collaboration (via meetings and workshops) between university and 
agency scientists working on land use and agricultural indicator development; 

2) To facilitate regular communication and reporting among project partners and 
collaborators; 

3) To participate in the development of a new suite of land use and agricultural 
indicators for the Great Lakes basin that meet the standards set by the State of 
the Lakes Ecosystem Conference (SOLEC); and 

4) To develop an on-line environmental decision support tool to enable more 
effective protection and management of key natural resources within the Great 
Lakes basin (and more specifically within the Muskegon River Watershed, in 
Michigan). 

   
NOAA strategic plan goals addressed in part by this CILER project include: 

1) Protect, restore, and manage use of coastal and ocean resources through 
ecosystem-based management; 

2) Serve society’s needs for weather and water information 
 

The collaboration between university and agency scientists as well as the development 
of land use and agricultural indicators will enable planners and natural resource 
managers to better understand, protect, restore, and manage the resources (including 
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coastal resources) within the Great Lakes basin. Because outputs of this CILER project 
include the analysis of indicators at multiple spatial scales (sub-watershed, watershed, 
Great Lake drainage areas, etc…) deliverables of this project will allow for enhanced 
ecosystem-based management. Additionally, the inclusion of the developed indicators 
and base maps into the decision support system will provide “society” with relevant, 
useful information related to water quality (including modeled pollutant loadings into 
streams), land use/cover characteristics, and potential impacts of current land use/cover 
practices on biologic organisms within the Great Lakes basin.  
 
Accomplishments: 

Since receiving fellowship funding through the CILER program on January 1, 2011, the 
CILER fellow (Kimberly Robinson from Purdue University) has been working with the 
program director of the Illinois-Indiana Sea Grant college program (Brian Miller), and 
the Illinois-Indiana Sea Grant UIUC Extension (Liaison to the US EPA) (Kristin TePas) 
to organize a meeting to facilitate collaboration between university and agency 
scientists working on the Tipping Points and Land use/Agriculture Indicator projects. 
The meeting is scheduled to convene at the Metcalfe Building (home of the EPA’s Great 
Lakes National Program Office) in Chicago on April 19-20.  The CILER fellow has 
worked closely with contacts at the Illinois-Indian Sea Grant to develop and refine the 
meeting’s agenda. This agenda allows for presentation of by participating research 
scientists to update those convened at the meeting of how their past and current 
research relates to the overarching Ag Indicators and Tipping Points projects. Special 
attention will be made during day 1 of the convened meeting to link research projects to 
the development of reasonable and feasible SOLEC indicators with input from members 
of the EPA’s GLNPO SOLEC team. Day 2 of the convened meeting will be devoted to 
developing a detailed plan on how to combine all Tipping Points and Land 
use/Agriculture indictor projects into cohesive products useful to planners and natural 
resource managers within the Great Lakes basin.  Possible resulting products that will 
be discussed include based Decision Support System (or tool), utilizing a stakeholder 
needs assessment during the system’s development, and new SOLEC indicator reports.  
 
Beginning in February 2011, the CILER fellow also began working closely with 
researchers at Purdue University on identify potential tipping point thresholds and 
develop a suite of useful land use and water quality indicators within the Great Lake 
states. She is also collaborating with GIS and database specialists from Purdue’s 
department of Forestry and Natural Resources to design the user interface and 
functionality of the web-based decision support system (DSS), in which the developed 
tipping points and indicators will be incorporated into. To date, a list of approximately 
32 possible indicators and base maps have been identified, by the CILER fellow and 



154 
 

others at Purdue University, for inclusion into the DSS, and approximately half of these 
indicators and base maps have been input into a preliminary version of the DSS. This 
initial DSS version will be presented at the Tipping Points and Land use/Agriculture 
Indicators meeting on April 20th at the Metcalfe Federal Building in Chicago. At this 
meeting, feedback from attendees will be solicited concerning ways to improve the 
current version of the DSS, indicator and base map refinement, and additional 
indicators that should be compiled and added to the DSS. Additionally, the CILER 
fellow and members of the Human-Environment Modeling and Analysis (HEMA) Lab 
at Purdue University have begun the process of writing and compiling research 
bulletins, indicator informational information, and decision making support documents 
for inclusion into the final DSS.  
 
Lastly, beginning in March, the CILER fellow began work on the development of 
survey and interview instruments to conduct a user needs assessment of the availability 
and potential use of tipping point threshold and indicator information during land use 
planning and natural resource management decision making processes within the Great 
Lakes basin. These survey and interview instruments will also be used to explore 
current availability and use of web-based decision support systems within the basin as 
well as identify critical elements needed to make the decision support system 
developed as part of this project an both innovative and useful to users involved in 
decision making processes.  
 
Publications: 

-None- 
 
Presentations:  
 
-None- 
 
Outreach Activities: 
 
-None- 
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PROJECT TITLE:  DEVELOPING A DIAGNOSTIC TOOL FOR ASSESSING EXCESSIVE 

SEDIMENT HARM TO STREAM COMMUNITIES 
 

Principal Investigators:  Allen Burton, CILER, Larissa Herrera, CILER; Valerie Brady, 
University of Minnesota 

 

Overview and Objectives: 
 
Several Lake Superior north shore streams are on the Minnesota Pollution Control 
Agency’s impaired waters list for high turbidity. This turbidity is due primarily to bank 
and bluff erosion, leading to sediment deposition and turbidity problems. The excess 
sediment reduces habitat space for macroinvertebrates, a vital source of fish food, and 
makes spawning more difficult for gravel-spawning fishes. These tributary streams are 
vitally-important to Lake Superior’s fish populations and their problems impact the 
lake’s ecosystem.  
 
Macroinvertebrates have been used as indicators of water quality for several decades. 
Their limited mobility, 1-3 year life cycles and taxonomic diversity make them ideal 
organisms to use as indicators. Currently, there is not a way to use the available biotic 
metrics to identify the cause of the impairment that macroinvertebrates may indicate 
when sampled. The macroinvertebrate stream community can indicate an impairment, 
but not the type or cause. We propose that using characteristics hypothesized to make 
particular taxa vulnerable to sediment harm could allow the creation of indicator 
metrics that diagnose excess sediments as the source of the impairment. These metrics 
would allow resource managers to diagnose whether or not indications of impairment 
for a stream’s macroinvertebrate community are or are not likely due to excessive fine 
sediments. 
 
North shore Lake Superior streams provide a good setting in which to do this research 
because there are very few other human impacts on these streams. The surrounding 
landscapes have some land clearing and there are a few towns, but there is no 
agriculture and few point sources of pollution. We avoided point sources of pollution 
and towns when selecting sites.  
 
Therefore, our overall objectives are: 
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1. Carefully characterize the type and amount of sediment moving through north 
shore stream riffles selected to cover a range of sedimentation (based on 
surrounding land use and historic data).  

2. Compare stream macroinvertebrate communities to sediment characteristics to 
develop metrics indicative of harm due to excessive sediments. 

3. Combine these metrics into an indicator diagnostic for harm caused by excessive 
sedimentation.  

  
 
Our project relates to NOAA strategic goal 1:   
 
Protect, restore, and manage use of coastal and ocean resources through ecosystem-
based management 
 
Accomplishments: 

22 north shore streams were selected based on a number of criteria such as land-use, 
stream order, watershed size, and accessibility. These streams were sampled for the 
sediment parameters of embeddedness, depth of fine sediments, median grain size 
(Wolman pebble count), and fine particle size. Sampling occurred from May through 
October 2010. Aquatic macroinvertebrates were sampled for all 22 stream sites 
throughout August, September, and October. They were sampled at the end of summer 
in order to collect the largest instars for better identification.  

 
Currently, the substrate data collected in the field (embeddedness, depth of fine 
sediments, large particle sizes, and median grain size (Wolman)) have been entered into 
spreadsheets. Over half of the fine particle size sediment samples have been processed 
and entered into spreadsheets.  Half of the macroinvertebrate samples have been 
processed and entered into spreadsheets.  
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Publications: 

This project began mid-summer 2010 and has not generated any publications yet.  

 
Presentations:  

 
Poster Presentation 
All authors: Valerie Brady and Larissa Herrera 
Date given: 11/13/2010 
Title: Using benthic macroinvertebrates to develop a stream sediment indicator 
Conference and/or venue title: Water Resources Science graduate student and professor 
retreat 
Venue location: Sandstone, MN 
 
Source of support and grant no.: CILER-NOAA GLERL-MN Sea Grant Fellowship. 
NOAA grant #: NA07OAR4320006; Michigan subaward: PO 3001591003 
 
Outreach Activities: 
 
Project is still in progress; we don’t yet have enough data analysis done to do public 
outreach.  
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THEME V:  INTEGRATED ASSESSMENT 

CILER activities that fall under the theme of Integrated Assessment include research to 
generate policy-relevant and synthetic efforts to help guide long-term resource use in 
the basin. 
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PROJECT TITLE:  ADAPTIVE INTEGRATED FRAMEWORK: A NEW METHODOLOGY FOR 

MANAGING IMPACTS OF MULTIPLE STRESSORS IN COASTAL ECOSYSTEMS  

  
Principal Investigators: Thomas Johengen and Dima Beletsky, CILER, University of 
Michigan; Carlo DeMarchi, Case Western Reserve University; Tomas Hook, Purdue 
University; Donna Kashian, Wayne State University 

NOAA Technical Contacts:  Craig Stow and Juli Dyble Bressie, NOAA - GLERL 
 

Overview and Objectives: 
 
 We proposed a novel, unique Adaptive Integrated Framework (AIF) for 
facilitating information collection, implementing adaptive modeling approaches, and 
guiding research needs to improve management decision making. This framework uses 
input from agency managers, researchers and modelers, including both data to 
characterize ecosystems and socio-economic factors to drive modeling approaches and 
management actions. The proposed framework is being applied to Saginaw Bay, a 
coastal system greatly impacted by multiple stressors such as invasive species, changing 
land-use patterns, and climatic change. 

The program is calibrating an ensemble of ecosystem models using extensive 
historical data for Saginaw Bay, develop a watershed and hydrological model for the 
coastal ecosystem, and develop human dimensions models for evaluating resource 
outcomes and management plans. These efforts are being undertaken at differing scales 
of resolution to model and evaluate water quality, fish production and economic 
metrics that are of importance to management agencies and the public. The modeling 
efforts use an iterative process in which modeling outputs will identify knowledge gaps 
(i.e., drive field and experimental research) and help management agencies identify 
management alternatives. The results and data needs (gaps) identified by the agencies 
will, in turn, lead to models being re-parameterized, re-applied and re-evaluated before 
the next iteration of management agency input and field research.  

The proposed work recognizes the crucial need for developing models that are 
adaptable across ecological systems and multiple stressors as well as one that provides 
managers with a means to understand and manage stressor interactions unique to their 
system. The proposed five year project accomplishes these goals by coupling modeling, 
observational, and experimental studies with stakeholder workshops and socio-
economic analyses. The resulting AIF approach will be broadly applicable to evaluate 
the nation’s coastal and estuarine ecosystems impacted by multiple stressors.  This 
reporting period represent year 4 of the 5 year project. 
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Project Objectives: 

• Develop the Adaptive Integrative Framework (AIF) approach to facilitate 
synthesis and prioritization of research and management pertaining to multiple 
stressors impacts on coastal ecosystems. 

• Provide specific predictions regarding how fish production, human health, and 
regional economics, respond to multiple stressors (i.e. land use, climate change 
and invasive species) in Saginaw Bay, MI. 
 

This project addresses NOAA Strategic Plan Goal(s) : 

1)  Protect, restore, and manage use of coastal and ocean resources through 
ecosystem-based management; 
3)  Serve society’s needs for weather and water information; 

 
Accomplishments: 

A third year of the ambient water quality survey was completed during the 
summer 2010.  Monthly samples were taken from 13 stations in inner and outer 
Saginaw Bay from May-Oct.  Samples were collected for physical (temperature, oxygen, 
PAR, transmittance, Secchi depth) and chemical (total P, SRP, TDP, particular CN, 
DOC, NO3, NH4, SiO2, Cl, total and volatile suspended solids) water quality measures.  
Phytoplankton biomass and composition was assessed by chlorophyll a concentrations 
and cell counts of all phytoplankton, including biomass.  All of these samples have been 
completed and the data is assembled into spreadsheets that have been sent to all project 
participants.  Additionally, 2-3 drinking water intakes were sampled for the algal toxin 
microcystin, at the request of the MI Department of Environmental Quality.  One of the 
Beneficial Use Impairments (BUIs) for Saginaw Bay is restrictions on drinking water 
consumption due to taste and odor compounds and the DEQ is investigating whether 
this BUI can be removed.  The listing is related to the presence of the harmful algal 
bloom genera Microcystis, which also can produce the hepatotoxin microcystin, which 
can be harmful to human health if present in finished drinking water in concentrations 
greater than 1 µg/L.  Our data from samples taken at drinking water intakes in 2011 
demonstrated that microcystin concentrations were as high as 1.6 µg/L in the lake water 
at the inner bay water intake, but most standard water treatment processes would be 
able to reduce this concentration to below 1 µg/L for finished water.  Therefore, our 
initial conclusion based on one year of data is that microcystin concentrations do not 
provide a human health threat, but we would recommend at least one more year of 
sampling, particularly during periods of dense Microcystis blooms in the inner bay, to 
provide more solid data for this conclusion.  
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We assessed the potential importance of internal phosphorus loading; focusing 
on influences of sediment type, oxygen levels and dreissenid mussels on sediment 
phosphorus fluxes. Sediment cores were collected from three regions of Saginaw Bay, a 
eutrophic embayment of Lake Huron. The cores were utilized in two separate 
incubation experiments evaluating:  1) sediment P flux under aerobic and anaerobic 
conditions, and 2) nutrient remineralization from mussel biodeposits.  Cores were 
assessed for bacterial content, carbon, nutrients, and mineral-content characterization.  
Anaerobic treatments exhibited significantly higher P release into overlying waters 
when compared to aerobic treatments. This release was greatest in sediments collected 
from depositional areas. These results may indicate that contributions of P from 
sediments in Saginaw Bay are controlled by episodic anoxic events. Elevated P levels 
were not detected in association with dreissenid biodeposits; however, bacterial 
concentrations in these cores were 10 orders of magnitude higher than control 
treatments.  These results may indicate that bacteria associated with dreissenid mussels 
may play a large role in phosphorus consumption.  These results may raise further 
questions of remineralization rates of biodeposits when assessing loading effects. 

