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From the Director 
It’s been a terrific year for CILER!  Research productivity and grant funding has remained at high 

levels.  We’ve continued to excel in our core research programs while expanding into new areas 

that are vital for understanding emerging issues in the Great Lakes.  And we’ve started new 

programs that enhance CILER’s Outreach and Education mission.  

Much of CILER’s vibrancy over the past year is a credit to Dr. Allen Burton who, in May of 2016, 

stepped down as Director of CILER after eight years of service.  As the new Director of CILER, I am 

indebted to Dr. Burton for his years of leadership, and for his many efforts to strengthen 

relationships between NOAA, the University of Michigan, and our partner institutions around the 

Great Lakes.  

In addition to a change in the directorship, Mary Ogdahl was hired this year as CILER’s new 

Program Manager.  Mary brings years of vital experience to CILER after working for more than a 

decade at Grand Valley State University’s Annis Water Resources Institute where she helped 

manage their Research, Education, and Outreach programs.  

Top-notch research continues to be the backbone of CILER’s activities. During the current 

Cooperative Agreement, CILER and its partner institutions have been awarded >$13 million to 

fund research that enhances NOAA’s mission to better understand and manage the Great Lakes.  

In 2015-16, we expanded our ongoing work on Harmful Algal Blooms (HABs), a pressing human 

health and ecological issue in Lake Erie, by developing a realtime forecast system (‘HAB tracker’) 

that helps predicts the timing, duration, and location of harmful algal blooms and related risks like 

toxicity and bacterial loads.  We continued our long history of work on invasive species, and made 

significant advances this year in understanding the emerging threat of Asian carp invasion in the 

Great Lakes.  And, we advanced our efforts to coordinate and integrate coastal observations to 

support national and regional priorities (e.g., restoration efforts) with the Great lakes Synthesis, 

Observations and Response System (SOAR) program. A testament to CILER’s research productivity 

is the continued high publication rate, with 43 peer-reviewed papers led by CILER and our 

partners in FY16. 

CILER also continued its strong commitment to Outreach and Education by expanding its 

programs in FY16.  We hired a part-time Outreach and Education Specialist (Aubrey Lashaway) 

whose job is to strengthen our ongoing programs and facilitate the implementation of new 

initiatives.  We had an excellent Summer Fellows Program with 15 students completing 

internships and research projects in 2015 and 10 students beginning the program in 2016.  Two 

graduate students (Purdue University and University of Wisconsin-Milwaukee) completed CILER-

funded Long-term Fellowships in 2016. CILER competitively awarded two new fellowships in FY16 

- a Long-term Fellowship to the University of Wisconsin-Milwaukee and a Post-doctoral Fellow to 

Grand Valley State University. We augmented our ongoing student support initiatives by 

participating in the Master Student professional project program in the School of Natural 

Resources and Environment at the University of Michigan, supporting 5 graduate students 

working on team projects developed by CLIER and GLERL.  We also mentored 2 undergraduates in 
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UM’s Doris Duke Conservation Scholars Program that seeks to introduce greater diversity into the 

environmental conservation workforce.  

CILER recognizes that being a leader in Great Lakes research means contributing to the vision for 

the future research agenda. To this end, we started a new program this year to promote more 

interdisciplinary research in the Great Lakes by funding, organizing, and hosting Great Lakes 

Summits and Working Groups (SWGs).  SWGs convene 20 to 30 experts from Great Lakes 

universities, NGOs, government agencies, and businesses for 2-3 day working meetings that focus 

on summarizing the state of knowledge and future needs for topics related to each of the NOAA-

GLERL’s research programs (Understanding Ecosystems, Forecasting Environmental Change, and 

Advanced Technology and Observing Systems).  We hosted 2 SWGs on forecasting environmental 

change and ecosystem services in FY16; a third on observing systems is planned for early FY17.   

Thanks to the dedication of the first-class people at CILER, NOAA-GLERL, and our many partners at 

other universities, we have made much progress this year in observing, understanding, and 

forecasting conditions in North America’s Great Lakes.  We look forward to the opportunity to 

continue to capitalize on the strong partnerships that have been an essential hallmark of CILER 

from its inception. 

 

Bradley J. Cardinale 

Director – Cooperative Institute for Limnology and Ecosystems Research 
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Executive Summary 
Activities during the fourth year of CILER’s Cooperative Agreement reflect our continued 

commitment to excel in ongoing core collaborative research activities, as well as a strong vision 

for the future with the launch of several new initiatives focused on education and outreach, 

bolstered commitment from the University of Michigan, and a new and re-envisioned 

administration. CILER has received over $13 million in funding during the current Cooperative 

Agreement, including $634,000 from the University of Michigan to supplement Task I activities. 

When combined with cost-sharing in the form of indirect cost (IDC) reductions, the University of 

Michigan has contributed $1.15 million to CILER during the Cooperative Agreement. Nearly one-

third ($4.05 million; 31%) of our funding has been sub-awarded to our partners throughout the 

Great Lakes region to foster collaborative research. CILER submitted $5.84 million in proposals 

that will be awarded in FY17, including a new $1.4 million 5-year competitive award issued by the 

NCCOS Coastal Hypoxia Research Program (CHRP) to study hypoxia in Lake Erie.  

CILER’s scientific productivity and impact can be measured in part by its sustained high rate of 

peer-reviewed publication. For the past two years, CILER and its partners have published more 

than 40 journal articles each year; 16 publications in FY16 were led by CILER authors. We also 

maintained our strong commitment to training the next generation of Great Lakes scientists, with 

34 undergraduate and graduate students supported by a CILER education program during FY16 

and broadened participation by under-represented groups. 

Some of the key activities and results from CILER’s FY16 efforts are detailed below. 

Research Highlights  

Assessing the Risk of Asian Carp Invasion in the Great Lakes 

Bighead (Hypophthalmichthys nobili) and silver (H. molitrix) carp (Asian carps) threaten to invade 
the Great Lakes and disrupt aquatic food webs and fisheries through their consumption of lower 
trophic levels. Although preliminary studies by others suggest that Asian carps will have limited 
distribution and impacts on Great Lakes ecosystems, a much more detailed assessment was 
warranted to elucidate the potential for Asian carps to survive, grow, and impact other fish 
species and food webs throughout the Great Lakes Basin. Impacts of Asian carps on aquatic food 
webs are potentially complex, and require spatially-explicit models of trophic interactions to 
assess direct and indirect influences. Our spatially-explicit modeling approach allows for a more 
detailed look at the effects of Asian carps on key members of the food web, and allows for the 
inclusion of density-dependent feedbacks (e.g., lower survival of age-0 fish, but higher growth and 
reproductive output by older survivors) which may help species compensate for the effects of an 
Asian carp invasion. This work expands on previous studies by others and helps identify regions in 
Lakes Huron, Michigan, and Erie that could support Asian carps, and the species that likely will be 
impacted by Asian carps. 
 
Key accomplishments for the reporting period include the development of the Atlantis Ecosystem 
Model for Lakes Michigan and Erie, and acquisition of input data for the Atlantis model for Lake 
Huron. The model results indicated that Asian carp introduction to Lake Michigan would have 
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minimal effects on the Lake Michigan food web, causing less than a 20% decline in most 
planktivorous or piscivorous species. If Pacific salmonids were allowed to feed on Asian carp, the 
Asian carp population size and its effect on food web groups were projected to be even smaller 
(<10%). These model results are consistent with recently completed simulations of Asian carp 
introduction to Lake Michigan using the Ecopath with Ecosim model framework (Rutherford and 
Zhang, unpublished data), which also suggest Asian carp will have no substantive effect on the 
Lake Michigan food web. Results further indicate that Lake Erie may be most vulnerable to Asian 
carp invasion due to its proximity to waters where Asian carp exist, the presence of adequate 
food, and the availability of suitable spawning habitat. The research team has shared its findings 
with Great Lakes resource managers to help inform decisions related to Asian carp. They also 
published their results in Transactions of the American Fisheries Society in December 2015 (Zhang 
et al. 2015), which gained sufficient media attention to prompt the journal to make the article 
available free online.  
 
Harmful Algal Bloom Forecasting 

CILER continues to support the project Harmful Algal Blooms (HABs), Bacteria and Beach Quality 

Forecasting for the Great Lakes. This program focuses on the development of improved Lake Erie 

HAB forecasts of bloom timing, intensity, and distribution. In addition, direct weekly monitoring 

occurs to determine actual microcystin concentration and other important environmental drivers 

of the bloom, which are reported directly to regional stakeholders.  Through these activities, 

CILER has helped NOAA to recently launch the first ever operational HAB ecological forecast.  

Furthermore, CILER and GLERL scientists had the honor of being invited to the 2016 Ecological 

Forecasting Roadmap workshop to showcase their Lake Erie HAB’s program as a successful model 

of how to develop a regional monitoring and modeling program that supports critical 

management decisions and stakeholder needs.      

Key accomplishments for this year include the creation of a new version of the short-term HAB 

forecast (HAB tracker).  It was run in real time during the 2015 HAB season, initialized with 

satellite imagery provided by NOS, and made available to the public through GLERL’s website 

(www.glerl.noaa.gov/res/HABs_and_Hypoxia/habTracker.html). A method was developed to 

simulate the vertical distribution of buoyant Microcystis colonies in the forecast model, thereby 

creating a 3-D version of the forecast; previous versions simulated 2-D advection only. The 3-D 

forecast model was provided to NOAA GLERL to be run in real time for the 2016 HAB season. 

Additionally, three new profiling instruments were added to the Lake Erie and Saginaw Bay 

monitoring programs to improve understanding of the vertical distribution and composition of 

the phytoplankton community, and to characterize the inherent optical properties (IOP) of the 

water column to improve satellite estimations of HABs abundance and type.   

Lastly, CILER continued to support NOAA-GLERL in the development and deployment of 

instrumentation capable of detecting harmful algal bloom (HAB) toxicity in near real-time.  

Specifically, we are focusing on the development of a microcystin assay for a recently-purchased 

Environmental Sample Processor (ESP). Although the ESP has been deployed numerous times in 

http://www.glerl.noaa.gov/res/HABs_and_Hypoxia/habTracker.html
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marine coastal waters, this technology has not been utilized in freshwater systems to monitor 

potentially toxic cyanobacteria and their toxins until summer 2016. Since late 2015, CILER and 

NOAA scientists have been making the necessary scientific and engineering advancements to 

adapt this ocean technology for use in Lake Erie. CILER is supporting both the laboratory and field 

work associated with the preparation and deployment of the ESP, and working with Dr. Tim Davis 

(NOAA-GLERL) and Dr. Greg Doucette (NOAA-CCEHBR), to develop the specific protocols for the 

microcystin ELISA assay.   

Great Lakes Synthesis, Observations and Response System (SOAR) 

The Great lakes Synthesis, Observations and Response System (SOAR) program is designed to 

coordinate and integrate regional coastal observations that support national and regional 

priorities, including Great Lakes restoration.  The SOAR project provides real-time ecosystem 

information to maintain high quality drinking water and bathing beaches through observations, 

data management, and forecast model development. SOAR activities include the deployment and 

support of on-water and remote sensing platforms. Observations from these systems are used to 

create database products for assessment and decision support, providing an up-to-date (including 

real-time data) public web data presence. The decision support tools developed from these 

observations provide warnings to regional managers regarding phosphorous loads, hypoxia and 

harmful algal blooms, and support adaptive management process decisions. 

Key accomplishments for the reporting period include the development and dissemination of new 

and refined remote sensing products in support of the current SOAR monitoring and public 

warning activities, including: 1.) Additional weekly HABs concentrations in the western basin of 

Lake Erie; 2.) Updates of the annual extent of HABs in the western basin of Lake Erie; 3.) Weekly-

derived Great Lakes water quality parameters; and 4.) Satellite-derived time series of products of 

interest (i.e., primary productivity and HABs) to the stakeholder community. Data from the SOAR 

buoys in western Lake Erie were able to track extreme nutrient loading events throughout May 

and June 2015 which led to the highest recorded areal extent of HABs ever documented for Lake 

Erie. Continuous monitoring data are supporting further research on water quality drivers that 

may determine not only bloom extent, but may regulate seasonal variation in toxin production 

within the HAB.  To this end, continuous nitrate sensors were added to the buoy monitoring 

network to enhance our existing datasets for phosphorus, fluorometry, and general water quality 

conditions.  Data are currently being used to calibrate coupled physical-biological models to 

provide further approaches for supporting management decisions on nutrient regulations and 

HABs. 

Outreach and Education Highlights 

CILER continued to administer both the Great Lakes Summer Fellows Program and the Long-term 

Fellowship Program during FY16. We developed a recruiting plan particularly focused on 

increasing diversity and inclusion among applicants and implemented the plan for the 2016 

recruitment process. We advertised for 8 positions for the 2016 cohort and received 60 

applications; the high caliber of applicants and the availability of funding through research 
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projects resulted in the acceptance of 10 Summer Fellows. Fifteen Summer Fellows completed 

research projects during summer 2015. 

CILER competitively awarded one Long-term Fellowship to the University of Wisconsin-Milwaukee 

in FY16. Ms. Sarah Bartlett will work on a collaborative project with her doctoral advisor and Dr. 

Eric Anderson at NOAA GLERL beginning during summer 2016. Her research will further our 

understanding of harmful algal blooms (HABs) and their toxins in Green Bay (Lake Michigan).  

CILER also supports graduate student education and training through participation in the Master 

Student professional project program in the School of Natural Resources and Environment at the 

University of Michigan.  Under this program, CILER and NOAA PIs serve as advisors to a group of 

students that make a year-long commitment to participate in a research project submitted by 

CILER.  The program strengthens our connection to SNRE and provides further education and 

training opportunities to a group of top caliber graduate students.  This year two projects were 

submitted by CILER and NOAA, supporting a total of five graduate students. 

We also competitively awarded a Post-doctoral Fellow to Grand Valley State University during 

FY16. The post-doctoral fellow will develop a three-dimensional hydrodynamic model for 

Muskegon Lake that, when linked to a watershed model, will help evaluate the impacts of land 

use practices and restoration activities on Muskegon Lake. The post-doc will be hired in early 

FY17. 

Under CILER’s leadership change in FY16, the University of Michigan infused CILER with a 

significant amount of new funding in part to develop new education and outreach programs. One 

of the first tasks of the new leadership team was to significantly revise CILER’s Education and 

Outreach plan to incorporate these new programs. CILER’s new outreach and education initiatives 

that are currently underway include:  

 Participation in the Doris Duke Conservation Scholars Program. This fellowship program is 

administered by the University of Michigan, with the goal of introducing greater diversity 

into the environmental conservation workforce. CILER Research Scientists are currently 

mentoring students who are completing an 8-week internship as part of the program. 

 Host Great Lakes Summits and Working Groups (SWGs). Beginning in 2016, CILER is 
hosting 3 SWGs per year, each centered on one of the NOAA-GLERL’s research programs – 
Understanding Ecosystems, Forecasting Environmental Change, and Developing Advanced 
Technology and Observing Systems. The SWGs are designed to strengthen CILER’s goals of 
advancing Great Lakes research and supporting NOAA’s mission. The ultimate goal for the 
SWGs is to produce an agenda for the future of Great Lakes research. We hosted 2 
summits on forecasting environmental change and ecosystem services in FY16; a third 
summit on observing systems is being organized for early FY17. 

 Development of a new CILER website. The new CILER website will be released early in 

FY17.  

Additional new initiatives to be implemented in FY17 are described in the revised Education and 

Outreach Plan (Appendix 1).  
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Finally, CILER hired a part-time Outreach and Education Specialist in FY16 that will facilitate the 

implementation of these new initiatives and strengthen our current and ongoing efforts.   

Administrative Summary 
The primary role of CILER administration is to support the research carried out under the auspices 

of the Cooperative Institute. Two of the most important administrative tasks are to facilitate 

financial elements of the CI and to support the development, implementation, and coordination 

of our multi-university, regional research programs.  

There have been two significant administrative changes in CILER during this fiscal year. The first 

was the re-organization of the administrative support staff positions. The previous Administrative 

Officer role, last held by Heather Hazzard, was divided into 2 new positions: Mary Ogdahl was 

hired as the Program Manager in October 2015 and is responsible for coordinating and managing 

the CILER research program, developing and leading CILER’s portfolio of communications 

activities, overseeing budgets and spending, facilitating research partnerships, and managing 

CILER personnel; Ellen Hou was hired as a part-time Grants and Contracts Specialist in August 

2015 and is responsible for pre- and post-award grant administration, financial management and 

reporting, and sub-contract management. CILER’s part-time Administrative Assistant, Autumn 

Poisson, left in January 2016 to take a position as a NOAA National Coral Reef Management 

Fellow. She was replaced by Aubrey Lashaway in February 2016, who is responsible for 

administrative support of the Program Manager and CILER’s portfolio of public education and 

outreach activities.  

The second significant change was in CILER directorship. Allen Burton departed CILER in May 2016 

and was replaced by Bradley Cardinale, to lead CILER through the upcoming re-competition for 

CILER in FY17. 

Executive Board, Management Council, and Council of Fellows 
CILER Executive Board 

The Executive Board makes recommendations concerning CILER’s administration, budget, future 

Cooperative Agreements, and Management Council members.  

The Executive Board last met on August 21, 2015.  The members of the Executive Board include:  

Allison Allen (Portfolio Manager, NOAA Ecological Forecasting Roadmap, NOAA-NOS) 
Dan Brown (Interim Dean, UM-SNRE)  
Allen Burton (CILER Director, Ex-Officio; until May 15, 2016)  
Bradley Cardinale (CILER Director, Ex-Officio; starting May 15, 2016) 
Deborah Lee (Director, NOAA-GLERL, Ex-Officio) 
Volker Sick (Associate Vice-President for Research, UM)  
Richard Wagenmaker (Meteorologist in Charge, NOAA – National Weather Service) 
 
CILER Management Council 
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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.   

 
This Council last met on May 7, 2015.  The members of the Management Council are: 
 
Jay Austin, Assistant Professor, University of Minnesota-Duluth, Department of Physics and the 
Large Lakes Observatory 
Jim Diana, Director, University of Michigan, Michigan Sea Grant Program 
Andrew Gronewold, Physical Scientist, NOAA GLERL 
Tomas Hook, Associate Director of Research, Illinois-Indiana Sea Grant 
Donna Kashian, Assistant Professor, Wayne State University, Department of Biological Science 
Val Klump, Director, University of Wisconsin-Milwaukee, Great Lakes Water Institute 
Stu Ludsin, Associate Professor, Ohio State University, Evolution, Ecology & Organismal Biology 
Doran Mason, Research Ecologist & CILER Program Manager, NOAA GLERL 
Peter McIntyre, Assistant Professor, University of Wisconsin-Madison, Department of Zoology 
Cheryl Murphy, Assistant Professor, Michigan State University, Department of Fisheries & Wildlife 
Steve Ruberg, Group Leader, Marine Instrumentation Lab, NOAA-GLERL 
Al Steinman, Director, Grand Valley State University, Annis Water Resources Institute 
Carol Stepien, Director, University of Toledo, Lake Erie Center 
Craig Stow, Aquatic Ecosystem Modeler, NOAA GLERL  
Donald Uzarski, Director, Biological Station and Institute for Great Lakes Research, Central 
Michigan University 
William Wise, Interim Director, New York Sea Grant, Stony Brook, NY 
 
Additional information about the members of the Management Council can be found at 
http://ciler.snre.umich.edu/content/management-council 
 
Council of Fellows 
 
The CILER Council of Fellows includes over 30 Great Lakes academic and federal researchers 
willing to engage in CILER research activities, including collaboration on our Task II and III research 
projects, as well as mentoring of graduate and post-doctoral fellows. Identified members include: 
James Ammerman, Director, New York Sea Grant 
Joe Atkinson, Professor, State University of New York - University at Buffalo 
Jay Austin, Asst. Professor,  University of Minnesota-Duluth, Large Lakes Observatory  
Stuart Batterman, Professor, University of Michigan, School of Public Health  
Dima Beletsky, Research Scientist, CILER  
Bopi Biddanda, Research Scientist, Grand Valley State University, Annis Water Resources Institute  
Harvey Bootsma, Associate Professor, University of Wisconsin-Milwaukee 
Greg Boyer, Professor, SUNY-College of Environmental Science and Forestry 
Thomas Bridgeman, Associate Professor, University of Toledo  
Rose Cory, Assistant Professor, University of Michigan, Earth and Environmental Sciences 

http://ciler.snre.umich.edu/content/management-council


12 
 

Greg Dick, Associate Professor, University of Michigan, Earth and Environmental Sciences 
Hunter Carrick, Professor, Central Michigan University 
Steve Colman, Professor, University of Minnesota-Duluth, Large Lakes Observatory 
Jim Cotner, Professor, University of Minnesota 
Vincent Denef, Assistant Professor, University of Michigan, Ecology and Evolutionary Biology 
Melissa Duhaime, Assistant Research Scientist, University of Michigan, Ecology and Evolutionary 
Biology 
Mark Flanner, Assistant Professor, University of Michigan, Climate and Space 
Joseph Johnson, Assistant Professor, University of Minnesota-Duluth 
Branko Kerkez, Assistant Professor, University of Michigan, Civil and Environmental Engineering 
George Kling, Professor, University of Michigan, Ecology and Evolutionary Biology 
Peter Lavrentyev, Professor, University of Akron  
Brent Lofgren, Physical Scientist, NOAA GLERL 
Nancy Love, Professor, University of Michigan 
Rex Lowe, Professor, Bowling Green State University  
Phanikumar Mantha, Associate Professor, Michigan State University 
Guy Meadows, Professor Michigan Technological University 
Brian Miller, Director, Illinois-Indiana Sea Grant 
Cheryl Murphy, Asst. Professor, Michigan State University 
Scott Peacor, Associate Professor, Michigan State University 
Lutgarde Raskin, Professor, University of Michigan 
Jennifer Read, Director, University of Michigan, Water Center 
Richard Rood, Professor, University of Michigan, Climate and Space 
Carl Ruetz III, Associate Professor, Grand Valley State University, Annis Water Resources Institute  
Ed Rutherford, Research Fishery Biologist, NOAA GLERL 
David Schwab, Research Scientist, University of Michigan, Water Center 
Paul Seelbach, Eco. Hlth. & Restor. Branch Chief, USGS-Great Lakes Science Center 
Bob Shuchman, Co-Director, Michigan Technological University, Michigan Tech Research Institute 
Allison Steiner, Associate Professor, University of Michigan, Climate and Space 
Robert Sterner, Professor, University of Minnesota 
R. Jan Stevenson, Professor, Michigan State University 
Henry Vanderploeg, Research Ecologist, NOAA GLERL 
Mike Wiley, Professor, University of Michigan, School of Natural Resources and Environment 
Chin Wu, Professor, University of Wisconsin-Madison 
 

For information on individual Fellows can be found on CILER’s website: 

http://ciler.snre.umich.edu/content/council-fellows, with a link to their online profiles, which 

includes their affiliations, contact information, and research interests.   

 

  

http://ciler.snre.umich.edu/content/council-fellows
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Introduction 
The Cooperative Institute for Limnology and Ecosystems Research (CILER) was established in 

1989, with the objective of fostering University and NOAA partnerships in the Great Lakes region. 

As a Center of Excellence at the School of Natural Resources and Environment (SNRE) at the 

University of Michigan, CILER brings together this expertise in Great Lakes science and outreach.  

The current CILER Cooperative Agreement went into effect in July of 2012. This agreement was 

awarded to the University of Michigan (host institution) and nine partner universities (Grand 

Valley State University, Michigan State University, Michigan Technological University, Penn State 

University, State University of New York at Stony Brook, University of Illinois at Urbana 

Champaign, University of Minnesota-Duluth, University of Toledo, and University of Wisconsin). In 

the four years since the current Cooperative Agreement has been in effect, CILER has supported 

over 100 research projects that total greater than $13 million in funding. Extramural funding has 

increased each year over the period. The EPA-administered Great Lakes Restoration Initiative 

(GLRI) resulted in a significant increase in proposal submissions to execute regional monitoring 

and forecasting priorities identified by NOAA and selected for funding with EPA directed monies.  

CILER’s Vision, Mission, and Goals 
CILER’s Vision 

To enhance the quality of the Great Lakes and its related ecosystem services, through a 

partnership of universities, NOAA scientists, and other stakeholders. 

CILER’s Mission 

 Advance our understanding of, and ability to predict, complex ecosystem processes, 

responses, and dynamics in the Great Lakes. 

 Identify and characterize emerging areas of concern for the Great Lakes ecosystem, with 

applications to all coastal ecosystems. 

 Provide a forum for better linking ecosystem responses, sustainable ecosystem services, 

and decision-making in the Great Lakes.  

 Translate research into productive outcomes for stakeholders in the region through 

outreach and education. 

 Improve effectiveness of education and expand research training opportunities for 

students and postdoctoral fellows. 

CILER’s Goals 

 Advance the science of Great Lakes ecosystem forecasting by integrating physical, 

chemical, and biological components to allow for more effective responses and 

management of invasive species, climate change, habitat alteration, and contaminants. 

 Facilitate the translation of research into more effective decision-making and public 

education. 

 Support NOAA's mission and strategic goals. 
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 Facilitate research in the Great Lakes region.  

 Mentor and train the next generation of scientists through research and educational 

opportunities. 

CILER’s Organizational Chart 

 
Figure 1: CILER’s organizational structure with 2015-2016 personnel. Parentheses indicate staff that 

departed during the reporting period.  



15 
 

Funding Distribution 
The funding distribution report details project funding from the beginning of the current 

Cooperative Agreement through June 30, 2016. The total funding amount from July 1, 2012 

through June 30, 2016 is $13,071,113. This amount includes $632,772 in cost-share contributions 

from the University of Michigan. Additional University of Michigan cost-share contributions from 

IDC reductions are $513,797, for a total of $1,146,569 in UM funding during the Cooperative 

Agreement. Indirect cost rate reductions include 0% IDC on Task I and a 4.5% IDC reduction on 

Task II and III funding from FY13-15. The University of Michigan charges 11% IDC on Task I 

funding, which is paid by the School of Natural Resources and Environment. The IDC-related cost-

share funding benefits Task I, II, and II activities. 

 

Figure 2: Funding distribution by CILER research theme during the current Cooperative Agreement (July 1, 

2012 through June 30, 2016). 

The Task I funding received through the Cooperative Agreement from July 1, 2012 through June 

30, 2016 is $1,285,203 to support the following activities: Great Lakes Summer Student Fellows 

Program, Long-term Fellowship Program, Post-doctoral Fellowship Program, Great Lakes Seminar 

Series, international conference hosting (23rd IAHR Symposium on Ice), and salaries and fringe for 

administrative personnel. 
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The University of Michigan and the School of Natural Resources and Environment has provided an 

additional $632,772 in supplemental funds to support Task I activities, plus $69,605 in IDC 

reduction, for a total Task I contribution of $702,377 during the current Cooperative Agreement.  

 

Figure 3: Task I funding distribution by activity during the current Cooperative Agreement (July 1, 2012 

through June 30, 2016).  

 

Table 1: Summary of funding, by task and CILER theme, awarded to CILER during the current Cooperative 

Agreement Award NA12OAR4320071, July 1, 2012 - June 30, 2016. 

Task Research Theme Funding ($) Funding (%) 

I Administration $1,356,127 10.4% 

II Theme I: Great Lakes Observing & Forecasting Systems $5,112,034 39.1% 

II Theme II: Invasive Species $602,707 4.6% 

II Theme III: Ecological Risk Assessment $2,379,973 18.2% 

II Theme IV: Protection & Restoration of Ecosystem Resources $2,707,518 20.7% 

I, II Theme V: Education & Outreach $912,755 7.0% 

TOTAL   $13,071,113 100% 
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Table 2: List of all project numbers for NOAA Award NA12OAR4320071, 7/1/12-6/30/16.  

Theme P/G or SUBK PO General Title 

N/A F031364 Parent 

Admin  Cost Share 

Admin F031561 CILER CA Admin 

Admin F032506 CILER Director Oversight 

I F031751 Improving Runoff GL Basin 

I F031757 Climate Change 

I 3002503385 SUBK U. Wisconsin 

I 3003314015 SUBK Michigan State U. 

I F031760 HMO-Hydrodynamic Modeling and Observation 

I F031761 CoastWatch 

I F031762 Modeling Sea Ice 

I F031767 GLRI Climate Project 

I F031806 GLOS 

I 3002475301 SUBK SUNY ESF 

I 3002475339 SUBK U. Wisconsin-Milwaukee 

I 3002475295 SUBK U. Minnesota-Duluth 

I 3002475304 SUBK Michigan Technological U. 

I F033117 Manistique River 

I 3002622332 SUBK U. Wisconsin-Madison 

I F037313 Coastal Storms 

I 3003677105 SUBK U. Wisconsin-Madison 

I F038477 UM Graham Institute - Coastal Storms 
I F040693 UM AOSS - Coastal Storms 
I F039118 UM AOSS - NGGPS Rood 
I F040028 Lake Circulation & GLCFS 

I F040034 Heat Budget 

I F040424 Data Management 

I F040546  Hypoxia Models in GM & CB 

I 3003712268 SUBK North Carolina State U. 

I 3003712058 SUBK U. of Maryland 

I 3003712441 SUBK Louisiana State U. 

I 3003712407 SUBK Virginia Institute of Marine Science 

II F031770 Larval Dispersal 

II F031749 Asian Carp 

III F031752 Lake Ontario Benthic 

III F031773 LM-LH-LTR 

III 3002503276 SUBK Wayne State U. 

III 3002672532 SUBK Palm Island Enviro-Informatics 

III F031807 NGOMEX - Impacts of hypoxia 

III F032629 OHH-HABS 

III 3002609423 SUBK Palm Island Enviro-Informatics 

III 3002609222 SUBK Grand Valley State U. 

III 3002684388 SUBK Michigan State U. 
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Table 2, cont.: List of all project numbers for NOAA Award NA12OAR4320071, 7/1/12-6/30/16.  

 

 

Theme P/G or SUBK PO General Title 

IV F031758 Tipping Points 

IV 3002639642 SUBK Michigan State U.-Zoology 
IV 3002639641 SUBK Michigan State U.-Fish/wildlife 
IV 3002503495 SUBK U. Illinois 

IV 3002524630 SUBK Purdue U. 

IV F033822 UM SNRE Adlerstein 

IV F031769 SOAR 

IV 3003130551 SUBK Michigan Technological Research Inst. 

IV 3002503338 SUBK U. Toledo 

IV 3003216629 SUBK Grand Valley State U. 

IV F033695 Weather Ready Nation 

IV 3002702332 SUBK Minnesota Sea Grant 

IV 3002702328 SUBK Michigan Sea Grant 

IV 3002702331 SUBK Wisconsin Sea Grant 

IV 3002702333 SUBK Indiana-Illinois Sea Grant 

IV 3002702330 SUBK New York Sea Grant  

IV F036968 South Florida Coral Reefs 

IV 3003216662 SUBK U. Minnesota 

IV F037036 Western Lake Erie Phosphorus 

IV 3003584983 SUBK U. Toledo 

IV F037110 FATE: Yellowtail Flounder 

IV 3003218264 SUBK Stonybrook U. 

IV F039641 CSMI 

IV 3003590988 SUBK - Central Michigan U.  

IV F040329 UM Graham Institute 

V F031743 NOAA Emergency Response/Habitat Blueprint 

V 3002648417 SUBK U. Wisconsin (Post Doc) 

V F031754 GIP - Climate Modeling 

V F031753 Summer fellows 

V 3002472010 SUBK Long Term Summer fellow (U. Toledo) 

V 3002468276 SUBK Long Term Summer fellow (UW-Madison) 

V 3003502869  SUBK Long Term Summer fellow (Purdue U.) 
V 3003586158  SUBK Long Term Summer fellow (UW-Milwaukee) 
V 3004012950 SUBK Long Term Summer fellow (UW-Milwaukee) 
V F035919 Long Term Summer Fellow (UM Kerkez) 
V F035920 Long Term Summer Fellow (UM Dick) 
V F031755 SeaBASS 

V 3002447805 SUBK Penn State U. SeaBASS 2012  

V 3003083347 SUBK Penn State U. SeaBASS 2014  

V F032078 CILER/GLERL seminar series 

V F039208 2016 23rd IAHR Ice Symposium 

V F040088 Task 1C Support      

V   SUBK Grand Valley State U. - Biddanda (Post Doc) 
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Table 3:  Summary of subcontract funding by institution for NOAA Award NA12OAR4320071, 7/1/12-

6/30/16. 

Institution Funding 

Central Michigan University $59,798 
Grand Valley State University $230,000 

Indiana-Illinois Sea Grant $5,264 

Louisiana State University $17,027 

Michigan State University $312,442 

Michigan State University Sea Grant $2,731 

Michigan Technological University $670,549 

MTRI (Michigan Technological University) $200,000 

Minnesota Sea Grant $4,171 

New York Sea Grant  $5,829 

North Carolina State University $25,356 

Palm Island Enviro-Informatics $128,240 

Penn State University $35,000 

Purdue University $85,000 

State University of New York $392,600 

Stonybrook University $193,227 

University of Maryland $16,951 

University of Illinois $131,971 

University of Minnesota-Duluth $439,566 

University of Toledo $179,544 

University of Wisconsin $352,443 

University of Wisconsin - Madison $181,671 

University of Wisconsin - Milwaukee $370,249 

Virginia Institute of Marine Science $16,568 

Wayne State University $30,000 

Wisconsin Sea Grant $22,479 

Total $4,048,878 

 

Outreach and Education Activities 
CILER’s current Education and Outreach Program was established as part of a Strategic Plan that 
was developed in 2011.  Progress to date on activities in the 2011 Strategic Plan is summarized in 
the tables below, along with education and outreach initiatives that started this year or are 
presently being developed under the revised plan.   
 
CILER supports many of its Outreach and Education activities through Task I funds, such as the 
Great Lakes Summer Student Fellows Program, the Long-term Fellows program, the CILER 
postdoctoral program, and the CILER-GLERL Great Lakes Seminar series; detailed information 
about these program activities during FY16 can be found after the Outreach and Education 
progress summary tables below. In addition to Task I-funded activities, several of the funded 
research projects that CILER supports fall into CILER Theme V: Education and Outreach. 
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Furthermore, all CILER research projects are required to have an outreach or educational 
component. Details on education and outreach activities associated with funded research projects 
can be found throughout the “Research Reports by Theme” section and the Theme V subsection.  
 
It is worth noting that in 2015-16, CILER underwent a major leadership change that included the 
hire of a new Director (Bradley Cardinale) and a new Program Manager (Mary Ogdahl).  With the 
leadership changes, the University of Michigan infused CILER with a significant amount of new 
funding to develop new programs, new research partnerships, and new education and outreach 
initiatives. One of the first tasks of the new leadership team was to significantly revise the 
Education and Outreach plan to incorporate these new programs (see Appendix 1 for revised 
plan). 
 
Highlights (2011-2016) 

 Since 2013, the University of Michigan has increased its support to CILER to $1.15 million, 
which is $513K above what was originally promised for the current Cooperative Agreement.   

 With the 2016 change in CILER leadership, CILER has secured an additional $1.5 million in 
funding from the University of Michigan over the next five years to support programmatic 
development, including expanded Education and Outreach Programs.  

 With these new funds, CILER recently hired a 50% Education and Outreach Specialist to lead 
the expanding Education and Outreach Programs. 

 CILER also hired a Communications Specialist in 2015 whose job is to engage with water 
resource managers around the Great Lakes who use and benefit from NOAA science, and who 
will help establish data and output needs for all CILER-funded projects.  

 
Education and Career Training. The goal of CILER’s educational activities is to provide research 
education and training of undergraduates, graduate students, and postdoctoral research fellows 
who will become the next generation of Great Lakes scientists.  
 

Activity Description Progress (2011-16) 

Undergraduate education 

CILER Summer Fellows 
Program 

Upper level undergraduate and graduate 
students work with CILER and GLERL mentors on 
Great Lakes research projects. 

74 students funded 

Doris Duke Conservation 
Scholars Program 

CILER provides undergraduate summer research  
internships in collaboration with the University 
of Michigan’s Doris Duke Conservation Program, 
which is designed to enhance diversity in the 
STEM topics and promote inclusion in the 
environmental conservation workforce 

2 students 
mentored (new 

program in 2016) 

Undergraduate Research 
Opportunity Program 
(UROP) 

UROP is a year-round program at the University 
of Michigan that gives students the experience 
of leading independent research projects.  
GLERL and CILER researchers serve as mentors. 

4 students funded 
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Graduate education and training 

CILER Long-term Fellows 
Program 

Graduate students receiving their degrees at 
Consortium Partner universities work on 
projects in collaboration with a GLERL scientist.  

7 students funded 

Graduate Student 
Research Assistantships 
(GSRAs) 

GSRAs are paid to work on CILER-funded 
research projects as they complete their 
dissertations or theses. 

14 students funded 

Professional Master’s 
Projects 

Interdisciplinary teams of M.S. students work 
with GLERL mentors on projects that bridge the 
natural and social sciences. 

5 students funded 

Postdoctoral / pre-professional training 

CILER Post-doctoral 
Fellows Program 

Salary and research support are provided for 
post-doctoral fellows to work with a CILER 
Consortium Partner university and a GLERL 
scientist  

24 post-docs 
funded 

 

Public Outreach and Engagement. The goal of CILER’s public outreach and engagement program 
is to communicate the value, importance, and usefulness of NOAA’s Great Lakes research to the 
general public at local, state, and regional levels.  To accomplish regional outreach that spans the 
Great Lakes, CILER works with its Consortium Partnership of 9 academic institutions that range 
from Lake Superior to Lake Ontario. 
 

Activity Description Progress (2011-16) 

Great Lakes Seminar 
Series (w/ webinar) 

Joint seminar series between CILER and GLERL that 
features invited experts on a variety of Great Lakes 
research topics. 

36 seminars funded 
and hosted 

CILER website  CILER’s main public platform for disseminating 
information on Great Lakes science, including 
CILER’s products, staff, events, and mission/vision. 

Re-designed in 
2011, 2016 re-

design in progress 

Social media Mechanism for engaging with the public and 
directing them to our website. 

Facebook page and 
Twitter profile 

established 
& maintained 

Community outreach 
events 

CILER students and staff interact with the public to 
hand out flyers and other informational materials, 
and to talk about the value of NOAA research.  
 
Examples include: Ann Arbor Mayor’s Green Fair, 
Huron River Day, UM Student Visit Day, UM Career 
Fair. 
 

>30 events 
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CILER also provides resources to Consortium 
Partners for use at events in their locations.  

Great Lakes Ocean 
Sciences Bowl  

CILER, GLERL, and MI Sea Grant co-host this annual 
regional competition of the National Ocean 
Sciences Bowl, a nationwide academic competition 
among teams of high school students. 

6 events hosted 

Fact sheets  2-page flyers on Great Lakes topics that highlight 
CILER research, posted on the CILER website and 
used for informational tables at community events 

1 completed; 5 in 
preparation 

Receptions at 
professional meetings 
(e.g., IAGLR) 

A social event to facilitate collaborations with 
CILER and Great Lakes Sea Grant directors and 
researchers. 

3 events hosted  

Flash animations Visual representations of CILER research to be 
used in conjunction with Fact Sheets. 

In preparation  

Annual news 
magazine 

Full-color publication featuring CILER research and 
event highlights each year, geared toward the 
general public; the first issue is scheduled for fall 
2016. 

In preparation; 
December 2016 

publication 

Quarterly e-
newsletter 

Email and web-based newsletter highlighting CILER 
research, partner interactions, opportunities, and 
events; the first issue is planned for Fall 2016 

In preparation; 
October 2016 

publication 
 

Policy Engagement. The goal of CILER’s policy engagement program is to (i) inform local, state, 

and federal politicians and agencies about the importance of the Laurentian Great Lakes for 

national security and prosperity, (ii) provide policy-makers with NOAA’s tools and data products 

that can help infuse better science into decision-making, and (iii) advise policy-makers and 

agencies on future research needs.  

Activity Description Progress (2011-2016) 

Summits and Working Groups 2-day meetings with invited 
experts on a topic that aligns 
with one of GLERL’s research 
themes.  Products include 
white papers that develop an 
agenda for the future of Great 
Lakes research that are used to 
lobby regional policy-makers. 

3 summits held or 
scheduled; white papers 

in preparation for 2 
summits 

Hold annual reception for engaging 
local and State politicians 

CILER will host an annual event 
to communicate Great Lakes 
research results and needs to 
local and state politicians. 

In preparation for 2017 

Congressional visits  The CILER Director will 
participate in the annual Great 

Planned for 2017 
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Lakes Day visits to Congress, 
organized by the Great Lakes 
Commission. 

 

2015 and 2016 Great Lakes Summer Student Fellows Program 
As part of its efforts to educate and train a new generation of research scientists, CILER has 

administered Great Lakes Summer Student Fellows Program since 1989. Each year this program 

places highly qualified undergraduate and graduate students with both University and Federal 

research mentors.  Through this program, students get the opportunity to work on substantive 

research issues in the Great Lakes that, in turn, support CILER’s and NOAA’s research missions in 

the region. Although the program primarily places students with research mentors at NOAA-

GLERL, CILER has also placed students at partnering universities. CILER will continue to build upon 

the success of the current program by continuing to promote it throughout the Great Lakes region 

to other institutes.   

We offered 15 positions in 2015 and 10 positions in 2016. In 2015, 3 students were placed at 

locations other than NOAA GLERL, including the NOAA Lake Michigan Field Station, the University 

of Wisconsin-Milwaukee, and SUNY-ESF in Syracuse, NY.  All fellows in 2016 were placed at NOAA 

GLERL. For those fellows working at the NOAA GLERL facility, we organized educational events to 

help the students explore topics ranging from career options across sectors to how to look for 

funding for graduate school.  We provide fellows with an exit survey each year to assess the 

quality of their fellows experience and to evaluate ways to improve it for the future.   

In advance of the 2016 Summer Fellows advertisement, we developed a recruiting plan (Appendix 

2) for the program to establish our recruitment priorities and develop a strategy to accomplish 

our recruitment goals. A major focus of the recruiting plan is increasing diversity among 

applicants to the program. As part of the recruiting plan, we began collecting optional data on 

applicants’ race/ethnicity and gender. These data are summarized below and will be used in the 

future to gauge our success in reaching under-represented groups with our recruitment.  
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Applicant profiles for the 2016 Great Lakes Summer Fellows program, using data collected during the 
application process. Responses to all profile information were optional.  
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2015 Great Lakes Summer Student Fellows Cohort (May 2015-August 2015) 

 

Fellow Affiliation Project Mentor(s) 

Whitney Conard University of Michigan Great Lakes Aquatic Nonindigenous Species Information System 
(GLANSIS)  

Rochelle Sturtevant (Sea Grant)  

Kyle Dettloff Oregon State University Advancing Dreissenid Mussel Biomass and Growth Estimates Ashley Baldridge (NOAA-GLERL) 
Henry Vanderploeg (NOAA-GLERL) 
Hongyan Zhang (UM-CILER) 

James Kessler University of Michigan Great Lakes Modeling and Forecasting Ayumi Manome (UM-CILER) 

Drew Eppehimer Arizona State University Invasive Species, Fisheries and Food Web Dynamics Impacts Edward Rutherford (NOAA-GLERL) 

Megan Ewald SUNY – ESF Science Translation and Communications for CSMI – Lake Michigan Larissa Sano (UM-CILER) 
Catherine Riseng (Michigan Sea Grant) 
Margaret Lansing (NOAA-GLERL) 

Jordan Frey Ithaca College Beach Information Communications, Marketing and Outreach  Sonia Joshi (UM CILER) 

Trent Frey University of Michigan Weather Research and Forecasting Data Analysis Ayumi Manome (UM-CILER) 
Eric Anderson (NOAA-GLERL) 
Jia Wang (NOAA-GLERL) 

Jeffery 
Houghton 

University of Wisconsin Nearshore Metabolism and Food Web Structure in Lake Michigan Val Klump (UW-Milwaukee) 
Harvey Bootsma (UW-Milwaukee) 

Rosemary Kelley University of Michigan Monitoring Forecasting Microsystis Blooms in the Great Lakes Tom Johengen (UM-CILER) 

Kevin Kijanka University of Buffalo Biophysical Measurements Using Video Imaging Analysis of 
Cyanobacteria 

Hank Vanderploeg (NOAA-GLERL) 
Steve Ruberg (NOAA-GLERL) 

Scott Loeffler University of Michigan Assessing and Improving Regional Water Budget Forecasts Drew Gronewold (NOAA-GLERL) 
Becky Bolinger (NOAA-NCAR) 

Lillian McGill University of Notre 
Dame 

Ecosystem-based Modeling of Remediation Action Effects on the 
Lake Erie Food Web 

Hongyan Zhang (UM-CILER) 
Ed Rutherford (NOAA-GLERL) 
Doran Mason (NOAA-GLERL) 

Sabrina Shuman University of Michigan Muskegon Lake Watershed Outreach and Habitat Blueprint 
Coordination 

Felix Martinez (NOAA-NOS) 
Jennifer Day (NOAA-OAR) 

Zifan Yang University of Michigan Great Lakes Ice Data Compilation and Analysis Xuezhi Bai (UM-CILER)  
Xianglei Huang (UM-AOSS) 
Jia Wang (NOAA-GLERL) 
Anne Clites (NOAA-GLERL) 

Morgan Zyzik Clarkson University Autonomous Monitoring Systems for Harmful Cyanobacterial 
Blooms 

Gregory Boyer (SUNY-ESF) 
Michael Satchwell (SUNY-ESF) 
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2016 Great Lakes Summer Student Fellows Cohort (May 2016-August 2016) 

Fellow Affiliation Project Mentor(s) 

Alex Assuncao Wayne State University Great Lakes ice data ArcGIS scripting Jia Wang (NOAA-GLERL) 
Anne Clites (NOAA-GLERL) 

Kim Channell University of Michigan Hydroclimatological modeling Chuliang Xiao (UM-CILER) 
Brent Lofgren (NOAA-GLERL) 

Tiffany Chin Dickinson College Invasive species, fisheries and foodweb dynamics Ed Rutherford (NOAA-GLERL) 

Peter Goodspeed University of Michigan Spatial analysis of dreissenid mussel populations Ashley (Baldridge) Elgin (NOAA-GLERL) 
Mark Rowe (UM-CILER) 

Maria Hernandez Brown University Using an ecosystem-based model to study the impacts 
of remediation on the food webs 

Doran Mason (NOAA-GLERL) 
Ed Rutherford (NOAA-GLERL) 
Hongyan Zhang (UM-CILER) 

Etienne Herrick University of Michigan Safety and environmental management system Kim Kulpanowski (NOAA-GLERL) 

Susannah Iott Eastern Michigan 
University 

GLANSIS (Great Lakes Aquatic Nonindigenous Species 
Information System) 

Rochelle Sturtevant (Sea Grant) 
Ed Rutherford (NOAA-GLERL) 

Logan Lee University of North 
Dakota 

Meteorological data analysis Ayumi Manome (UM-CILER) 
Eric Anderson (NOAA-GLERL) 

Zoe Psarouthakis Lawrence University Invasive species, fisheries and foodweb dynamics Ed Rutherford (NOAA-GLERL) 

Cody Yarbrough University of Michigan Modeling food web interactions Doran Mason (NOAA-GLERL) 
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2015-2016 Long-Term Fellowships 
CILER administers a Long-Term Fellowship Program that is supported by Task I funding.  The goals 

of this program are to: 1) increase training and educational opportunities for students in Great 

Lakes research; 2) enhance academic and NOAA collaborations to improve research 

effectiveness; and 3) increase student retention within the freshwater aquatic sciences. The 

competitive fellowships are available to faculty researchers throughout the Great Lakes region to 

collaborate with a NOAA GLERL researcher in supporting a student on a joint research project.  

These fellowships provide up to $25,000 for one year of support for a student. 

In early 2016, we issued a call to our 9 Consortium Partner universities to request proposals for 

one CILER Long-term Fellowship position.  We received 2 proposals, which were scored and 

ranked by a committee that comprised CILER administration (Director, incoming Director, 

Associate Director, Program Manager) and the NOAA GLERL liaison to CILER (Doran Mason). 

Scoring was based on research quality, student opportunity, quality of interactions, and 

advancing research. The Long-term Fellowship was awarded Ms. Sarah Bartlett at the University 

of Wisconsin-Milwaukee. Ms. Bartlett is a doctoral student advised by Dr. Todd Miller. Her 

fellowship project is titled “Cyanobacterial Harmful Algal Bloom Ecology and Cyanotoxin 

Production in Green Bay, Lake Michigan”. The goal of her study is to further understanding of 

cyanobacterial harmful algal blooms (cyanoHABs) and their toxins in Green Bay (Lake Michigan), 

using advanced molecular and chemical techniques in order to help develop cyanoHAB prediction 

tools similar to those currently being used in Lake Erie (e.g., Lake Erie seasonal forecast, Lake Erie 

Experimental HAB Bulletin, Lake Erie weekly data share). This project relates to CILER Themes I, 

III, and IV. She will be co-mentored by Dr. Tim Davis at NOAA-GLERL, who is on her doctoral 

committee. Although she will be working primarily from UW-Milwaukee, her fellowship will 

include a comprehensive plan to ensure constant and active collaboration with Dr. Davis 

throughout the project. Ms. Bartlett’s Long-term Fellowship report will be included in the FY17 

Annual Progress Report. 

CILER awarded 2 long-term fellowships in 2015 - one to Purdue University and one to the 

University of Wisconsin-Milwaukee. Reports from these fellowships can be found in Appendix 3 

(Purdue University) and Appendix 4 (UW-Milwaukee).  

Post-doctoral Fellowship Program 
In addition to supporting post-doctoral positions through research projects, CILER also 

administers a competitive Post-doctoral Fellowship Program.  This program provides salary and 

research support for a post-doctoral fellow who will work closely with a CILER Management 

Council or Council of Fellows member on a project of mutual interest to CILER and NOAA. The 

program is administered as a Task IC activity, because they are competitively awarded positions 

based on funds that are not associated with a specific research project. 

In 2016, Dr. Peter Levi completed a 3-year post-doctoral fellowship (2 years funded, plus 1 year 

no cost time extension), working with Dr. Peter McIntyre at the University of Wisconsin-

Milwaukee.  Dr. Levi’s research sought to provide a quantitative assessment of urban stream 
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restorations using integrative metrics of ecosystem function. His final fellowship report can be 

found in Appendix 5. 

In early 2016, CILER issued a call to our 9 Consortium Partner universities to solicit proposals for 

an 18-month post-doctoral fellowship position. CILER received 1 year of Task IC funds to support 

the post-doctoral fellowship and the University of Michigan provided an additional 6 months of 

funding. The request for proposals stated that preference would be given to a suitable project 

that included 6 months of matching support, for a total of a 2-year funded position. Because the 

funding to NOAA was Congressionally-directed, the project scope was very specific in the call for 

proposals: a project that will develop or incorporate a three-dimensional hydrodynamic model 

that can be linked to a watershed model to help evaluate the impacts of land use practices or 

restoration activities on associated receiving water bodies and their beneficial uses. We received 

only one proposal, but it fit very well with the project objectives and the review committee (CILER 

Administration, GLERL liaison to CILER) unanimously agreed it was worthy of funding. Grand 

Valley State University’s Annis Water Resources Institute will receive the sub-award for 18 

months of support and contribute the matching 6 months for a 2 year total appointment. Dr. Bopi 

Biddanda (GVSU AWRI) will mentor the post-doc, with co-mentor Dr. Eric Anderson (NOAA 

GLERL). At the close of FY16, GVSU was nearing the end of the end of the recruitment process 

and expects to hire their top candidate in August 2016. The fellow will be co-located at GLERL and 

AWRI, although GLERL will be the primary work location. 

2015-2016 Great Lakes Seminar Series 
In conjunction with NOAA-GLERL, CILER continues to host the Great Lakes Seminar Series. This 
ongoing series features invited scientists from around the country to speak at either NOAA-GLERL 
or the University of Michigan on a topic relevant to the Great Lakes. The series facilitates 
collaborations between researchers, provides educational opportunities for NOAA and university 
scientists, and serves as an outreach forum for stakeholders and the general public to attend. The 
seminars are open to the public and broadcast via webinar for remote participation. Webinar 
recordings are available to the public on the CILER website.  
 
CILER sponsored the following 6 seminars in FY16: 

July 13, 2015 

Speaker: Becky Bolinger, NOAA-GLERL 

Title: Improving Climate Information for Operational Lake Level Forecasting 

 

July 29, 2015 

Speakers: Dr. Catherine Riseng, University of Michigan School of Natural Resources and 

Environment, and Kevin Wehrly, Michigan DNR 

Title: The Great Lakes Aquatic Habitat Framework: A spatial framework, database and tools to 

meet the needs of Great Lakes management and research 

 

November 13, 2015 
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Speakers: Drs. Bill Lovis and Alan Arbogast, Michigan State University 

Title: Potential forcing variables that drive coastal dune evolution along the eastern shore of Lake 

Michigan: Does hemispheric ENSO Cycling also play a role? 

 

April 5, 2016 

Speaker: Dr. Quinton Phelps, Missouri Department of Conservation 

Title: Using a multi-tiered approach to investigate the Asian carp invasion in the Mississippi River 

 

May 26, 2016 

Speakers: Beth Gibbons and Omar Gates, University of Michigan Climate Center 

Title: GLISA and the Great Lakes Adaptation Data Suite: Climate Data Focused on Adaptation 

Decision-Making 

 

June 30, 2016 

Speaker: Dr. Bradley Cardinale, University of Michigan, CILER 

Title: CILER and GLERL’s alliance studying the Great Lakes: Where have we been, and where to 

from here? 

 

  

Research Reports by Theme 
 

Theme I: Great Lakes Observing and Forecasting Systems 

Improving runoff estimates in the Great Lakes basin 
Principal Investigator(s): Allen Burton (CILER) 
NOAA Technical Lead(s): Andrew Gronewold (GLERL) 
NOAA Sponsoring Office: OAR, Great Lakes Environmental Research Laboratory (GLERL) 
Budget Amount: $20,000 
 
NOAA Strategic Goals: 
Goal 3 - Climate Adaptation and Mitigation 
Goal 4 - Resilient Coastal Communities and Economies 
Goal 5 - NOAA Enterprise-wide Capabilities: Science and Technology Enterprise, Engagement 
Enterprise, Organization and Administration Enterprise.  
 
Overview and Objectives: GLERL and CILER provided support, from 2012-2014, to the 
International Joint Commission (IJC) during the final phases of the International Upper Great 
Lakes Study (IUGLS) on calculating historical Great Lakes basin runoff estimates, and for 
establishing a cornerstone for future (post-IUGLS) research on improving those estimates.  In 
addition to serving as an integral component of the Great Lakes water balance, runoff estimates 
serve as the backbone for regional ecosystems research. 
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As an extension of that work, GLERL and CILER continued to support the IJC’s need for 
understanding future water supplies in the Great Lakes by working to develop a new historical 
record of monthly runoff, over-lake evaporation, over-lake precipitation, and connecting channel 
flows. The primary objective of this work is the continued development of a new statistical 
model, which has been previously drafted strictly for Lakes Superior and Michigan-Huron and the 
time period 2005-2014, and extension of that model across all of the Great Lakes. 
 
Specific Aims/Milestones:   

For this project, we characterize the relationship between runoff estimates and the other 

components of the water budget – precipitation, evaporation, channel inflows and outflows, 

diversions, and change in lake storage of water. We develop new estimates of runoff with respect 

to those variables, and quantify the uncertainty for those estimates. 

We intend on extending the draft statistical model across all Great Lakes, and generating monthly 

estimates with quantified uncertainty for the period 1950 to present. The resulting database 

would be the first ever to effectively close the Great Lakes water balance while also reconciling 

different sources of data. 

Accomplishments: 

 A peer-reviewed paper describing the aforementioned draft statistical model was 

published 

 Coinciding with the 100th meeting of the Coordinating Committee on Great Lakes Basic 

Hydraulic and Hydrologic Data in Ottawa, ON, Canada, a workshop was held with 

stakeholders and interested researchers to generate ideas for future model development. 

A follow up conference call within a month of the workshop was held to further 

develop/brainstorm ideas. 

 Models are currently under development utilizing data from all Great Lakes and St. Clair.  

 

Publications: 

Gronewold, A.D., J. Bruxer, D. Durnford, J. Smith, A. Clites, F. Seglenieks, T. Hunter, S. Qian, V. 

Fortin. 2016. Hydrological drivers of record-setting water level rise on Earth’s largest lake 

system. Water Resources Research, 52(5), 4026-4042. 

Gronewold, A.D., A.H. Clites, J. Bruxer, K. Kompoltowicz, J.P. Smith, T. Hunter, C. 

Wong, 2015. Great Lakes water levels surge. Eos, Transactions of the American Geophysical 

Union, 96(1), 14-17. 

 

Presentations:  

Gronewold, A.D. Great Lakes water levels, ice, and climate change: practical application of 

models. Presented at the School of Natural Resources, University of Michigan. Ann Arbor, 

MI (USA). January 2016 

Gronewold, A.D., J. Bruxer, J. Smith, T. Hunter, V. Fortin, A.H. Clites, D. Durnford, F. Seglenieks. 

Aggregating hydrometeorological data from international monitoring networks across 
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Earth’s largest lake system. December 2015. American Geophysical Union Fall Meeting, 

San Francisco, CA (USA). 

Gaborit, E., B. Tolson, V. Fortin, A.D. Gronewold, L.M. Fry, T. Hunter. The Great Lakes Runoff 

Intercomparison Project (GRIP): Phase II, Lake Ontario. December 2015. American 

Geophysical Union Fall Meeting, San Francisco, CA (USA). 

Gronewold, A.D. Data analysis, inference, and model development for improving water resources 

management. November 2015. North Carolina State University, Department of Civil and 

Environmental Engineering Seminar Series. Raleigh, NC (USA). 

Hunter, T. J. Smith, S. Qian, Gronewold, A.D., May 2015. Improving the historical record of the 

Great Lakes water budget. 2015 Annual Conference on Great Lakes Research, Burlington, 

Vermont (USA). 

  

Outreach Activities:  

 Workshop coinciding with the 100th meeting of the Coordinating Committee on Great 

Lakes Basic Hydraulic and Hydrologic Data in Ottawa, ON, Canada, plus follow up 

conference call. 

 Work contributed data to generate the graphic “Record Setting Water Level Rise in the 

Great Lakes” - www.glerl.noaa.gov/pubs/brochures/LakeLevelReboundGraphic.png 

 
 

Theme I: Great Lakes Observing and Forecasting Systems 

Great Lakes Restoration Initiative Climate Project: Regional Modeling for 
Application to Decision-making 

Principal Investigator(s): Allen Burton (CILER); Phanikumar Mantha (Michigan State University); 
Michael Notaro (University of Wisconsin Center for Climate Research)  
NOAA Technical Lead(s): Brent Lofgren (NOAA-GLERL); Jia Wang (NOAA-GLERL) 
NOAA Sponsoring Office: OAR, Great Lakes Environmental Research Laboratory (GLERL) 
Budget Amount: $321,448 
 
NOAA Strategic Goal(s):  
Goal 3 - Climate Adaptation and Mitigation 
 
Overview and Objectives:  
This objective of this project is the development and application of models for the physical 
portion of the Great Lakes regional climate. It enhances the range of scenarios of climate change 
influences from those available currently. The full range of physical variables in the system is 
allowed to interact with the quantity of water supply in the basin, rather than only assumed or 
fitted relationship with air temperature and precipitation. Development of a model that 
incorporates full dynamical treatment of ice within the context of a 3-dimensional lake circulation 
model was advanced, and this year we planned to make further steps toward coupling of this 
model to an interactive atmosphere.  Current availability of regional climate simulation results 
was enhanced through a greater variety of application of existing models, additional analysis of 
the results, and dissemination to those engaged in assessing impacts and decision-making. 

http://www.glerl.noaa.gov/pubs/brochures/LakeLevelReboundGraphic.png
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Specific Aims/Milestones:   
1. The existing CHARM model is being run with one or two additional GCMs from the CMIP5 

dataset as lateral boundary forcing. Analysis is being performed on the results.  
2. The Weather Research and Forecasting Model (WRF) continues to be implemented as 

another avenue for regional climate simulation, and work is proceeding on linking this model 
to the Oasis coupler. 