In several regions of the Great Lakes the benthic filamentous algae, Cladophora 
glomerata, has been proliferating,  fragmenting, and washing ashore where it 
accumulates and decays forming thick mats of detritus that harbor bacteria.  Very little 
research has been done on the occurrence of potentially harmful bacteria in these 
detrital mats.  We quantified E. coli, enterococci, and Clostridium perfringens in fresh and 
dried deposits of detrital mats biweekly from June-August, 2010.  In addition, we 
assessed the influence of environmental variables on the persistence and proliferation of 
bacteria occurring in the detrital mats.  The effects of temperature, moisture, and 
sunlight exposure on E. coli, enterococci, and C. perfringens were evaluated in the 
deposits. Detrital algae stored at 400C for 5 months, simulating mild winter conditions, 
still harbored viable bacterial, while exposure to sunlight had an inhibitory effect (p < 
0.05) on the survival of these bacteria. Our findings suggest that decaying algae 
provides a suitable environment for bacteria to persist for extended periods of time and 
to proliferate under natural conditions, potentially impacting water quality.  

A lake-wide 3D hydrodynamic model was used to simulate circulation and 
thermal structure of Lake Huron in 1991-1994, and 2009-2010 on a 2 km grid. Model was 
validated with observations of water levels, temperature and currents. Modeled 
currents will be used to specify open boundary conditions and to validate circulation in 
the water quality model. In addition, GLERL wave model was run on the same 2 km 
grid for 1991-1996, and 2008-2010. Modeled wave period, height and direction were 
saved hourly and will be used in the water quality model to account for sediment 
resuspension effects. Model was validated with wave height and wave period 
observations at three NOAA buoys. The 2009 and 2010 current and temperature 
measurements in Saginaw Bay were collected by Nathan Hawley and used for 
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hydrodynamic model validation. 
We estimated annual phosphorus sedimentation rates using a mass balance 

model developed for inner Saginaw Bay. Our results present that the proportion of the 
net phosphorus sedimentation to phosphorus input substantially increased (from ~0.5 
to ~0.7) since the dreissenids invasion, while at the same time phosphorus export from 
the inner bay decreased (the proportion of export to input dropped from 0.55 to 0.33). 
These results suggest that dreissenids enhance phosphorus retention in nearshore areas, 
which leads to decreased offshore phosphorus transport. 

We assessed the potential effects of dreissenids invasion on Chl and TP levels 
and Chl:TP relationship based on individual samples. Contrary to previous findings 
that were based on observations spanning a short-term post-invasion period (1991-
1993), long-term analyses (late-1980s to 2010) suggest that post-invasion decreases in 
Chl and TP may not be significant in Saginaw Bay. Also, Chl:TP ratios that were 
estimated post-invasion did not change systematically from the ratios established pre-
invasion. Further, annual responses of in-lake TP to TP load do not show significant 
changes post-invasion. Thus, the target TP load for Saginaw Bay can be still used to 
project the current levels of TP and Chl in the bay. 

We have updated the regression model computing Total Phosphorous (TP), 
Soluble Reactive Phosphorous (SRP), Total Suspended Solids (TSS), Ammonia (NH4), 
Nitrate + Nitrite (NO3), and Total Nitrogen (TN) daily loads from the Saginaw River, 
and its subwatersheds. We then computed the daily loads of all variables for the 
periods 1997-09/30/2009.  We applied the models to analyze the spatial distribution of 
the origin of TP, SRP, TSS, TN, and NH4 loads. We compared model prediction with 
samples taken in 2009 by USGS and Limnotech showing good results. Finally, we have 
computed the uncertainty in TP load estimation due to model error and input 
uncertainty.  

For what regards the development of the distributed erosion and sediment 
transport models to be added to the Distributed Large Basin Runoff Model (DLBRM), 
we developed rainfall erosivity coefficients for sediment erosion estimation and began 
to modify the DLBRM code to simulate sediment erosion and transport. 
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Publications: 
 
DeMarchi, C., F. Xing*, T.S. Croley II, C. He, and Y. Wang (2011). Application of a 
Distributed Large Basin Runoff Model to Lake Erie: Model calibration and analysis of 
parameter spatial variation. Journal of Hydrologic Engineering, 16(3): 193-202. 
 
He, C., C. DeMarchi, W. Tao, and T. H. Johengen (2010). Modeling Distribution of Point 
and Nonpoint Sources Pollution Loadings in The Saginaw Bay Watersheds, Michigan. 
In: Lawrence, P. edited book: Urban GIS and Water Resources. Wiley and Son Co. (in 
press). 
 
Ram, J. L., A. S. Karim, P. Acharya, P.Jagtap, S. Purohit and D R. Kashian (2011)  
Reproduction and Detection of Veligers from Changing Dreissenid Mussel Populations 
in the Great Lakes Region.  Ecosphere 2(1). Article 4. 
 
Vijayavel, K. and D. R. Kashian.  In Review.  “A Rapid and Simple Technique for Enumerating 
Clostridium perfringens in Lake Sediments, and its Potential as a Tracer for Sewage Contamination. 
Submitted Jan 2011.  Journal of Microbial Methods.  

 
Ivan, L.N., T.O. Höök, M. V. Thomas, and D. S. Fielder.  (In Press).  Elucidating factors affecting 
walleye (Sander vitreus) and yellow perch (Perca flavescens) dynamics in Saginaw Bay, Lake Huron. 
Transactions of the American Fisheries Society. 

 
Presentations: 
  
Beletsky, D., R. Beletsky, D. Schwab, E.Anderson, and G. Lang. Modeling circulation in 
Lake Huron. The 14th Workshop on Physical Processes in Natural Waters. Reykjavik, 
Iceland, June 28- July 1, 2010,  
 
DeMarchi, C., W. Tao, T.H. Johengen, and C. He. Estimating Sediment and Nutrient Loads in 
Saginaw Bay. Multiple Stressors in Saginaw Bay: 2011 PI Workshop. Ann Arbor, MI, January 6-
7, 2011. 

 
DeMarchi, C., W. Tao, T. H. Johengen, and C. A. Stow. Uncertainty in Estimating the 
Phosphorous Load Estimation from a Large Watershed in the Great Lakes Basin. 
Proceedings of the International Conference SimHydro 2010: Hydraulic modeling and 
uncertainty. Sophia-Antipolis, France. June 2-4, 2010.  
 
Dyble, J., G. Fahnenstiel, T. Nalepa, H. Vanderploeg, T. Johengen, S.  Peacor, D. 
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Dziekan, K. Peters, S. Francoeur, D. Kashian, J. DePinto,  J. Bredin, B. Walker, P. 
Lavrentyev, D. Millie.   Impacts of Multiple Stressors on Water Quality in Saginaw Bay. 
Multiple Stressors PI workshop. Ann Arbor, MI, January 21, 2010. 
 
Kashian, D. R., R. H. Oates, T. H. Johengen.  The Role of Hypoxia and Dreissena 
Mussels on Internal Phosphorus Loading in a Great Lakes Coastal System.  American 
Society of Limnology and Oceanography. San Juan, Puerto Rico, February 13-18, 2011. 
 
Kashian, D. R., R. H. Oates, and T. H. Johengen. Biotic and physical influences on 
internal phosphorus loading in a Great Lakes coastal ecosystem. The North American 
Benthological Society annual meeting. Sante Fe, NM, June 6-11, 2010.   
 
Kashian, D. R., R. H. Oates, T. H. Johengen, S. Robinson, and A. Burtner. Nutrient 
loading in Saginaw Bay, Lake Huron.  The Ecological Society of America annual 
meeting. Pittsburg, PA, August 1-6, 2010.  
 
Tao, W., C. DeMarchi, T. H. Johengen, and C. He. Estimation of Saginaw River Nutrient 
and Sediment Loads. International Association for Great Lakes Research’s 53rd Annual 
Conference on Great Lakes Research. Toronto, Ontario, May 17-21, 2010. 
 
Vijayavel, K. and D.R. Kashian. 2010. A Rapid and Simple Technique for Enumerating 
Clostridium perfringens in Recreational Waters. National Beach Conference, USEPA 
Beach Conference. Miami, Florida, 2010. 
 
Vijayavel, K. and D.R. Kashian. Rapid Enumeration and Identification of Clostridium 
perfringens in the Beach Waters of Huron Erie Corridor. Great Lakes Beach Conference. 
Preque Isle, PA, 2010 
 
Vijayavel, K. and D.R. Kashian. Influence of Beach Muck on Recreational Water Quality 
and Human Health. Charting the Course - The Bluewater Coast Assessment. Michigan 
Sea Grant sponsored meeting. Caseville, MI, 2010. 
 
Roswell, C.R., S.A. Pothoven, L.N. Ivan, S.R. Stein, and T.O. Höök. 2011. One species 
disaster is another’s treasure: an example from Saginaw Bay. Oral Presentation. 41st 
Annual Spring Conference, Indiana American Fisheries Society. Montgomery, IN, U.S.A. 22-
23 February.  
  
Roswell, C.R., S.A. Pothoven, and T.O. Höök. 2010. Early-life growth and diets of 
Saginaw Bay yellow perch. Oral Presentation. 71st Midwest Fish and Wildlife Conference. 
Minneapolis, MN, USA. 12-15 December.  
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Roswell, C.R., T.O. Höök, and S.A. Pothoven. 2010. Diet selection and growth of age-0 
yellow perch (Perca flavescens) in Saginaw Bay, Lake Huron. Poster. 53rd Annual 
Conference on Great Lakes Research. Toronto, ON, Canada. 17-21 May.  
 
Ivan, L.N., T.O. Hook, D.S. Fielder, and M.V. Thomas.  2010.  The Saginaw Bay Fish Community 
(1970-2008). 71st Midwest Fish and Wildlife Conference. Minneapolis, MN, USA. 12-15 December.   
 
Ivan, L.N. and T.O. Hook.  2010.  A Spatially-Explicit Individual-Based Model of YOY 
Yellow Perch and Walleye in Saginaw Bay, Lake Huron.  53rd Annual Conference on 
Great Lakes Research. Toronto, ON, Canada. 17-21 May.  
 
Blouzdis, C., L. N. Ivan, S. Pothoven, T. Hook.  2011.  The ecological role of trout-perch 
(Percopsis omiscomaycus) in Saginaw Bay, Lake Huron.  Department of Forestry & 
Natural Resources Poster Symposium, Purdue University.  West Lafayette, IN, 8 April. 
Roswell, C.R., T.O. Höök, and S.A. Pothoven. 2010. Diet selection and growth of age-0 
yellow perch (Perca flavescens) in Saginaw Bay, Lake Huron. Poster. 53rd Annual 
Conference on Great Lakes Research. Toronto, ON, Canada. 17-21 May.  
 
Shoultz, C., C. Roswell, C. Foley and T.O. Hook.  2010.  Early life history of larval lake 
whitefish (Coregonus clupeaformis) in Saginaw Bay, Lake Huron.  Department of Forestry 
& Natural Resources Poster Symposium, Purdue University.  West Lafayette, IN, 8 
April. 
 
Outreach Activities: 
 
 A number of groups toured GLERL, ranging from review teams to elementary 
students. Ashley Burtner served as lab host to these tours, spending about 15-20 
minutes talking about projects, methods, or Great Lakes issues in general, depending on 
the interests of the groups. This project was frequently discussed. 

 
 
 
 
 
  



166 
 

PROJECT TITLE:  ECOFORE:  FORECASTING THE CAUSES, CONSEQUENCES AND REMEDIES 

FOR HYPOXIA IN LAKE ERIE 
 

Principal Investigator:  Allen Burton, CILER, Don Scavia, University of Michigan 

 
Overview and Objectives 
 
The overall objective of this project is to create, test, and apply models to forecast how 
multiple stresses influence hypoxia formation and ecology of Lake Erie’s Central Basin, 
with an emphasis on fish production potential. These models will integrate the multiple 
factors that interact to create hypoxia on Lake Erie, such as surface water flow, 
phosphorus input, lake dynamics, climate variation, fish movement patterns and fish 
and Dreissenid biology and physiology. The forecasts will be conducted within an 
Integrated Assessment (IA) framework, which is a formal approach to synthesizing 
existing natural and social scientific information in the context of a natural resources 
policy or management question. This project addresses two of NOAA Strategic Plan 
Goals: 1) to protect, restore, and manage use of coastal and ocean resources through 
ecosystem-based management, and 2) to understand climate variability and change to 
enhance society’s ability to plan and respond.       
 