3. Further refinements are being made to the Great Lakes Ice Model (GLIM). 
4. Initiate linkage of GLIM to the Oasis coupler. 
5. Detailed testing of the hydrology and nutrient transport modules of the PAWS model for 

selected Great Lakes watersheds draining into Lake Superior (e.g., St. Louis River Basin) 
against monitoring data to demonstrate the ability of the PAWS model to simulate observed 
data. Field-based observations and satellite data are being used to test different components 
of the models. 

6. Once fully tested, the hydrology and nutrient transport modules are applied to understand 
how fluxes of water (that is, major components of the water cycle) and nutrients change 
under projected future climate scenarios. The information is being used to predict nutrient 
levels at selected points along the Lake Superior shoreline (e.g., Apostle Islands National 
Lakeshore). 
 

Accomplishments: 

Accomplishments related to milestones 2-6 in the project proposal are listed below.  

 The parallel environment for Weather Research and Forecast (WRF) model was established 

on GLERL clusters. The historical simulation and future projection was completed using 

WRF/Lake model driven by GFDL-CM3 outputs with two future scenarios, RCP8.5 in a high 

emission and RCP4.5 in a medium emission (Xiao et al., 2016b). (Xiao and Lofgren 2016 IAGLR 

presentation). Related to milestone 2. 

 Calibrations and validations of the coupled WRF/Lake model. With an updated lake surface 

albedo scheme in WRF/Lake model, the simulation of lake temperature and ice coverage is 

improved. This work, improving the 1-D lake models in WRF in the Great Lakes, is under 

review (Xiao et al., 2016a). Related to milestone 2. 

 The updated version of FVCOM coupled with an ice model was validated in the hindcast for 

Lake Erie, from 2002 to 2013. The results were compared with the observed ice extent, ice 

thickness, water temperature, and current speed. (Manome and Wang, in preparation) 

Quantitative evaluation showed that FVCOM coupled with an ice model performed better in 

terms of reproducing surface water temperatures and current speeds in summertime in 

comparison with the Princeton Ocean Model coupled with an ice model (ICEPOM), while it 

tended to underestimate ice extent and ice thickness in comparison with the observations 

and ICEPOM. Related to milestones 3 and 4. 
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 Study ice, water and atmospheric conditions associated with a record-low ice cover in the 

Great Lakes during winter 2011/12. Surface heat flux analysis shows that sensible heat flux 

contributed most to the net surface heat flux anomaly. Surface air temperature is the 

dominant factor governing the interannual variability of Great Lakes ice cover. It is the joint 

effect of La Niña and positive phase of the North Atlantic Oscillation that results in the 

extreme warmth. Related to milestones 3 and 4. 

 The 5-lake FVCOM with an updated ice component has been applied to the integrated Great 

Lakes simultaneously to simulate circulation and thermal structure. An implementation of the 

offline coupling between WRF and FVCOM is undergoing to improve the lake model’s 

performance in simulation the lake surface temperature. Related to milestones 3 and 4. 

 The complete set of dynamically downscaled global climate models (GCMs) from the Coupled 

Model Intercomparison Project Phase Five (CMIP5), using the International Centre for 

Theoretical Physics (ICTP) Regional Climate Model Version Four (RegCM4) interactively 

coupled to a one-dimensional lake model, was extended to six.  These models roughly 

approximate an envelope of possible future changes in temperature and precipitation across 

the Great Lakes Basin.  A couple of weeks of effort from Dr. Yafang Zhong was funded on this 

grant during July 2015 to complete the downscaling work.  Related to milestone 2. 

 The dynamically downscaled climate projections, as generated for this grant, have been 

applied for additional scientific explorations, such as: 

1) Forcing the General Lake Model and Soil-Water-Balance Model in collaboration with 

the United States Geological Survey, Michigan Department of Natural Resources, and 

Department of Environmental Quality to predict future changes in lake and stream 

temperatures and potential spread of aquatic invasive species across Michigan, 

Wisconsin, and Minnesota. 

2) An exploration of future changes in weather severity and implications to the food 

availability and migratory behavior of dabbling ducks species and the predation and 

populations of white-tailed deer, in collaboration with Ducks Unlimited, Long Point 

Waterfowl, Michigan Department of Natural Resources, and the State University of New 

York at Oswego. 

3) Guidance to the United States Department of Agriculture (USDA) Forest Service and 

their Northwoods Climate Change Response Framework report, which assessed forest 

ecosystem vulnerability across northern Wisconsin and western Upper Michigan. 

4) Guidance to the Great Lakes Indian Fish and Wildlife Commission (GLIFWC) to aid in the 

development of its climate change assessment and adaptation planning for species that 

tribes harvest and GLIWFC regulates across the ceded territories. 
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 During this reporting period we have applied the PAWS model to several new watersheds in 

the Great Lakes basin addressing questions of water quantity and quality. New watershed 

models were developed and tested extensively using new datasets for the following 

(predominantly agricultural) watersheds: (1) The Kalamazoo River Watershed (2) The St. 

Joseph River Watershed located in the southwest portion of the Lower Peninsula of Michigan 

and northwestern portion of Indiana and (3) the Ottawa County in Michigan with known 

water-related issues. The successful application of grid-based hydrologic models hinges on 

our ability to accurately assimilate meteorological and geophysical data into the models. We 

have proposed a new class of methods to assimilate data into hydrologic and oceanic models 

based on ideas involving concepts of differential manifolds and Einstein's theory of relativity. 

The methods are systematically evaluated by comparing their superior performance against 

well-known methods for Great Lakes basins (Safaie et al., 2016). Related to milestone 5. 

 Nutrient transport models for the Kalamazoo and St. Louis River Watersheds are being further 

refined by collecting and compiling additional data required to test these models. Information 

on the following inputs have been collected for the Kalamazoo River watershed and similar 

information is being compiled for the St. Louis River basin: (a) agricultural fertilizer application 

data (b) manure application (c) septic tank contributions (d) non-agricultural fertilizer 

application (e) atmospheric deposition and (f) contributions to streams from waste water 

treatment plants. Including these sources of nutrients loading within the watershed has 

significantly improved model predictions of nutrient fluxes exported from the watershed. 

Manuscripts based on this research will be communicated to peer-reviewed journals in 2016. 

Once tested for relatively small watersheds such as the ones described here, we will explore 

the application of the PAWS model for the entire Great Lakes basin based on meteorological 

forcing data from Dr. Lofgren's group (e.g., outputs from WRF). Related to milestone 6. 

Publications: 

Nevers, M. B., M. Byappanahalli, M.S. Phanikumar and R. L. Whitman, 2015, Fecal Indicator 

Organism Modeling and Microbial Source Tracking in Environmental Waters, Chapter 

3.4.6 in Manual of Environmental Microbiology, 4th Edition, Edited by Marylynn V. Yates, 

Cindy H. Nakatsu, Robert V. Miller, Suresh D. Pillai (ASM Press, Washington DC), pp. 3.4.6-

1 to 3.4.6-16, ISBN: 9781555816025. 

Notaro, M., V. Bennington, and B. M. Lofgren, 2015: Dynamical downscaling-based projections of 

Great Lakes’ water levels. J. Climate, 28, 9721-9745. 

Notaro, M., V. Bennington, and S. Vavrus, 2015: Dynamically downscaled projections of lake-

effect snow in the Great Lakes Basin. J. Climate, 28, 1661-1684. 

Qiu, H., J. Niu, and M. S. Phanikumar, Quantifying the Space-Time Variability of Water Balance 

Components in a Great Lakes Basin using a Process-Based Hydrologic Model and the 

Budyko Framework, Journal of Hydrology. (in review) 

Safaie, A., C. Dang, H. Radha, and M. S. Phanikumar, Manifold Methods for Assimilating 

Geophysical and Meteorological Data in Earth System Models and their Components, 

Journal of Hydrology. (in review) 

Xiao, C., and Y. Zhang, 2015: Projected changes of East Asian eddy-driven jet in winter from 
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CMIP5 experiments. Geophys. Res. Lett., 42, 6008-6013, doi:10.1002/2015GL064641. 

Wang, L., Y. Qian, Y. Zhang, L. R. Leung, A. Huang, and C. Xiao, 2016: Observed variability of 

summer precipitation pattern and extreme events in China associated with variations of 

the East Asian summer monsoon. Int. J. Climatol., 36, 2942–2957, doi:10.1002/joc.4530. 

Xiao, C., Y. Zhang, B. M. Lofgren, and Y. Nie, 2016: The Concurrent variability of East Asian 

subtropical and polar-front jets and its implication for the winter climate anomaly in 

China. J. Geophys. Res. Atmos., doi:10.1002/2016JD025038. 

Xiao, C., B. Lofgren, and J. Wang: WRF-based assessment of the Great Lakes’ impact on cold 

season synoptic cyclones. J. Geophys. Res. Atmos. (in review) 

Xiao, C., B. M. Lofgren, J. Wang, and P. Y. Chu, 2016a: Improving the lake scheme within a 

coupled WRF-Lake model in the Great Lakes. J. Adv. Model. Earth Syst. (in review) 

Xiao, C., B. M. Lofgren, J. Wang, and P. Y. Chu, 2016b: A dynamical downscaling study in the 

Laurentian Great Lakes region using a coupled WRF-Lake model. J. Hydrometeorology. (in 

review) 

 

Presentations:   

Dang, C., A. Safaie, M.S. Phanikumar and H. Radha, Wind speed and direction estimation using 
manifold approximation, The 14th ACM International Conference on Information 
Processing in Sensor Networks (IPSN), April 13-16, Seattle, WA, 2015 

Safaie, A., C. Dang, H. Radha, and M. S. Phanikumar, Application of Manifold Methods for Data 
Assimilation in Integrated Earth System Models, Abstract # H51G-1452, American 
Geophysical Union Fall Meeting, San Francisco, CA, 14-18 December 2015.  

Safaie, A., T. D. Nguyen, E. Litchman, and M.S. Phanikumar, Circulation and Thermal Structure in 
Michigan's Inland Lakes: A Comparative Analysis Across Lakes, AGU-ASLO Ocean Sciences 
Meeting, 21-26 February, New Orleans, LA. Abstract # PO24A-2920, pp. 135 (2016) 

Xiao, C., WRF-Hydro Modeling System: A Startup in the Great Lakes Region. Great Lakes Basin-
Wide Binational Hydrological Forecasting Stakeholder Exchange and Model Development 
Workshop, Ann Arbor, MI, June 14-16, 2016. 

Xiao, C., and B. M. Lofgren, Hydroclimatological Responses of the Laurentian Great Lakes to 
Global Warming. 59th Annual Conference of the International Association for Great Lakes 
Research, University of Guelph, Guelph, ON, June 6-10, 2016. 

Xiao, C., Projected hydroclimatology in the Great Lakes region in the 21st Century (Lightning 
Talk). Water @ Michigan Workshop, Water Center, University of Michigan, Ann Arbor, 
January 21, 2016. 

Xiao, C., and B. M. Lofgren, A Dynamical Downscaling Study in the Great Lakes Region Using the 
WRF/Lake Model: Historical Simulation and Future Projection (Poster). 96th American 
Meteorological Society Annual Meeting, New Orleans, LA, January 11-14, 2016. 

 

Outreach Activities:  

 Chuliang Xiao was a volunteer in the Great Lakes Ocean Sciences Bowl (February, 2016). 

 Notaro, M., 2015, WORT Community Radio, “Effects of Climate Change on Health and Great 
Lakes.” 

 Notaro, M., 2015, WORT Community Radio, “The Science and Effects of Climate Change.” 
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 Notaro, M., 2015, The Why Files (whyfiles.org), “Climate change: Who is a climate scientist?” 

 Great Lakes Ice Atlas:  http://www.glerl.noaa.gov/data/pgs/glice/glice.html 
 

Theme I: Great Lakes Observing and Forecasting Systems 

Great lakes CoastWatch Research Assistant for NOAA CoastWatch Program 
Element 
Principal Investigator(s): Tom Johengen (CILER)  
NOAA Technical Lead(s): George Leshkevich (NOAA-GLERL) 
NOAA Sponsoring Office: OAR, Great Lakes Environmental Research Laboratory 
Budget Amount: $109,553 
 
NOAA Strategic Goal(s):  
Goal 1 - Healthy Oceans 
Goal 2 - Weather-Ready Nation 
Goal 3 - Climate Adaptation and Mitigation 
Goal 4 - Resilient Coastal Communities and Economies 
 
Overview and Objectives:  
To address critical coastal environmental problems, the National Oceanic and Atmospheric 
Administration, National Environmental Satellite, Data, and Information Service (NESDIS) has 
established the NOAA Ocean Remote Sensing (NSORS) Program.  Within NSORS, CoastWatch is a 
NOAA-wide program designed to provide a rapid supply of up-to-date, coordinated, 
environmental (remotely sensed, chemical, biological, and physical) information to support 
Federal, state, and local decision makers and researchers, who are responsible for managing the 
Nation's living marine resources and ecosystems.  NOAA CoastWatch focuses on specific regional 
priorities, such as unusual environmental events (e.g., harmful algal blooms), accumulating algal 
biomass, mapping wetland change (e.g., change detection), and mapping ice cover/ice thickness 
(e.g., hazard mitigation).  
 
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), MODIS, and VIIRS for ocean color (chlorophyll) products.  These products will enhance 
the CoastWatch Great Lakes product suite by 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.  
 
Regional products delivered in an untimely fashion or in an unusable format, whether to land or 
ship-based users, defeats the objectives and goals of the program. Therefore, the development of 
tools to effectively and efficiently deliver these products to regional users in near real-time and in 
a useable format is of great importance.  This will foster additional research applications by 
regional data users employing the processed satellite data such as, detection and tracking of 
thermal fronts and analysis of circulation patterns and upwelling (fish recruitment studies) and 

http://www.glerl.noaa.gov/data/pgs/glice/glice.html
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modeling and forecasting Great Lakes parameters (Great Lakes Forecasting System). 
 
The goal of the CoastWatch Great Lakes program is to develop and deliver environmental data 
and products for near real-time monitoring of the Great Lakes to support environmental science, 
modeling (forecasting), and decision making.  One of the objectives of the continuing CoastWatch 
program is to provide access to near real-time and retrospective satellite observations and 
derived products of the Great Lakes for Federal, state, and local decision making and supporting 
research.  Communications requirements and data distribution are accomplished electronically 
via the Internet (CoastWatch Great Lakes web site). 
 
Additional (future) products include turbidity, ocean color (chlorophyll, DOC, SM), and ice 
mapping.  Additional activities to be performed include participation in research on new 
algorithm development of the remotely sensed data, assist in development of project reports and 
scientific presentations, and provide the necessary computer system and software support to 
facilitate these activities and distribution of data and products through the Great Lakes 
CoastWatch website. 
 
Specific Aims/Milestones:   

The CILER researcher participates in the development of Great Lakes regional products from 

remotely sensed data and facilitates the dissemination of CoastWatch managed data, products 

and information for research, operational, and/or educational purposes.  Planned products 

include turbidity, ocean color (chlorophyll), and ice mapping.  Additional activities to be 

performed include participation in research on new algorithm development of remotely sensed 

data, assist in development of project reports and scientific presentations, and provide the 

necessary computer system and software support to facilitate these activities and distribution of 

data and products via the CoastWatch Great Lakes website.  In this regard, a key activity will be 

the implementation of the THREDDS and ERDDAP servers as optional servers on the CoastWatch 

Great Lakes website.  This will entail data conversion (to HDF or netCDF format) and testing. 

Accomplishments: 

A. Monitor, develop and/or improve the operational program to receive, process, analyze, and 

archive the CoastWatch data:  

1. Implemented the new CoastWatch server, which includes: 

a. Moved all the operational programs from CWOPS to the CoastWatch new server.  

b. Rewrote all of the operational programs in BASH shell program language (it was C 

shell) to match the CoastWatch server requirement.  

c. Rewrote the water level processing program in Python program language (it was 

Fortran) to avoid the Fortran compiler issue in the CoastWatch server. 

2. Developed the programs to download and process the NPP VIIRS Satellite images, and 

add the VIIRS (1024x1024) SST image to Great lakes Surface Environmental Analysis 

(GLSEA). 

3. Developed programs (Unix script) to clean up the CoastWatch Server (reduce the used 
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space from 87% to 79%). 

4. Modified the programs to ftp the data from CWOPS to HERA server (for NECP and MSU 

Sea Grant). 

5. Modified the PERL programs to handle the buoy station data files, which is provide and 

modified by NOAAPORT. 

 

B. Maintain and improve the CoastWatch Great Lakes Node web server, design and develop the 

web site: 

1. Modified the operational programs and php program to match the GLERL network 

reconfiguration. 

2. Moved the CoastWatch web server to the new CWWEB server, which includes: 

a. Moving all web pages (html files) and web related data from CWOPS to HERA 

server. 

b. Moving files from HERA to CWWEB server. 

c. Migrate ftp server from HERA server to CWWEB. 

d. Modified the programs to push data to HERA and CWWEB server. 

e. Help the IT group to install the THRREDs and ERDDAP server, which included 

moving or syncing data and files to new CoastWatch web server and making the 

data set list. 

3. Update MODIS gallery page.   

 

C. Design, modify, and develop the software to analyze and process the CoastWatch data: 

1. Wrote the Unix script to run CDAT utility to convert AVHRR cwf files to hdf format.  

    

D. Participate in CoastWatch related research and prepare pressentations for meetings: 

1. Attended the CoastWatch Annual Meeting 2016 and prepared the Great Lakes 

CoastWatch Update presentation.  

2. Wrote the IDL programs to processing ice files to make the Great Lakes ice cover anomaly 

chart, that shows the current 2015/16 (Dec., Jan., Feb.) Great Lakes average ice 

concentration minus the long-term average concentration (1973-present) for Dec., Jan., 

Feb. The chart has submitted to "Great Lakes Region Quarterly Climate Impacts and 

Outlook". 

3. Submitted the Great Lakes ice cover anomaly chart to "Great Lakes Region Quarterly 

Climate Impacts and Outlook".  The chart shows the current 2016 (March - May) Great 

Lakes average ice concentration minus the long-term average concentration (1973-2015) 

for March, April, May.   

    

E. Assist in the mentorship of a Great Lakes summer fellow: 

1. Assist a summer student in 2016 to compare shoreline in ice charts and Great Lakes 

mask file. 

 

Publications: 
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None in FY16 

 

Presentations:   

Liu, S. and Leshkevich, G. CoastWatch - Delivering Environmental Satellite and In Situ Data to the 

Great Lakes User Community, 59th Annual Conference on Great Lakes Research 

(IAGLR2016), Guelph, Ontario, June 6-10, 2016. 

Outreach Activities:  

 CoastWatch-related collaborative research projects with other Federal agencies, 

universities, and research organizations such as NASA JPL, Michigan Tech Research 

Institute (MTRI), and Michigan Sea Grant. 

 Great Lakes CoastWatch website: http://coastwatch.glerl.noaa.gov 

 

Theme I: Great Lakes Observing and Forecasting Systems 

Year Five Implementation of the GLOS-RA Nearshore Observing System Network 
Principal Investigator(s): Allen Burton (CILER), Thomas Johengen (CILER) 
NOAA Technical Lead(s): Steve Ruberg (GLERL) 
NOAA Sponsoring Office: Great Lakes Environmental Research Laboratory 
Budget Amount: $572,000 
 
NOAA Strategic Goal(s):  
Goal 1 - Healthy Oceans 
Goal 3 - Climate Adaptation and Mitigation 
Goal 4 - Resilient Coastal Communities and Economies 
 
Overview and Objectives:  
The Great Lakes Observing System Regional Association (GLOS-RA) is implementing key observing 
system and modeling improvements over the 2011-2016 period that focus on critical needs of the 
Great Lakes region as identified through an extensive needs assessment process. The focus of this 
work will be on supporting observations and developing new products related to four priority 
issues affecting the health, well-being, and economic viability of the region, including: 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 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 used to collect 
critical transect information. Cross-lake ferries and other vessels of opportunity are instrumented 
to collect repetitive observations of surface chemistry. Satellite remote sensing products are 
derived to perform daily monitoring of lake surface loadings of nutrients and sediments. Our 
stakeholder audiences are made up of a variety of public mission agencies that operate in a 
diverse range of disciplines, in multiple geographic locations, and in various organizations 
including: U.S. and Canadian Federal government agencies; state, regional, and local government 
agencies and tribes; NGOs and partner initiatives; academic institutions; and private business, 
industries and consultants.  GLOS targets communications, membership, outreach, and 

http://coastwatch.glerl.noaa.gov/
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engagement towards those departments, agencies, and individual staff that can contribute to 
and/or benefit from GLOS programming and that share common goals, objectives, and strategies 
with GLOS.  This includes formal and informal educators, modelers, and researchers who serve as 
target users in all the GLOS focus areas. CILER’s objective is to oversee the implementation of 
planned activities for the open-lake observing team that will help to establish, maintain, and 
develop operational capabilities for the GLOS-RA during project year five of the (Integrated Ocean 
Observing System) IOOS Cooperative Agreement, covering the time period of June 1, 2015 – May 
31, 2016. 
 
Specific Aims/Milestones (by institution):   

I. Cooperative Institute for Limnology and Ecosystems Research (PI: Thomas Johengen) 

A. Project Management   
1. Manages and executes the sub-awards for each of the academic institutional participants 

on the project.  The sub-awards are executed through the existing Cooperative 
Agreement with host lab NOAA-GLERL.  Partner institutions include: CILER-University of 
Michigan, University of Wisconsin-Milwaukee, University of Minnesota-Duluth Large Lakes 
Laboratory, Great Lake Regional Consortium-SUNY Environmental Sciences and Forestry, 
Michigan Technological University, and Michigan Technological Research Institute.  

2. Facilitate and oversee delivery all progress reporting requirements to IOOS. 
B. Management of Autonomous Observation Platforms 

1. Support up to 150 days of GLIDER observations in Lake Michigan as part of the 2015 
Coordinated Science and Monitoring Initiative (annual bi-national lake-by-lake effort) in 
conjunction with NOAA, USGS, and EPA.  Disseminate the mission data into the IOOS 
National GLIDER database, as well as disseminate to all of the participating project 
scientists from the various Federal agencies.   

2. Complete three AUV (autonomous underwater vehicle/glider) missions in Lake Erie to 
support ongoing CILER and NOAA efforts to monitor and forecast toxic cyanobacterial algal 
blooms.  Complete a fourth mission planned to support hypoxia monitoring and modeling 
in Green Bay along with our University of Wisconsin-Milwaukee partner. 

C.  Operational Support of Lake Michigan GLOS Buoys  
1. Deploy, operate, maintain and retrieve a real-time TIDAS 900 buoy with meteorological 

package, directional wave sensor, currents and thermistor along the coast of Ludington, 
Michigan. 

2. Work with MTU to deploy, operate, maintain and retrieve a real-time TIDAS 900 buoy in 
Little Traverse Bay with meteorological package, directional wave sensor and thermistor 
string. 

3. Operate and maintain these buoys during the navigational season of Lake Michigan, 
reporting all data real-time to GLOS, National Data Buoy Center (NDBC), and the MTRI 
website. 

4. Support the operation of a research buoy at the UM Biological station to provide 
continuous long-term water quality data for support of student research projects and 
serve as a platform to R&D application of new sensor technologies.   

5. Provide limited QA/QC and archive all collected data. 
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6. Ensure that both GLOS buoys are reporting data real-time every ten minutes, and 
transmitting to GLOS, MTRI and NDBC, and that the data is available to the general public 
via their websites. 

 

II. University of Wisconsin-Milwaukee School of Freshwater Sciences (SFS), Great Lakes WATER 

Institute (GLWI) (PI: Val Klump and Harvey Bootsma) 

A. Real-time Buoy and Vessel of Opportunity Underway Observing Systems, Lake Michigan 

1. Deploy and maintain two standard GLOS open water monitoring buoys in Lake Michigan 
off Milwaukee and in Green Bay, Lake Michigan and a third GLWI designed nearshore 
buoy in the waters of Lake Michigan in the vicinity of the Milwaukee Bight. 

2. Operate the buoy monitoring systems during the recreational season in the bay (June - 
October), with the aim of extending this period from May to November.  Interface GLOS 
real time data collection with other ongoing monitoring and research efforts in the 
Milwaukee region. 

3. Collaborate with the National Park Service Lake Michigan monitoring program, an 
objective of which is the identification of conditions that lead to avian botulism outbreaks. 

4. Continue to assist in the development of long term forecast systems and models for the 
prediction of future conditions. 

5. Operate and maintain the high speed ferry vessel of opportunity monitoring program 
(Lake Express).  

6. Collaborate with NOAA NCAR in assessing ozone distribution patterns over Lake Michigan.  
7. Support AUV (autonomous underwater vehicle/glider) missions deployed by GLOS for 

mapping water quality conditions, depending upon availability and scheduling, and with 
an emphasis on mapping nearshore habitat, river plume impacts, and seasonal hypoxia. 

8. Support research projects funded from other sources, e.g., impact of invasive dreissenids 
on Lake Michigan carbon and phosphorus dynamics, supported by Wisconsin Sea Grant 
and GLRRIN; research on seasonal hypoxia, watershed impacts and climate change in 
Green Bay supported by NOAA CSCOR CHRP, the Michigan Water Center, and the 
Wisconsin Sea Grant program. 

 

III. University of Minnesota, Duluth (PI: Jay Austin) 

A. Real-time Meteorological Buoy Glider Deployments and Harbor Instrumentation.  

1. Deploy two meteorological buoys in the western arm of Lake Superior with NDBC 
designations 45027 and 45028.  Measurements include wind speed and direction, air 
temperature, relative humidity, water temperature at ten depths, solar radiation, 
downward longwave radiation, precipitation, and wave height, period, and direction. Data 
are downloaded periodically to a lab at UMD for QA/QC and archiving. Data are ported 
directly to NDBC and GLOS every 10 minutes.  

2. Deploy the glider for 4 separate transects (one each in June, July, August, and September) 
between the Keweenaw Peninsula and Isle Royale in collaboration with Michigan 
Technological University (MTU). This transect takes six days to complete. The glider 
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measures temperature, conductivity, chl-a fluorescence, CDOM fluorescence, backscatter, 
and dissolved oxygen. 

3. Deploy automated water quality sensors at (a) the Superior Inlet (SI) of the St. Louis River 
(SLR) to L. Superior; (b) on a mid SLR channel range cell near the Blatnik Bridge, in the 
connecting channel between the Duluth Harbor/Duluth Bay and the lower reaches of the 
St Louis Estuary; and (c) at the Duluth Inlet (DI) to Lake Superior.  Measurements include 
flow, temperature, DO, EC25, turbidity and chlorophyll fluorescence. 
 

IV. Great Lakes Research Consortium, State University of New York College of Environmental 

Science and Forestry (PI:  Gregory L. Boyer) 

A. Real Time Meteorological Buoy Deployments  

1. Deploy a TIDAS 9000 series buoy off Oswego, NY with a full meteorological suite, a 
thermistor string running surface to bottom at 2 m intervals. YSI or HydroLab multi-
parameter sonde with T, µ, DO, and pH. 

2. Use the current GLRC website to provide easy access to basic water quality information, 
the temperature profile, and meteorological information, as well as support transfer of 
that information to GLOS DMAT.   

3. Validate this information through biweekly or monthly grab samples collected at the buoy 
location in conjunction with SUNY- Oswego. Comparison of buoy data with ship-based 
measurements conducted through the US-EPA and Environment Canada bi-national 
sampling program in Lake Ontario as well as with riverine measurements collected by 
USGS and the Upstate Freshwater Institute. 

4. Develop and outreach and education program in consultation with the H. Lee White 
Maritime Museum in the City of Oswego.  Included in this will be to co-supporting at least 
one internship from SUNY-Oswego in science education and outreach. 

5. Deploy a TIDAS 900 series buoy in eastern Lake Ontario and transfer the data to the H. Lee 
White Maritime museum and to the GLOS DMAC system. 

 

V. Michigan Technological University (PI: Guy Meadows and Robert Shuchman) 

A.  Nearshore Buoys, Keweenaw Waterway Observatory, and Glider Support Activities 

1. Deploy and operate the three GLOS buoys: two off the north and south entrances to the 
Keweenaw Waterway of Lake Superior and one in Little Traverse Bay of Lake Michigan 
from late May to late October 2015.  A microcontroller-based power management system 
has been designed, built, and tested and will be added to the north Keweenaw buoy on an 
experimental basis for this deployment year.  All buoys will transmit data every ten 
minutes and be available near-real time via the GLOS, NDBC, and UGLOS web sites.  
Develop and test novel power generation methods designed to harvest energy from wave 
action. 

2. Deploy two separate thermistor chains at the north and south entries of the Keweenaw 
Waterway. The temperature sensors will be located at six, one meter intervals (surface to 
bottom) and will remain deployed from late May to October. After QA/QC, 2010-2015 
data will be provided to the GLOS information system. 
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3. Continue to host the interactive web site (uglos.mtu.edu) that reports the real-time 
observations. 

4. Continue to maintain equipment and archive video stills, and Met data for three GLRC 
rooftop HD web cameras. 

5. Continue to work with UMN-D Large Lakes Observatory (LLO) to deploy, recover, and 
support additional GLOS trans-lake glider missions.  Up to four round trip missions to Isle 
Royale will be conducted in the 2015 season. 
 

B. GLOS Remote Sensing Activities  

1. In support of remote sensing product continuity for the Great Lakes, MTRI will continue 
using the MODIS and its follow-on sensor VIIRS to generate weekly CPA-A products. 
MODIS is operating beyond its expected operational lifetime. Both satellite products will 
be delivered to the GLOS Data Management and Communications (DMAC team. 

2. Generate satellite retrieval products (chlorophyll (chl), dissolved organic carbon (doc), 
colored dissolved organic matter (cdom), suspended minerals (sm), light extinction 
coefficients (kd, KPAR), photic depth, and lake surface temperatures (LST)) for the times 
and areas that the University of Minnesota-Duluth glider operated in 2014. The surface 
satellite observations will be compared with Dr. Austin’s glider measurements. A co-
authored note on the joint analysis will result. 

3. Using data assimilation techniques developed by Drs. Dave Schwab and Eric Anderson, 
satellite-derived products of chl will be combined with particle tracking models to show 
the utility of combining satellite maps on non-cloudy days with a hydrodynamic model to 
capture a more robust understanding of the Great Lake processes.  