Accomplishments 
 
WATERSHED TEAM 
 
Many activities in the Watershed Team are being conducted and completed 
concurrently.  Nutrient (TP, NO2+NO3, TKN, TN, TSS, and SRP) loading data are being 
compiled and summarized to be used as model inputs for the Hypoxia Team.  
Watershed nitrogen (N) and P budgets are being created to better understand N and P 
sources over time as well as to aid in forecasting scenarios.  The Distributed Large Basin 
Runoff Model (DLBRM) and the Soil and Water Assessment Tool (SWAT) are being 
parameterized and calibrated to be used in climate and land management practice 
change forecasting scenarios. 
 
Nutrient loading efforts 
 
Monthly and daily river export load series for the Raisin, Maumee, Sandusky, 
Vermilion, Cuyahoga, and Grand Rivers have been completed for the period of record.  
Missing data have been filled in, and the complete time series have been posted to the 
project website. 
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Daily Lake Erie nutrient loading estimates for CY2005 and CY2007 at 26 spatial nodes 
have been completed. CY1976 nutrient loads have been reconstructed from archived 
historical data. These are also available at the 26 spatial nodes in the Lake. All point 
source, atmospheric, and tributary data for 2003 - 2008 has been received. For Total 
Phosphorus (TP), additional annual load estimates have been completed for the water 
years (WY) 2003-2008. This updates the work of Dolan & McGunagle which included 
TP loads through WY 2002. These estimates have been provided to Steven Chapra at 
Tufts University for use with his TP mass balance model for the entire Great Lakes 
system. One of the outputs of Chapra’s work will be updated estimates of interlake 
loadings via the connecting channels including the St. Clair and Detroit Rivers. 
 
N and P budgets 
 
For all watersheds of the Lake Erie Basin in the U.S., historical N and P budgets were 
completed for agricultural census years from 1934 to 1974 at every decennial, and from 
1974 to 2002 at every five years.  Nitrogen budgets were estimated using net 
anthropogenic N inputs approach (NANI).  NANI was constructed by quantifying all 
known anthropogenic N inputs (fertilizer, crop fixation, atmospheric deposition, 
imports of N in crop and animal products), outputs (volatilization of N from applied 
manure and fertilizer and crop senescence, and exports of N in food and feed) as well as 
the net balances between inputs and outputs, resulting in an estimate of net 
anthropogenic N inputs (NANI).  Phosphorus budgets (NAPI) were similarly 
constructed.  
 
In addition, we developed relationships between watershed P inputs and river TP 
exports for the selected watersheds of the Lake Erie Basin (Huron, Raisin, Maumee, 
Sandusky, Cuyahoga, and Grand in OH) for 5 agricultural census years from 1978 to 
2002 to figure out how the input: export relationship has changed over time and how 
the changes in relationships would be linked to the re-occurrence of the hypoxia in Lake 
Erie.  
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Watershed models 
 
Multiple databases of land use, soil, digital elevation model (DEM), hydrography, and 
agricultural management practices have been acquired, processed, and analyzed to 
develop dynamic input parameters for the DLBRM and the revised universal soil loss 
equation (version 2) (RUSLE2) for the 6 watersheds on the U.S. side (Grand-OH, 
Cuyahoga, Sandusky, Maumee, Huron-MI, and  Raisin).  We have acquired and 
processed multiple databases of land use, soil, digital elevation model (DEM), and 
hydrography for the Grand River –Ontario. A computer program was written to 
spatially link the Ontario soil attribute database with the polygon database for 
extracting the soil input parameters. Input parameters for the DLBRM were derived.   
We have also built basic model application databases (daily meteorology, land use, 
soils, elevation, and hydrography) for all 17 U.S. Lake Erie watersheds, and we 
completed DLBRM daily calibrations for five Lake Erie watersheds: Huron, Raisin, 
Maumee, Sandusky, and Grand (Ohio).  We are now calibrating the DLBRM for the 
remaining 12 U.S. Lake Erie watersheds.  We estimated sediment and nutrient transport 
for two non-Erie watersheds and are doing the same now for the Maumee watershed on 
Lake Erie.  We are now adding transport mechanics to the DLBRM.  We developed 
automatic near real time "Resource Shed" processing for 18 watersheds, including the 
five Erie watersheds mentioned previously.  Resource shed maps for the last 31 days are 
available daily and will soon be accessible via the internet. 
 
SWAT models have been developed, calibrated, and validated for the same 6 Lake Erie 
watersheds on the U.S. side being modeled by DLBRM – Huron, Raisin, Maumee, 
Sandusky, Cuyahoga, and Grand.  Overall, the SWAT models’ performance is strong 
when compared to observed stream discharge, sediment loads, and nutrient loads (total 
phosphorus, soluble reactive phosphorus, total nitrogen, and nitrate).  Currently, 
agricultural best management practice scenarios are being simulated.  Preliminary 
results are showing that implementation of cover crops are most effective at reducing 
river nutrient export loads to Lake Erie for agricultural watersheds.      
 
SWAT model development is complete and a first paper describing its parameterization 
and testing model performance is in press with the Journal of Great lakes Research. A 
second paper is now underway to evaluate the effectiveness of BMPs vs source 
reductions to reduce nutrient and sediment loads to Lake Erie.   
 
Nutrient budget analyses to evaluate spatial and temporal patterns in phosphorus 
loading are largely complete.  A first paper has been published.  A second paper about 
historical trends in phosphorus loading to watersheds of the Lake Erie and Lake 
Michigan basins is in preparation.   
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HYPOXIA TEAM 
 
The Hypoxia Team is developing four levels of models, representing a range of 
complexity, intended to relate the attributes (magnitude, duration, spatial extent) of 
hypoxia in the central basin of Lake Erie to a range of stressors (physical conditions, 
external loadings of nutrients, and Dreissenid densities).  The four models in order of 
increasing complexity are the following: 
 
 Level 1 – one-dimensional model of the central basin with 1D thermal model and 

simple first-order deoxygenation rate in water column and zero-order SOD, forced 
by meteorological input alone; 

 Level 2 – one-dimensional model of the central basin with 1D thermal model and 
simple phosphorus-chlorophyll-DO process model, forced by meteorological input 
and external phosphorus and organic carbon loading; 

 Level 3a – Three-dimensional model composed of a 3D hydrodynamic – 
temperature model linked to the level two simple phosphorus-chlorophyll-DO 
process model, forced by hydrological and meteorological input and external 
phosphorus loading; and  

 Level 3b -- Three-dimensional model composed of a 3D hydrodynamic – 
temperature model linked to an advanced eutrophication model (including 
Dreissenids and Cladophora), forced by hydrological and meteorological input, 
external nutrient and organic carbon loading, and Dreissenid density. 

The level 1 model is complete and a peer-reviewed manuscript has been submitted to 
the Journal of Great Lakes Research (see publication list).  The level 2 hypoxia model 
was developed and applied for the period 1982-2005.  The goal of this model was to add 
complexity to the level 1 model (focused primarily on thermal structure) to assess the 
relative role of growth and decay processes in the lower food web on hypoxia.  The 
level 2 model maintains the 1-dimensional vertical domain.  This framework 
incorporated basin phosphorus and carbon loads, available light (including 
phytoplankton self-shading), and the mixing and temperature structures from the 1D 
thermal model.  The model estimates phytoplankton biomass, zooplankton biomass, 
autochthonous detritus, and dissolved oxygen by quantifying nutrient uptake and 
cycling in the water column.  The application was calibrated for 2005 observations, and 
confirmed using data from 1982-2004.  
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A three-dimensional, 2 km grid hydrodynamic model of Lake Erie was developed 
(based on the Princeton Ocean Model) with a goal to calculate lake-wide circulation and 
thermal structure.  Daily inflows at 22 major tributaries and hourly meteorological data 
at 12 land stations and 3 meteorological buoys were assembled, edited and interpolated 
to create gridded forcing functions for the hydrodynamic model for 2004, 2005, 2007 
and 1976.  Complete 3D hydrodynamic model simulations were accomplished for all 
four years and model results are now being compared with observations of 
temperature.  We also continued to analyze 2005 and 2007 temperature observations to 
investigate frequent occurrences of an unusual thermocline shape in the central basin 
those years.  This modeling work has also demonstrated the potential importance of 
nearshore-offshore gradients of important biogeochemical materials, making the 
exchange of material between the nearshore and offshore an important aspect to be 
considered in our level 3 modeling. 
 
Alternative forcing functions (surface wind fields) were developed for 2005. They are 
based on the 3-hourly output of the Canadian regional meteorological model GEM 
which employs 15 km grid and thus can be potentially superior to mostly land-based 
meteorological observations normally used by POM in the Great Lakes.  Preliminary 
results showed improvements in modeled thermocline shape and anticyclonic 
circulation pattern in the central basin. We are planning to re-do 2004 and 2007 3D 
hydrodynamic model runs using GEM winds (which are not available for 1976) and 
compare with available observations. 
 
The level 3a and 3b models are being developed to incorporate the 3-dimenstional 
aspects of the problem as well as two different levels of process complexity.  The level 
3a model is intended to assess how the food web impacts on dissolved oxygen 
resources vary spatially, particularly in near shore regions.  This model uses a three 
dimensional spatial domain, and a simplified limnology kinetic framework, driven by 
SRP and TP loads from the major tributaries in Lake Erie.  The model has also been 
dynamically linked to the Lake Erie 3D hydrodynamic model at the same spatial 
resolution to utilize the hourly hydrodynamic transport and temperature regime from 
that model. It has been calibrated for 2005, and the 2005 calibration is being tested 
against the 2004 data set.   
 
We have also begun developing the code for our level 3b model, which will be a 
complex hypoxia model, incorporating Dreissenids and nearshore lower food web 
dynamics that may be different from offshore dynamics.  This model will be linked to 
the same 3D hydrodynamic model being used for the level 3A model.  We have also 
compiled forcing function data (including loads of all state variables from all main 
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tributaries) for the four master years to which this model will be calibrated and 
confirmed. 
 
Additionally, we have continued to assess and incorporate uncertainty in our modeling 
applications.  We have conducted preliminary, exploratory analyses of our level 1 
model using PEST (a parameter estimation and optimization software) and WinBUGS 
(a Bayesian reference software).  These analyses are intended to assess the variability of 
the calibration terms in the model. 
 
 
ECOLOGICAL EFFECTS TEAM 
 
The Ecological Effects Team is developing a suite of models to explore how 
hypolimnetic hypoxia impacts ecological interactions and fisheries production in the 
central basin of Lake Erie.  We are using a parallel modeling approach including: 1) 
Empirical, statistical models; 2) Bioenergetics models (Growth rate potential models 
[GRP] and Individual-based models [IBM]); and 3) Foodweb models (Ecopath with 
Ecosim) and CASM [Comprehensive Aquatic Simulation Model]). Our ultimate goal is 
to apply these models to forecast how fish production in Lake Erie would be affected by 
potential, future nutrient loading scenarios and hypoxia dynamics.   
 
During the initial phase of the project, we primarily work to develop and parameterize 
ecological models.  To accomplish this goal, we rely on a variety of existing data: 
physical measures (temperature, water clarity, oxygen concentration), fisheries harvest 
data, annual fisheries-independent stock assessments, hydro-acoustic estimates of fish 
biomass, benthic macroinvertebrate surveys, zooplankton surveys (from optical 
plankton counter, net collections and pump samples), and fish samples (midwater and 
bottom trawl caught fish allowing for quantification of species-specific vertical 
distributions and diet contents).  Most of these data were collected through the IFYLE 
(International Field Years on Lake Erie) program and state/provincial agency-based 
monitoring efforts.  Most of the data which we use for model development and 
parameterization have been previously collected and analyzed (primarily through 
IFYLE-related efforts).  However, some previously collected data required compilation, 
processing and analyses before they can be used for model development and 
parameterization.  To this end, we analyzed biological data (zooplankton, benthic 
macro-invertebrate, and fish) and compiled historical fisheries and fisheries-
independent data (including manual data entry from paper copies). 
 
In applying our models, we build directly on the efforts of other project components 
(i.e., we use output from Watershed and Hypoxia forecasting models as input for our 



172 
 

models).  As these other project components have realized model outputs, our 
modeling efforts have ramped up. During 2008, we hired three postdoctoral research 
associates (Arend [Purdue; Bioenergetics modeling and CASM], Hosack [Ohio State; 
Empirical analyses], and Zhang [NOAA-GLERL and U. Michigan; EcoPath]).  Arend 
and Hosack subsequently moved on to other positions and two other postdoctoral 
research associates were hired in 2009 (Pangle, Ohio State University; Bioenergetics and 
Empirical modeling) and 2010 (Goto, Purdue University; Bioenergetics modeling). 
 
 
 
Empirical analyses 
 
We have explored the effects of hypoxia on commercial catch rates of walleye using 
both commercial and fishery independent data in Lake Erie. Hypoxia, as estimated by 
the 1-D model, positively correlates with annual catch rates of walleye. Monthly 
analyses, however, show that catch rate and harvest response to hypoxia varies by 
region. Spatial data available from IFYLE 2005 shows that hypoxia is constrained to the 
central basin, and fishery independent survey data suggests that the probability of 
walleye occurrence exhibits unimodal relationships with respect to bottom dissolved 
oxygen and temperature. Ongoing work investigates how spatial IFYLE abiotic data 
relates to walleye distribution and the distribution of a primary prey species, rainbow 
smelt.  
 
Bioenergetic models 
 
To date, we have developed bioenergetics growth rate potential models for emerald 
shiner, rainbow smelt, round goby, yellow perch, and walleye.  We have applied these 
models 1) using physical, chemical and biological data collected during 2005/2007 
IFYLE cruises in central Lake Erie and 2) using output from 1-dimensional hypoxia 
models.  Analyses based on output from 1-dimensional hypoxia models suggest that 
hypoxia effects on habitat quality vary inter-annually and differentially affect various 
species and life-stages.  Analyses based on measured temperatures, oxygen 
concentrations and prey distributions suggest that hypoxia may affect habitat quality in 
unexpected ways.  For example, while growth rate potential modeling suggests that 
hypoxia will limit the availability of hypolimnetic habitat for walleye, overall walleye 
habitat quality may ultimately benefit as both walleye and their prey are constricted 
into a narrow depth range just above the hypoxic hypolimnion.  Growth rate potential 
results have been synthesized and manuscripts have been drafted and submitted for 
publication. 
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Currently, our bioenergetics modeling efforts focus on dynamic individual-based 
models.  We have incorporated dynamic behavior and movement into growth rate 
potential models.  In addition, we are in the process of coding a holistic individual-
based model.  This model includes dynamics of rainbow smelt, walleye and yellow 
perch.  It uses output from the 3-D water quality model as input to drive dynamics of 
fish movement, feeding, growth etc. 
 
As of December 2010, development of basic structures of multispecies SE-IBM has been 
completed using IDL (modeling and visualization software). At present, further species-
specific parameterization and calibration of the SE-IBM are being conducted using 
IFYLE data and literature. The SE-IBM currently consists of 8 age classes of walleye, 7 
age classes of yellow perch, 2 age classes of rainbow smelt, emerald shiner, and round 
goby, as well as zooplankton (from the water quality model outputs) and benthic 
macroinvertebrates (modeled using detrital carbon outputs from the water quality 
model outputs) as prey. All trophic groups in the model (invertebrate prey, benthivores, 
planktivores, and piscivores) are linked through predator-prey relationships. 
Preliminary simulations of the model have been conducted using central basin outputs 
from the Level 3a hydrodynamic-water quality model that was calibrated with the 2005 
field data. These simulations appeared to be in agreement with some results from the 
other ecological models (e.g., walleye benefits from hypolimnetic hypoxia to some 
extent). Initially, we were using a 6-minute time step to capture physiological (e.g., 
acclimation to ambient temperature and DO) and behavioral (e.g., vertical movement) 
responses to hypoxia. However, as more complexity is being added to the model, 
computation time is also becoming increasingly prohibitive. We are currently exploring 
different options for time step as well as the number of superindividuals (a collection of 
individuals) to complete simulations in reasonable time, while capturing important 
details in the model. Because of increasing computation time (> a few weeks for 5-
month simulations), we also started working with Purdue University’s Rosen Center for 
Advanced Computing to run simulations in a cluster environment. Additionally, 
visualization of model outputs using IDL and ArcGIS is also being developed to 
examine impacts of hypoxia on fish movement (vertical and horizontal) and inter- 
/intra- specific interactions among fish populations. 
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Foodweb models 
 
CASM is a bioenergetics-based foodweb model used to estimate ecological risks posed 
by various physical, chemical, or biological stressors in aquatic systems. Risks include 
direct impacts on individual modeled populations of primary producers or consumers, 
as well as indirect effects that result from alterations of grazing or predator-prey 
interactions.  The CASM Lake Erie (CASM-LE) is being developed and applied to 
evaluate how hypoxia impacts may cascade through the foodweb of Lake Erie’s central 
basin.  The foodweb represented in the CASM-LE was developed in coordination with 
the project investigators (Zhang et al.) who are developing the Lake Erie EcoPath and 
EcoSim. The foodweb in the CASM-LE consists of four broadly defined taxonomic 
groups of phytoplankton, six populations of herbivorous and carnivorous zooplankton, 
five benthic invertebrate populations (including Dreissenids), and 16 different 
taxonomically defined fish populations. Rainbow smelt, yellow perch, and walleye are 
represented by juvenile and adult populations. Consistency in food web structure will 
facilitate the comparison of CASM-LE with results from the Ecopath and EcoSim for 
similar hypoxia scenarios and provide multiple-model projections of potential impacts 
of hypoxia.  Various sources of data and information have been used to define foodweb 
interactions, initial population biomass values, bioenergetics parameters, and physio-
chemical conditions in CASM-LE (e.g., physical, chemical and biological data from 
IFYLE; literature values; agency reports).  Estimation of bioenergetic parameters in the 
CASM-LE is based in part on other bioenergetics work being performed as part of the 
Ecofore Project.  The overall CASM-LE has been re-programmed to include 3-layer 
vertical structure that permits certain invertebrate and fish populations to move 
vertically in relation to food availability and oxygen concentration.  The direct effect on 
the annual production of each modeled population is determined by functional 
relationships between daily changes in dissolved oxygen concentration (in each vertical 
layer) on population respiration and mortality rates.  Direct effects on prey populations 
can cascade throughout the foodweb in terms of alterations in prey availability.  The 
CASM-LE includes a nearshore and offshore modeled locations that permit horizontal 
migration in response to oxygen concentrations.  The major development within 2010 
for the CASM-LE has been the reprogramming of the model using a Monte Carlo 
framework.  This approach directly evaluates the effects of parameter uncertainty on 
modeled impacts of hypoxia.  Importantly, this approach also permits modeled effects 
of hypoxia to be characterized as probable impacts (i.e., ecological risks).  The Monte 
Carlo version of the CASM-LE is currently being debugged using IFYLE physical-
chemical data from 2005.  
 
Ecopath with Ecosim (EwE) is a suite of food web models that is designed to address 
ecological questions, to evaluate ecosystem effects of fishery management, to explore 
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management policy options, and to evaluate effect of environmental changes, etc. Our 
Ecopath model focuses on the central basin of Lake Erie, and aims to evaluate the 
impacts of hypoxia on the lake ecosystem structure and function, and to explore water 
quality management and fisheries management scenarios.  Our EwE team has been 
compiling and analyzing data since December 2008 to modify an existing Ecopath 
model for Lake Erie developed by Johnson and Zhu to investigate the effects of invasive 
species on the Lake Erie food web.  Our EwE team has consulted lower trophic level 
experts regarding merging taxa into functional trophic groups in Ecopath.  We 
estimated biomass of the lower trophic-level groups based on literature review and data 
sources including IFYLE field studies and the LEPAS (Lake Erie Plankton Abundance 
Study at Ohio State University).  Currently, we are modeling 41 age/size groups of fish 
in our Ecopath model: biomass estimated from IFYLE trawl and acoustic data, and from 
surveys by state and provincial agencies. Our EwE team also is working with Lake Erie 
fisheries managers to design relevant management simulations and to ensure the final 
EwE model is a useful management tool. 
 
Ed Rutherford and Hongyan Zhang worked on the Ecopath with Ecosim model for the 
Lake Erie central basin. They have been actively involved in a formation of a Great 
Lakes EwE modeling group which includes modelers from NOAA/GLERL, CILER/UM, 
USGS, the Institute of Fisheries Research at University of Michigan, and Michigan State 
University. This EwE modeling group will produce guidelines for ecosystem modeling 
efforts in the Great Lakes and compile a list of data sources used for model 
development. 14 experts has participated the first workshop that was held at Kellogg 
Biological Station (KBS), MI, Feb. 28-Mar.1, 2011.  The second workshop was scheduled 
on July 12-13, 2011 at KBS.  
 
Coordination and application 
 
We have worked to ensure that our models and simulations are highly relevant for Lake 
Erie fisheries managers and that our collective analyses provide insight regarding 
tradeoffs between nutrient loading and fisheries production. We are engaged with 
managers via presentations at stakeholder meetings, personal conversations, and 
distribution of project literature (including series of questions for managers).  While we 
have developed a multitude of models which have unique advantages and 
disadvantages, an ultimate goal of our efforts is to be able to compare model 
predictions.  While this may not always be feasible (given the differential forms of our 
models), when possible we are facilitating model comparisons by initially structuring 
models in a similar manner.  
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PROJECT TITLE:  GIS ECOREGION CLASSIFICATION AND FOOD WEB MODELING  
 

Principal Investigators: Hongyan Zhang, CILER, Sara Adlerstein Gonzalez and Lacey 
Mason (University of Michigan, SNRE) 

NOAA Technical Contact: Ed Rutherford (NOAA)  
       

Overview and Objectives: 
 
Invasive species are one of five key NOAA-identified stressors of native biodiversity 
and ecosystem function in the Laurentian Great Lakes (GL), where at least 184 
nonindigenous species are established 
(http://www.glerl.noaa.gov/res/Programs/invasive/, Ricciardi 2006).  Invasive species 
whose original site of establishment in North America was the GL cause great damage 
to the GL and at least $200 million annually to the whole US (Pimentel et al. 2005).  In 
the context of on-going management and policy discussions, it is therefore critical to 
forecast species invasions and their costs, and to predict the effectiveness and costs of 
potential management responses to these invasions.  This will guide more cost effective 
investments in prevention, EDRR to new invasions, slow-the-spread, and control efforts 
for species that are already well established in the GL or connected basins.   

By integrating ecology and economics at the landscape scale, we will be able to 
communicate forecasts in terms of introduction pathways, which are the most 
appropriate targets for cost effective management, especially where preventing new 
invasions is the goal.  Alternative management or policy choices will be presented in 
environmental as well as dollar units, which are critical to inform decisions that must 
always be made in the context of limited budgets.  Focusing on all five GLs, we will 
produce and make freely available a richer and more finely resolved set of GIS layers 
and ecological classifications than are currently available; these will be useful for many 
other researchers, agencies, NGOs, and policy makers for applications to many other 
issues.  

We propose to use ecological models and GIS databases to support the NOAA 
CSCOR proposal by Dr. David Lodge et al. from University of Notre Dame entitled: 
“Forecasting spread and bioeconomic impacts of aquatic invasive species from multiple 
pathways to improve management and policy in the Great Lakes”. Dr. Rutherford, Dr. 
Sara Adlerstein-Gonzalez, and a GIS analyst (Lacey Mason, 0.55 FTE) will provide 
habitat databases and use multivariate statistical models to classify ecoregions in each 
Great Lake to support food web modeling. A database technician (Elliott, 0.472 FTE) 
will process hydroacoustics data to analyze fish biomass data to configure food web 
models in Great Lakes ecoregions. Drs.Hongyan Zhang (0.491 FTE) and Rutherford will 
model food webs in ecologically distinct regions of the Great Lakes to determine 

http://www.glerl.noaa.gov/res/Programs/invasive/�
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potential impacts of invasive species on food webs and fisheries, which will suggest 
alternatives for management.  

Products resulting from this proposed subcontract include: maps and predictions 
of invasive species larval dispersal in each of the Great Lakes; developed databases and 
ecoregional habitat classifications for environmental niche modeling; Ecopath/Ecosim 
food web models and predictions of invasive species impacts on Great Lakes food webs 
and fisheries.  

 
This project meets a goal of NOAA’s Strategic Plan to protect, restore, and 

manage use of coastal and ocean resources through ecosystem-based management. 
 

Objectives: 

1. Inventory, map and classify physical and biological habitats for Great Lakes 
aquatic ecoregions. 

2. Analyze hydroacoustics data on fish species composition and biomass in Great 
Lakes waters. 

3. Construct food web models for inshore and offshore waters of Lake Michigan 
and Lake Erie. 

4. Simulate invasive species impacts on Lake Michigan and Lake Erie food webs. 

 
Accomplishments: 
 

Objective 1.  Inventory, map and classify physical and biological habitats for Great 
Lakes aquatic ecoregions. 

We assembled additional data for classification purposes of physical and biological 
habitats in Lake Michigan and Lake Erie. The data included physical (surface 
temperature, temperature change, growing degree days, subsurface temperature, fetch, 
turbidity, transmittance, PAR), chemical (oxygen, nutrients) and biological data 
(chlorophyll a, phytoplankton biovolume, benthos and zooplankton biomass). We are 
mapping and classifying these variables together with other physical variables 
(proximity to rivers and wetlands, substrate composition, bathymetry, gradient, current 
velocity and direction) to develop ecoregion classifications in a hierarchical framework.  
We are integrating habitat data into a new spatial framework that extends from 
watersheds to the Great Lakes (see Figure 1). On March 23 2011, we met to discuss 
classification approaches and data sets with collaborating scientists from the Nature 
Conservancy.  
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Figure 1. A spatial framework for classification and assessment of Great Lakes aquatic habitats and 
resources (C. Riseng, L. Mason, J. Breck (University of Michigan), L. Wang (Michigan DNR), and E. 
Rutherford (NOAA GLERL).  

 

Objective 2: Analyze hydroacoustics data on fish species composition and biomass in 
Great Lakes waters. 