4. Continue to update the Great Lakes Optical Properties Geospatial Database (GLOPGD) as 
more data sets are collected this summer field season. 

 

Accomplishments: 

Cooperative Institute for Limnology and Ecosystems Research – University of Michigan    
1. The Ludington buoy was deployed 5-8-15 and recovered 11-14-15. It was operational and 

transmitted data to NDBC, GLOS, and the UGLOS websites for the season except for a 
period of 10 days during which communication was lost.  Over the winter, damaged 
fiberglass was repaired, the thermistor was repaired, the stainless steel line along the 
thermistor was replaced, as well as the line’s connection point to the buoy. 

2. The Little Traverse Bay buoy was transitioned to CILER from MTU.  It was deployed 5-6-16, 
it is fully operational and transmits data to NDBC, GLOS and the UGLOS websites.  The 
buoy was fitted with new batteries, larger solar panels, a solar panel controller with a low 
voltage cut off, and a high efficiency voltage regulator for the GPS. 

3. The wave sensor software on both buoys was modified to output raw attitude and 
acceleration data in order to evaluate potential errors in wave heights over 2 meters. 

4. The glider operated in conjunction with the EPA glider Nokomis for CSMI in partnership 
with EPA and USGS.  The glider did three crossings (deployed over 60 days) from 
Muskegon to Milwaukee to continue a four year time series in conjunction with UMW 
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tracing the ferry route as well as the buoys (see Figures a-e below).  This past winter the 
glider was transitioned to lithium batteries which give over 120 days of operation.  The 
EPA glider was recovered twice, data were downloaded, and it was re-deployed. 

5. The glider was tank tested in March with deployment scheduled for May 9, 2016.  The 
vehicle failed the test when vacuum tested prior to deployment.  It is currently being 
evaluated as to where the leak is located.   

6. The AUVs were used in support of a rapid spill response drill in the straights of Mackinac 
in conjunction with the Coast Guard and GLERL.  Over the winter the AUVs were fitted 
with new batteries and are ready for a June deployment. 
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d. 

e.

.. 

Figure a. shows 6-19 to 

7-15 2015 glider 

deployment track, 

figure b. 7-14 to 8-18-15 

deployment track, 

figure c. shows 9-21 to 

11-10-15 deployment 

track for UM glider 

alongside the EPA/UMD 

glider.  Figure d. is the 

temperature profile for 

the 6-19 deployment 

while figure e. shows 

the chlorophyll profile 

for the same 
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University of Wisconsin-Milwaukee  
1. Serviced, upgraded, and deployed two nearshore buoys at depths of 10 m and 20 m north 

of Milwaukee, a buoy in Green Bay at 13 m, and a monitoring system on the high speed 

Lake Express ferry that operates between Milwaukee WI and Muskegon MI for the 2015 

navigational season.  The Lake Michigan GLOS buoys contribute to a larger Lake Michigan 

nearshore monitoring effort that is coordinated among UWM-SFS, the Wisconsin 

Department of Natural Resources which operates a monitoring station near Kewaunee, 

WI, and the National Park Service which contracts SFS to operate a monitoring station 

near Sleeping Bear Dunes National Lakeshore.  Buoy data from the 2015 season was 

compiled and analyzed during the winter season. 

2. The overwinter water monitoring system operated in collaboration with the North Shore 

Water Commission (NSWC) in Whitefish Bay was deployed October 20th and recovered 

June 3rd.  One of the shortcomings of traditional water monitoring systems has been the 

inability to collect data during the winter months.  To address this challenge, SFS installed 

a monitoring system at a water intake, immediately north of Milwaukee, that measured 

Lake water temperature, CO2 concentration, and chlorophyll a concentration.  The system 

required weekly maintenance and was fully functional throughout its winter deployment. 

3. Milwaukee and Green Bay buoys received upgrades during the winter season.  Custom 

camera systems were installed on both buoys that are capable of high quality real-time 

video and time-lapse imaging that can provide a valuable reference for wave height and 

visibility to local boaters.  The systems consist of a camera, cellular modem, antenna, and 

timer and operate independently of the buoys main systems. Extensive modification of 

buoy bulkheads and electrical wiring was required as well as fabrication of camera, 

antenna, and modem mounts.  Imaging command script runs on university servers which 

also compile and store resultant video.  Video will be publicly available on the SFS website 

and made available to project partners.  There has also been strong interest from Green 

Bay and Milwaukee broadcasters for access to buoy imaging for local broadcasts.  An 

inertial wave sensor (IWS) from Seaview Systems was added to the Milwaukee buoy and is 

undergoing testing and validation.  The IWS provides wave height, period, and direction 

measurements.  IWS installation required custom mounting and electrical hardware as 

well as datalogger rewiring and reprogramming.  After validation these parameters will be 

included in reporting to GLOS and the NDBC.      

4. A website has been created that hosts descriptions of SFS and GLOS monitoring efforts:  

www.uwm.edu/GLOS (not yet public).  The site will host recent data from GLOS buoys as 

well as real-time and time-lapse imaging.  It will also host historical and recent data from 

non-real-time SFS monitoring assets. 

5. The high-speed ferry monitoring system was installed on May 27th 2015 and recovered 
October 29th.  The system had occasional service requirements which resulted in minimal 
data gaps for the 2015 ferry operating season (May-Oct).  Some of these data have been 
used to calibrate and validate a Lake Michigan hydrodynamic / biogeochemical model 
(currently in press in Journal of Geophysical Research: Oceans). 

http://www.uwm.edu/GLOS
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6. For the 2016 season, observing systems have been deployed operable during the 
following times:  

a. Milwaukee Endurance Buoy (10m):  Deployed 4/27/2016.  Fully operational to 
date. In addition to the above measurements, this buoy is augmented by several 
bottom sensors, including a light logger, a bottom sonde, and a time lapse camera 
that were deployed 4/27/2016.  The data from these sensors are being used to 
calibrate and validate a nearshore ecosystem model that has been requested by 
the Milwaukee Metropolitan Sewerage District and the Wisconsin DNR to predict 
the severity of nuisance algal blooms and to develop nutrient management criteria 
for the Lake Michigan nearshore zone.   

b. Milwaukee 45013 (20m):  Deployed 5/20/2016 with meteorological station, sonde, 
current meter, temperature string, wave sensor, and camera.  Fully operational.  
Reporting to GLOS 5/31/2016.  Not yet reporting to NDBC. 

c. Green Bay 45014:  Deployed 5/17/2016 with meteorological station, sonde, 
current meter, temperature string, and camera.  Fully operational.  Reporting to 
GLOS 5/31/2016.  Not yet reporting to NDBC. Surface water oxygen sensor data 
combined with meteorological data from this buoy are producing the first 
continuous estimates of oxygen exchange across the air-water interface, water 
column gross primary production (GPP), and net ecosystem production (NEP) in 
Green Bay.  These data are contributing to a larger effort to understand the drivers 
of hypoxic and anoxic conditions in the bay. 

d. Lake Express High-Speed Ferry:  Deployed 4/29/2016. The high-speed ferry 
monitoring systems data has been used to calibrate and validate a Lake Michigan 
hydrodynamic / biogeochemical model (currently in press in Journal of 
Geophysical Research: Oceans). 

e. Northshore Water Monitoring:  The over-winter nearshore monitoring system was 
deployed 10/20/2016 and recovered 6/03/2016. 

 
University of Minnesota-Duluth   
Meteorological buoys were deployed for the 2015 navigational season, the data were transmitted 
to GLOS and NDBC and archived at UMD.  The buoys were deployed 14 April 2016 at the same 
locations as in previous years. This very early deployment was possible due to the relatively mild 
conditions in the 2015-2016 winter. Buoys carried the standard meteorological instrumentation, 
thermistors and wave data, plus the addition of a multi-sensor package on LLO1 (Lufft WS-600), 
which also measured precipitation type and amount. This is one of very few over-water 
precipitation sensors on the Great Lakes. Data was transmitted to GLOS and NDBC and the data 
was archived at UMD.  Working on a new website for our local data host so that we can do better 
outreach.  

1. Autonomous glider Gichigami completed three transits (there and back) between 
Keweenaw and Isle Royale with assistance of MTU during the 2015 season.  Gichigami was 
deployed from 4-13 May 2016 on our Western arm transect. 16 crossings in 9 days. 
Gichigami has been re-batteried and ready for summer deployment. 

2. In 2014 Nokomis completed two long deployments in Lake Michigan in support of CSMI, 
plus a short check-out deployment in the western arm of Lake Superior early in the 
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season. Nokomis has been re-batteried for the year and is ready for summer deployment. 
3. Superior entry equipment deployed and recovered for the 2015 season. We are sharing 

data freely with them. The Harbor instrumentation for the Superior entry was deploy for 
the 2016 season. We have formed a partnership with the Lake Superior National Estuarine 
Research Reserve to operate this equipment, as they already have such a large presence in 
the harbor. We are sharing data freely with them. 

 
Michigan Technological University  

Buoy and Other Physical Observations 
1. Integrated and deployed an additional TIDAS buoy in the Straits of Mackinac mid-season 

(August - October, 2015). This platform includes the only near real-time ADCP data in the 
Straits. The buoy was leveraged from non-IOOS funding. 

2. Optimized GLOS-wide ADCP code for improved accuracy. Shared this optimization with all 
GLOS partners using ADCPs. 

3. Upgraded battery capacity on two Lake Superior buoys. This resulted in fewer power 
issues during the fall season. 

4. Continued work and deployed buoy energy management systems (on 45023) and 
exploration of potential power generation via wave motion. 

5. Completed QA/QC for all buoy sites. 
6. Recovered and refurbished each buoy (3) and have redeploy in early May 2016. Little 

Traverse Bay buoy was recovered, and will be maintained in the future, by CILER. 
7. Monitored and maintained new mooring design for all four buoys. 
8. Continued analysis of ADCP and sonde measurements made from the North buoy. 
9. Continued to maintain and operate GLRC roof top/waterfront met station (also reporting 

to Michigan Tech and GLOS). 
10. Continued co-located live video to support the met station at the GLRC (supported by 

funding from Michigan Tech). 
11. Launched, recovered and delivered the LLO Slocum glider three times in cooperation with 

Dr. Jay Austin of LLO (using supplemental GLOS funding). 
12. Great Lakes Research Consortium (GLRC) mentored a student group, MTU Robotics 

Systems Enterprise, who developed a power management solution for the GLOS/Michigan 
Tech Research buoys. The solution was a culmination of electronics 
hardware construction and software programming efforts put forth by the 
eleven member student group. Structure, including regular project 
meetings, documentation and budgeting was enforced by GLRC technical staff members. 
Following rigorous testing, the power management solution is successfully deployed on 
the GLOS Michigan Tech “North” buoy (45023) beginning spring 2016. This buoy 
power management system has been operational in full autonomous mode without 
issue.  It is expected that this new system will extend buoy life in low 
solar environments (high latitudes, extended cloud cover) for all GLOS buoys. 

13. Analyzed coastal temperature data for the last 15 years on Lake Superior for a paper on 
"indirect food web effects" of increasing temperature. The paper uses sediment core 
data, coastal sampling, and long-term temperature records (temperature probe, GLOS) to 
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discuss changes in zooplankton community structure and predator-prey relationships 
associated with near-shore temperature shifts. 

Remote Sensing Observations 
1. Continue to update the GLOPGD website (www.glopgd.org) with additional data sets 

collected in collaboration with NOAA/GLERL.  The new inherent optical properties (IOP) 
measurements include time series in Lakes Erie, Michigan and Saginaw Bay. 

2. Finalized the monthly retrievals (2002 –present) of chl, doc, and sm, cdom, KPAR, and 
photic zone for all three upper Great Lakes. 

3. Generated additional satellite remote sensing derived products of Lake Superior that will 
be combined with the 2014 and 2015 University of Minnesota-Duluth Glider deployments. 

4. Generated additional example remote sensing data products for GLOS DMAC. 
5. Continue transitioning the CPA-A chl, doc, and sm retrieval algorithm to NOAA for 

operational use in the NOAA Great Lakes CoastWatch system. 
6. Presentations/Posters 

 

Great Lakes Research Consortium, SUNY-ESF   
1. A new anchor system was developed and the TIDAS buoy for Oswego NY and was 

deployed in June.  
2. Deployment of the E. Lake Erie TIDAS Buoy operated by the Buffalo State College was 

delayed due to mechanical issues with the boat but will be deployed for the remainder of 
2016 season, approximately 5 miles N of Dunkirk, NY.  

3. In the summer of 2015 three MB300 Bay buoys were deployed in Sodus Bay, Lake Ontario, 
specifically to monitor for harmful algal blooms. The three MB300 Bay buoys were 
deployed again in May 2016. This effort is jointly funded by the Great Lakes Restoration 
Initiative (GLRI). These systems are equipped with meteorological stations, a thermistor 
string (center buoy only), and Turner Designs C6 sensors for chlorophyll, phycocyanin, 
cdom, and turbidity. Analysis of last summer’s data showed very low algal productivity in 
the center of the bays.   Laboratory experiments were conducted to calibrate these 
sensors in units other than relative fluorescence.     

4. We moved and fixed our shore-based weather station located in Sodus Bay at LeRoy 
Island last year due to aesthetic complaints. The system functioned over the winter 
through the ice season and provided important year-round information. 

5. In summer 2015, we hosted a GLOS intern (Morgan Zyzik) who deployed a dock-mounted 
sensor system for cyanobacteria at the Sodus Bay Yacht club.   The sensor system received 
considerable interest from the public and provided high quality data on the occurrence of 
algal blooms in the marina.   We are currently evaluating next steps for that aspect of the 
project. 
 

Publications: 

Fiorentino, L. and J. Austin, Spatial and temporal structure of the benthic nephloid layer in Lake 
Superior.  International Association of Great Lakes Research annual meeting, Burlington, 
VT. May 2015. 
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Bernstein, D.N, Austin, J.A, Xue, P, Spence, C., and Blanken, P.D., Estimation of the Spatial 
Distribution of Evaporative Flux on Lake Superior. IAGLR 2015.  

Kerfoot, W.C., S.C. Savage. 2016. Multiple inducers in aquatic foodwebs: Counter-measures and 
vulnerability to exotics. Limnol. Oceanogr. 61:382-406. 

Kerfoot, W.C., N. R. Urban, C.P. McDonald, R. Rossmann, H. Zhang. 2016. Legacy mercury releases 
during copper mining near Lake Superior. J. Great Lakes Res. 42:50-61. 

Kerfoot, W.C., M.M. Hobmeier, F. Yousef, B M. Lafrancois, R.P. Maki, J.K. Hirsch. 2016. A plague of 
waterfleas (Bythotrephes): impacts on microcrustacean production in a large inland-lake 
complex. Biol. Invasions 18: 1121-1145. 

Fahnenstiel, M.J. Sayers, R.A. Shuchman, F. Yousef, S.A. Pothoven. 2016. Lake-wide 
phytoplankton production and abundance in the Upper Great Lakes: 2010-2013. J. Great 
Lakes Res. 42(3):619-629. 

 

Posters and Presentations:   

Grimm, Brooks, R.A.  Shuchman, M. Sayers, L. Bourgeau-Chavez, 2015 Remote Sensing for Great 
Lakes Mapping and Monitoring, 9th Biennial State of Lake Michigan/15th Annual Great 
Lakes Beach Association Joint Conference (Presentation), Acme, MI. 23-30 October, 2015 

Grimm, A., C. Brooks, M. Sayers, R. Shuchman, M. Auer. 2015. Mapping Submerged Aquatic 
Vegetation in the Great Lakes Using Satellite Imagery, 9th Biennial State of Lake 
Michigan/15th Annual Great Lakes Beach Association Joint Conference (Presentation), 
Acme, MI. 23-30 October, 2015 

Miller,R., T. H. Johengen , H.A. Vanderploeg, J. Hoffman,  T. Hollenhorst, L. Fiorentino, J. Austin. 
Application of GLIDERs to map nearshore-offshore gradients in thermal structure, coastal 
inputs and biological distributions during 2015 Lake Michigan CSMI, IAGLR, Guelph, 
Ontario, CA. 6-10 June, 2016.  

R. A. Shuchman, G. L. Fahnenstiel , M. Sayers, G. Leshkevich. 2015. Development of New Regional 
Carbon Monitoring Products for the Great Lakes Using Satellite Remote Sensing Data 
(Poster). International Ocean Colour Science (IOCS) Meeting, San Francisco, CA. 15-18 
June, 2015.  

Kerfoot, W.C., M.M. Hobmeier, F. Yousef, BM Lafrancois, R.P. Maki, J.K. Hirsch. A plague of 
waterfleas (Bythotrephes): Impacts on community structure and secondary production. 
2016 ASLO meeting Santa Fe, NM. 

 
Outreach Activities:  

 UMD continues collaboration with the Great Lakes Aquarium, with a display showing data 
from the meteorological buoys.  

 UMD received a public engagement grant to work on an educational installation for the Great 
Lakes Aquarium. 

 MTU continues to maintain UGLOS website for public data dissemination. 
http://greatlakesbuoys.org/ 

 SUNY deployed a dock-mounted system for cyanobacteria at the Sodus Bay Yacht club.   The 
sensor system received considerable interest from the public and provided high quality data 
on the occurrence of algal blooms in the marina.   We are currently evaluating next steps for 

http://greatlakesbuoys.org/
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that aspect of the project. 

 CILER participated in the USCG Boating Festival in Grand Haven, MI by providing exhibits and 
demonstrations of our mobile observing technologies 

 

Theme I: Great Lakes Observing and Forecasting Systems 

Modeling sea ice-ocean-ecosystem changes, and Great Lakes ice modeling, 
measurements, and climate changes 
Principal Investigator(s): Allen Burton, Hongyan Zhang 
NOAA Technical Lead(s): Jia Wang 
NOAA Sponsoring Office: NOAA CPO Office of Arctic Research, NASA, GLRI 
Budget Amount: $156,408 
 
NOAA Strategic Goal(s):  
Goal 3 - Climate Adaptation and Mitigation 
 
Overview and Objectives:  
The objective of this study is to improve our understanding of ocean and sea ice circulation in the 

Bering-Chukchi-Beaufort seas and the Laurentian Great Lakes, using the combination of a high-

resolution Coupled Ice-Ocean Model (CIOM) and Princeton Regional Ocean Forecast (and 

Hindcast) System’s data-assimilation methodologies. A 3-D, 9-compartment, Physical-Ecosystem 

Model, coupled to CIOM, is used to study the ice-ocean-ecosystem dynamics in the same region. 

This study will have a broad impact on 1) understanding the ice-ocean-ecosystem dynamics that 

explain the high primary productivity region in the Arctic Ocean, seasonal phytoplankton blooms, 

and interannual variability, and 2) ice edge variability due to climate changes and the subsequent 

impacts on primary and secondary productivity. The models developed through this project can 

be applied to the Great Lakes Earth System Model (GLESM). Using the experience via the 

development of the Bering Sea ice-ocean-ecosystem models, we are developing our GLESM. In 

particular, the ice-ocean models and ecosystem models bear the similar features of subpolar ice-

covered waters. 

Specific Aims/Milestones:   

I) Bering-Chukchi-Beaufort seas ice-ocean-ecosystem modeling work 
II) Modify 5-lake FVCOM using centered differencing scheme and run FVCOMice for 10 

years 
III) Great Lakes Ice Atlas Update to 2015 

 
Accomplishments: 

I) Bering-Chukchi 

a. Synthesis studies using CIOM/PhEcoM/PROFS system for the period of 1990-
present. Reconstruction of the realistic circulation and plankton dynamics in the 
Bering-Chukchi-Beaufort seas were accomplished.  
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b. Assimilation of RUSALCA observed biogeochemical data into PhEcoM. Bai and Hu 
conducted simulations covering the same RUSALCA surveys. Our synthesis goal 
was to compare the simulation and assimilation results using the 
CIOM/PhEcoM/PROFS system with the RUSALCA and other observations in terms 
of reconstruction of ocean circulation and ecosystem dynamics in the RUSALCA. 

c. A three dimensional physical-biological model has been used to simulate seasonal 
phytoplankton variations in the Bering and Chukchi Seas with a focus on 
understanding the physical and biogeochemical mechanisms involved in the 
formation of the Bering Sea Green Belt (GB) and the Subsurface Chlorophyll 
Maxima (SCM). Model results suggest that the horizontal distribution of the GB is 
controlled by a combination of light, temperature, and nutrients.  Model results 
indicated that the SCM, frequently seen below the thermocline, exists because of a 
rich supply of nutrients and sufficient light. The seasonal onset of phytoplankton 
blooms is controlled by different factors at different locations in the Bering Sea. In 
the off-shelf central region of the Bering Sea, phytoplankton blooms are regulated 
by available light. On the Bering Sea shelf, sea ice through its influence on light and 
temperature plays a key role in the formation of blooms, whereas in the Chukchi 
Sea, bloom formation is largely controlled by ambient seawater temperatures. A 
numerical experiment conducted as part of this study revealed that plankton-
sinking is important for simulating the vertical distribution of phytoplankton and 
the seasonal formation of the SCM. An additional numerical experiment revealed 
that sea ice algae account for 14.3~36.9% of total phytoplankton production 
during the melting season, and it cannot be ignored when evaluating primary 
productivity in the Arctic Ocean.   

II) The time integration scheme in FVCOM-Ice was updated with the central difference 

scheme. The new scheme improved thermocline reproduction slightly in Lake Erie. It is 

expected that the improvement should be clearer in deeper lakes such as Lake 

Superior. Tests in the entire five Great Lakes are on-going. 

a. Conduct FVCOMice simulation of Great Lakes ice in response to climate change, 
using a modified numerical scheme and ice model 

III) Great Lakes Ice Atlas was updated to 2015.  

a. A summer fellow contributed to the development of new software with Python to 

produce GIS shape files. The work to merge the Ice Atlas with Great Lakes Surface 

Environmental Analysis (GLSEA) was initiated. 

 

Publications: 

Clites, A.H., J. Wang, and Z. Yang. Great Lakes Ice Cover Database Update: 1973 – 2015, 

Proceedings of the 23rd IAHR International Symposium on Ice, Ann Arbor, MI, May 31-June3, 

2016.  

Hawley, N., D. Beletsky, and J. Wang, Time Series Measurements of Ice Thickness in Lake Erie, 

Proceedings of the 23rd IAHR International Symposium on Ice, Ann Arbor, MI, May 31-June 3, 

2016, 8 pages. 

Hu, H., J. Wang, H. Liu, and J. Goes (2016), Simulation of phytoplankton distribution and variation 

in the Bering-Chukchi Sea using a 3-D physical-biological model, J. Geophys. Res. Oceans, 



53 
 

121, doi:10.1002/ 2016JC011692. 

Hu, H., J. Wang, H. Liu, and J. Goes, Simulations of Seasonal Variations of Sea Ice and Plankton in 

the Bering and Chukchi Seas, Proceedings of the 23rd IAHR International Symposium on Ice, 

Ann Arbor, MI, May 31-June 3, 2016, 9 pages. 

Lei, R., P. Heil, J. Wang, Z. Zhang, Q. Li, and N. Li (2016), Characterization of sea-ice kinematic in 

the Arctic outflow region using buoy data. Polar Research 35(22658):1-15, 

DOI:10.3402/polar.v35.22658. 

Manome, A., and J. Wang 2016. Simulating sea ice in the Arctic Ocean and Eastern Siberian Sea, 

Proceedings of the 23rd IAHR International Symposium on Ice, Ann Arbor, MI, May 31-June 3, 

2016, 8 pages. 

Wang, J., X. Bai, Z. Yang, A. Clites, H. Hu, and P. Chu, Projection of Great Lakes Seasonal Ice Cover 

using Multi-Variable Regression Models, The 23rd IAHR International Symposium on Ice, Ann 

Arbor, MI, May 31-June 3, 2016, 8 pages.  

 

Presentations:   

Clites, A.H., J. Wang, and Z. Yang. Great Lakes Ice Cover Database Update: 1973 – 2015, The 23rd 

IAHR International Symposium on Ice, Ann Arbor, MI, May 31-June 3, 2016.  

Manome, A., and J. Wang 2016. Simulating sea ice in the Arctic Ocean and Eastern Siberian Sea, 

The 23rd IAHR International Symposium on Ice, Ann Arbor, MI, May 31-June 3, 2016.  

Hu, H., J. Wang, H. Liu, and J. Goes, Simulations of Seasonal Variations of Sea Ice and Plankton in 

the Bering and Chukchi Seas, The 23rd IAHR International Symposium on Ice, Ann Arbor, MI, 

May 31-June 3, 2016.  

Wang, J., X. Bai, Z. Yang, A. Clites, H. Hu, and P. Chu, Projection of Great Lakes Seasonal Ice Cover 

using Multi-Variable Regression Models, The 23rd IAHR International Symposium on Ice, Ann 

Arbor, MI, May 31-June 3, 2016. 

 

Outreach Activities:  

None  

Theme I: Great Lakes Observing and Forecasting Systems 

Hydrodynamics and Contaminated Sediments in Manistique River, MI 
Principal Investigator(s): Chin H. Wu (University of Wisconsin) 
NOAA Technical Lead(s): Eric Anderson (NOAA GLERL) 
NOAA Sponsoring Office: NMFS, Great Lakes Environmental Research Laboratory (GLERL) 
Budget Amount: $51,534 
 
NOAA Strategic Goal(s): 
Goal 1 – Healthy Oceans 
Goal 4 - Resilient Coastal Communities and Economies 
 
Overview and Objectives:  
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The Manistique River Area of Concern covers the 
last 1.7 miles of the Manistique River. The 
contamination legacy comes from industrial 
waste (oils and combined sewer overflows) as 
well as debris and sawdust from more than a 
century of logging and milling. Currently, there 
still remains two beneficial use impairments that 
include a restriction on dredging and on fish 
consumption. A multi-agency and 
multidisciplinary effort is underway in order to 
understand and remediate the Manistique River. 
The Cooperative Institute for Limnology and 
Ecosystems Research (CILER), US-EPA, Great 
Lakes Environmental Research Laboratory 
(GLERL), US Geological Survey Water Resources of Michigan, National Marine Fisheries Service 
and the University of Wisconsin-Madison are working together with the ultimate goal of delisting 
Manistique River from being an Area of Concern. Extensive field measurements have been 
conducted by the University of Wisconsin-Madison in order to assess effective remediation 
actions plans (RAP). In particular, detailed atmospheric, flow, and sediment parameters are 
employed to further reveal the role of the physical processes on the fate and transport of 
contaminated sediments. Additionally, the hydrodynamics and sediments data would be used to 
estimate contaminated sediment residence time, and help identify potential contaminant sources 
in Manistique River, MI.  
 
The specific objectives of the project are: 

• Conduct an extensive fieldwork campaign in the Manistique River to collect observations of 
water velocities, water levels, temperature, turbidity, discharge, conductivity, and bottom 
sediment samples for hydrodynamic model calibration. In addition side-scan sonar (SSS) 
mapping inside the harbor and along Manistique River would be performed.  

• Sediment material types, critical shear stress, and erosion potential would be obtain for 
determining bottom sediment characteristics necessary for sediment modeling. 
Furthermore, field observations would be compiled and prepared for the input of a 3D 
hydrodynamic model of the Manistique River (Figure 1). Subsequently, the bottom sediment 
properties and the 3D hydrodynamic model outputs are used as input to a novel sediment 
particle tracking model. 

 
Specific Aims/Milestones: 
1. Carry out fieldwork in the Manistique River to gather observations of currents, water levels, 
temperature, turbidity, discharge, and conductivity for hydrodynamic model calibration. Collect 
sediment samples from the Manistique River and perform side-scan sonar surveys of the harbor 
and river mouth. 
2. Analyze hydrodynamic observations and process them for input into a 3D hydrodynamic model 
of the Manistique River (FVCOM). 
3. Analyze sediment cores for material type, critical shear stress, and erosion potential. 

Figure 1. Unstructured grids for Manistique River 
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Determine sediment characteristics necessary for computational modeling of the system. 
 

Accomplishments: 

During the project period, we have conducted further 
modeling to address residence time (see Figure 2).  We 
have reached the following conclusions: (i) Even during 
the summer low flow condition, significant erosion and 
sediment transport can occur due to seiches caused by 
storm events; (ii) seiches caused by storm events are 
the main cause of resuspension of contaminated 
sediments in areas where the river flow is low; (iii) 
During the spring high flow, contaminated sediments 
are highly mobilized by the river; and (iv) The 
combined high flow and seiches can resuspend and 
rapidly flush out contaminated sediments from the 
AOC to Lake Michigan 
 

CILER, NOAA and UW-Madison scientists have 
collaborated in modeling the sediment transport and 
conducting the field campaign. During the project period, we had several meetings with Dr. Eric 
Anderson at the NOAA Great Lakes Environmental Research Laboratory, and at the International 
Association of Great Lakes Conference. Weekly discussions via email and phone conversations 
have led to the success of the development of a novel sediment transport modeling approach. 

A new field work campaign is currently being conducted. Unlike in 2012, the 2016 field campaign 
aims to deploy water level gages and ADCPs for a longer period of time (at least one year). Two 
water level gages and one ADCP have already been deployed (July 2016) in Manistique River. 
These instruments transfer their observations in real time to the University of Wisconsin-
Madison, where they are processed. This 2016 field campaign provides essential information to 
enhance the data analysis and numerical modeling efforts that were carried out during 2014 and 
2015. The combined hydrodynamic and particle tracking model developed in 2015 has been 
enhanced by incorporating the real time water level and velocity data through data assimilation 
techniques. The enhancement consists of a novel adaptive algorithm that sets the numerical 
model parameters in real time so that the hydrodynamics and the transport processes are 
accurately simulated. With the 2016 field campaign and the novel numerical model techniques 
we aim to reveal the role of water level oscillations and river flows on the transport of 
contaminated sediments in Manistique. Specifically, first we will examine the sediment transport 
mechanisms induced by the interaction of the river flow, and low frequency and high frequency 
water level oscillations. Secondly, we will assess the effects of the different sediment transport 
mechanisms on the flushing time and residence time of contaminated sediments.    

 

Publications: 

Figure 2. Residence time of bed sediments 
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Linares, A., Wu, C.H., Anderson E.J., and Anderson, J.D. Role of High-Frequency Water Level 
Oscillations and Flood Flows on contaminated sediment transport in the Manistique River, 
Michigan, to be submitted to Journal of Great Lakes Research. 