Biomass estimates for all trophic levels are required for modeling invasive species 
impacts on food web using Ecopath with Ecosim. We analyzed data from 
hydroacoustics, trawl and gillnet surveys conducted during 2009 and 2010 to estimate 
fish species composition and biomass in Saginaw Bay Lake Huron and Lake Michigan. 
Surveys were conducted in May, July and September 2009 in Saginaw Bay and in April, 
July and September in Lake Michigan. In Saginaw Bay, each survey included one 
transect in the inner bay and two in the outer bay.  In Lake Michigan, each survey 
included cross-isobath and within isobaths transects at 15, 45 and 110 m. During each 
survey, a split-beam acoustics system was towed at 3-4 kts following standard 
procedures developed for Great Lakes ecosystems (and Warner 2009). Fish species 
composition and size data were collected using midwater and bottom trawl data in 
Lake Michigan, and bottom trawl and gillnet survey data in Saginaw Bay. The species 
composition data were used to assign biomass estimates to individual species and size 
groups.  
 
In Saginaw Bay, pelagic fish biomass varied among seasons and area. Fish biomass was 
higher in fall (avg = 0.33 ± 0.09 g/m2, Figure 2) than in spring or summer (avg = 0.06 ± 
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0.02, 0.04 ± 0.01 g/m2, respectively). In spring, fish biomass was higher in the inner bay 
than outer bay (avg = 0.11 ± 0.03 vs 0.02 ± 0.01 g/m2 respectively), but didn’t vary 
significantly among areas in fall. Trawl and gillnet catches revealed most pelagic fishes 
were emerald shiner, yellow perch, and gizzard shad.  
 
In Lake Michigan in September, fish biomass was highest at nearshore areas (0-30 m 
isobaths) and decreased with distance offshore (to 110 m). Most species caught in trawls 
were alewife and rainbow smelt in nearshore zones, and bloater in offshore zones. Fish 
biomass in fall was not significantly different between Saginaw Bay 2009 and nearshore 
Lake Michigan in 2010 (avg= 0.33 ± 0.09 vs 0.27 ± 0.52 g/m2). 
 
 

Objective 3: Construct food web models for inshore and offshore waters of Lake 
Michigan and Lake Erie. 
 
The following data were assembled for implementing models that can be used for 
analysis of impacts of potential invaders (Asian carps, killer shrimp, snakehead) on 
Great Lakes food webs and fisheries. 
 

• EPA_GLENPO zooplankton data for the five lakes from 1983 to 2006  
• EPA_GLENPO macro-invertebrate benthos data for the five lakes from 1997 to 

2006. 
• NOAA-GLRL phytoplankton and zooplankton data for Saginaw bay from 1990-

1996 
•  NOAA-GLRL phytoplankton data for Saginaw bay from 1990-1996 
• NOAA-GLRL zooplankton data for Saginaw bay from 1990-1996 
• MDNR – Bottom trawl fish survey data for Saginaw Bay from 1981- present 

 
Lake Erie food web model (Hongyan Zhang, Ed Rutherford): Joe Nohner and Hongyan 
Zhang used the GIS database and a DO profile output from a water quality model of the 
central basin of Lake Erie to construct areal and volumetric DO functions for a food web 
model, Ecopath with Ecosim, to assess the impacts of hypoxia and invasive species on 
the food web and fisheries of the central basin of Lake Erie.     
 
Lake Michigan Food Web Model (Hongyan Zhang, Ed Rutherford): We are 
summarizing input parameters for nearshore and offshore food web models for 
southern Lake Michigan. The available databases are from isotope studies of energy 
flow in Muskegon Lake and nearshore Lake Michigan (Marko 2008), from NOAA 
GLERLs and USGS GLSCs long-term monitoring programs (Bunnell et al. 2009,  
Fahnenstiel et al. 2010), and from recent GLRRIN studies in the nearshore zone by US 



185 
 

EPA, Purdue University, Illinois Natural History Survey and Univ. Wisconsin at 
Milwaukee.  
 
Saginaw Bay Lake Huron Food Web Model (Sara Adlerstein, Ed Rutherford): Input 
parameters are being refined for implementing Ecopath and Ecosim (EwE) models for 
Saginaw Bay that will allow characterization of the food web before the dreissenid and 
goby invasions and through the stages imposed by changes due to the invasions over 
time.  The work also included changes in the architecture of the food web to represent 
migratory species, and also finer groups among the lower food web level as well as 
among fish prey and predator species. Finally, the work included exploration for 
alternative ways within EwE to model new (invasive) species (such as Asian carps) 
entering Great Lakes ecosystems. 
 
 
Objective 4: Simulate invasive species impacts on Lake Michigan, Lake Erie and Lake 
Huron food webs. 

We conducted a preliminary analysis of Asian carp impacts on the central Lake Erie 
food web. Future work will define impacts of carps and other invaders (eg. Dreissenid 
mussels, round goby, ruffe, Hydrilla) on all three food webs, and evaluate sensitivity of 
model predictions to input parameters. 

 
 

References: 
 
Bunnell, D. B., C. P. Madenjian, J. D. Holuszko, J. V. Adams, and J.R.P. French III. 2009. 

Expansion of Dreissena into offshore waters of Lake Michigan and potential 
impacts on fish populations. Journal of Great Lakes Research 35(1): 74-80. 

Fahnenstiel, G.L., T.F. Nalepa, S.A. Pothoven, H.J. Carrick, and D. Scavia. 2010. Lake 
Michigan lower food web: Long-term observations and Dreissena impact. Journal 
of Great Lakes Research 36:1-4. 

Marko, K.M. 2008. Tracing the flow of organic matter from the Muskegon River estuary 
system to nearshore Lake Michigan: a stable isotope analysis.  Ms Thesis, 
University of Michigan, Ann Arbor. 
 
 

Publications: 

 None. 
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Presentations:  
 
Zhang, H., Rutherford, E., Mason, D., Johnson, T.B., Adamack, A.T., Zhu, X., and 

Scavia, D.  2010. Ecosystem Level Impacts of Hypoxia on the Food Web and 
Fisheries of Lake Erie.   Poster.  NOAA/GLERL review,  November 16-18, Ann 
Arbor, MI.   

Zhang, H., Rutherford, E., Mason, D., Johnson, T.B., Adamack, A.T., Zhu, X., and 
Scavia, D.  2010. Ecosystem Level Impacts of Hypoxia on the Food Web and 
Fisheries of Lake Erie.   Poster.  CILER review,  October 4-7, Ann Arbor, MI.   

Zhang, H., Rutherford, E., Mason, D., Johnson, T.B., Adamack, A.T., Zhu, X., and 
Scavia, D.  2010. Ecosystem Level Impacts of Hypoxia on the Food Web and 
Fisheries of Lake Erie.   The 140th meeting of the American Fisheries Society. 
September 12-16, Pittsburgh, PA.   

Zhang, H., Rutherford, E., Mason, D., Johnson, T.B., Adamack, A.T., Zhu, X., and 
Scavia, D.  2010. Ecosystem Level Assessments of Hypoxia Impacts on the Food 
Web and Fisheries of Lake Erie. Poster.  The 53rd annual international conference 
of the International Association for Great Lakes Research – lessons from the past, 
Solutions for the future. May 17-21, Toronto, ON.   

 
Outreach Activities: 
 
Ed Rutherford and Hongyan Zhang have been actively involved in a formation of a 
Great Lakes EwE modeling group which includes modelers from NOAA/GLERL, 
CILER/UM, USGS, the Institute of Fisheries Research at University of Michigan, and 
Michigan State University. This EwE modeling group will produce guidelines for 
ecosystem modeling efforts in the Great Lakes and compile a list of data sources used 
for model development. 14 experts have participated in the first workshop that was 
held at Kellogg Biological Station (KBS), MI, Feb. 28-Mar.1, 2011.  The second workshop 
was scheduled on July 12-13, 2011 at KBS.  
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THEME VI:  EDUCATION AND OUTREACH 

CILER activities that fall under the theme of Education and Outreach focus on 
facilitating education and outreach activities for NOAA in the Great Lakes region. 
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PROJECT TITLE:  ASSISTING GREAT LAKES COMMUNITIES WITH CLIMATE CHANGE 

ADAPTATION  

 

Principal Investigators:  Allen Burton, CILER, Rebecca Held, Sara Katich, Cybelle 
Shattuck, Danielle Forsyth, Shauna Casey, Dawn Nelson – 
University of Michigan- CILER 

       

Overview and Objectives: 
 
This project will result in three educational modules that can be delivered individually 
or as a unit to prepare local officials to develop climate change adaptation plans for 
their communities.  These outreach modules will be delivered by Sea Grant Program 
Extension Staff, USDA Extension Staff, Coastal Zone Management Programs, and other 
trained outreach professionals who work with local community decision makers in the 
Great Lakes region.  The modules will be developed by climate and planning experts 
from NOAA and Sea Grant Institutions in collaboration with community leaders from 
the Great Lakes and St. Lawrence Cities Initiative to ensure relevancy.  Modules will be 
designed to allow for maximum flexibility and adaptability and can easily be modified 
to include future research and tools that increase the body of information useful for 
local decision makers.    
 
1.  What am I adapting to?  Predicted Impacts of Climate Change 
This module will present an overview of predicted climate change impacts in the Great 
Lakes, including predicted changes in temperature, storm events, Great Lakes water 
levels, lake ice cover, and other factors.   This module will be designed to assist local 
decision makers understand the potential range of variability in climate change 
predictions, and how these changes are likely to impact local communities.   
 
2.   What is an adaptation plan?   Overview of an Adaptation Plan  
This module will outline the basic principles of developing a local climate change 
adaptation plan, the content and considerations needed in a plan,  and will include 
examples and case studies of how communities are planning for climate change.  Due to 
the increased variability in lake levels that will be experienced in the Great Lakes, 
communities may need to consider strategies commonly employed by tidal 
communities and will benefit from some adaptation plan examples from outside the 
Great Lakes region. This module will build the capacity of Great Lakes community 
officials to use the best available knowledge to develop climate adaptation plans for 
their community.  
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3.   What tools are available to help me?  Tools and Information   
This module will highlight tools that have been developed by NOAA, Sea Grant and 
other federal agencies to assist local communities with assessing climate change 
vulnerability, as well as planning to adapt to predicted climate change impacts.  The 
module will likely highlight tools developed by NOAA's Coastal Services Center, assist 
decision makers in selecting the tool most appropriate for their community, and 
prepare them to acquire and use the tools they select.  

 

Within this section, identify NOAA Strategic Plan Goal(s) the Project Addresses:  
 
Goal:  Resilient Coastal Communities 

Objective: Resilient coastal communities that can adapt to the impacts of hazards and 
climate change. 
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Accomplishments: 

 
The three modules have been completed.  Training with outreach professionals will 
commence in Summer 2011 
 
Publications: 

  
Rebecca Held – University of Michigan;  
Danielle Forsyth, Shauna Casey, Dawn Nelson – CILER;  
Heather Elmer – Old Woman Creek NERR 
   
Date published:  November 2010 
Title:  Laurentian Great Lakes Basin Climate Change Adaptation 
NOAA Technical Memorandum GLERL-153 
 
Presentations:  None during this reporting year 
 
Outreach Activities: 
 
June 2010 – User-friendly display at the Great Lakes-St. Lawrence Cities Initiative 
Annual Meeting 
August 2010 – Presentation to the NOAA Great Lakes Regional Collaboration Team 
November 2010 -  Presentation to the Great Lakes Sea Grant Extension Agents 
PROJECT TITLE:  OUTREACH AND EDUCATION COORDINATION FOR THE NOAA 

CENTER OF EXCELLENCE FOR GREAT LAKES AND HUMAN HEALTH 

 

Principal Investigators: Allen Burton, CILER, Sonia Joseph Joshi, Michigan Sea Grant 
Extension/ Michigan State University 

       

Overview and Objectives: 
 
As part of the NOAA Oceans and Human Health Initiative, the Center of Excellence for 
Great Lakes and Human Health is required to engage public health and natural 
resource managers and decision- makers in order to develop and deliver useful 
products and services. To ensure the development of useful and timely products, tools 
and services, involving stakeholders in determining research priorities is essential. The 
NOAA Center of Excellence for Great Lakes and Human Health (CEGLHH) uses a 



191 
 

multidisciplinary approach to translate scientific information and research into 
materials to aid health officials, local governments, and communities in making sound 
environmental decisions. Through a partnership with Michigan Sea Grant, outreach 
programming for CEGLHH is conducted by a Michigan Sea Grant Outreach Specialist. 
One of the of responsibilities of the Michigan Sea Grant Outreach Specialist is to 
translate CEGLHH materials into a concise, easily understood format and identify 
community needs. In addition the Michigan Sea Grant Outreach Specialist serves as a 
liason to the Great Lakes Sea Grant Network to connect with end users throughout the 
Great Lakes. CEGLHH's Outreach Coordination serves two roles, identifying and 
assessing user needs (related to Great Lakes and human health) and disseminating 
scientific information, technology, and research materials to aid health officials, local 
governments, and communities in making sound environmental decisions. 

This project addresses NOAA Strategic Plan Goal # 3) Serve society’s need for weather 
and water information and falls in line with NOAA’s mission of science, service and 
stewardship and sharing knowledge and information on predicting water quality 
changes of the Great Lakes coasts with specific end users. 
 
Accomplishments: 

 
Ottawa County and Muskegon County Harmful Algal Bloom Volunteer Monitoring 
Program. 
  
10 Michigan volunteers trained and collected samples weekly for 10 weeks throughout 
the summer of 2010. Many of the volunteers devoted time not only to collect samples 
but used their own boats and gas to go out and collect samples. In addition, some of the 
volunteers also volunteered to drive all the way to the NOAA Lake Michigan Field 
Station where the samples were analyzed, which incurred a great time commitment to 
this program and again vehicle and gas commitment on their part. Ottawa County 
Health Dept has stated that they will post advisories/ warning signs at beaches 
whenever algae toxin concentrations are above World Health Organization's (WHO) 
recommended guidelines, as an unofficial county policy-- meaning it isn't a written 
policy yet. 
 