Linares, A., Bechle, A.J., and Wu, C.H. Characterization and Assessment of the meteotsunami hazard in 

northern Lake Michigan, Journal of Geophysical Research, in review. 
 

Presentations:   
Linares, A., Bechle, A.J., Wu, C.H., Forecasting the meteotsunami hazard in Lake Michigan, IAGLR, 

Guelph, Ontario, June 6-10, 2016. 
Linares, A., Bechle, A.J., Wu, C.H., Characterization of High-frequency Water Level Oscillations 

caused by fast moving storms, AWRA, Wisconsin, Wisconsin Dells, Wisconsin, March 10-11, 
2016. 

 
Outreach Activities:  

During the project period, we collaborated with Dr. Eric Anderson and Dr. David Schwab to 

continuously develop novel particle tracking techniques to investigate the transport of 

contaminated sediments. 

 

Theme I: Great Lakes Observing and Forecasting Systems 

High-resolution atmospheric, wave, ice and circulation model guidance system for 
the Great Lakes region 
Principal Investigator(s):  Allen Burton, Ayumi Manome (CILER) 
NOAA Technical Lead(s): Eric Anderson, Jia Wang (NOAA GLERL) 
NOAA Sponsoring Office: Coastal Storms Program, Great Lakes Environmental Research 
Laboratory  
Budget Amount: $146,567 
 
NOAA Strategic Goal(s):  
Goal 2 - Weather-Ready Nation 
Goal 4 - Resilient Coastal Communities and Economies 
 
Overview and Objectives:  
The Great Lakes region currently has no model guidance capacity regarding the combined wind 
and wave-induced coastal surge events including meteotsunamis/seiches. In addition, inclusion of 
ice processes in the model guidance is required to predict rapidly changing events including ice 
break-up (lead formation) and ice jams. This across-NOAA collaborative work under NOAA’s 
Coastal Storm Program develops a combined circulation, ice, and wave model on an unstructured 
grid that will be forced by a high-resolution atmospheric model.  
 
The objective of this project is to conduct and evaluate high-resolution winter simulations for the 
Great Lakes using atmospheric, ice and hydrodynamic models. The use of high-resolution 
atmospheric simulations provides a detailed description of offshore meteorology, which is 
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missing in the interpolated meteorology that is used at GLERL, as well as the relatively low-
resolution atmospheric reanalysis datasets (e.g., the North American Atmospheric Reanalysis and 
the Climate Forecast System Reanalysis).   
 
Specific Aims/Milestones:   

1. Select case studies of past events that are characterized by rapidly changing conditions of ice 
and hydrodynamics.  

2. Conduct high-resolution WRF simulations for the events identified in 1. 
3. Evaluate the WRF simulations by comparing the WRF outputs with available observations, 

which include the surface meteorological measurements from the National Data Buoy Center 
and the Coastal Marine Automated Network (C-MAN).  

4. Conduct ice-hydrodynamic simulations with FVCOM coupled with the ice model (FVCOM+ice) 
forced by the WRF outputs. 

 

Accomplishments: 
Numbers correspond to those of milestones. 
1. A few cases are selected. These include the cold air outbreak in January 2009, the lake effect 

snowfall on Buffalo, NY in November 2014, and the storm surge in the southern Lake Superior 
in September 2014.  

2. WRF simulation results with 12km, 4km, and 1km resolution were provided from Dr. Greg 
Mann (a project collaborator) for the 2014 September Superior case. WRF simulation results 
with 3km and 1km were provided from Drs. Derek Posselt and David Wright for the 2009 
January case. For the 2014 Buffalo lake effect snowfall case, the existing atmospheric model 
outputs including CFSR and HRRR were obtained in addition to the interpolated meteorology 
compiled at GLERL.   

3. The atmospheric datasets were inter-compared and were compared with the buoy data and 
the C-MAN station data. Overall, in winter, the warm bias in air temperature of the 
interpolated meteorology was observed against the atmospheric model outputs. In summer, 
the bias in air temperature is smaller.  Winds in the atmospheric model outputs compared well 
with the buoys.  

4. FVCOM was run for the selected cases using the various atmospheric datasets including the 
above. For the storm surge cases (including the 2014 September Superior case), we did not see 
clear improvement in predicting sharp water level rise by using higher resolution WRF outputs. 
In comparison with the water level gauge station data during the storm surges, the RMSEs 
were similar, but the 4km WRF data gave the best results. For the 2009 January case, using 
3km WRF outputs increased ice production during the period of cold air outbreak, which was 
underestimated by the interpolated meteorology. For the 2014 Buffalo lake effect snowfall 
case, FVCOM results were also compared with the eddy covariance data (directly measured 
latent and sensible heat fluxes) at Long Point Lighthouse and Toledo Water Crib Intake. 
FVCOM-derived heat fluxes were reasonably compared with the eddy covariance 
measurements.  

 

Publications: 
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Anderson, E.J., A.J. Bechle, C.H. Wu, D. J. Schwab, G. E. Mann, K.A. Lombardy: Reconstruction of a 
meteotsunami in Lake Erie on 27 May 2012: Roles of atmospheric conditions on 
hydrodynamic response in enclosed basins. Journal of Geophysical Research: Oceans 
11/2015; 120(12). DOI:10.1002/2015JC010883. 

Manome, A. and J. Wang, Simulating hydrodynamics and ice cover in Lake Erie using an 
unstructured grid model, in preparation.  

Miaohua Mao, André. J. van der Westhuysen, Meng Xia, David J. Schwab, Arun Chawla: Modeling 
wind waves from deep to shallow waters in Lake Michigan using unstructured SWAN. 
Journal of Geophysical Research: Oceans 05/2016;  DOI:10.1002/2015JC011340. 

Quintrell, J., R. Luettich, B. Baltes, B. Kirkpatrick, R.P. Stumpf, D.J. Schwab, J. Read, J. Kohut, J. 
Manderson, M. McCammon, R. Callender, M. Tomlinson, G.J. Kirkpatrick, H. Kerkering, E. 
J. Anderson: The Importance of Federal and Regional Partnerships in Coastal Observing. 
Elsevier Inc., 2015. 

 
Presentations:   

Manome, A., Simulating hydrodynamics and ice cover in Lake Erie using an unstructured grid 
model, The 23rd International Association for Hydro-Environment Engineering and 
Research (IAHR) International Symposium on Ice, Ann Arbor MI, May 31-June 3, 2016 
(Keynote Speech). 

Manome, A., Simulating hydrodynamics and ice cover in Lake Erie using an unstructured grid 
model, 8th International Workshop on Modeling Ocean, Bologna, Italy, June 6-10, 2016 
(Oral presentation). 

Manome, A. and J. Wang, Simulating hydrodynamics and ice cover in Lake Erie using an 
unstructured grid model, American Geophysical Union, Ocean Sciences Meeting, New 
Orleans, LA, February 21-26, 2016.  

Manome, A, Great Lakes ice-hydrodynamic simulations with FVCOM, NOAA FVCOM Workshop, 
Silver Spring, MD, September 3-4, 2015. 

 
Outreach Activities:  

Manome volunteered to present the research products at Huron River Day in Ann Arbor on July 

12, 2015. 

 

Theme I: Great Lakes Observing and Forecasting Systems 

Dynamical Core Selection for the Next Generation Global Prediction System 
(NGGPS) 
Principal Investigator(s): Richard B. Rood (University of Michigan) 
NOAA Technical Lead(s): Ivanka Stajner (NOAA) 
NOAA Sponsoring Office: National Weather Service 
Budget Amount: $46,863 
 
NOAA Strategic Goal(s):  
Goal 2 - Weather-Ready Nation 
Goal 5 - NOAA Enterprise-wide Capabilities: Science and Technology Enterprise, Engagement 
Enterprise, Organization and Administration Enterprise.  
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Overview and Objectives: 
Atmospheric models are composed of multiple components that are connected together yielding 
a complex system. The upper-level components of the atmospheric model are the dynamical 
core, which solves the governing fluid and thermodynamic equations on resolved scales, and the 
physical parameterizations, which represent sub-grid scale processes and other processes not 
included in the dynamical core such as radiative transfer. These upper-level components can be 
composed of several subcomponents (e.g., cloud macro and microphysics, tracer transport etc.) 
communicating with each other through couplers and mediators. 
The choice of the dycore has profound influence on the architecture and performance of the 
model as a whole. 
 
The objective of this project is to contribute to a knowledge-based testing, evaluation, and 
analysis process for the selection of the dycore for NOAA’s Next Generation Global Prediction 
System (NGGPS).   
 
Specific Aims/Milestones:  

Participate in weekly meetings with team to analyze test results and provide external expert 

guidance to program managers.  Participate in face-to-face meetings as scheduled by program 

mangers.  

Accomplishments: 

We have worked through a test suite of 10 tests and forwarded our findings to management of 

the Nation Weather Service (Louis Uccellini).  

Publications: 

Documents are being prepared to present to Administrator Kathy Sullivan, in preparation for a 

final decision by NOAA management. 

 

Presentations:   

A preliminary public briefing has been provided to the National Centers for Environment 

Predictions. It is available here: 

 

https://www.earthsystemcog.org/projects/umac_model_advisory/DYCORE_Phase2_Brief 

 

All other presentations and publications remain in non-disclosure until NOAA releases the final 

decision. 

 

Outreach Activities:  
PI Rood maintains the public website for the group: 

https://www.earthsystemcog.org/projects/dycore_test_group/ 

 

https://www.earthsystemcog.org/projects/umac_model_advisory/DYCORE_Phase2_Brief
https://www.earthsystemcog.org/projects/dycore_test_group/


60 
 

Theme I: Great Lakes Observing and Forecasting Systems 

Lake Circulation and GLCFS: Can HRRR meteorological forcing conditions be used 
to improve hydrodynamic forecasting skill? 
Principal Investigator(s): Allen Burton (CILER), Dmitry Beletsky (CILER) 
NOAA Technical Lead(s): Eric Anderson (NOAA GLERL) 
NOAA Sponsoring Office: OAR, Great Lakes Environmental Research Laboratory  
Budget Amount: $29,000 
 
NOAA Strategic Goal(s):  
Goal 2 – Weather Ready Nation 
Goal 4 - Resilient Coastal Communities and Economies 
 
Overview and Objectives:  
This project evaluates the new National Centers for Environmental Prediction (NCEP) High-
Resolution Rapid Refresh (HRRR) model output for the Great Lakes. The HRRR model is a rapid 
update weather model that uses radar and other observations to improve forecasted weather 
conditions. Currently, the operational forecasting systems (OFS) including GLOFS and the GLCFS 
do not use radar data as part of the surface marine observations that drive the hydrodynamic 
simulations. In addition, the existing OFS use hourly, interpolated meteorological observations to 
determine over-lake conditions and as a result are unable to resolve fine-scale convective 
processes and some coarse-scale over-water wind conditions. Currently, the next generation of 
the GLCFS is under development using the Finite Volume Coastal Ocean Model (FVCOM); the first 
model, Lake Erie Operational Forecasting System (LEOFS), became operational in May 2016. The 
HRRR model has been identified as a candidate for meteorological forcing conditions needed by 
the FVCOM Lake Erie model (LEOFS); however, no study of hydrodynamic response on any body 
of water has been carried out. Although the potential for HRRR to improve meteorological 
outlooks is known, we do not know how well the HRRR resolves over-water conditions for the 
Great Lakes (at 3km scale) or how hydrodynamic models will respond to the implementation of 
rapid-update weather forcing. The objective of this project is to answer key questions pertaining 
to the suitability of HRRR for hydrodynamic OFS implementation and improvement to model skill. 
 

Specific Aims/Milestones:   

 Obtain hindcast output from the HRRR model (covering Lake Erie) from Dr. Stan Benjamin (ESRL) 

for at least one year.  

 Extract meteorological variables into FVCOM format (and supplemented with necessary 

meteorological variables from other sources).  

 Conduct an intercomparison of surface forcing conditions (HRRR, GEM, NDFD, NAM, WRF, etc.).  

 Simulate the Lake Erie FVCOM model to evaluate lake response to HRRR forcing.  

 Conduct post-processing analysis of hydrodynamic conditions to evaluate model skill. 

 

Accomplishments: 

 Hindcast output from the HRRR model (covering Lake Erie) was obtained from Stan Benjamin 
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(ESRL) for 2012. Original HRRR output files for 2012 were converted to netCDF format; quality 

control conducted, data edited as needed. HRRR data were re-gridded to FVCOM grid for 

subsequent model runs and to 2 km regular grid for vorticity calculations and additional POM 

runs; time gaps filled with observed data (INTERP). Observed meteorological data (INTERP) 

were also interpolated to 2 km regular grid (POM). Monthly wind fields and time-series of lake-

average wind vorticity were calculated; HRRR and INTERP data compared. 

 FVCOM was run with 2012 HRRR and INTERP forcing. Open BC data (tributary flow and water 

temperature) were prepared and POM was run with HRRR and INTERP forcing as well. FVCOM 

output (depth-averaged currents) was interpolated to 2 km regular grid (POM) for vorticity 

calculation. Monthly currents fields and time-series of lake-average current vorticity were 

calculated. 

 Comparison of FVCOM currents driven by HRRR and INTERP forcing showed more anticyclonic 

circulation in the central basin in summer when HRRR forcing was used. This is in line with 

known observations and is an improvement in hydrodynamic forecasting, and in particular in 

GLCFS predictions. Time-series of current vorticity showed correlation with wind vorticity and 

more pronounced anticyclonic vorticity in HRRR winds in summer than in INTERP winds. 

FVCOM and POM monthly circulation patterns were quite similar. 

 

Publications: 

None  

 

Presentations:   
Beletsky, R., D. Beletsky, J. Wang and N. Hawley. 2016. Winter Circulation in the Presence of Ice in Lake 

Erie. The 23nd IAHR International Symposium on Ice, May 31 – June 3, 2016, Ann Arbor, 
MI. 

Beletsky, D., R.Beletsky, N. Hawley and J. Wang. Seasonal Circulation and Thermal Structure of 
Lake Erie. 18th Workshop on Physical Processes in Natural Waters, Landau, Germany, 
August 25-28, 2015. 

Beletsky, D., R.Beletsky, N. Hawley and J. Wang. Interannual variability of winter circulation and 
ice in Lake Erie. IAGLR, May 25-29, 2015, Burlington, VT. 

 

Outreach Activities:  

None 

 

Theme I: Great Lakes Observing and Forecasting Systems 

Great Lakes Heat Budget-Water Budget Connections 
Principal Investigator(s): Allen Burton (CILER), Dmitry Beletsky (CILER) 
NOAA Technical Lead(s): Brent Lofgren (NOAA GLERL) 
NOAA Sponsoring Office: OAR, Great Lakes Environmental Research Laboratory  
Budget Amount: $22,000 
 
NOAA Strategic Goal(s):  
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Goal 2 – Weather Ready Nation 
Goal 4 - Resilient Coastal Communities and Economies 
 
Overview and Objectives:  
This project draws on various GLERL modeling and data resources that have not previously been 
used in combination.  It expands on recent work in the NOAA-GLERL Integrated Physical and 
Ecological Modeling and Forecasting (IPEMF) Branch on quantifying heat storage in the Great 
Lakes and connecting this to over-lake evaporation and the general water budget of the lakes.  It 

capitalizes on modeled (e.g., North American Regional Reanalysis (NARR), High-Resolution Rapid 

Refresh (HRRR), etc.) and observed meteorological datasets, and especially on the more recent 
advent of eddy covariance-based observations of evaporative and sensible heat fluxes from the 
Great Lakes Evaporation Network (GLEN). These datasets are used to drive hindcast simulations 
from the suite of models that exist within the IPEMF Branch. The objective of this project is to use 
these models to augment the observational dataset with more spatial richness in the information 
about lake surface heat and moisture fluxes, lake thermal structure, lake effect precipitation, and 
coastal processes.  
 
Specific Aims/Milestones:   

 Comparison, with proper allowance for spatial resolution, of lake evaporation based on eddy 

covariance stations and the following models: LLTM, CHARM, WRF, FVCOM, FVCOM-Ice, and 

POM.  

 Evaluate the new NCEP High-Resolution Rapid Refresh (HRRR) model output for the Great 

Lakes with a focus on surface heat flux calculation and comparison with GLEN sensible and 

latent heat flux data. Complete a retrospective run of FVCOM driven by HRRR forcing and 

traditional observation-based forcing (INTERP).  

 Compare modeled air temperature and wind data with buoy and satellite observations. 

 Complete a retrospective run of FVCOM-Ice and interface its results with this project.  

 Complete a retrospective run of WRF and interface its results with this project. 

 Complete a retrospective run of POM and interface its results with this project. 

 

Accomplishments: 

Hindcast output from the HRRR model was obtained from ESRL for 2012, 2013 and 2014. Original 

HRRR output files were converted to netCDF format, quality control was conducted, and data 

were edited as needed. HRRR data were re-gridded to FVCOM grid for subsequent model runs 

and to 2 km regular grid for additional POM runs; time gaps were filled with observed data 

(INTERP). Observed meteorological data (INTERP) for 2012-2014 were interpolated to 2 km 

regular grid (POM) for additional POM runs. Time-series of lake-average air temperature, dew 

point, cloud cover, and wind velocity components were calculated using both HRRR and INTERP 

data. Monthly 2D fields of air temperature, dew point, cloud cover were produced for both HRRR 

and INTERP forcing and their difference. FVCOM was run with HRRR and INTERP forcing and 

surface flux components were saved for comparison with GLEN data.  
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Comparison of HRRR and INTERP forcing revealed several persistent differences during three 

analyzed years that impact surface heat flux calculations and lake heat budget. In particular, air 

temperature in HRRR was mostly colder than in INTERP while dew point showed no systematic 

difference. Another important finding was the fact that cloud cover was reduced in HRRR 

compared with INTERP. Wind in HRRR exhibited more anticyclonic vorticity than in INTERP in 

summer that resulted in significant changes in circulation patterns. Upcoming analysis of FVCOM 

results will show how much the differences in air temperature and cloud cover in HRRR and 

INTERP forcing impacted FVCOM surface fluxes and which result matches GLEN observations 

better. 

 

Publications: 

None 

 

Presentations:   

Beletsky, R., D. Beletsky, J. Wang and N. Hawley. 2016. Winter Circulation in the Presence of Ice in 

Lake Erie. The 23nd IAHR International Symposium on Ice, May 31 – June 3, 2016, Ann 

Arbor, MI. 

Beletsky, D., R.Beletsky, N. Hawley and J. Wang. Seasonal Circulation and Thermal Structure of 

Lake Erie. 18th Workshop on Physical Processes in Natural Waters, Landau, Germany, 

August 25-28, 2015. 

Beletsky, D., R.Beletsky, N. Hawley and J. Wang. Interannual variability of winter circulation and 

ice in Lake Erie. IAGLR, May 25-29, 2015, Burlington, VT. 

Outreach Activities:  

None 

 

Theme I: Great Lakes Observing and Forecasting Systems 

Data Management, Handling & Analysis of Great Lakes Time Series 
Principal Investigator(s): Allen Burton (CILER) and Ayumi Manome (CILER) 
NOAA Technical Lead(s): Brent Lofgren and Drew Gronewold (NOAA GLERL) 
NOAA Sponsoring Office: OAR, Great Lakes Environmental Research Laboratory  
Budget Amount: $74,954 
 
NOAA Strategic Goal(s):  
Goal 2 - Weather-Ready Nation 
Goal 3 - Climate Adaptation and Mitigation 
 
Overview and Objectives:  
GLERL and CILER will benefit from enhanced management of existing datasets, and those 
currently being generated. This takes the form of cataloguing, archiving, and serving both data 
and metadata.  The objective of this work was to awareness, availability, and usability of existing 
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datasets by both internal (GLERL and CILER) and external users.  
 
Also within the scope of this project was the handling of data being generated by modeling 
activities done cooperatively by CILER and GLERL. The model data were analyzed, reduced, and 
the results were transferred to the US Army Corps of Engineers (USACE), led by their Detroit 
District. The objective of this work was to support USACE’s planned engineering technical letter 
on Great Lakes water levels under climate change.  
 
The last effort included in the scope of this project was the collection and analysis of overlake 
winter meteorology in the Great Lakes region. The objective of this was to provide an improved 
method to estimate the overlake winter meteorology in ice-hydrodynamic modeling. 
 
Specific Aims/Milestones:   
1. Document the existence of datasets and the method of generating the data, including the 

information on where, when, and how it was generated, links to peer-reviewed and other 

literature, and practical considerations of parsing the data. 

2. Provide appropriate analysis and reduction of modeled Great Lakes water level data for 

USACE’s needs followed by the transfer of these data. 

3. Collect the available data sources of winter meteorology and make them ready for 

comparison with the interpolated meteorology and atmospheric reanalysis datasets. 

 
Accomplishments: 

 Datasets from both GLERL and CILER were collected and documented. 

 After researching various tools that could be used to create a web-based data catalog, the 
open source software GeoNetwork was chosen. This software is running and progress is being 
made through the backlog of datasets. GeoNetwork also allows for the creation of metadata 
that is compliant with NOAA standards. GeoNetwork can be accessed from the GERL network 
at: http://crow:8080/geonetwork/srv/eng/catalog.search#/home 

 As requested by the USACE, the necessary data were identified and analyzed. Current efforts 
are aimed at writing the technical letter. 

 Ship data were compared with the interpolated meteorology compiled at GLERL, High 
Resolution Rapid Refresh (HRRR) and Climate Forecast System Reanalysis (CFSR). Biases of data 
concentration in time of a day and day of a year were assessed. 

 The ice surface temperature (IST) data derived from MODIS were compared with the model-
simulated IST driven by the interpolated meteorology, showing a warm bias of the modeled 
IST. This suggested that warm bias of air temperature as the model forcing. Nudging of IST to 
the observed IST was also tested in the POM-based ice-hydrodynamic model. 

 Initial comparison was made among the interpolated meteorology, CFSR and HRRR, at three 
buoys in Lake Erie for the period of the lake effect snowfall in November 2014. While air 
temperatures were similar, wind speeds were significantly different among the datasets. Year-
round, spatial comparison will follow. The data were also used to drive the FVCOM-based ice-
hydrodynamic model. 

 

Publications: 

http://crow:8080/geonetwork/srv/eng/catalog.search#/home
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None 

 

Presentations:  

None 

 

Outreach Activities:  

Throughout the project, we collaborated with USACE to determine what data was needed and to 

establish a framework for the engineering technical letter, which supports operational activities 

of USACE. 

 

Theme I: Great Lakes Observing and Forecasting Systems 

Transitioning to Operations NOAA-Supported Statistical Hypoxia Models and 

Forecasts in the Gulf of Mexico and Chesapeake Bay 
Principal Investigator(s): Donald Scavia (Graham/U-M Water Center); R. Eugene Turner (LSU); David 

Forrest (VIMS); Daniel Obenour (NCSU); Jeremy Testa (UMCES). 
NOAA Technical Lead(s): Alan Lewitus 
NOAA Sponsoring Office: NOS, National Centers for Coastal Ocean Science (NCCOS) 
Budget Amount: $ 200,000 

NOAA Strategic Goal(s):  
Goal 1 – Healthy Oceans 
Goal 4 - Resilient Coastal Communities and Economies 
Goal 5 - NOAA Enterprise-wide Capabilities: Science and Technology Enterprise, Engagement 
Enterprise, Organization and Administration Enterprise.  
 
Overview and Objectives: 

The Harmful Algal Bloom and Hypoxia Research and Control Act (HABHRCA) mandates developing 

scientific tools for managers addressing hypoxia in coastal systems. In response, NOAA supported 

development of scenario forecast models in many U.S. coastal regions with serious hypoxia 

problems with the most mature of these efforts being focused in the northern Gulf of Mexico and 

the Chesapeake Bay. Models are being used in both regions to inform regional management 

entities of progress toward hypoxia reduction goals. They also play a crucial role in raising public 

and stakeholder awareness of the hypoxia problems and the actions needed to address them, 

which is an essential element of a successful management plan. These models for the Northern 

Gulf of Mexico are also the primary management tool used to set nutrient loading targets to 

reach the interagency Hypoxia Task Force goal of reducing the size of the hypoxic zone to 5,000 

square kilometers. 

The suite of forecast models currently used to produce the annual Gulf of Mexico dead zone 

forecast and to support long-term management decisions of the Gulf Hypoxia Task Force, as well 
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as development of statistical models for the Chesapeake Bay, have been the product of 

competitive research funding from NOAA’s National Centers for Coastal Ocean Science.  

The main objective of this project is to finalize the transition to NOAA of the models developed, 

provide training on their operation, and simultaneously ensure that the forecast outputs are 

produced during the period of transition.   

Specific Aims/Milestones:   

The purpose of this project is to develop and implement a plan for transition to “sustained 

operations” of an ensemble-based, statistical modeling framework for hypoxia forecasting and 

assessment in the Gulf of Mexico and Chesapeake Bay that is capable of addressing NOAA’s 

responsibilities to the Gulf Hypoxia Task Force and regional management entities. The developed 

system provides a template for application to other regions (e.g., Great Lakes), applications (e.g., 

living resources impacts, watershed linkages), and capabilities (e.g., coupled modeling platforms, 

and scenario-based management questions). The 3 main focal areas of activity are outlined 

below. 

Activity Area 1: Produce the annual dead zone forecasts for the Gulf of Mexico hypoxic zone size 

(area and volume) and Chesapeake Bay (anoxic and hypoxic zone volume) in coordination with 

NOAA. 

Activity Area 2: Provide technical assistance in coordination with NOAA staff for Gulf of Mexico 

hypoxia related questions from the Gulf Hypoxia Task Force which are amenable to or can be 

aided by statistical modeling approaches. 

Activity Area 3: In coordination with NOAA staff, develop the requirements and conduct the 

training required for NOAA to maintain an operational scenario forecasting capability to address 

the management and public information needs related to hypoxia in the Gulf of Mexico and 

Chesapeake Bay, with expandability to other systems around the U.S. experiencing hypoxia.  

Accomplishments: 

 Provided models’ code, documentation, computing requirements, and forecasting protocols to 
NOAA staff. 

 Drafted a Preliminary Transition Plan in collaboration with NOAA staff. 

 Generated 2016 hypoxia and anoxia forecasts for Gulf of Mexico and Chesapeake Bay. 

 Developed a new probabilistic approach for generating the Gulf Ensemble forecast (composite 
best estimate and collective 90% predictive interval) considering the past performance of 
individual models; provided code and documentation to NOAA staff. 

 Collaborated with NOAA staff to issue an official NOAA press release for each system. 
 

Publications: 

None 
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Presentations:   

Scavia, D. Modeling hypoxia in freshwater and marine coastal environments.  Linking watershed 
biogeochemistry & coastal ecology: Challenges for modeling & environmental Policy. 
Symposium and Workshop, University of Waterloo, June 16 & 17, 2016 

Turner, R.E. Corn-Soy, Landscapes, and the Hypoxia of the Gulf of Mexico. The True Cost of 
American Agriculture, San Francisco, CA. 15-16 April 2016. 

Gulf Hypoxia Task Force – Science Approach. Illinois Association of Wastewater Agencies - Mini 
Conference, Springfield, IL. 24 March 2016. 

Testa, J. “Hold Your Breath and Keep Swimming: Advances in our Understanding of the 
Chesapeake Dead Zone, CBL’s Citizen Science Seminar Series on October 20, 2015 

Obenour, D.R., Y. Zhou, D. Scavia, A.M. Michalak. “Mapping and Modeling Hypoxia in Marine and 
Freshwater Systems.” Coastal and Estuarine Research Federation Conference, Portland, 
OR, 10 Nov 2015. 

 
Outreach Activities:  

Two Press Releases and follow-on press interviews 

 NOAA annual Chesapeake Bay Hypoxia and Anoxia forecast press release 
(http://tinyurl.com/jjjcduj) 

 NOAA annual Gulf of Mexico Hypoxia ensemble forecast press release 
(http://tinyurl.com/zkn9sgh) 

 

Theme II: Invasive Species  

Larval Dispersal, Habitat Classification, and Food Web Modeling 
Principal Investigator(s): Allen Burton (CILER), Dmitry Beletsky (CILER) 
NOAA Technical Lead(s): Ed Rutherford (NOAA GLERL) 
NOAA Sponsoring Office: NOS, Center for Sponsored Coastal Ocean Research (CSCOR) 
Budget Amount: $98,214 
 
NOAA Strategic Goal(s):  
Goal 1 – Healthy Oceans 
Goal 4 - Resilient Coastal Communities and Economies 
 
Overview and Objectives:  
Invasive species are one of five key NOAA-identified stressors of native biodiversity and 
ecosystem function in the Laurentian Great lakes.  In the context of on-going management and 
policy discussions, it is thus critical to forecast species invasions and their costs, and to predict 
the effectiveness and costs of potential management responses to these invasions.  By 
integrating ecology and economics at a landscape scale, we are working 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.  We are thus using 
ecological models and GIS databases to support a NOAA CSCOR project (D. Lodge, PI) titled 
“Forecasting spread and bioeconomic impacts of aquatic invasive species from multiple pathways 
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to improve management and policy in the Great Lakes.” 
 
To forecast what portions of the Great lakes are most vulnerable to invasions, we are using 
abiotic data layers to develop an environmental classification that groups areas of environmental 
similarity as a surrogate descriptor of biotic patterns, because abiotic data are available with 
more extensive spatial coverage than biological data.  All GIS variables and classifications will be 
freely available as an output of the project and will provide a new spatial framework for a variety 
of applications of management interest. Products will include: maps and predictions of invasive 
species larval dispersal in four of five Great Lakes; developed databases and eco-regional habitat 
classifications for environmental niche modeling; Ecopath/Ecosim food web models and 
predictions of invasive species impacts on Great Lakes food webs and fisheries. 
 
Specific objectives include: 
1. Inventory, map and classify physical and biological habitat data for Great Lakes aquatic 

ecoregions. 
2. Construct food web models for inshore and offshore waters of Lake Michigan, Lake Huron 

and Lake Erie. 
3. Simulate bioeconomic impacts of invasive species on Great Lakes food webs. 
4. Model and map natural dispersal of invasive species in Lakes Michigan, Huron, Erie and 

Ontario. 
 