Lake Erie Harmful Algal Bloom Experimental Forecast Weekly Distribution in On-
Line Format 
 
Created an on-line campaign to electronically distribute the Lake Erie Harmful Algal 
Bloom Experimental Forecast Bulletin (developed by the NOAA Center of Excellence 
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for Great Lakes and Human Health), in order to track how many people open the 
Bulletin, forward it, and to increase the number of people receiving the Bulletin. As a 
result of utilizing this on-line campaign, the subscriber list for the Bulletin has grown 
from 61 end users who are receiving the Lake Erie HAB Forecast to 185, tripling our 
reach in just 6 months! In addition, the HAB Forecast Bulletin has consistently been 
significantly above industry averages for people viewing the Bulletin and forwarding it 
on. Even during the week of our lowest total viewing of the Bulletin, we were 11.6% 
above the industry average for these types of distributions. 
 
Links: http://www.glerl.noaa.gov/res/Centers/HABS/lake_erie_hab/lake_erie_hab.html 
 
5th Annual Ottawa County Water Quality Forum 
 
Served on planning committee for the Annual Ottawa Water Quality Forum which 
serves to educate environmental health and natural resource staff and professionals 
based in western Michigan on water quality research conducted in Ottawa County. 
Based on 2009 feedback from Turning Point technology surveys we focused on and 
organized specific topics and presentation that were important in western Michigan. 
We conducted a second evaluation to determine level of knowledge and perception 
shifts as well as behavior changes as a result of the Forum. 
 
Publications: 

None  
 
Presentations and/or Workshops: 
 
** Joseph Joshi, S. Harmful Algal Blooms in Western Michigan. June 10, 2010. Macatawa 
Area Coordinating Council. Holland, Michigan. 
 
**Joseph Joshi, S., J. Dyble Bressie, G. Fahnenstiel, R. Stumpf, M. Tomlinson. June 16, 
2010. Lake Erie Harmful Algal Bloom Forecasting. Monroe County Health Department. 
Monroe, Michigan.  
 
** Joseph Joshi, S. June 23, 2010. Water Quality and Human Health: Overview of Center 
of Excellence for Great Lakes and Human Health. American Waterworks Association. 
Ann Arbor, Michigan.  
 

http://www.glerl.noaa.gov/res/Centers/HABS/lake_erie_hab/lake_erie_hab.html�
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Joseph Joshi, S. June 29, 2010. Public Health and Water Security. Developing a Data 
Blueprint for Decision-Making: Great Lakes Observing System (GLOS) workshop 
Principal Investigators Meeting. Ann Arbor, Michigan. 
 
** Joseph, Joshi, S. November 1, 2010. Ottawa County Water Quality Forum. West Olive, 
Michigan.  
 
** Joseph Joshi. Harmful Algal Blooms in the Great Lakes. February 10, 2011. School of 
Freshwater Sciences Seminar Series, University of Wisconsin-Milwaukee. Milwaukee, 
Wisconsin. 
 
** Denotes presentations that were given as Outreach Activities—presentations given to 
either establish collaborative engagement partnerships, or to educate specific 
stakeholders and various sectors of the public on water and health work done by 
Michigan Sea Grant and NOAA Center of Excellence for Great Lakes and Human 
Health. 
 
 
 
Outreach Activities: 
 
** Joseph Joshi, S. Harmful Algal Blooms in Western Michigan. June 10, 2010. Macatawa 
Area Coordinating Council. Holland, Michigan. 
 
**Joseph Joshi, S., J. Dyble Bressie, G. Fahnenstiel, R. Stumpf, M. Tomlinson. June 16, 
2010. Lake Erie Harmful Algal Bloom Forecasting. Monroe County Health Department. 
Monroe, Michigan.  
 
** Joseph Joshi, S. June 23, 2010. Water Quality and Human Health: Overview of Center 
of Excellence for Great Lakes and Human Health. American Waterworks Association. 
Ann Arbor, Michigan.  
 
** Joseph, Joshi, S. November 1, 2010. Ottawa County Water Quality Forum. West Olive, 
Michigan.  
 
** Joseph Joshi. Harmful Algal Blooms in the Great Lakes. February 10, 2011. School of 
Freshwater Sciences Seminar Series, University of Wisconsin-Milwaukee. Milwaukee, 
Wisconsin. 
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- Ottawa County and Muskegon County Harmful Algal Bloom Volunteer Monitoring 
Program. (June- August 2010) 
 
- Lake Erie Harmful Algal Bloom Experimental Forecast Weekly Distribution in On-
Line Format (May- October 2010) 
 
Links: http://www.glerl.noaa.gov/res/Centers/HABS/lake_erie_hab/lake_erie_hab.html 
 
- 5th Annual Ottawa County Water Quality Forum (November 2010) 
 

 

 

 

 

 

 

http://www.glerl.noaa.gov/res/Centers/HABS/lake_erie_hab/lake_erie_hab.html�
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APPENDIX 1:  Publication count. 

 
 
 
 CILER Lead Author NOAA Lead Author Other Lead Author 
 2002- 

2003 
2003- 
2004 

2004- 
2005 

2002- 
2003 

2003- 
2004 

2004- 
2005 

2002- 
2003 

2003- 
2004 

2004- 
2005 

Peer 
Reviewed 

16 8 7 5 2 4 0 12 10 

Non-Peer 
Reviewed 

7 1 2 4 6 1 0 0 0 

Total 23 9 9 9 8 5 0 12 10 
 
 
 
 CILER Lead Author NOAA Lead Author Other Lead Author 
 2005- 

2006 
2006- 
2007 

2007- 
2008 

2005- 
2006 

2006- 
2007 

2007- 
2008 

2005- 
2006 

2006- 
2007 

2007- 
2008 

Peer 
Reviewed 

10 10 12 7 3 4 3 6 13 

Non-Peer 
Reviewed 

1 0 6 0 2 1 0 0 0 

Total 11 10 18 7 5 5 3 6 13 
 
 
 
 CILER Lead Author NOAA Lead Author Other Lead Author 
 2008-

2009 
2009-
2010 

2010-
2011 

2008-
2009 

2009-
2010 

2010-
2011 

2008-
2009 

2009-
2010 

2010-
2011 

Peer 
Reviewed 

 19 14 36  33 24 10  29 38 0 

Non-Peer 
Reviewed 

 0 3 123  0 3 64  0 11 1 

Total  19 17 159  33 27 74  29 49 1 
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APPENDIX 2:  Employee Count. 
 
 
 
 
Summary of Joint Institute Staff by Head Count 2010-2011 (Includes subcontracts) 

 

Category Number B.S. M.S. Ph.D. 
Research Scientists 26 0 0 26 
Visiting Scientists 0 0 0 0 

Postdoctoral Research Fellows 31 0 0 31 
Research Support Staff 30 17 10 3 
Administrative 3 2 1 0 
High School Students 2 0 0 0 
Undergraduate Students 31 0 0 0 
Graduate Students 35 35 0 0 
     
Totals 158 54 11 60 
Located at NOAA Lab 57-GLERL    
Obtained NOAA employment 0    
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CI Name PI Name / Author Names Pub./Pres. 
Date

Publication/Presentation Title Published In (Journal Name, Volume and 
Page Number); Presented At (Venue, 

Location, Date)

Publication or 
Presentation

Citation No. 
(Digital Object 

Identifier)

Research Support Award 
No.

CI        
Lead 

Author

NOAA   
Lead   

Author

Other   
Lead   

Author

Peer 
Reviewed

Non Peer 
Reviewed

Comments

CILER Valerie Brady and Larissa Herrera 2010
Using benthic macroinvertebrates to 
develop a stream sediment indicator

Water Resources Science graduate 
student and professor retreat, 
Sandstone, MN

Presentation

CILER-NOAA grant #: 
NA07OAR4320006 
unless otherwise 
noted

X X

CILER
Rebecca Held, Danielle Forsyth, Shauna 
Casey, Dawn Nelson, Heather Elmer 

2010
Laurentian Great Lakes Basin Climate 
Change Adaptation

NOAA Technical Memorandum Publication List GLERL-153 X X

CILER
Hasselman, D.J., T.P Quinn, B.E. Feist, 
and P. Roni

2010
Range expansion of invasive American 
shad along the Pacific coast of North 
America

CILER Review, School of Natural 
Resources and Environment, University 
of Michigan

Presentation X X

CILER
Hasselman, D.J., R.A. Hinrichsen, and 
B.A. Shields

2011
History of introduction and dispersal of 
non-indigenous American shad (Alosa 
sapidissima) in the Pacific Northwest

Workshop for School of Aquatic and 
Fishery Sciences faculty and graduate 
students.  University of Washington, 
Seattle, WA

Presentation X X

CILER
Hasselman, D.J., R.A. Hinrichsen, and 
B.A. Shields

2011
History of introduction and dispersal of 
non-indigenous American shad (Alosa 
sapidissima) in the Pacific Northwest

47th Annual meeting of the Oregon 
chapter of the American Fisheries 
Society, Bend, OR

Presentation X X

CILER
Arend, K.K., D. Beletsky, J.V. DePinto, 
S.A. Ludsin, J.J. Roberts, D.K. Rucinski, 
D. Scavia, D.J. Schwab, and T.O. Höök

2011
Seasonal and interannual effects of 
hypoxia on fish habitat quality in central 
Lake Erie.

Freshwater Biology, 56:366-383 Journal Article X X

CILER
Bosch, N.S., J.D. Allan, D.M. Dolan, H. 
Han, and R.P. Richards

2010

Application of the Soil and Water 
Assessment Tool for six watersheds of 
Lake Erie: Model parameterization and 
calibration

Journal of Great Lakes Research, in 
press

Journal Article X X

CILER
Brandt, S.B., M. Constantini, S.E. 
Kolesar, S.A. Ludsin, D.M. Mason, C.M. 
Rae, and H. Zhang

2011
Does hypoxia improve habitat quality for 
Lake Erie walleye?  A bioenergetics 
perspective

Canadian Journal of Fisheries and 
Aquatic Sciences. In press

Journal Article

Supported by NOAA 
and EPA GLNPO.  
Additional support was 
provided by CILER

X X

CILER Han, H., N. Bosch, and J.D. Allan 2011
Spatial and Temporal variation in 
phosphorus budgets for 24 watersheds 
in the Lake Erie and Lake Michigan basins

Biogeochemistry, 102: 45-58 Journal Article X X

CILER He, C. and T.E. Croley 2010
Hydrological Resource Sheds and the 
U.S. Great Lakes Applications

Journal of Resources and Ecology, 
1(1):1-6

Journal Article X X

CILER He, C., and C. DeMarchi 2010
Modeling Spatial Distributions of Point 
and Nonpoint Source Pollution Loadings 
in the Great Lakes Watersheds

International Journal of Science and 
Engineering, 2(1):24-30

Journal Article X X

CILER
Jarvie, H.P., C. Neal, P.J.A. Withers, D.B. 
Baker, R.P. Richards, and A.N. Sharpley

2011

Quantifying Phosphorus Retention and 
Release in Rivers and Watersheds Using 
Extended End-Member Mixing Analysis 
(E-EMMA)

J. Environmental Quality 40(1): 1-13 Journal Article X X

CILER
Richards, R.P., D.B. Baker, J.P. 
Crumrine, and A.M. Stearns

2010
Unusually large loads in 2007 from the 
Maumee and Sandusky Rivers, 
tributaries to Lake Erie

Journal of Soil and Water Conservation 
65(6): 450-462

Journal Article

Supported by NOAA 
CSCOR, the USDA 
CSREES, the USDA 
NRCS, Ohio DNR and 
Michigan DEQ

X X

CILER
Rucinski, Daniel K., D. Beletsky, J.V. 
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Beach Closures due to Fecal Pollution

Environmental Sciences and Technology Journal Article X X

CILER
Roberts, J.J., S.B. Brandt, D. Fanslow, S.A. 
Ludsin, S. Pothoven, D. Scavia, and T.O. 
Höök

FINAL 
REVISION

Effects of hypoxia on yellow perch 
consumption, growth and RNA:DNA rations

Transactions of the American Fisheries 
Society

Journal Article X X

CILER
Brandt, S. B., M. Roman, J. Pierson, S. 
Kolesar, B. Boicourt, C. Sellinger

2011
How does hypoxia affect habitat quality of 
fishes? 

Invited.Advancing the Science of 
Limnology and Oceanography Aquatic 
Sciences Meeting. San Juan, Puerto Rico, 
Feb. 13-18

Presentation X X

CILER Brandt, S.B. 2011
Hypoxia Effects on Fishes in the Gulf of 
Mexico

Invited.2nd Annual Gulf of Mexico Hypoxia 
Research Coordination Workshop. Bay St. 
Louis, MS, March 31 to April 1

Presentation X X

CILER
Kolesar, S. E., J. J. Pierson, and J. Testa 
(Session Co-Chairs)

2011
Consequences of Hypoxia for Living 
Resources and Biogeochemical Cycles

Advancing the Science of Limnology and 
Oceanography Aquatic Sciences Meeting. 
San Juan, Puerto Rico, Feb. 13-18

Conference 
Proceedigns

X X

CILER
Roman, M., J. Pierson, S. Brandt, S. 
Kolesar, C. Sellinger, J. Cowan, D. Mason, 
C. Stow, S. Sable, A. Adamack

2011

CSCOR NGOMEX: Effects of hypoxia on 
production potential of ecologically and 
commercially important living resources in 
the northern Gulf of Mexico

Advancing the Science of Limnology and 
Oceanography Aquatic Sciences Meeting. 
San Juan, Puerto Rico, Feb. 13-18

Presentation X X

CILER
Pangle, K.L., S. Pothoven, H.A. 
Vanderploeg, T.O. Höök, S.B. Brandt and 
S.A. Ludsin

2010
Hypoxia’s impact on pelagic fishes: a tale of 
two planktivores

Ecological Society of America. Pittsburg, 
PA, Aug. 1-6

Presentation X X

CILER Brandt, S.B. and S. Kolesar 2010
Effects of hypoxia on Growth rate potential 
of walleye in Lake Erie

Webinar presentation to ECOFORE 
Principal Investigators, April 22

Presentation X X
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CILER
Brandt, S.B., U. Varanasi, and J. Trtanj, 
(Session Co-Chairs)

2010
Oceans and Human Health:  Reducing Risks 
Through Prediction. From Observation to 
Prediction in the 21st Century

Ocean Sciences Meeting, Portland, OR, 
Feb. 21-27 

Conference 
Proceedigns

X X

CILER Sellinger, C.E., S.B. Brandt, and T. Hunter 2010

Forecasting Beach Closings and Conditions 
in the Great Lakes.  Oceans and Human 
Health: Reducing Risks Through Prediction. 
From Observation to Prediction in the 21st 
Century

Ocean Sciences Meeting, Portland, OR, 
Feb. 21-27 

Presentation X X

CILER Yang, X.-Y., J.-Y.Hu, J. Wang and D. Wang 2011
Western North Pacific temperature 
variability associated with the Okhotsk sea 
ice anomaly

 J.  Oceanogr. Journal Article
DOI: 
10.1007/s108
72-011-0018-3

x x

CILER
Mizobata, K., K. Shimada, S. Saitoh and J. 
Wang

2011
Estimation of heat flux through the eastern 
Bering Strait J. Oceanogr.  66(3) 405-42 Journal Article

DOI: 
10.1007/s108
72-010-0035-
7.

x x

CILER Hu, H. and J. Wang 2010
Modeling effects of tidal and wave mixing 
on circulation and thermohaline structures 
in the Bering Sea: Process studies

J. Geophys. Res. 115, C01006 Journal Article
doi:10.1029/2
008JC005175

x x

CILER Wang, J. 2010 Great Lakes Ice and Climate Research
IAHR 2000 Ice Symposium, Lahti, Finland, 
June 14-18 

presentation x X

CILER Wang J. 2010
Sea ice forecasting: Statistical and numerical 
models 

NOAA Sea Ice Forecasting Workshop, 
NOAA ESRL, Boulder, May 11-12

presentation x X

CILER Wang, J. 2010

Arctic Oscillation and Dipole Anomaly and 
their contribution to sea ice export: A 
climate modeling study for the period 1900-
2010

IPY Oslo Science Conference, Oslo, June 7-
11

presentation x X

CILER Wang, J. 2010
Why ice minima occurred in 2007, 08, and 
09? 

Canadian Meteorological and 
Oceanographic Society (CMOS) Annual 
Meeting, , Ottawa, June 1-4

presentation x X

CILER Wang, J. 2010
 Leading Arctic climate patterns and sea ice 
export: Diagnosis and modeling

SMHI Rossby Centre, Stockholm, Sweden,  
June 22

presentation x X

CILER Wang, J. 2010
 Leading Arctic climate patterns and sea ice 
export: Diagnosis and modeling

University of Stockholm, Sweden, June 23 presentation x X

CILER Wang, J. 2010
Why ice minima occurred in 2007, 08, and 
09?  

Ocean University of China, Qingdao, China, 
Sep 1 

presentation x X

CILER Wang, J. 2010
Why ice minima occurred in 2007, 08, and 
09?  

Peking University, Qingdao, China, Sep 3 presentation x X

CILER
Wang, J. and H. Hu. 

2010

Modeling the effects of tidal and wave 
mixing on circulation and thermohaline 
structures in the Bering Sea: Process studies 

IPY Oslo Science Conference,  Oslo, June 7-
11 

presentation x X

CILER Wang, J. 2010
Why ice minima occurred in 2007, 08, and 
09? 

Conference of Cryospheric Change and its 
Influences: Cryospheric issues in regional 
sustainable Development. Lijiang, China, 
August 12-14 

presentation x X

CILER Wang, J. 2010
Why ice minima occurred in 2007, 08, 09, 
and 10? 

Second International Symposium on Arctic 
Research (ISAR-2), Tokyo, Dec. 7-9 

presentation x X

CILER Wang, J. 2010
Modeling ice-ocean-ecosystem in the Bering-
Chukchi seas

Pacific Arctic Group Meeting, Tokyo, Japan, 
December 10-11 

presentation x X

CILER
Wang et al. 

2010
Unstructured-grid Great Lakes Ice-
circulation Model (GLIM)

IAGLR, Toronto, May 17-21 presentation x X

CILER
Wang, J. and H. Hu

2010 Modeling Lake Erie ice cover IAGLR, Toronto, May 17-21 presentation x X

CILER
Wang, J. and Bai

2010
Why ice minima occurred in 2007, 08, and 
09? 

IPY Oslo Science Conference, Oslo, June 7-
11 

presentation x X
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CILER
Wang, J. and Bai

2010
 Why ice minima occurred in 2007, 08, 09, 
and 10? 

AGU Fall Meeting, San Francisco, Dec. 13-
17 

presentation x X

CILER Wang, J. 2011
 Modeling ice-ocean-ecosystem in the 
Bering-Chukchi seas

Arctic Marine Productivity Workshop,  
Fairbanks, AK, February 22-24

Presentation x X

CILER
T. Fong, M.S. Phanikumar, I. Xagoraraki 
and J.B. Rose

2010

Quantitative Detection of Human 
Adenoviruses in Wastewater and 
Combined Sewer Overflows Influencing a 
Michigan River

Applied & Environmental 
Microbiology, vol. 73, no. 3, pp. 715 - 723

Journal Article
doi: 
10.1128/AE
M.01316-09

X X

CILER C. Shen and M.S. Phanikumar 2010
A Process-Based, Distributed Hydrologic 
Model Based on a Large-Scale Method 
for Surface - Subsurface Coupling

Advances in Water Resources, vol. 
33(12), pp. 1524 - 1541

Journal Article

doi: 10.1016 
/ 
j.advwatres.2
010.09.002

X X

CILER
C. Shen, J. Niu, E.J. Anderson and M.S. 
Phanikumar

2010
Estimating Longitudinal Dispersion in 
Rivers Using Acoustic Doppler Current 
Profilers

Advances in Water Resources, 33(6), 
pp. 615-623

Journal Article
doi:10.1016/j
.advwatres.2
010.02.008 

X X

CILER C. Shen, J.M. Qiu, A. Christlieb 2011
Adaptive mesh refinement based on high 
order finite difference WENO scheme for 
multi-scale simulations

Journal of Computational Physics, 230, 
3780–3802

Journal Article X X

CILER
Phanikumar Mantha (Special Session 
Chair)

2010
Recent Advances in Physically-Based 
Distributed Hydrologic Modeling

American Geophysical Union, Fall 
Meeting, December 13-17

presentation X X

CILER E.J. Anderson and M.S. Phanikumar 2010

Surface Storage Dynamics in Large 
Rivers: Comparing Three-Dimensional 
Particle Transport, 1D Fractional 
Derivative and Multi-Rate Transient 
Storage Models

AGU Fall Meeting, San Francisco, 
December 13-17

presentation X X

CILER C. Shen, M.S. Phanikumar 2010
A Process-Based, Distributed Hydrologic 
Model Based on a Large-Scale Method 
for Surface - Subsurface Coupling

AGU Fall Meeting, San Francisco, 
December 13-17

presentation X X

CILER Andrew D. Gronewold 2010
Propagating Data Uncertainty into 
Forecasts

CILER-led Biosensor Workshop, NOAA-
GLERL, June 

presentation X X

CILER Anne J. McNeil 2010 Detecting Analytes via Gel Formation
CILER-led Biosensor Workshop, NOAA-
GLERL, June 

presentation X X

CILER Willie F. Harper, Jr. 2010 Biosensing with Microbial Fuel Cells
CILER-led Biosensor Workshop, NOAA-
GLERL, June 

presentation X X

CILER Jinsang Kim 2010
Self-signaling and Signal-amplifying 
Conjugated Polymer-based Biosensors 
and Sensor Arrays

CILER-led Biosensor Workshop, NOAA-
GLERL, June 

presentation X X

CILER Vijayavel Kannappan 2010
RAPID-CP:  a Novel Rapid Technology for 
Detecting Sewage Contamination Using 
Clostridium perfringens

CILER-led Biosensor Workshop, NOAA-
GLERL, June 

presentation X X

CILER Judy Beck 2010 Lake Michigan LaMP

Workshop on:  Building a Community 
Modeling and Forecasting Framework 
for Lakewide Management in the Great 
Lakes.  University of Michigan, Ann 
Arbor, MI.  December

presentation X X

CILER Marie Colton 2010
Community Ecosystem Modeling and 
Forecasting Frameworks

Workshop on:  Building a Community 
Modeling and Forecasting Framework 
for Lakewide Management in the Great 
Lakes.  University of Michigan, Ann 
Arbor, MI.  December

presentation X X
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CILER Russ Kries 2010
EPA Lake Michigan Mass-Balance 
Modeling

Workshop on:  Building a Community 
Modeling and Forecasting Framework 
for Lakewide Management in the Great 
Lakes.  University of Michigan, Ann 
Arbor, MI.  December

presentation X X

CILER David Rockwell 2010
Beach Health Interagency Coordination 
Team

Workshop on:  Building a Community 
Modeling and Forecasting Framework 
for Lakewide Management in the Great 
Lakes.  University of Michigan, Ann 
Arbor, MI.  December

presentation X X

CILER Kevin Sellner 2010
Chesapeake Community Modeling 
Project

Workshop on:  Building a Community 
Modeling and Forecasting Framework 
for Lakewide Management in the Great 
Lakes.  University of Michigan, Ann 
Arbor, MI.  December

presentation X X

CILER David Green 2010
An Ecological Forecasting System for the 
Chesapeake Bay

Workshop on:  Building a Community 
Modeling and Forecasting Framework 
for Lakewide Management in the Great 
Lakes.  University of Michigan, Ann 
Arbor, MI.  December

presentation X X

CILER Marie Colton 2011
NOAA’s Role in the Great Lakes 
Restoration Initiative

GLRI Review.  University of Michigan, 
Ann Arbor, MI.  February

presentation X X

CILER Rochelle Sturtevant 2011
Great Lakes Aquatic Nonindigenous 
Species Information System

GLRI Review.  University of Michigan, 
Ann Arbor, MI.  February

presentation X X

CILER David Lodge 2011
Regional Ecosystem Prediction – Aquatic 
Invasive Species in the Great Lakes

GLRI Review.  University of Michigan, 
Ann Arbor, MI.  February

presentation X X

CILER Doran Mason 2011
Identifying Land Use Tipping Points that 
Threaten Great Lakes Ecosystems

GLRI Review.  University of Michigan, 
Ann Arbor, MI.  February

presentation X X

CILER David Schwab and Gary Fahnenstiel 2011
Developing Forecasting Predictive 
Models to Improve Coastal and Human 
Health

GLRI Review.  University of Michigan, 
Ann Arbor, MI.  February

presentation X X

CILER David Rockwell 2011
Beach Health Interagency Coordination 
Team

GLRI Review.  University of Michigan, 
Ann Arbor, MI.  February

presentation X X

CILER Jennifer Read and Steve Ruberg 2011
Implementation of the Great Lakes 
Observing System

GLRI Review.  University of Michigan, 
Ann Arbor, MI.  February

presentation X X

CILER Jennifer Day 2011

Coordinated Implementation of the 
Lakewide Management Plans (LaMPs), 
Programs, and Processes through the 
GLRI

GLRI Review.  University of Michigan, 
Ann Arbor, MI.  February

presentation X X

CILER Ed Johnson 2011
Expanded Long-Term Contamination 
Monitoring

GLRI Review.  University of Michigan, 
Ann Arbor, MI.  February

presentation X X

CILER Mary Baker 2011
Great Lakes Sediment Contamination 
Database

GLRI Review.  University of Michigan, 
Ann Arbor, MI.  February

presentation X X

CILER Mark Cohen 2011
Atmospheric Mercury Deposition into 
the Great Lakes

GLRI Review.  University of Michigan, 
Ann Arbor, MI.  February

presentation X X

CILER Mary Baker 2011 Lake Sturgeon Health Assessment
GLRI Review.  University of Michigan, 
Ann Arbor, MI.  February

presentation X X

CILER Julie Sims 2011
Great Lakes Habitat and Marine Debris 
Programs

GLRI Review.  University of Michigan, 
Ann Arbor, MI.  February

presentation X X

CILER Elizabeth Mountz 2011
Coastal and Estuarine Land Conservation 
Program

GLRI Review.  University of Michigan, 
Ann Arbor, MI.  February

presentation X X

CILER Brent Lofgren and Jia Wang 2011
Regional Climate Research for 
Application to Decision Making

GLRI Review.  University of Michigan, 
Ann Arbor, MI.  February

presentation X X
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CILER Heather Stirratt 2011

Topographic and Bathymetric Data 
Inventory for the Great Lakes, and 
Bathymetric Lidar Collection:  Lake 
Superior

GLRI Review.  University of Michigan, 
Ann Arbor, MI.  February

presentation X X

CILER Joshua Lott 2011
Adaption to Climate Change – State and 
Local Coastal Managers

GLRI Review.  University of Michigan, 
Ann Arbor, MI.  February

presentation X X

CILER
DeMarchi, C., F. Xing*, T.S. Croley II, C. He, 
and Y. Wang

2011

Application of a Distributed Large Basin 
Runoff Model to Lake Erie: Model 
calibration and analysis of parameter spatial 
variation.