Accomplishments: 

Modeling Natural Dispersal of Invasive Species Larvae: 

Simulated ruffe larvae were released at surface daily during spring-summer and tracked for 14 

days while golden mussel (Limnoperna) larvae were released daily during summer-fall and 

tracked for 20 days. We targeted larvae settlement in nearshore waters: ruffe settles in waters 

less than 10 m deep while Limnoperna settles in waters less than 50 m deep. Larvae released 

from ports and river mouths showed moderate dispersal for both species, although Limnoperna 

spread was stronger. Dispersal was much stronger from ballast release locations near ports 

(especially from offshore locations), especially for Limnoperna. Several journal publications were 

submitted. 

 

Bioeconomic Models of Invasive Species Impacts on Food Webs: 

We have published the results of potential impacts of Asian carp on food web of Lake Erie in the 

journal Transactions of the American Fisheries Society, and published the impacts on fish 

production of Dreissena, alewife, and nutrient loading on Lake Huron food webs in the journal 

Ecosystems. We are preparing several manuscripts including 1) using the Lake Erie Ecopath with 

Ecosim (EwE) model to investigate the potential impacts of three future invasive species, golden 

mussel, killer shrimp, and ruffe, on the Lake Erie food web; 2) impacts of invasive species on the 

Lake Michigan food web under scenarios of different invasive species invading sequences and 

timing; 3) a synthesis analysis of potential impacts of Asian carp on Great Lakes ecosystems 

including Lakes Erie, Michigan, Huron and Saginaw Bay, Lake Huron; and 4) ecosystem services 

changes  following invasive species management in both Lake Erie and Lake Michigan.  
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Habitat Classification and GIS data layers: 

We have developed environmental data layers for Great Lakes coastal, nearshore, and offshore 

areas to support a Great Lakes habitat classification and environmental niche models of invasive 

species distribution and relative abundance. Habitat data and metadata have been described 

(Wang et al. 2015), are available online at the Great Lakes Habitat Framework (glahf.org), and 

may be explored using a web-based explorer (glahf.org/explorer/). Habitat classification will be 

completed and published in late 2016. 

 

Publications: 

Zhang, H., Rutherford, E, Mason D. M., Breck, J., Cooke, R., Wittmann, M., Johnson, T., Zhu, X., 

Lodge, D. 2016. Forecasting the Impacts of Silver and Bighead Carp on the Lake Erie Food 

Web. Transactions of the American Fisheries Society 145(1):136-162.   

Kao, Y-C., Adlerstein, S., and Rutherford, E. S. 2016. Assessment of bottom-up and top-down 

controls on the collapse of alewives Alosa pseudoharengus in Lake Huron. Ecosystems. 

Wang, L., C. M. Riseng, L. A. Mason, K .E. Wehrly, E. S. Rutherford, J. E. McKenna, Jr., C. 

Castiglione, L. B. Johnson, D. Infante, S. E. Sowa, M. Robertson, J. Schaeffer, M. Khoury, J. 

Gaiot, T. Hollenhorst, C. Brooks, and M. Coscarelli. 2015. A Hierarchical Spatial Classification 

and Database for Management, Research, and Policy Making: the Great Lakes Aquatic Habitat 

Framework Journal of Great Lakes Research. Journal of Great Lakes Research 41: 584–596.  

Beletsky D. , R. Beletsky, E. S. Rutherford , J.L. Sieracki, J. M. Bossenbroek, W. L. Chadderton, M. E. 

Wittmann, G. Annis and  D. Lodge. 2016. Spread of aquatic invasive species by lake currents. J. 

Great Lakes Res. (in revision). 

Tucker, A.J,  W. L. Chadderton, C. L. Jerde, M. A. Renshaw, K. Uy, C. Gantz, A. R. Mahon, A. Bowen, 

T. Strakosh, J. M. Bossenbroek, J. L. Sieracki, D. Beletsky, J. Bergner, and D. M. Lodge. 2016. A 

sensitive environmental DNA (eDNA) assay leads to new insights on Ruffe (Gymnocephalus 

cernua) spread in North America. Biological Invasions (accepted) 

Kramer, Annis, Wittmann, Chadderton, Rutherford, Lodge, Mason, Beletsky, Riseng, 2016. 

Suitability of Great Lakes for aquatic invasive species based on global species distribution 

models and local aquatic habitat. Ecological Applications (in revision) 

D. M. Lodge, P.W. Simonin, S. W. Burgiel, R. P. Keller, J. M. Bossenbroek, C. L. Jerde, A. M. Kramer, 

E. S. Rutherford, M. A. Barnes, M. E. Wittmann, W. L. Chadderton, J. L. Apriesnig, D. Beletsky, 

R. M. Cooke, J. M. Drake, S. P. Egan, D. C. Finnoff, C. A. Gantz, E. K. Grey, M. H. Hoff, J. G. 

Howeth, R. A. Jensen, E. R. Larson, N. E. Mandrak, D. M. Mason, F. A. Martinez, T. J. 

Newcomb, J. D. Rothlisberger, A. J. Tucker, T. W. Warziniack, and H. Zhang, 2016.  Risk 

analysis and bioeconomics of invasive species to inform policy and management. Annual 

Review (accepted) 

Wittman, M. E., G. Annis, A.M. Kramer, L. Mason, C. Riseng, E. S. Rutherford, W. L. Chadderton, D. 

Beletsky, J. M. Drake, D. M. Lodge. 2016.  Refining species distribution model outputs using 

landscape scale habitat data: Forecasting Grass Carp and Hydrilla verticillata establishment in 

the Great Lakes Region. J. Great Lakes Res (in revision) 
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Presentations:  (*Presenter) 

Zhang, H., Rutherford, E.S., Mason, D.M., Lodge, D., Zhu, X., Johnson, T., and Shakoor, A. Potential 

impacts of Asian Carp on Great Lakes’ food webs. The 2nd Mississippi-Yangtze River Basins 

Symposium (MYRIBS) & the 2015 China Society of Fisheries Resources and Environment 

Annual Meeting. Wuhan, China, Oct 12-17, 2015. 

Ivan, L., *Rutherford, E., Mason, D., Zhang, H., Hunter, T., Hoff, M. An Individual-based 

bioenergetics model forecast of Silver and Bighead Carp establishment likelihood and 

impact in Saginaw Bay, Lake Huron and Lake Erie. The 2nd Mississippi-Yangtze River Basins 

Symposium (MYRIBS) & the 2015 China Society of Fisheries Resources and Environment 

Annual Meeting. Wuhan, China, Oct 12-17, 2015. 

Outreach Activities:  

Media  

 Circle of Blue, 1-7-16: http://www.circleofblue.org/waternews/2016/great-lakes/asian-

carp-would-significantly-alter-but-not-destroy-lake-erie-fisheries/ 

 Sandusky Register, 1-6-16: 

http://www.sanduskyregister.com/Environment/2016/01/06/Report-Asian-carp-could-

become-dominant-Lake-Erie-fish.html?ci=stream&lp=9&p=2 

 Newsweek, 1-6-16: http://www.newsweek.com/asian-carp-could-take-one-third-lake-

erie-biomass-412070  

 Christian Science Monitor, 1-5-16: 

http://www.csmonitor.com/Environment/2016/0105/Lake-Erie-Asian-carp-How-great-a-

threat-to-Great-Lakes 

 Washington Post, 1-5-16: www.washingtonpost.com/news/speaking-of-

science/wp/2016/01/05/invasive-asian-carp-could-overtake-lake-erie-study-finds/ 

 Chicago Tribune (Washington Post story), 1-5-16: 

http://www.chicagotribune.com/news/plus/ct-asian-carp-lake-erie-20160105-story.html 

 Toledo Blade, 1-5-16: http://www.toledoblade.com/local/2016/01/05/Report-sounds-

alarm-of-Asian-carp-threat.html 

 Michigan Radio Network, 1-5-16: http://michiganradionetwork.com/u-m-study-says-

asian-carp-impact-on-lake-erie-would-be-mixed/ 

 Associated Press, 1-4-16 (appeared in >150 publications): 

http://www.kansascity.com/news/nation-world/article52929800.html 

 Milwaukee Journal Sentinel, 1-4-16: http://www.jsonline.com/news/wisconsin/asian-

carp-would-dominate-lake-erie-biomass-study-finds-b99645732z1-364188621.html 

 Detroit News, 1-4-16: 

http://www.detroitnews.com/story/news/local/michigan/2016/01/04/asian-carp-great-

lakes/78253352/ 

 Great Lakes Echo, 1-28-16: http://greatlakesecho.org/2016/01/28/ecological-casualties-

winners-and-losers-in-the-war-on-carp/ 

http://www.circleofblue.org/waternews/2016/great-lakes/asian-carp-would-significantly-alter-but-not-destroy-lake-erie-fisheries/
http://www.circleofblue.org/waternews/2016/great-lakes/asian-carp-would-significantly-alter-but-not-destroy-lake-erie-fisheries/
http://www.sanduskyregister.com/Environment/2016/01/06/Report-Asian-carp-could-become-dominant-Lake-Erie-fish.html?ci=stream&lp=9&p=2
http://www.sanduskyregister.com/Environment/2016/01/06/Report-Asian-carp-could-become-dominant-Lake-Erie-fish.html?ci=stream&lp=9&p=2
http://www.newsweek.com/asian-carp-could-take-one-third-lake-erie-biomass-412070
http://www.newsweek.com/asian-carp-could-take-one-third-lake-erie-biomass-412070
http://www.csmonitor.com/Environment/2016/0105/Lake-Erie-Asian-carp-How-great-a-threat-to-Great-Lakes
http://www.csmonitor.com/Environment/2016/0105/Lake-Erie-Asian-carp-How-great-a-threat-to-Great-Lakes
file://UMROOT/mws/dept/snre/CILER/Annual%20Reports/F031364/2015%20-%202016%20Annual%20Report/www.washingtonpost.com/news/speaking-of-science/wp/2016/01/05/invasive-asian-carp-could-overtake-lake-erie-study-finds/
file://UMROOT/mws/dept/snre/CILER/Annual%20Reports/F031364/2015%20-%202016%20Annual%20Report/www.washingtonpost.com/news/speaking-of-science/wp/2016/01/05/invasive-asian-carp-could-overtake-lake-erie-study-finds/
http://www.chicagotribune.com/news/plus/ct-asian-carp-lake-erie-20160105-story.html
http://www.toledoblade.com/local/2016/01/05/Report-sounds-alarm-of-Asian-carp-threat.html
http://www.toledoblade.com/local/2016/01/05/Report-sounds-alarm-of-Asian-carp-threat.html
http://michiganradionetwork.com/u-m-study-says-asian-carp-impact-on-lake-erie-would-be-mixed/
http://michiganradionetwork.com/u-m-study-says-asian-carp-impact-on-lake-erie-would-be-mixed/
http://www.kansascity.com/news/nation-world/article52929800.html
http://www.jsonline.com/news/wisconsin/asian-carp-would-dominate-lake-erie-biomass-study-finds-b99645732z1-364188621.html
http://www.jsonline.com/news/wisconsin/asian-carp-would-dominate-lake-erie-biomass-study-finds-b99645732z1-364188621.html
http://www.detroitnews.com/story/news/local/michigan/2016/01/04/asian-carp-great-lakes/78253352/
http://www.detroitnews.com/story/news/local/michigan/2016/01/04/asian-carp-great-lakes/78253352/
http://greatlakesecho.org/2016/01/28/ecological-casualties-winners-and-losers-in-the-war-on-carp/
http://greatlakesecho.org/2016/01/28/ecological-casualties-winners-and-losers-in-the-war-on-carp/
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 CSCOR Great Lakes Aquatic Habitat Classification website: 

http://ifrgis.snre.umich.edu/projects/CSCOR/cscor.shtml 

 

Theme II: Invasive Species  

Assessing Risk of Asian Carp Invasion and Impacts on Great Lakes Food Webs and 
Fisheries 
Principal Investigator(s): Allen Burton (CILER), Hongyan Zhang (CILER), Dmitry Beletsky (CILER) 
NOAA Technical Lead(s): Edward Rutherford (NOAA GLERL) 
NOAA Sponsoring Office: OAR, Great Lakes Environmental Research Laboratory 
Budget Amount: $270,574 
 
NOAA Strategic Goal(s):  
Goal 1 – Healthy Oceans 
Goal 4 - Resilient Coastal Communities and Economies 
 
Overview and Objectives:  
Bighead (Hypophthalmichthys nobili) and silver (H. molitrix) carp (Asian carps) threaten to invade 
the Great Lakes and disrupt aquatic food webs and fisheries through their consumption of lower 
trophic levels. In river and lake ecosystems in North America, Asia and Europe, the introductions 
of Asian carps have resulted in the decline of many native fish species, with planktivorous fish 
and fish with planktivorous stages being particularly affected (e.g., Arthur et al. 2010; Pegg et al. 
2009).  
 
Preliminary studies suggest that Asian carps will have limited distribution and impacts on Great 
Lakes ecosystems. Cooke et al. (2009) conducted feeding studies on bighead carp at a range of 
temperatures and zooplankton densities, and found carp grew only at higher zooplankton 
densities that are found only in limited areas of the Great Lakes. Cooke and Hill (2010) used a 
bioenergetics model to predict growth of Asian carps in up to 6 areas within each Great Lake 
given site-specific data on water temperature, and zooplankton and phytoplankton densities. 
Cooke and Hill (2010) found that silver and bighead carp would be unable to grow in most open-
water regions, but would likely be able to grow in many of the embayments and wetlands along 
the edges of the Great Lakes. Herborg et al. (2007) used environmental niche modeling to predict 
invasion routes and distributions of Asian carps, and identified near shore environments of Lake 
Ontario as suitable habitats.  
 
While we generally agree with the approach taken by Cooke and Hill (2010) and Herborg et al. 
(2007), we believe it is important to take a much more detailed look at the potential for Asian 
carps to survive, grow and impact other fish species and food webs at additional locations 
throughout the Great Lakes Basin. For example, water temperatures and the densities of 
phytoplankton and zooplankton are known to vary substantially throughout the water column 
and across space and time. Using a single set of numbers to represent environmental conditions 
at a location will miss many of those details, and may result in a region being incorrectly 
identified as uninhabitable by Asian carps.  Moreover, very few studies have been conducted to 

http://ifrgis.snre.umich.edu/projects/CSCOR/cscor.shtml
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document Asian carp impacts on other fishes or fisheries (Sampson et al. 2009). Impacts of Asian 
carps on aquatic food webs are potentially complex, and require spatially-explicit models of 
trophic interactions to assess direct and indirect influences. A spatially-explicit modeling 
approach allows for a more detailed look at the effects of Asian carps on key members of the 
food web, and allows for the inclusion of density-dependent feedbacks (e.g., lower survival of 
age-0 fish, but higher growth and reproductive output by older survivors) which may help species 
compensate for the effects of an Asian carp invasion.   
 
Our objectives are to:  

1. Predict in which Great Lakes habitats Asian carps can successfully grow, survive and 
reproduce. 

2. Predict Asian carps’ impacts on food webs, key fish species and fisheries in different Great 
Lakes environments. 

3. Survey the Chinese literature for relevant information on Asian carps’ energetics, vital rates 
and ecology 
 

Outcomes: This work will expands on the results of Cooke and Hill (2010) and helps identify 
regions in Lakes Huron, Michigan and Erie that could support Asian carps. Our individual-based 
model and food web model will identify the species and fisheries that likely will be impacted by 
Asian carps.  
 

Accomplishments: 

We have submitted a final report to the funding agency, Great Lakes Restoration Initiative NOAA-

EPA Interagency Agreement.   

 

Dr. Lori Ivan developed an individual based model (IBM) of Bigheaded carps (Bighead Carp, Silver 

Carp) and 4 selected fishes (Walleye, Yellow Perch, Rainbow Smelt, Round Goby) and their prey 

(Dreissena mussel, Detritus, Phytoplankton, Zooplankton, Bythotrephes, Benthos, Prey Fish) in 

Saginaw Bay, Lake Huron. She calibrated the base model to approximate density, growth, 

survival, diet and prey densities of resident fish without Bighead carps. She then introduced 

Bighead carps into the calibrated model and simulated introductions of small numbers of carp to 

determine the minimum number required to establish a viable population in Saginaw Bay. Ivan 

found that as few as 10 individuals of either Silver Carp or Bighead Carp were needed to establish 

a viable population assuming a high juvenile survival rate. Silver carp, but not Bighead carp, were 

able to establish a viable population assuming a low juvenile survival rate, similar to that of 

Walleye, another river spawner. 

   

Ivan also ran simulations to determine effects of Bighead carp on the resident fish community. 

The results again depended on assumptions of carp juvenile survival rate. Assuming a high 

juvenile survival rate, Bighead carp would reach densities exceeding 25 g/m2, a density that 

caused declines in plankton and Rainbow Smelt densities, but slight increases in adult Yellow 

Perch and Walleye densities and no effect on Round Goby. At low juvenile carp survival, she 

found Bighead carp would reach densities of approximately 3 g/m2, a level lower than found for 
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Bighead carp in Lake Erie. At densities of 3 g/m2, Bighead carp were not found to negatively affect 

plankton densities or resident fishes. 

 

Dr. Ivan set up the IBM model to simulate Bighead carp effects on the offshore food web in Lake 

Huron, and the nearshore and offshore food webs in Lake Michigan. Although Ivan left in early 

2015 to take another position, other project members are continuing the model work and will 

complete simulations for the other lakes. Ivan and others are writing up results for Saginaw Bay 

for a peer-reviewed manuscript. 

 

Dr. Hongyan Zhang developed the Atlantis Ecosystem Model for Lake Michigan and Lake Erie, and 

acquired the necessary input data for the Atlantis Lake Huron model. She calibrated the Lake 

Michigan Atlantis model to data from 1994-2014, then ran baseline simulations to simulate food 

web dynamics without Bighead carp present. The model results indicated that Asian carp 

introduction to Lake Michigan would have minimal effects on the Lake Michigan food web, 

causing less than a 20% decline in most planktivorous or piscivorous species. If Pacific salmonids 

were allowed to feed on Asian carp, the Asian carp population size and its effect on food web 

groups were projected to be even smaller (<10%). These model results are consistent with 

recently completed simulations of Asian carp introduction on Lake Michigan using the Ecopath 

with Ecosim model framework (Rutherford and Zhang, unpublished data), which also suggest 

Asian carp will have no substantive effect on the Lake Michigan food web. Zhang and others are 

writing up the results for a peer-reviewed manuscript.  

  

Dr. Beletsky has been working on calibration and validation of hydrodynamic model of Lake 

Huron using 1991-1996 and 2008-2010 observations with the goal to improve initial climatology 

developed for this lake and provide additional advection and temperature fields for the Atlantis 

model during individual years. Meteorological forcing functions were generated for 2009-2011 

for additional model runs in Lake Erie. The hydrodynamic model of Lake Erie was calibrated and 

validated using 2004, 2005, 2007 and 2009-2011 observations. Additional hydrodynamic model 

output will be used to specify advection and temperature fields in the Atlantis model during 

individual years. 

 

Publications: 

Mason, D. M., Rutherford, E. S., Zhang, H., and Ivan, L. N. 2016. Assessing Risk of Asian carp 

invasion and impacts on Great Lakes food webs and fisheries. Final Report to US EPA Great 

Lakes Restoration Initiative, Template No. 2010-65-02. 21 pages. 

Zhang, Hongyan, Edward S. Rutherford, Doran M. Mason, Jason T. Breck, Marion E. Wittmann, 

Roger M. Cooke, David M. Lodge, John D. Rothlisberger, Xinhua Zhu, Timothy B. 

Johnson. 2015. Forecasting the Impacts of Silver and Bighead Carp on the Lake Erie Food 

Web. Transactions of the American Fisheries Society 145 (1): 136 

(DOI:10.1080/00028487.2015.1069211). 

 

Presentations: (*Presenter) 

http://dx.doi.org/10.1080/00028487.2015.1069211
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 Zhang, H., Rutherford, E.S., Mason, D.M., Lodge, D., Zhu, X., Johnson, T., and Shakoor, A. 

Potential impacts of Asian Carp on Great Lakes’ food webs. The 2nd Mississippi-Yangtze River 

Basins Symposium (MYRIBS) & the 2015 China Society of Fisheries Resources and 

Environment Annual Meeting. Wuhan, China, Oct 12-17, 2015. 

Ivan, L., *Rutherford, E., Mason, D., Zhang, H., Hunter, T., Hoff, M. An Individual-based 

bioenergetics model forecast of Silver and Bighead Carp establishment likelihood and impact 

in Saginaw Bay, Lake Huron and Lake Erie. The 2nd Mississippi-Yangtze River Basins 

Symposium (MYRIBS) & the 2015 China Society of Fisheries Resources and Environment 

Annual Meeting. Wuhan, China, Oct 12-17, 2015. 

Zhang, H., Rutherford, E.S., Mason, D.M., Lodge, D., Zhu, X., Johnson, T., and Shakoor, A. Potential 

impacts of Asian Carp on Great Lakes’ food webs. Yangtze River Fisheries Research Institute, 

Chinese Academy of Fishery Sciences, Wuhan, China, Oct 20, 2015. 

Zhang, H., Ivan, L., Rutherford, E., and Mason, D.  Impacts of invasive species in the Great Lakes. 

Institute of Oceanology, Chinese Academy of Sciences, Qingdao, China. August 28, 2015 

Zhang, H., Ivan, L., Rutherford, E., and Mason, D.  Impacts of invasive species in the Great Lakes. 

China Institute of Water Resources and Hydropower Research, Beijing, China. August 14, 2015 

Rutherford, E. S., Zhang, H., Kao, Y-C., Adlerstein, S., and Mason, D. M. Ecosystem forecasting in 

the Great Lakes. Shanghai Ocean University, Shanghai, China. Oct. 20, 2015. 

Rutherford, E. S., Zhang, H., Ivan, L. N., Kao, Y-C, Adlerstein, S., and Mason, D. M. Ecosystem 

forecasting of nutrient loadings and invasive species effects on Great Lakes food webs and 

fisheries.  Yangtze River Fisheries Research Institute, Chinese Academy of Fishery Sciences, 

Wuhan, China, Oct 19, 2015. 

Martinez, F., Rutherford, E. S., Zhang, H., Ivan, L. N., and Mason, D. M. Assessing the potential for 

Bighead and Silver Carp to establish and effect Great Lakes food webs. Aquatic Nuisance 

Species Task Force Meeting, Traverse City, Michigan. May 5, 2016. 

 

Outreach Activities:  

 Press release: http://ns.umich.edu/new/releases/23386-asian-carp-could-cause-some-

lake-erie-fish-to-decline-others-to-increase 

 Transactions of the American Fisheries Society made Zhang et al. (2015) free open access 

due to media interest: https://fisheries.org/2016/01/lake-erie-asian-carp-invasion-

modeling/ 

 Relevant website: http://www.regions.noaa.gov/great-lakes/?page_id=787 

 

Theme III: Ecological Risk Assessment 

Lakewide Assessment of Lake Ontario Benthic Macroinvertebrate Communities 
Principal Investigator(s): Allen Burton (CILER), Thomas Johengen (CILER), Thomas Nalepa (UM) 
NOAA Technical Lead(s): Henry Vanderploeg (GLERL) 
NOAA Sponsoring Office: OAR, Great Lakes Environmental Research Laboratory 
Budget Amount: $29,919 
 

http://ns.umich.edu/new/releases/23386-asian-carp-could-cause-some-lake-erie-fish-to-decline-others-to-increase
http://ns.umich.edu/new/releases/23386-asian-carp-could-cause-some-lake-erie-fish-to-decline-others-to-increase
https://fisheries.org/2016/01/lake-erie-asian-carp-invasion-modeling/
https://fisheries.org/2016/01/lake-erie-asian-carp-invasion-modeling/
http://www.regions.noaa.gov/great-lakes/?page_id=787


75 
 

NOAA Strategic Goal(s): Goal 1 - Healthy Oceans 
 
Overview and Objectives:  
This research will evaluate the composition and abundance of components of the benthic 

community of the western basin of Lake Ontario. These data are critical to understanding the 

mechanisms and permitting quantitative estimation of the benthic-pelagic flux of energy and 

nutrients of each basin. Special attention will be given to keystone invertebrate species 

(Dreissena spp., Diporeia spp.). The objective of this research is to provide a statistically valid and 

precise estimate of lakewide and habitat-specific benthic invertebrate abundance and biomass 

(defined by depth and substrate type) of the Lake Ontario in 2013.  The trophic structure of Lake 

Ontario has seen dramatic changes over the past 20 years. Lake Ontario continues to be one of 

the most rapidly changing of the Great Lakes, reflecting the successes of remediation activities 

and the expression of both ongoing and novel stresses. The most significant events have related 

to amelioration of carbon and nutrient loadings to the lake. However, establishment of non-

native exotic species, particularly dreissenid mussels, has resulted in substantial reallocation of 

biomass and redirection of energy flow. There is increasing evidence that energy flow patterns in 

Lake Ontario have changed to reflect increasing importance of benthic processes to overall 

trophic functioning. Phenomena typically associated with increasing eutrophication (rising spring 

total phosphorus concentrations, episodic blooms of blue-green algae, development of extensive 

filamentous algal mats at shorelines) are suspected to be either direct or indirect consequences 

of these altered trophic processes.  The energy and nutrient pathways coupling the benthic and 

pelagic communities of Lake Ontario are only partially understood, and few quantitative data on 

benthic-pelagic coupling exist to validate or calibrate models or to quantify mechanisms and 

relationships.  

The decline of Diporeia clearly has the potential to reduce the carrying capacity of planktivorous 

fishes in the Great Lakes.  Changes in invertebrate food resources might alter competitive 

interactions between planktivorous fishes, which may affect salmonid production, yellow perch 

recovery, lake whitefish recruitment and growth, and success of natural reproduction of lake 

trout.  State and tribal fishery managers in the Great Lakes need to know the health of the forage 

base to make informed decisions on salmonid stocking and commercial fishing regulations and 

quotas.   

Specific Aims/Milestones:   

1.  Collect and preserve benthic samples in late summer of 2013 at 45 stations in Lake Ontario.  

3.   Prepare samples by picking and sorting organisms under a dissecting microscope to major 

taxonomic groups; mount chironomids and oligochaetes on slides.  NOAA/GLERL is responsible 

for taxonomic analyses of the samples in the laboratory. These data will be incorporated into a 

final report that documents the changes in the offshore benthic community from 1994 to 2013.   

4.   Analyzing the results of the benthic samples.   
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Accomplishments: 

In 2016, all organisms in 2013 were picked, counted, and identified. Subsequently, a final report 

was written and provided to EPA and NOAA that summarized major findings (Appendix 9).  

Emphasis was placed on trends over time and, in particular, changes in abundance of major 

taxonomic groups since 2008 when the last lake-wide benthic survey was conducted.  Most 

significant findings were:   

 

 Mean densities of quagga mussels were lower in 2013 compared to 2008 at depths < 90 m; 
the population at these depths appeared to have peaked in 2003.  In contrast, abundances at 
> 90 m continued to increase. 

 Lake-wide, depth weighted biomass of quagga mussels (ash-free dry weight) was two times 
greater in 2013 than in 2008. This was partly because of a shift towards larger individuals.    

 Densities of both Diporeia and Sphaeriidae continued to decline.  In 2013, only a single 
Diporeia was collected in all the samples, and sphaeriid densities were lower than densities in 
2008 across all depths.  

 Oligochaete density increased notably in the 10-30 m depth interval, potentially related to an 
increase in benthic detrital food from dreissenid filtering activities and subsequent 
biodeposition.  

In addition to the above summary report, the 2013 Lake Ontario data was used in generating two 

indicator reports for the State of the Lakes Ecosystem Conference (SOLEC).  The indicator reports 

updated the status of Diporeia and Dreissena in the Great Lakes, and report results will be 

presented at the SOLEC Great Lakes public forum in fall 2016.   

    

Publications: 

Nalepa, T. F. and A.K. Elgin. 2016.  Summary of a benthic macroinvertebrate survey in Lake 

Ontario in 2013. Project completion report submitted to NOAA.  June, 2016, 14 pp.  

(Appendix 9) 

 

Presentations:  (*Presenter) 

Nalepa, T. F.  2015.  Trends in benthic macroinvertebrates in Lake Ontario.  Lake Ontario CSMI: 

Reporting and Planning Workshop.  Burlington, ON, November, 2015.  

Nalepa, T. F., A. K. Baldridge, P. Glyshaw*, L. Rudstram, and B. Weidel. 2016.  Trends in the 

benthic macroinvertebrate community in Lake Ontario through 2013.  59th Annual 

Conference on Great Lakes Research, Guelph, ON, June, 2016.    
 

Outreach Activities:  
None 
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THEME III: Ecological Risk Assessment  

2015 Monitoring Activities for the Lake Michigan Long-term Ecological Research 
program 
Principal Investigator(s): Allen Burton and Thomas Johengen 
NOAA Technical Lead(s):  Henry Vanderploeg and Ashley Baldridge 
NOAA Sponsoring Office: OAR, Great Lakes Environmental Research Laboratory 
Budget Amount: $89,700 
 
NOAA Strategic Goal(s):  
Goal 1 - Healthy Oceans 
Goal 4 - Resilient Coastal Communities and Economies 
 
Overview and Objectives:  

CILER supports the Ecosystem Dynamics branch at NOAA-GLERL to continue its collection of long-

term ecological data and conduct targeted fundamental research on ecosystem processes critical 

to understanding ecosystem structure and function for managing water quality, fisheries, and 

other ecosystem services in the Great Lakes. Towards this goal, NOAA-GLERL has developed a 

Long-Term Research (LTR) program that integrates a core set of long-term observations on 

biological, chemical, and physical variables, with short-term process-based studies for 

understanding ecosystem change.  Such information is essential for the development of new 

concepts, models, and forecasting tools to explore impacts of various stressors on the ecosystem.  

This research will contribute to GLERL’s core mission by providing data and understanding for the 

development of models and forecasting capabilities, and the application of new sampling 

technologies.   