Journal of Hydrologic Engineering, 16 (3): 
193-202

Journal Article X X

CILER
He, C., C. DeMarchi, W. Tao, and T.H. 
Johengen

IN PRESS
Modeling Distribution of Point and Nonpoint 
Sources Pollution Loadings in the Saginaw 
Bay Watersheds, Michigan

Urban GIS and Water Resources Journal Article X X

CILER
Ram, J.L, A.S. Karim, P. Archarya, P. Jagtap, 
S. Purohit and D R. Kashian

2011
Reproduction and Detection of Veligers 
from Changing Dreissenid Mussel 
Populations in the Great Lakes Region

Ecosphere 2(1). Article 4 Journal Article X X

CILER Vijayavel, K. and D R. Kashian IN PRESS

A Rapid and Simple Technique for 
Enumerating Clostridium perfringens in Lake 
Sediments, and its Potential as a Tracer for 
Sewage Contamination

Journal of Microbial Methods Journal Article X X

CILER
Ivan, L.N., T.O. Höök, M. V. Thomas, and D. 
S. Fielder

IN PRESS

Elucidating Factors affecting walleye 
(Sander vitreus) and yellow perch (Perca 
flavascens) dynamics in Saginaw Bay, Lake 
Huron

Transactions of the American Fish Society Journal Article X X

CILER
Beletsky, D., R. Beletsky, D. Schwab, 
E.Anderson, and G. Lang

2010 Modeling circulation in Lake Huron
The 14th Workshop on Physical Processes 
in Natural Waters. Reykjavik, Iceland.  June 
28 - July 1.

Presentation X X

CILER
DeMarchi, C., W. Tao, T.H. Johengen, and 
C. He

2011
Estimating Sediment and Nutrient Loads in 
Saginaw Bay. Multiple Stressors in Saginaw 
Bay

2011 PI Workshop. Ann Arbor, MI.  Jan. 6-
7.

Presentation X X

CILER
DeMarchi, C., W. Tao, T. H. Johengen, and 
C. A. Stow

2010
Uncertainty in Estimating the Phosphorous 
Load Estimation from a Large Watershed in 
the Great Lakes Basin

Proceedings of the International 
Conference SimHydro 2010: Hydraulic 
modeling and uncertainty. Sophia-
Antipolis, France.  June 2-4.

Presentation X X

CILER

Dyble, J., G. Fahnenstiel, T. Nalepa, H. 
Vanderploeg, T. Johengen, S.  Peacor, D. 
Dziekan, K. Peters, S. Francoeur, D. 
Kashian, J. DePinto,  J. Bredin, B. Walker, P. 
Lavrentyev, D. Millie

2011
Impacts of Multiple Stressors on Water 
Quality in Saginaw Bay

Multiple Stressors PI workshop. Ann Arbor, 
MI.  January 21.

Presentation X X

CILER Kashian, D. R., R. H. Oates, T. H. Johengen 2011
The Role of Hypoxia and Dreissena Mussels 
on Internal Phosphorus Loading in a Great 
Lakes Coastal System

American Society of Limnology and 
Oceanography. San Juan, Puerto Rico.  
Feb. 13-18.

Presentation X X

CILER
Kashian, D. R., R. H. Oates, and T. H. 
Johengen

2010
Biotic and physical influences on internal 
phosphorus loading in a Great Lakes coastal 
ecosystem

The North American Benthological Society 
annual meeting. Sante Fe, NM.  June 6-11.

Presentation X X

CILER
Kashian, D. R., R. H. Oates, T. H. Johengen, 
S. Robinson, and A. Burtner

2010 Nutrient loading in Saginaw Bay, Lake Huron
The Ecological Society of America annual 
meeting. Pittsburg, PA.  Aug. 1-6.

Presentation X X

CILER
Tao, W., C. DeMarchi, T. H. Johengen, and 
C. He

2010
Estimation of Saginaw River Nutrient and 
Sediment Loads

International Association for Great Lakes 
Research’s 53rd Annual Conference on 
Great Lakes Research. Toronto, Ontario.  
May 17-21.

Presentation X X

CILER Vijayavel, K. and D.R. Kashian 2010
A Rapid and Simple Technique for 
Enumerating Clostridium perfringens in 
Recreational Waters

National Beach Conference, USEPA Beach 
Conference. Miami, Florida

Presentation X X

CILER Vijayavel, K. and D.R. Kashian 2010
Rapid Enumeration and Identification of 
Clostridium perfringens in the Beach Waters 
of Huron Erie Corridor

Great Lakes Beach Conference. Preque 
Isle, PA

Presentation X X
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CILER Vijayavel, K. and D.R. Kashian 2010
Influence of Beach Muck on Recreational 
Water Quality and Human Health

Charting the Course - The Bluewater Coast 
Assessment. Michigan Sea Grant 
sponsored meeting. Caseville, MI

Presentation X X

CILER
Roswell, C.R., S.A. Pothoven, L.N. Ivan, S.R. 
Stein, and T.O. Höök

2011
One species disaster is another’s treasure: 
an example from Saginaw Bay

. 41st Annual Spring Conference, Indiana 
American Fisheries Society. Montgomery, 
IN, U.S.A.  Feb. 22-23.

Presentation X X

CILER
Roswell, C.R., S.A. Pothoven, and T.O. 
Höök

2010
Early-life growth and diets of Saginaw Bay 
yellow perch

71st Midwest Fish and Wildlife 
Conference. Minneapolis, MN, USA.  Dec. 
12-15

Presentation X X

CILER
Roswell, C.R., T.O. Höök, and S.A. 
Pothoven

2010
Diet selection and growth of age-0 yellow 
perch (Perca flavescens) in Saginaw Bay, 
Lake Huron

53rd Annual Conference on Great Lakes 
Research. Toronto, ON, Canada.  May 17-
21.

Presentation X X

CILER
Ivan, L.N., T.O. Hook, D.S. Fielder, and 
M.V. Thomas

2010
The Saginaw Bay Fish Community (1970-
2008)

71st Midwest Fish and Wildlife 
Conference. Minneapolis, MN, USA.  Dec. 
12-15

Presentation X X

CILER Ivan, L.N. and T.O. Hook 2010
A Spatially-Explicit Individual-Based Model 
of YOY Yellow Perch and Walleye in Saginaw 
Bay, Lake Huron

53rd Annual Conference on Great Lakes 
Research. Toronto, ON, Canada.  May 17-
21.

Presentation X X

CILER
Blouzdis, C., L. N. Ivan, S. Pothoven, T. 
Hook

2010
The ecological role of trout-perch (Percopsis 
omiscomaycus) in Saginaw Bay, Lake Huron

Department of Forestry & Natural 
Resources Poster Symposium, Purdue 
University.  West Lafayette, IN.  April 8.

Presentation X X

CILER
Shoultz, C., C. Roswell, C. Foley and T.O. 
Hook

2010
Early life history of larval lake whitefish 
(Coregonus clupeaformis) in Saginaw Bay, 
Lake Huron

Department of Forestry & Natural 
Resources Poster Symposium, Purdue 
University.  West Lafayette, IN.  April 8.

Presentation X X

CILER
Fishman, D. B., S. Adlerstein, H. 
Vanderploeg, G. Fahnenstiel, and D. Scavia

2010

Phytoplankton community composition of 
Saginaw Bay, Lake Huron, during the zebra 
mussel (Dreissena polymorpha) invasion: A 
Multivariate analysis

J. Great Lakes Res. 36;9-19 Journal Article X X

CILER
Millie, D. F., G. L. Fahnenstiel, G. R. 
Weckman, D. M. Klarer, J. D. Bressie, H. A. 
Vanderploeg, and D. Fishman

IN PRESS

An ‘Enviro-Informic’ assessment of Saginaw 
Bay (Lake Huron USA) phytoplankton: Data-
driven characterization and modeling of 
Microcystis (Cyanophyta)

J. Phycol Journal Article X X

CILER
Young II, W. A., D. F. Millie, G. R. 
Weckman, J. S. Anderson, D M. Klarer, and 
G.L. Fahnenstiel

IN PRESS
Modeling net ecosystem metabolism with 
an artificial neural network and Bayesian 
belief network

Ecological Modeling and Software Journal Article X X

CILER
Dyble Bressie, J., Fahnenstiel, G.L., 
Gossiaux, D.

2010

Freshwater harmful algal blooms (HABs): 
impacts on human health and new 
approaches for understanding bloom 
growth and toxicity

WA Department of Ecology, Olympia, 
WA.  Dec. 2.

Presentation X X

CILER Austin, J. A IN PRESS
Resolving a persistent offshore surface 
temperature maximum in Lake Superior 
using an Autonomous Underwater Glider

AEHMS Journal Article X X

CILER Fillingham, J 2010

Evaluation of the Influence of Surface 
Atmospheric Stability and Fetch on Wave 
and Air-Water Gas Exchange Modeling on 
Lake Michigan

UW-Milwaukee M.S. Thesis Journal Article X X

CILER Brown, H. C., H. Purcell, and G. Meadows
Development of the Upper-Great Lakes 
Observing System

Proceedings of the IEEE/MTS Oceans 
Conference and Exhibition

Journal Article X X

CILER

Wilhelm, S. W., S. E. Farnsley, G. R. LeCleir, 
A. C. Layton, M. F. Satchwell, J. M. 
DeBruyn, G. L. Boyer, G. Zhu, and H. W. 
Paerl

2011
The relationships between nutrients, 
cyanobacterial toxins and the microbial 
community in Taihu (Lake Tai), China

Harmful Algae. 10:207-215 Journal Article X X

CILER Anderson, E .J. and D. J. Schwab 2010
Hydrodynamic Modeling in the St. Lawrence 
River

Presented to the Coordinating Committee 
for Great Lakes Hydrology and Basic 
Hydraulics, US Army Corps of Engineers

Presentation X X
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CILER Austin, J 2010
Resolving a persistent offshore temperature 
maximum using an Autonomous 
Underwater Glider

Presented at ASLO/NABS. Feb. Presentation X X

CILER Austin, J 2010
Resolving a persistent offshore temperature 
maximum using an Autonomous 
Underwater Glider

Presented at IAGLR 2010, Toronto, ON. 
May

Presentation X X

CILER Bootsma, H.A 2010
Spatial and temporal dynamics of carbon 
dioxide in Lake Michigan

Invited presentation given at Louisiana 
State University.  Sept. 30.

Presentation X X

CILER Bootsma, H.A 2010
Measuring and modeling carbon and 
phosphorus dynamics in Lake Michigan

Presentation given at UW-Milwaukee 
Math Department mathematical biology 
seminar series.  Nov. 5.

Presentation X X

CILER Boyer, G. L.  2010
Development and deployment of a remote 
observing system for determination of 
Taxon-specific phytoplankton abundance

Syracuse Center for Excellence Annual 
Progress meeting.  April 15.

Presentation X X

CILER Boyer, G. L. 2010
Occurrence of Cyanobacteria Toxins in New 
York State - the facts behind the headlines

New York Watershed Science and 
Technology Conference. West Point, NY.  
Sept. 16. 

Presentation X X

CILER Boyer, G. L.  2010
Occurrence of cyanobacteria toxins in New 
York State

Taste and Odor Workshop for Water 
suppliers: Detection and Prevention. West 
Point, NY.  Sept. 17.

Presentation X X

CILER Boyer, G. L.  2010
Physical, Molecular and Chemical 
Approaches to Monitoring for harmful 
cyanobacterial blooms

First Symposium on Cyanobacteria and 
Cyanotoxins in water. Guatemala City.  
Sept. 28.

Presentation X X

CILER Boyer, G. L. 2010
Toxic Cyanobacteria in the Great Lakes: A 
multidisciplinary approach

Cork Institute of Technology.  Dec. 8. Presentation X X

CILER Boyer, G. L.  2010
Blooms like it hot: Global Climate Change 
and its impacts on Drinking water

E.T.S. Walton Public Lecture,. Cork, Ireland.  
Dec. 9.

Presentation X X

CILER Boyer, G. L.  2011
Toxic Cyanobacteria in the Great lakes: 
What modern tools and toys tell us about an 
age old problem

Seminar, Department of Chemistry, 
Nazareth College. Rochester, NY.  
February.

Presentation X X

CILER Brown, H. C., H. Purcell, and G. Meadows
Development of the Upper-Great Lakes 
Observing System

Proceedings of the IEEE/MTS Oceans 
Conference and Exhibition

Presentation X X

CILER Klump, J. V.  2010 GLOS Observing Team
Cooperative Institute for Limnological and 
Ecological Research (CILER) Review Panel. 
Ann Arbor, MI.  Oct. 6.
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