The proposed research activities are organized into two general projects: LTR observations and 

process-based studies.  It is implicitly understood that all process studies are targeted to 

understand critical processes affecting Great-Lakes LTR sites or ecosystems.  It is our ultimate 

goal to understand structure and function of Great Lakes food webs from viruses to fishes and 

work efficiently as team to be ready for Coordinated Science and Monitoring Initiative (CSMI) 

Year of Lake Michigan 2015, when we intend to take a major leadership role.  The single most 

important stressor in the system remains dreissenid mussels, and our team recognizes that 

observation of the pelagic realm alone is no longer an option. Dreissenid mussels, because of 

their high filtration rates and high abundance in all depth zones of the lake, have decimated the 

spring phytoplankton bloom and have decreased the abundance of phytoplankton in the 

hypolimnion and deep chlorophyll layer during the stratified season.  They have also 

reengineered the ecology of the entire food web by increasing water clarity and altering nutrient 

cycling.  It is believed they have had a negative effect on the food web, which is putting the 

valuable sport fishery at risk and is exacerbating nuisance growths of algae in the nearshore. We 

believe it is possible that dreissenid populations may be poised for a correction or crash.   
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Specific Aims/Milestones:   

Project 1: LTR Observations 

CILER provides support for the following projects in Lake Michigan: 

a)  Dreissenid Abundance and Condition 

CILER supports continued collection of long-term observations of dreissenid abundance 

and condition in the Southern Lake Michigan basin, including 1) a benthic survey at 40 

sites in the southern basin in late summer, 2) examination of monthly collections of 

mussels at our shallow, mid-depth, and deep sites along our Muskegon transect for 

mussel condition (based on weight), reproductive state, and nutrient content of soft 

tissue and shells, 3) examination of mussel filter area to see if this can be used as good 

metric for predicting filtering rate as a function of size. This project, the benthic boundary 

layer subproject, and the feeding and nutrient excretion subproject all work together to 

develop models of mussel population growth and bioenergetics and to develop models of 

impact to the food web.  

b) Spatial Studies and Microbes 

As part of the CSMI Year of Lake Michigan 2010-2011 and CSMI Year of Lake Huron 2012 

we examined the structure and function of the open water food web, including how it 

relates to tributary inputs and spatial distribution of dreissenid mussels.  In cooperation 

with USGS-Great Lakes Science Center (GLSC) and Michigan DNR, we continue to analyze 

the horizontal and vertical distribution of plankton, larval fish, juvenile fish, adult fish, and 

Mysis, and relate these observations to the distribution and feeding of invasive quagga 

mussels.  Long-term, intensive field sampling is starting to improve our understanding of 

the importance of spatial coupling of the food webs within each of these two Lakes, and 

has raised many questions that have to be attacked with even more sophisticated 

technologies than we brought to bear so far on the field efforts.  The focus in 2014 was on 

getting gear ready, including the recently acquired Multiple Opening Closing Nets 

Environmental System Sampler (MOCNESS), and answering a few critical questions before 

our major thrusts in CSMI Year of Lake Michigan 2015.  In 2015 the focus was carrying out 

monthly spatial cruises in nearshore and offshore waters near Muskegon, MI, using all 

technologies except MOCNESS.   

Project 2:  Process-based Studies 

In addition to maintaining core monitoring of key variables these LTR sites at appropriate time 

scales, we conduct targeted process research to get at root causes of the changes, necessary for 

development of new concepts and forecasting capabilities. Research in this project area is 

concerned with process studies involving the main biotic driver of the system, the quagga mussel, 

and attacks the most critical issues concerning their interactions with the ecosystem. The 

subproject deals with the contentious problem of the connection of the mussels with the 
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overlying water column. Research also supports the development of a new Dreissena impacts 

model in Lake Michigan using the FVCOM framework and tie into the research on abundance and 

condition of mussels in Lake Michigan. Measurement of chlorophyll at the benthic boundary layer 

and exchange is important not only for understanding impact of the mussels on the water column 

but also for understanding mussel condition and growth to understand their population 

dynamics. We occasionnally collect mussels and water from Lake Michigan to check on nutrient 

excretion interactions there. We have previously defined grazing on phytoplankton (using the 

chlorophyll techniques), but have not looked at nutrient excretion nor considered interactions in 

the benthic boundary layer.  

a) Mussel Feeding and Nutrient Excretion 

CILER is assisting in the development and implementation of experiments to determine 

selective feeding on the whole spectrum of seston (from bacteria to microplankton), quantify 

nutrient recycling, and examine factors limiting growth of mussels in Lake Michigan.  

b)  Mussel Growth Experiments  

CILER is assisting in the development and implementation of experiments to assess quagga 

mussel growth under different levels of food quantity and quality, and in different 

temperatures.  Experiments are conducted in the field using mussel cages, as well as in lab  

Accomplishments: 

1. Lake Michigan - Dreissenid Abundance and Condition 

Biomass estimates of mussels up through 2014 were completed and presented at ICAIS in April 

2016. Mussel condition was measured three times during the 2015 season, the values from which 

will be used to calculate the 2015 biomass estimates.  Benthic invertebrates were collected 

during the CSMI Lake Michigan survey in July 2015 (further details included in CSMI report).  

Some of the sample processing was supported by LTR funds.  The 2015 benthic samples from the 

southern region of Lake Michigan have all been processed and data analysis is in progress. 

2. Lake Michigan - Spatial Study and Microbes  

Data analysis is continuing and manuscripts are continuing to be prepared and published.  A 

number of presentations were made at national meetings (see below). 

3. Mussel Feeding and Nutrient Excretion  

We examined results of feeding experiments that were carried out in summer and fall of 2013 

and August 2014 on nutrient excretion and fate of picoplankton and the microbial food web by 

feeding quagga mussels.  As part of this experiment, Vincent Denef (UM) examined changes in 

the microbial community using molecular techniques and Hunter Carrick (Central Michigan 

University) examined fate of the MFW using microscopy.  As a result of these experiments we are 

modifying experimental approach to focus on picoplankton and new methods for measuring 
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excretion.  Weather and ship availability prevented us from completing planned experiments in 

2015 and those will be targeted for completion in 2016. 

4. Mussel Growth Experiments 

We successfully concluded the 2015-2016 Field Cage Mussel Growth Experiment in March 2016.  

All mussels have been weighed and measured, preliminary analysis is complete, and a manuscript 

is in preparation.  Some imaging and measurement of fluorescent marks made on the mussel 

shells at the beginning of the experiment remains to be completed.  We started the 2016-2017 

study in April 2016; this study builds and improves on the previous study and was expanded to 

include a deeper site at 90m.  

Publications: 

Carrick, H.J., E. Butts, D. Daniels, M. Fehringer, C. Frazier, G.L. Fahnenstiel, S.A. POTHOVEN, and 
H.A. VANDERPLOEG. Variation in the abundance of pico, nano, and microplankton in Lake 
Michigan: Historic and basin-wide comparisons. Journal of Great Lakes Research 
41(Supplement 3):63-74 (DOI:1016/j.jglr.2015.09.009) (2015).  

Denef, V.J., R.S. Mueller, E. Chiang, J.R. Liebig, and H.A. VANDERPLOEG. Chloroflexi CL500-11 
populations that predominate deep lake hypolimnion bacterioplankton rely on nitrogen-
rich DOM metabolism and C1 compound oxidation. Applied and Environmental 
Microbiology 82(5):1423-1432 (DOI:10.1128/AEM.03014-15) (2016). 

Ptachnikova, R., H.A. VANDERPLOEG, and J.F. CAVALETTO. Big versus small: Does Bythotrephes 
longimanus predatiaon regulate spatial distribution of another invasive predatory 
cladoceran, Cercopagis pengoi? Journal of Great Lakes Research 41(Supplement 3):143-
149 (DOI:10.1016/j.jglr.2015.10.006) (2015) 

ROWE, M. D., D. R. OBENOUR, T. F. NALEPA, H. A. VANDERPLOEG, F. Yousef, and W. C. Kerfoot. 
2015. Mapping the spatial distribution of the biomass and filter-feeding effect of invasive 
dreissenid mussels on the winter-spring phytoplankton bloom in Lake Michigan. 
Freshwater Biology 60:2270–2285. 

ROWE, M.D., E.J. ANDERSON, J. WANG, and H.A. VANDERPLOEG. Modeling the effect of invasive 
quagga mussels on the spring phytoplankton bloom in Lake Michigan. Journal of Great 
Lakes Research 41:17 pp. (DOI:10.1016/j.jglr.2014.12.018) 
(2015).http://www.glerl.noaa.gov/pubs/fulltext/2015/20150011.pdf 

NALEPA, T.F., D.L. FANSLOW, G.A. LANG, K. MABREY, and M. ROWE. Lake-wide benthic surveys in 
Lake Michigan in 1994-95, 2000, 2005, and 2010: Abundances of the amphipod Diporeia 
spp. and abundances and biomass of the mussels Dreissena polymorpha and Dreissena 
rostriformis bugensis. NOAA Technical Memorandum GLERL-164. NOAA, Great Lakes 
Environmental Research Laboratory, Ann Arbor, MI, 21 pp. 
(2014).http://www.glerl.noaa.gov/ftp/publications/tech_reports/glerl-164/tm-164.pdf 

VANDERPLOEG, H.A., D.B. Bunnell, H.J. Carrick, and T.O. Hook. Complex interactions in Lake 
Michigan's rapidly changing ecosystem. Journal of Great Lakes Research 41 (Supplement 
3):1-6 (DOI:10.1016/j.jglr.2015.11.001) (2015). 

VANDERPLOEG, H.A., S.A. POTHOVEN, D.M. Krueger, D.M. MASON, J.R. LIEBIG, J.F. CAVALETTO, 
S.A. RUBERG, G.A. LANG, and R. Ptacnikova. Spatial and predatory interactions of visually 
preying nonindigenous zooplankton and fish in Lake Michigan during midsummer. Journal 

http://www.glerl.noaa.gov/pubs/fulltext/2015/20150011.pdf
http://www.glerl.noaa.gov/ftp/publications/tech_reports/glerl-164/tm-164.pdf
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of Great Lakes Research 41(Supplement 3):125-142 (DOI:10.1016/j.jglr.2015.10.005) 
(2015). 

 
Presentations:   

BALDRIDGE, A.K. The past, present, and future of dreissenid mussels in the Great Lakes. Water at 
Wayne Seminar Series, Wayne State University, Detroit, MI, January 28, 2016 (2016). 

BALDRIDGE, A.K. Dreissenid mussel population trajectories and associated patterns in mussel 
growth and condition. Great Lakes Center Seminar Series, Buffalo State College, Buffalo, 
NY, March 3, 2016 (2016). 

BALDRIDGE, A.K. Invasive Dreissenid Mussels in the Great Lakes Region. Tip of the Mitt 
Watershed Council Ice Breaker Speaker Series, Petoskey, MI , March 10, 2016 (2016). 

BALDRIDGE, A.K. The Status of Quagga Mussel Populations in Lake Michigan and Complementary 
Growth Experiments. International Conference on Aquatic Invasive Species, Winnipeg, 
Manitoba, Canada, April 14, 2016 (2016). 

BALDRIDGE, A.K., and T.F. NALEPA.  The status of Dreissenid mussels in the Great Lakes and 
suggested future research directions.  58th Annual Conference of the International 
Association of Great Lakes Research.  Burlington, VT, May 25-29, 2015 (2015).   

BALDRIDGE, A.K. Relative impacts of climate change and Dreissenid mussels on Lake Michigan 
zooplankton. Aquatic Invasive Species: Impacts and Resources ("The Current" Webinar 
Series), October 15, 2014. North Central Region Water Network (2014). 

BALDRIDGE, A.K., G.L. FAHNENSTIEL, J.R. LIEBIG, T.F. NALEPA, S.A. POTHOVEN, E.S. RUTHERFORD, 
and H.A. VANDERPLOEG. Exploring the relative impacts of climate change and dreissenid 
mussels on the Lake Michigan zooplankton community. 57th Annual Conference of the 
International Association for Great Lakes Research, McMaster University, Hamilton, 
Ontario, Canada, May 26-30, 2014 (2014). 

BALDRIDGE, A.K., G.L. FAHNENSTIEL, J.R. LIEBIG, T.F. NALEPA, S.A. POTHOVEN, E.S. RUTHERFORD, 
and H.A. VANDERPLOEG. Exploring the relative impacts of climate change and Dreissenid 
mussels on Lake Michigan zooplankton. Adaptation in the Great Lakes Region Conference, 
University of Michigan, Ann Arbor, MI, June 25, 2014 (2014) 

ROWE, M.D., H.A. VANDERPLOEG, E.J. ANDERSON, J. WANG, S.A. POTHOVEN, J.R. LIEBIG, T.F. 
NALEPA, and T.H. JOHENGEN. Modeling the effects of stratification and bathymetry on 
the interaction of phytoplankton and invasive Quagga mussels in nearshore Lake 
Michigan. Joint Aquatic Sciences Meeting, Portland, OR, May 18-23, 2014 (2014). 

 
ROWE, M.D., H.A. VANDERPLOEG, J. WANG, and E.J. ANDERSON. Modeling the effects of 

stratification and bathymetric depth on the interaction between phytoplankton and 
invasive quagga mussels in the nearshore zone of Lake Michigan. Great Lakes Adaptation 
Assessment for Cities' Adaptation in the Great Lakes Region Conference, Ann Arbor, MI, 
June 24-25, 2014 (2014). 

RUTHERFORD, E.S., A. SHAKOOR, K. Bouma-Gregson, H. ZHANG, D.M. MASON, D.M. Lodge, M.E. 
Wittmann, J.E. Breck, and H.A. VANDERPLOEG. Relative importance of timing, life history, 
and habitat of non-indigenous species for invasion success and impact in Great Lakes 
ecosystems. Joint Aquatic Sciences Meeting 2014, Portland, OR, May 18-23, 2014 (2014). 
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RUTHERFORD, E.S., H.A. VANDERPLOEG, J.F. CAVALETTO, J.R. LIEBIG, D.M. MASON, T.F. NALEPA, 
T.H. JOHENGEN, D. Burnette, D. WELLS, K. MABREY, D.B. Bunnell, D.M. Warner, T. O'Brien, 
and J.E. Johnson. Effects of spatial and temporal variability in lower food web dynamics on 
larval fish feeding growth and survival in Thunder Bay, Lake Huron, 2012. 57th Annual 
Conference of the International Association for Great Lakes Research, McMaster 
University, Hamilton, Ontario, Canada, , May 26-30, 2014 (2014). 

RUTHERFORD, E.S., H.A. VANDERPLOEG, J.F. CAVALETTO, J.R. LIEBIG, S.A. POTHOVEN, D.M. 
MASON, A. HOOVER, D. Burnette, D. WELLS, K. MABREY, D.B. Bunnell, D.M. Warner, and 
T. O'Brien. Compensatory response of the lower food web and larval fish growth and 
survival to multiple stressors in Lake Michigan and Lake Huron. 144th Annual Meeting of 
the American Fisheries Society, Quebec City, Canada, August 17-21, 2014 (2014). 

Vanderploeg H.A. “Complex Interactions in Post-Dreissenid Great Lakes Ecosystems: The 
Importance of Process Experiments” at Iowa State University 4th Annual Environmental 
Science Graduate Research Symposium, April 1, 2016, Ames, Iowa, Environmental Science 
Interdepartmental Graduate Program 

Vanderploeg, H.A. “Great Lakes Ecology (for Oil Spill Responders)” at NOAA Science of Oil Spills 
(SOS) Class, May 16-29, 2016, Ann Arbor, MI,  Office of Response & Restoration (OR&R) 
Emergency Response Division (ERD) 

Vanderploeg, H.A., Johengen, T.H., Sarnelle, O.  An ecological stoichiometry story: impacts of 
dreissenid mussel feeding and nutrient excretion on nuisance and harmful algal blooms.  
ASLO 2016 Summer Meeting, June 5-10, Santa Fe, NM 

Vanderploeg, H.A. Henry Vanderploeg, J. Cavaletto, A. Baldridge, L. Burlakova, H. Carrick, A. 
Karatayev, G.Lang, J. Liebig, D. Mason, T. Nalepa, S. Pothoven, M. Rowe, E. Rutherford, 
and D. Wells. Spatial Organization of Pelagic and Benthic Food Webs in Southern Lake 
Michigan in 2015. 59th Annual Conference on Great Lakes Research, University of Guelph, 
June 6-10, 2016 

 
Outreach Activities:  

 We set up informational tables at community events (e.g., the Ann Arbor Mayor’s Green 

Fair) and volunteered for student science competitions (e.g., National Ocean Science Bowl 

and a local science fair).   

 Summaries of our activities were posted on GLERL’s Facebook, YouTube channel, and 

Twitter account.   

 

THEME III: Ecological Risk Assessment 
The effects and impacts of hypoxia on production potential of ecologically and 
commercially important living resources in the northern Gulf of Mexico 
Principal Investigator(s): Allen Burton (CILER), Hongyan Zhang (CILER) 
NOAA Technical Lead(s): Doran M. Mason (NOAA-GLERL), Craig Stow (NOAA-GLERL) 
NOAA Sponsoring Office: OAR, Great Lakes Environmental Research Laboratory 
Budget Amount: $113,041 
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NOAA Strategic Goal:  
Goal 1 - Healthy Oceans 
Goal 4 - Resilient Coastal Communities and Economies 
 
Overview and Objectives:  
As a direct consequence of eutrophication, there has been an alarming increase in the spatial and 
temporal extent of low oxygen (hypoxia) in estuarine and coastal waters.  Coastal hypoxia 
(referred to as “dead zones”) has become increasingly frequent throughout the world.  This 
increase in hypoxia has been linked to increased cultural eutrophication.  Eutrophication-induced 
hypoxia is prevalent in numerous coastal ecosystems along both the Atlantic and Pacific coasts of 
the U.S., with Chesapeake Bay, the Northern Gulf of Mexico (NGOMEX), and the Laurentian Great 
Lakes (i.e., Lake Erie) having the most prominent and largest hypoxic areas.  Despite a reasonable 
understanding as to the causes of coastal hypoxia, the impacts of low oxygen availability on food 
web dynamics and fisheries production, especially in the pelagic zone, remain poorly understood.  
This lack of understanding severely limits management efforts aimed at forecasting production of 
living resources in hypoxic systems. 
 
To assess the full impact of hypoxia on living resources requires a multi-scale (both time and 
space), multi-stressor (e.g., the combined effect of climate and eutrophication), and cross 
ecosystem approach. The objective of this project is to develop a modeling 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.  This is part of a 
much larger program comparing the impact of hypoxia on living resources across ecosystems 
(NGOMEX, Lake Erie, and Chesapeake Bay).  Here, we develop a battery of modeling approaches 
of varying complexity (individual - to ecosystem-level), spatial configuration (near-field plume to 
fine-scale spatial pelagic), and temporal duration (hourly to inter-annual) to provide both 
understanding and forecast capabilities to the management community of the NGOMEX. 
 
Multiple mathematical models are being used to characterize the effects of the spatial and 
temporal distribution of hypoxia on: 1) diet habits of economically and ecologically critical fishes; 
2) food web structure and interactions; and 3) fish distribution. 
 
We hypothesize 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. We have direct linkages to fisheries management, which 
ensures continued interaction with, and attention to, the critical management issues. 
 
Accomplishments: 

We are finishing up this project and for the past year we focused on writing a manuscript titled 

“Effect of hypoxia on the feeding habits of Atlantic bumper Chloroscombrus chrysurus in the 

northern Gulf of Mexico”. Although Atlantic bumper is a dominant species in the northern Gulf of 
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Mexico and an important food source for a variety of commercial and recreational fishes, little is 

known of it diet and feeding habits. We found that Atlantic bumper has clear diet ontogeny. 

Frequency of occurrence of zooplankton in fish guts was dominated by zooplankton for small and 

large fish, but by shrimp for medium size fish. However, biomass of prey groups in the fish was 

dominated by shrimp for small and medium fish and larval fish for large Atlantic bumper. 

Dissolved oxygen (DO) showed different effects on the distributions of different fish size classes. 

The majority of small bumper were found in habitats with DO < 2 mg/L; the majority of medium 

bumper were found in the habitats with DO > 3 mg/L and < 4 mg/L; while the large bumper were 

found under all DO categories but a big fraction were found in the habitats with DO > 2 mg/L and 

< 3 mg/L. These distributions were attributed to the distribution of DO, food availability, and 

mobile capacity of bumper.   

 

Publications: 

None in FY16 

 

Presentations:   

None in FY16 

Outreach Activities:  

None to date 

 

THEME III: Ecological Risk Assessment 
HABs, Bacteria, and Beach Quality Forecasting for the Great Lakes Ocean and Human 
Health Center  

Principal Investigator(s): Tom Johengen, Mark Rowe; CILER 
NOAA Technical Lead(s): Tim Davis, Eric Anderson; NOAA-GLERL 
NOAA Sponsoring Office: OAR, Great Lakes Environmental Research Laboratory 
Budget Amount: $653,097 
 
NOAA Strategic Goal 1: Healthy Oceans 
NOAA Strategic Goal 3: Resilient Coastal Communities and Economies  

 
1. Sub-Project:  HABs Monitoring, Forecasting and Genomics for the Great Lakes  
Overview and Objectives:  

1. Develop an improved nowcast-forecast model for Lake Erie harmful algal blooms (HABs) 
that shows the spatial extent of the bloom in near real-time and predicts transport of the 
bloom over a five-day forecast period. 

2. Monitor the environmental conditions, extent, and toxicity of Microcystis blooms in Lake 
Erie and Saginaw Bay. 

 
Specific Aims/Milestones:   
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1. Develop an updated short-term HAB forecast model that is linked to the FVCOM-based 

Lake Erie Operational Forecasting System (GLEOFS) model, and provide the model to 

NOAA GLERL for real-time use during the 2015 HAB season. 

2. Develop a 3-D version of the short-term HAB forecast model that simulates vertical 

distribution of buoyant Microcystis colonies, conduct hindcast skill assessment, and 

provide the model to NOAA GLERL for real-time use during the 2015 HAB season. 

3. Monitor hydrodynamic and water quality conditions and associated metagenomic 

variables to help understand environmental drivers determining timing, extent, and 

toxicity of HAB biomass, location, and toxicity. 
 

Accomplishments: 

A new version of the short-term HAB forecast (HAB Tracker) was created, which used the FVCOM 

offline Lagrangian particle model, included a means to fill in cloud-covered areas in satellite 

images with model data from a previous run, and an updated buffering procedure to eliminate 

remote-sensing artifacts near land. The new version of the forecast was run in real time during 

the 2015 HAB season, initialized with satellite imagery provided by NOS, and made available to 

the public through GLERL’s website 

(www.glerl.noaa.gov/res/HABs_and_Hypoxia/habTracker.html). A method was developed to 

simulate the vertical distribution of buoyant Microcystis colonies in the forecast model, thereby 

creating a 3-D version of the forecast, while previous versions simulated 2-D advection only. 

Hindcast skill assessment was conducted for the record 2011 HAB season, showing that the 3-D 

model had greater skill than the 2-D model and a persistence forecast (Rowe et al., 2016, J. 

Geophys. Res. – Oceans). The 3-D forecast model was provided to NOAA GLERL to be run in real 

time for the 2016 HAB season. 

 

In 2015, we conducted field sampling programs in western Lake Erie and Saginaw Bay, Lake 
Huron. For western Lake Erie we expanded our spatial sampling coverage by adding two 
additional stations further east, one near the Toledo water intake and one near West Sister 
Island, which provides an early warning for blooms that might advect towards the Bass Island 
region. In 2016 we are continuing field sampling programs in western Lake Erie and Saginaw Bay, 
Lake Huron. For western Lake Erie we dropped one of the eastern stations in favor of picking up a 
station at the mouth of the Maumee River, which is the largest contributor to western Lake Erie 
nutrients loads.  We also added another station in Saginaw Bay in 2016 to improve our spatial 
coverage. We conducted 19 surveys on Lake Erie over the time period from 7/1/15 through 
6/30/16. For Saginaw Bay we conducted 10 sampling trips during the same time period. Each 
sample from both lakes was analyzed for nutrients, phytoplankton composition, extracted algal 
pigments, and toxins. Survey results for western Lake Erie are disseminated directly to over 30 
stakeholders on a weekly basis.  
 
All data from the 2014 surveys have been entered into the program’s database and are being 

shared with our Partners conducting statistical modeling, as well as with NOAA NOS staff running 

the operational Lake Erie HABs Bulletin. HABs modeling and HABs monitoring data are being used 

to develop a new daily HABs forecasting model in conjunction with a new 3D FVCOM 
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hydrodynamic model. Data have also been analyzed using artificial intelligence and neural 

network approaches to generate predictive understanding of bloom dynamics and environmental 

water quality conditions in Lake Erie. 

Three new profiling instruments were added to the Lake Erie and Saginaw Bay monitoring 
programs to improve our understanding of the vertical distribution and composition of the 
phytoplankton community and to characterize the inherent optical properties (IOP) of the water 
column to improve satellite estimations of HABs abundance and type.  Phytoplankton 
composition throughout the water column was measured with the BBE FluoroProbe which 
provides for the estimation of 5 distinct phytoplankton classes along with background DOM. IOP 
instruments include the ACS and BB9 and they were first deployed on 5/28/15. 
 
2. Sub-Project:  Harmful Algal Blooms Outreach and Research to Users Program  
Overview and Objectives: 
The goal of this sub-project is to assess public health, drinking water quality and natural resource 
managers’ and decision-makers’ research and information needs in order to improve harmful 
algal blooms research development and forecasts, to ensure successful technology transfer. 
Developing user friendly, timely products, tools and services requires stakeholder involvement in 
determining research priorities and providing stakeholders with research materials that are 
translated into a concise, easily understood formats to assist in local decision-making and 
education.  
  
The objectives of this work are to identify and assess user needs (related to harmful algal blooms) 
and disseminate scientific information, technology, and research materials to aid health officials, 
local governments, and communities in making sound environmental decisions. 
 
Accomplishments:           

1. Organized one-on-one training for Cleveland drinking water intake manager on using the 
HAB Tracker forecasting tool. GLERL lead HAB forecasting researcher participated in the 
training. (August 2015) 

2. Ecological Forecasting Roadmap (EFR) participation:  Harmful Algal Blooms forecasting is a 
main theme in the NOAA EFR. In August 2015, two NOAA staff (one from NOS, who is the 
Program Manager for the EFR, and one from NWS) visited GLERL to learn about the HABs 
program and forecast and participated in sampling in Western Lake Erie. In April 2016, we 
attended the annual EFR meeting to present on the communications and history of our 
HABs program, at the request of the EFR meeting organizers. 

3. Broadened CILER research to include social science/human dimensions research through 
the inclusion of a social science Master’s student in the CILER HABs UM-School of Natural 
Resources and Environment (SNRE) Master’s project. (March 2016)   

4. Overhauled and revamped NOAA GLERL’s HABs and Hypoxia website. A new section on 
the Environmental Sample Processor (ESP) Niagara was added, which includes videos on 
how the ESP works and when it was being put into its permanent canister prior to 
deployment. (June 2016) 
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3. Sub-Project:  Near-real time, in situ, microcystin detection in Lake Erie using the 
Environmental Sampler Processor 
Overview and Objectives: 
The goal of the Environmental Sample Processor (ESP) sub-project is to focus on developing the 

ability to detect and quantify cyanotoxins in situ, in near-real time. The ESP is a robotic, 

electromechanical instrument capable of acquiring, processing, and analyzing samples for 

molecular-based detection and measurement of organisms and their metabolites (e.g., toxins) in 

situ, in near real-time. Although the ESP has been deployed numerous times in marine coastal 

waters, this technology has not been utilized in freshwater systems to monitor potentially toxic 

cyanobacteria and their toxins until summer 2016. Since late 2015 CILER and NOAA scientists 

have been making the necessary scientific and engineering advancements to adapt this ocean 

technology for use in Lake Erie.  

Specific Aims/Milestones:   

CILER is supporting NOAA-GLERL in the development and deployment of instrumentation capable 

of detecting harmful algal bloom (HAB) toxicity in near real-time.  Specifically we are focusing on 

the development of a microcystin assay for a recently-purchased Environmental Sample 

Processor (ESP). CILER is supporting both the laboratory and field work associated with the 

preparation and deployment of the ESP, and working with Dr. Tim Davis (NOAA-GLERL) and Dr. 

Greg Doucette (NOAA-CCEHBR), to develop the specific protocols for the microcystin ELISA assay.   

Accomplishments:  

 Microcystin extraction methods compatible with the limitations of the ESP (no freezing or 

shaking required) were investigated. The efficiency of each possible method was 

compared to that of the in-laboratory method currently considered to be the ‘gold-

standard’. This research began April 2015 and was ongoing through January 2016. 

 Completed build-out of customized ESPniagara for Great Lakes application. 

 Extensive training on the Environmental Sample Processor (ESP) was completed by CILER 

research staff. Training was held at McLane Laboratories led by the lead principle 

engineers who built the ESPniagara.  

 CILER research staff traveled to Woods Hole Oceanographic Institute to conduct a full 

range of science and engineering testing in order to ensure the proper function of the 

ESPniagara. 

 ESPniagara was delivered to NOAA GLERL in January 2016 and testing of microcystin 

extraction protocols began on the ESPniagara (ongoing thereafter). Development the of 

microcystin array is progressing concurrently at collaborating NOAA National Ocean 

Science Laboratory (Charleston, SC). 

 Stationary mooring platform for the ESP is finished and delivered to GLERL in March 2016; 

communication and power systems for ESP deployments were established 

 ESPniagara was prepared for its first deployment in June 2016. Objectives of this 

deployment included test of communications system, all engineering components, and in-

field deployment feasibility.   
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Publications: 

Rowe, M. D., E. J. Anderson, T. T. Wynne, R. P. Stumpf, D. L. Fanslow, K. Kijanka, H. A. 
Vanderploeg, J. R. Strickler, and T. W. Davis (2016), Vertical distribution of buoyant 
Microcystis blooms in a Lagrangian particle tracking model for short-term forecasts in Lake 
Erie, J. Geophys. Res.: Oceans, 121, doi:10.1002/2016JC011720. 

Reavie, E. D., Cai, M., Twiss, M. R., Carrick, M. R., Davis, T. W., Johengen, T. H., Gossiaux, D., 
Smith, D. E., Palladino, D., Burtner, A., & Sgro, G. V. Winter–spring diatom production in 
Lake Erie is an important driver of summer hypoxia. (2016). Journal of Great Lakes 
Research, 42(3), 608-618. 

Stumpf, R. P., Davis, T. W., Wynne, T. T., Graham, J. L., Loftin, K. A., Johengen, T. H., Gossiaux, D., 
Palladino, D., & Burtner, A. M. (2016). Challenges for mapping cyanotoxin patterns from 
remote sensing of cyanobacteria. Harmful Algae, 54, 160-173. 

Gobler, C.J., J.M. Burkholder, T.W. Davis, M.J. Harke, T. Johengen, C.A. Stow, D.B. Van de Waal 
(2016).  The dual role of nitrogen supply in controlling the growth and toxicity of 
cyanobacterial blooms. Harmful Algae 54 (2016) 87-97.  

Cory, R.M.,  T.W. Davis, G.J. Dick, T.H. Johengen, V.J. Denef, M. Berry, S.E. Page, S.B. Watson, K. 
Yuhas, G.W. Kling (2016).  Seasonal dynamics in dissolved organic matter, hydrogen 
peroxide, and cyanobacterial blooms in Lake Erie.  Frontiers in Marine Science, vol3, Article 
54.  

 
Presentations:   

M. D. Rowe, Biophysical modeling, NOAA Science Research Review of the Great Lakes 
Environmental Research Laboratory, March 22-24, 2016, Ann Arbor, MI (invited). 

M. D. Rowe, E. J. Anderson, T. T. Wynne, R. P. Stumpf, D.L. Fanslow, H. A. Vanderploeg, Advection 
and vertical distribution of buoyant cyanobacterial colonies in a Lagrangian particle model 
for short-term forecasts of harmful algal blooms in Lake Erie, American Geophysical Union 
Ocean Sciences Meeting, 21-26 February, 2016, New Orleans, LA. 

M. D. Rowe, Influence of tributary nutrient loads and quagga mussels on nearshore and offshore 
distributions of chlorophyll and nutrients in a Lake Michigan FVCOM biophysical model, 
State of Knowledge of Cladophora in the Great Lakes Workshop, January 26-28, 2016, Ann 
Arbor, MI (invited). 

M. D. Rowe, E. J. Anderson , T. T. Wynne, R. P. Stumpf, D. L. Fanslow, H. A. Vanderploeg, 
Simulation of the vertical distribution of buoyant Microcystis colonies in an FVCOM offline 
Lagrangian particle model for short-term forecasts of harmful algal blooms in Lake Erie, 
FVCOM User’s Workshop, October 20-22, 2015, Bedford Institute of Oceanography, 
Dartmouth, Nova Scotia. 

M. D. Rowe, E. J. Anderson, D. L. Fanslow, H. A. Vanderploeg, Development of the FVCOM 
Lagrangian particle trajectory model for 3D HAB transport and forecasting in Lake Erie, 
NOAA FVCOM Workshop, September 3, 2015, Silver Spring, MD (invited).  

M. D. Rowe, E. J. Anderson, A. J. Vander Woude, T. H. Johengen, H. A. Vanderploeg, Vertical 
mixing and buoyancy in a model for short-term forecasts of cyanobacterial HABs in Lake 
Erie, International Association of Great Lakes Research annual meeting, May 29, 2015, 
Burlington, VT. 
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JOHENGEN, T.H., Palladino, D., Miller, R., Stuart, D., Purcell, H., Ruberg, S.A. Continuous Water 
Quality Monitoring to Understand Drivers of Harmful Algal Bloom in Lake Erie.  ASLO 
Conference, June 2016, Santa Fe, NM.  

Palladino1, D., Johengen1, T.H., Ruberg2, S.A., Miller1, R., Purcell1, H.L., Stuart1, D. Burtner1, A.M. 
What’s really been going on: A retrospective look at algal blooms in western Lake Erie 
using in situ sensors.   ASLO Conference, June 2016, Santa Fe, NM.  

JOSHI, S.J. NOAA’s Harmful Algal Bloom Forecasting Products. North Central Region Water 
Network. Water Currents Webinar. July 15, 2015 (2015) 

JOSHI, S. Algal Blooms in Michigan: Monitoring and Prediction and Overview. Southeast Michigan 
Environmental Health Association Annual Meeting. Livonia, MI, September 18, 2015 
(2015) 

JOSHI, S. Lake Erie/ Lake St. Clair Citizen Fisheries Advisory Committee presentation on HABs. 
Belle Isle, MI. October 6, 2015 (FY16). 

ANDERSON, E. J., T.W. DAVIS, S.A. RUBERG, M.D. ROWE, A.J. VANDER WOUDE, JOSHI, S* 
(presented on behalf of Eric Anderson) Coastal Estuarine Research Federation Conference. 
November 11, 2015 (FY16). 

JOSHI, S. Identifying and Assessing Needs of Management Community. HABs Collaboratory 
Inaugural Meeting. December 15, 2015. 

JOSHI, S. Harmful Algal Blooms- NOAA’s Monitoring and Prediction. The Stewardship Network 
Monthly Webcast. January 8, 2016. 

JOSHI, S. The Great Lakes and Your Health. Saline Rotary Club Meeting. January 28, 2016. 
JOSHI, S. Harmful Algal Blooms: NOAA’s Monitoring and Prediction. Harmful Algal Blooms: A 

Public Safety Forum hosted by the Stewardship Network Western Lake Erie Cluster. March 
10, 2016. 

JOSHI, S.J. NOAA's Harmful Algal Blooms Forecasting Tools. 2016 Western Lake Erie/ Detroit River 
Regional Michigan Sea Grant Fisheries Workshop. Taylor, MI, April 21, 2016. 

JOSHI, S.J., T. JOHENGEN, E.J. ANDERSON. NOAA GLERL's HABs Program: Regional Example. NOAA 
Annual Ecological Forecasting Roadmap Meeting. College Park, MD, April 27, 2016. 

Mikulski, C., A. Ritzenthaler, S. Ruberg, T. Davis, and G. Doucette. Development of an 
immunoassay for autonomous, subsurface detection of particulate microcystins in Lake 
Erie. 8th Symposia on Harmful Algae in the U.S., Long Beach, CA, November 15-19, 2015. 

Davis, T., A. Burtner, D. Palladino, A. Ritzenthaler, D. Gossiaux, S. Ruberg, T. Johengen. 
Introduction to NOAA GLERL’s Harmful Algal Bloom Monitoring Program. Invited 
Presentation, McLane Laboratories, December 2015. 

 

Outreach Activities:  

 Presented “HAB Tracker - Short-term forecast of Lake Erie HAB distribution and movement: 
2016 updates” in a public webinar hosted by the Great Lakes Commission HABs Collaboratory, 
23 June 2016, (150 attendees). 

 April 2016 Fisheries workshop HABs needs assessment with fisheries stakeholders 

 Live demonstration of the ESPniagara was provided for all in-house scientists and 

collaborators highlighting its capabilities and how the instrument will be used to advance 

CILER and NOAA GLERL’s missions. 
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 Live demonstrations of the ESPniagara were also provided by CILER research staff for the 

NOAA GLERL 5-year Laboratory Science Review and the joint NOAA and Environment and 

Climate Change Canada (ECCC) meeting. Each of these demonstrations were given to an 

audiences of ~30 U.S. and Canadian scientists including NOAA OAR assistant administrator 

Craig McLane, NOAA NWS director Louis Uccellini, and David Grimes, Assistant Deputy 

Minister and head of Environment and Climate Change Canada’s Metrological Service.  

 Video demonstration of the ESPniagara extraction protocol has been recorded for educational 

use and is available on the ESP project website. 

 Video footage of ESP pre-deployment activities has been recorded for educational use on the 

website 

 Project website: http://www.glerl.noaa.gov/res/HABs_and_Hypoxia/esp.html 

 

 

THEME IV: Protection and Restoration of Ecosystem Resources 
Identifying land use tipping points that threaten Great Lakes ecosystems 
Principal Investigator(s): Allen Burton (CILER), Hongyan Zhang (CILER) 
NOAA Technical Lead(s): Edward Rutherford (NOAA-GLERL) 
NOAA Sponsoring Office: OAR, Great Lakes Environmental Research Laboratory 
Budget Amount: $309,745 
 
NOAA Strategic Goal:  
Goal 4 - Resilient Coastal Communities and Economies 
 
Overview and Objectives: 
The goal of this project was to identify land use indicators and tipping points that can be used to 

develop policies, ordnances, and land protection programs, and identify restoration priorities 

needed to sustain Great Lakes ecosystems in near shore areas. 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.)  The objective of this project is 

to use existing Great Lakes water quality, biological monitoring, and corresponding watershed 

land use data to identify tipping points that impact Great Lakes ecosystems. 

 

Accomplishments: 

1. The IL-IN Sea Grant extension specialists identified % agriculture and % urban in the 
watershed as two potential SOLEC indicators. 

http://www.glerl.noaa.gov/res/HABs_and_Hypoxia/esp.html
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2. Robinson (a former PhD student at Purdue University) worked to develop landscape, land 
use class, and land use patch metrics for each HUC8 and HUC12 watershed falling within 
the 8 Great Lake states. These landscape, class, and patch metrics include, but are not 
limited to, measures such as the number of land use/cover patches within the 
watersheds, the total amount of core area, the total amount of natural lands, patch area-
perimeter ratios, and measures of heterogeneity in land use/cover within each watershed 
boundary. 

3. Co-PIs Wiley and Riseng re-ran CART models to identify land use tipping points for fishes 
and macroinvertebrates for the Lower Peninsula of Michigan. They identified threshold 
surface responses of fish and macroinvertebrates to % urban and % agriculture in the 
watershed. These relationships have been provided to the Tipping Point Planner Decision 
Support Tool. 

4. Co-PIs Johnson and Ciborowski identified land use thresholds for fish and 
macroinvertebrates in Great Lakes coastal wetlands. They identified indicators of 
agricultural activities based on water quality, habitat and biotic responses, and identified 
endpoints and potential thresholds. They developed a structural equation model to 
quantify direct and indirect relationships of water quality, habitat and biota with 
landscape stressors. Their manuscript in review reports threshold results, and structural 
equation models of macroinvertebrate assemblages predicted by water quality, aquatic 
habitat, watershed stressors, land use and nearshore activities in Great Lakes coastal 
wetlands. Johnson and Ciborowski worked with co-PIs Miller and Pijanowski to input 
these relationships to the Tipping Point Planner Decision Support Tool. 

5. Co-PIs Stevenson and Hyndman related summer chlorophyll a concentrations in US Great 
Lakes coastal waters to total phosphorus loads from watersheds. They found statistically 
significant relationships between loads, depth and distance from shore with chlorophyll a 
biomass estimated by satellite imagery. The investigators are working with co-PIs Miller 
and Pijanowski to input these relationships to the Tipping Point Planner Decision Support 
Tool. 

6. The agent-based model for Chinook salmon was completed by co-PI Tyler, and simulations 
were run to detect land use change impacts on salmon recruitment potential in the 
Muskegon River. Tyler extended the Chinook salmon and steelhead models for the 
Boardman River in the Grand Traverse Bay watershed with assistance from co-PI David 
Hyndman.  

7. Comparison of coarse scale models with fine scale models for the Muskegon River 
indicates similar thresholds for land use tipping points.  

8. Michigan State University scientists completed their analysis of septic tank use, combined 
sewer overflows (CSOs), and water quality violations for the Boardman and Jordan River 
watersheds. They quantified bacteria and chemical concentrations in waters. E. coli 
concentrations were highest in streams under baseflow conditions, while B. theta was 
highest in high summer flow conditions. Variables which influenced water quality and 
tipping points were septic systems, concentrations of NH3, Cl, Ca, and pH. They found that 
near surface water activities likely have greater impacts.  

9. University of Michigan scientists completed the Ecopath with Ecosim food web model for 
Saginaw Bay Lake Huron (Kao et al. 2014). The co-PIs evaluated food web response to 
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varying levels of alewives, Dreissena, and phosphorus loads. Most members of the food 
web responded positively to increases in nutrient loads, and negatively to increases in 
alewife biomass. The food web response to increases in Dreissena biomass was 
comparatively lower than for other stressors.  Results implied reaching target phosphorus 
loads will mean reductions in current walleye biomass and harvest. Future work will 
identify threshold values for phosphorus loading on different metrics of food web change. 

10. University of Michigan scientists are working on several Ecopath with Ecosim food web 
models for Lakes Erie, Michigan, and Huron, and Green Bay, Saginaw Bay and western 
Lake Erie to detect tipping points of the ecosystems with changes in phosphorus loads. 
These model results will be incorporated into the Tipping Point Planner Decision Support 
Tool. 

 

Publications: 

None in FY16 

 

Presentations:   
None in FY16 

Outreach Activities:  
Project website: http://www.tippingpointplanner.org/ 

 

THEME IV: Protection and Restoration of Ecosystem Resources 
2015 Synthesis, Observations, and Response (SOAR) 
Principal Investigator(s): Thomas Johengen (CILER), Robert Shuchman (MTRI), Bopaiah Biddanda 

(GVSU) 
NOAA Technical Lead(s): Steve Ruberg (NOAA GLERL) 
NOAA Sponsoring Office: OAR, NOAA Great Lakes Environmental Research Laboratory 
Budget Amount: $480,289 

NOAA Strategic Goal(s):  
Goal 1 - Healthy Oceans 
Goal 4 - Resilient Coastal Communities and Economies 
 
Overview and Objectives:  

The implementation of the Great lakes Synthesis, Observations and Response System program 
(SOAR) is designed to coordinate and integrate regional coastal observations that support 
national and regional priorities, including Great Lakes restoration.  SOAR activities include the 
deployment and support of on-water and remote sensing platforms. Observations from these 
systems are used to create database products for assessment and decision support, providing an 
up-to-date (including real-time data) web data presence.  The overall objective of the SOAR 
project is to provide real-time ecosystem information to maintain high quality drinking water and 
bathing beaches through observations, data management, and forecast model development.   
Observations of environmental parameters are used to develop decision support tools to provide 

http://www.tippingpointplanner.org/
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warnings to regional managers regarding phosphorous loads, hypoxia and harmful algal blooms, 
and to support adaptive management process decisions. These decision support tools include: 
real-time observing system components (buoys) deployed at Maumee Bay (Lake Erie), Saginaw 
Bay (Lake Huron), Muskegon Lake Area of Concern (AOC), Lake Michigan, and Lake Erie; a web-
based data management system; synthesized remote sensing products for predicting harmful 
algal blooms (HABs); and coupled physical-chemical-biological models for Green Bay (Lake 
Michigan), Saginaw Bay (Lake Huron), and western Lake Erie.  Instrumentation deployed in and 
near AOCs will provide observations of hypoxia and soluble reactive phosphorous, and support 
detection of HABs.  Specific components of these research activities are led by CILER Partners at 
Michigan Tech Research Institute (MTRI) and Grand Valley State University (GVSU) as defined 
below. 
 
MTRI has worked together with NOAA GLERL and CILER over the last decade on the development 
of satellite-based algorithms that specifically address water quality issues in the Great Lakes. An 
important component of this work is the measurement of backscatter and absorption coefficients 
of nearshore and offshore waters in all five Great Lakes. Accurate backscatter and absorption 
coefficients are necessary inputs into Great Lakes satellite-based algorithms that provide 
chlorophyll, dissolved organic carbon (DOC), colored dissolved organic matter (CDOM), total 
suspended matter (TSM), HABs, water clarity, and photic zone estimates. Previous in situ optical 
property measurements collected by NOAA GLERL, MTRI, and the Upstate Freshwater Institute 
(UFI) are located in the Great Lakes Optical Properties Geospatial Database (GLOPGD) which can 
be found on line at http://glopgd.org/. This collaborative effort between GLERL and MTRI 
addresses collection of additional in situ optical properties during the 2015 field season. Field 
sites include: 1) 3-4 sites off the NOAA Lake Michigan Field Station, 2) 4-5 stations in the western 
basin of Lake Erie, and 3) multiple sites in Lake Superior during a single late summer cruise.  The 
Muskegon and Lake Erie sites were repeatedly measured at a minimum of a monthly interval, 
with weekly and bi-weekly intervals used during times when the biota and sediment are rapidly 
changing.   
 
GVSU continued to operate the Muskegon Lake Observatory (MLO) buoy, which was initially 
developed under funding from EPA’s GLRI program (2011-2014).  The current project continues 
to build much-needed long-term time series data for this Great Lakes AOC, and enable making 
new scientific discoveries such as detection of hypoxia and CyanoHABs with management 
implications.  The MLO project utilizes GVSU Annis Water Resources Institute (AWRI) and NOAA 
GLERL resources, building a key regional infrastructure that supports students, scientists, 
resource managers, and policy makers.  
 
Development of Decision Support Tools (PI: Dr. Thomas Johengen, CILER) 
Objectives:  

 Provide real-time, quality assured, phosphorous and optical data for the web-based 
decision support system in development. 

 Provide data for satellite ground-truth and to contribute to forecast information to beach 
and water intake managers.  
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 Better understand the causes of nutrient-related nearshore biological impairments and 
contribute the necessary environmental data to assess the effectiveness of watershed 
remedial actions. 

 Develop predictive modeling methods to improve the accuracy of decisions for water 
intake and beach managers to better protect public health. 

 Incorporate improved remotely-sensed estimations, including airborne hyperspectral 
observations, into daily forecasts for use in decision support tools and for adaptive 
management    

 Better understand the interaction of internal waves and upwelling on the entrainment of  
hypoxic  water into locations of water intakes 

 
Specific Aims/Milestones:   

1. Develop and operate observing systems within western Lake Erie that include:  

 Deploy four instrumented moorings that contain the following instrumentation: WETLabs 
CYCLE-P nutrient analyzer, Turner Designs C6 fluorometer, and a YSI multi-parameter 
sonde.  All moorings are designed to transmit the data in real-time via GLERL’s ReCON 
data management system. 

 Use collected ground truth samples to validate and refine remotely sensed 
determinations of sediment plumes and nuisance algal blooms using discrete 
measurements of chlorophyll, total suspended matter, and CDOM.  

 Conduct profiles to measure inherent optical properties (IOP) using the Satlantic 
hyperspectral profiler, the Satlantic hand-held hyperspectral imager, and WETLabs acs 
and bb9 absorption and backscatter instruments to aid in algorithm development and 
validation of remote sensing estimations of color producing agents (chlorophyll, total 
suspended matter, and CDOM).  

 Conduct 2-3 detailed 3-dimensional surveys with our existing IVER-2 Autonomous 
Underwater Vehicles to map spatial distributions of the Maumee River plume and harmful 
algal blooms. 

 Initiate the collection of airborne hyperspectral data using manned and unmanned aerial 
systems (UAS).  

2. Develop and operate a field program for Saginaw Bay to collect ground truth samples to help 
compare and refine various remote sensed determinations of sediment plumes and nuisance 
algal blooms.  

3. Deploy a real-time buoy in Saginaw Bay to aid in the detection of harmful algal blooms and 
episodic hypoxia events.   

4. Deploy a real-time buoy north of Cleveland in 21m of water to detect the onset of hypoxia, 
internal waves, and upwelling events.  In-situ observations will be analyzed in conjunction 
with meteorological observations to understand and predict physical processes that transport 
hypoxic water into water intakes. 

5. Conduct QA/QC sampling monthly in Saginaw Bay, western Lake Erie, and Lake Michigan to 
help evaluate the accuracy and consistently of ReCON instrumented moorings. 

6. Initiate an inter-comparison of various remote sensed products and estimations of algal 
bloom and sediment plume concentrations and areal extent for western Lake Erie and 
compare these estimates against field data.    
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7. Initiate the development and testing of a comprehensive mechanistic model to enhance the 
current forecasting model which currently only includes physical processes and treats 
Microcystis cells as inactive particles.   

8. Initiate the classification of specific algal species, focusing on known toxic cyanobacterial 
species using weekly hyperspectral overflights performed in 2015 and use these results to 
better inform water intake managers of the location of harmful bloom species.   

9. Continue analysis self-organizing maps and lakescapes that were developed for Lake Erie, the 
same analysis will continue for Lake Superior with collaborations with Dr. Tim Moore and Dr. 
Colleen Mouw. The goal is to compare the water types clustering classification algorithm that 
they have used on Lake Erie and Lake Superior with the results from our lakescape analysis to 
develop an algorithm for chlorophyll within each region.  

 
Accomplishments: 

 The SOAR western Lake Erie buoys were deployed starting at the end of May and operated 

continuously until final retrieval near the end of October.  Stations WE2 and WE4 were 

outfitted with WETLabs Cycle P, Turner C6, and YSI EXO units.  Stations WE8 and WE13 were 

equipped with Cycle P and EXO units only.  Total number of days of continuous monitoring 

across the four sites ranged from 86 at the eastern most site (WE13) to 160 days at the 

Maumee Bay adjacent site (WE2), with a total of 502 days for all stations. All four stations 

were real-time and being reported to the GLOS and GLERL HABs websites.    

 Due to extensive rainfall and river discharge in the spring of 2015, much of western Lake Erie 

experienced unusually high levels of phosphorus and turbidity (up to 50x higher than average, 

see Fig. 1).  These water quality conditions created significant staining and clogging issues in 

the Cycle P units at station WE2, which required significant additional servicing and 

deployments.  Moreover, the extensive phosphorus input led to the highest-ever recorded 

areal extent of HABs ever documented for Lake Erie.    

 

Fig. 1.  Continuous hourly soluble reactive phosphorus (SRP) concentrations at mooring WE2 
measured by the WETLabs cycle P (blue) and daily total phosphorus (TP) load for the Maumee 
River, estimated from Heidelberg University monitoring program (red). 
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 Two ReCon buoys were deployed for the 2014 and 2015 navigational seasons to aid in the 
detection of HABs and episodic hypoxia events.  One was deployed north of Cleveland in 21 m 
of water to also detect internal waves and upwelling events, the other was deployed in 
Saginaw Bay. 

 Using the hyperspectral camera, Resonon Pika II and the in situ Satlantic Hypergun, six 
different algorithms were compared for estimated chlorophyll a for the western basin of Lake 
Erie. The Gilerson 2-band and Tim Moore Curve Fitting algorithm behaved the best and had 
the best relationship with measured chlorophyll values. A paper is currently being prepared to 
report the findings, with Dr. Tim Moore from the University of New Hampshire. 

 Over 15 airborne hyperspectral flights were conducted in FY2015, continuing to FY2016. Dr. 
Andrea Vander Woude (CILER) has been managing this program, including processing the 
imagery with IDL and Python, writing georectification scripts, and making sure the camera is 
operating correctly, as well as putting the camera in the plane during weekly flyovers that 
coincide with sampling.  

 Classification of algal species began in FY2016 after obtaining a culture library of major 
phytoplankton species within Lake Ere. These species are currently being grown in larger 
quantities to create optical spectral libraries.  

 A hyperspectral algorithm is in pre-development using the in-house cultures to create a 
spectral library and remote sensing reflectance curves for each species.  The algorithm is 
called PHYDOTax and uses an inversion algorithm on the images to separate the spectra 
depending on the species that are present.  

 Discussions are continuing to compare Dr. Tim Moore's fuzzy logic algorithm to the self-
organizing map results that separate out Lake Erie water types from in situ and satellite data, 
respectively.  A paper will result after the Curve Fitting algorithm paper is completed in fall 
2016.  

 
Optical Property Measurements of Great Lakes Water (PIs: Dr. Robert Shuchman and Mr. Mike 
Sayers, Michigan Tech Research Institute) 
Objectives:  

 Generate updated IOP data to further refine CPA-A HO Model performance, 

 Observe seasonal and spatial changes in IOPs due to shifts in phytoplankton composition, 

 Quantify nearshore and offshore IOP gradients, 

 In Lake Erie determine HO model parameters for two dominating sediment types (calcite 
and red clay), and  

 Generate HABs-specific HO models for more robust HABs satellite retrievals. 
 
Specific Aims/Milestones:   

1. Measure Optical Properties at GLERL Field Sites - Collect ACS, BB-9, Satlantic Profiler, Surface 
Reflectance (Hypergun or ASD), and FluoroProbe data at mutually agreed upon NOAA GLERL 
sites, in partnership with CILER and GLERL personnel assigned to the project.  Perform 
collections at a minimum of each month from April to October 2015 at each test site in Lakes 
Michigan and Erie, and at least once in Lake Superior and Saginaw Bay. Collect measurements 
in Lake Michigan and Erie more often than monthly when conditions dictate. 
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2. Process Field Data Sets – Process collected field data into absorption, backscatter, reflectance 
and all other appropriate standard output forms, as in the case of the Satlantic profiler and 
FluoroProbe. Perform all necessary calibrations during the processing of the raw data using the 
established NOAA GLERL protocols. 

3. Populate GLOPGD and Report Results – Enter processed and QC verified field data into the 
existing GLOPGD in order for it to be shared by the Great Lakes stakeholder community. 
Seasonal data sets are reported jointly by GLERL and MTRI at appropriate technical 
conferences such as IAGLR and published in a refereed journal article. 

 
Accomplishments: 

During the July 2015 to June 2016 project period, MTRI developed and disseminated new and 

refined remote sensing products in support of the current SOAR monitoring and public warning 

activities that included: 1.) Additional weekly HABs concentrations in the western basin of Lake 

Erie; 2.) Updates of the annual extent of HABs in the western basin of Lake Erie; 3.) Weekly 

derived Great Lakes water quality parameters (chlorophyll (chl), dissolved organic carbon (doc), 

and suspended mineral (sm) concentrations; cdom absorption; light attenuation (Kd), 

photosynthetically active radiation (PAR), photic zone depth, backscatter, absorption, and 

primary productivity (pp)); and 4.) Satellite-derived time series of products of interest (i.e., pp 

and HABs) to the stakeholder community. The figure below summarizes derived remote sensing 

satellite products being generated under this SOAR initiative. 

In addition to the derived remote sensing products, MTRI scientists and engineers assisted GLERL 

personnel in the collection of Inherent Optical Properties (IOP) and Apparent Optical properties 

(AOP) measurements of Great Lakes water. These IOP and AOP measurements support the 

refinement of the derived satellite products as well as provide insight into how lake constituents 

(algae, sediment, and DOC) are changing due to invasive species, climate change and 

anthropogenic forcing.  
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Observatory for Ecosystem Changes in Muskegon Lake AOC (2015-16) (PI:  Bopiah Biddanda, 
Grand Valley State University, Annis Water Resources Institute) 
Objectives: 

The primary objectives of the project are to operate and maintain the Muskegon Lake 

Observatory (MLO) buoy, conduct collaborative research with time-series data, and contribute to 

limnological education and outreach.  Since 2011, the MLO has been operated in Muskegon Lake, 

Muskegon, MI, and is equipped with meteorological and water quality sensors from lake surface 

to bottom.  A dedicated website for the project is maintained at www.gvsu.edu/buoy/ where 

current and historical data are accessible to researchers and the public.  Select data feeds into 

the Integrated Ocean Observing System (IOOS) through the Great Lakes Observing System portal 

at http://glos.us/.    

Specific Aims/Milestones:    

The primary outcome of the this work is a robust time-series data on meteorological and water 
quality parameters for Muskegon Lake AOC that is universally accessible on the project website. 
Monitoring and research focus during the reporting period: 

 Continued monitoring in support of restoration goals for the Muskegon Lake Area of 
Concern (AOC).  

http://www.gvsu.edu/buoy/
http://glos.us/
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 Conducted monitoring over the 2015-16 winter season and carried out comparative 
analysis of seasonal hypolimnetic hypoxia through the monitoring years and investigation 
of key drivers.  

 Detected and explored the role of intrusions of cold and oxygenated Lake Michigan water 
into Muskegon Lake during summer time coastal upwelling events in alleviating hypoxia.   

 Examined linkages between hypoxia and fish abundance, P-regeneration, and HABs.  

 Initiated lake-wide acoustic Doppler current profiler (ADCP) flow measurements, and 
made plans for additional T-profile moorings to better understand lake hydrodynamics.  

 

Accomplishments: 

 MLO was in operation from July 1 to November 2015 after which it was recovered for the 
winter with support from NOAA GLERL. 

 MLO was serviced during winter months; sensors were bench checked and serviced; parts 
of buoy components were cleaned, sandblasted, and painted with ablative paint.  New 
batteries were purchased and installed.  All buoy components were serviced. 

 A water sensor string and bottom mounted ADCP were deployed in late fall 2015 below 
surface over the winter months. 

 MLO was again deployed in May 2016 and operated through the reporting period.    

 Time-series data was processed for data quality, disseminated, and archived.  

 Supported 1 buoy technician to manage operations and recruited 1 post doc to analyze 
data. 

 Supported 3 MLO-based Master’s degree thesis projects and their professional 
development.  

 Supported 6 MLO-based undergraduate interns in their training and professional 
development. 

 Made 9 presentations at forums ranging from classrooms to international conferences. 

 Generated 4 peer-reviewed journal publications, with 5 more under preparation. 

 Shared MLO science findings with >1,500 K-12 students and >100 teachers. 

 Leveraged MLO infrastructure and findings to apply for and obtain funding for a 
Postdoctoral position focused on developing a 3-D hydrodynamic model for the 
Muskegon Lake AOC. 

 

Publications: 

Defore, A. D., A. Weinke, M. Lindback, and B. Biddanda  (In Press, Aquatic Microbial Ecology, 
2016): Year-round Measures of Planktonic Metabolism Reveal Net Autotrophy in Surface 
Waters of a Great Lakes Estuary  

Dila, D. K. and B. A. Biddanda (2015): From land to lake: Contrasting microbial processes across a 
Great Lakes gradient of carbon and nutrient inventories. J. Great Lakes Res 41:75-85. 

Fahnenstiel, G., M. Sayers, R.A. Shuchman, F. Yousef, and S. Pothoven. "Lake-wide phytoplankton 
production and abundance in the Upper Great Lakes: 2010–2013." Journal of Great Lakes 
Research. 42, no. 3 (2016): 619-629 doi: 10.1016/j.jglr.2016.02.004  
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McNair, J.N., Sesselmann, M.R., Gereaux, L.C., Weinke, A.D., Kendall, S.T., and Biddanda, B.A. 
(2015): Alternative approaches for estimating components of lake metabolism using free-
water dissolved-oxygen method. Fundamental Applied Limnology 186: 21-24 

Sayers M., G.L. Fahnenstiel, R.A. Shuchman, and M. Whitley. "Cyanobacteria blooms in three 
eutrophic basins of the Great Lakes: a comparative analysis using satellite remote 
sensing." International Journal of Remote Sensing 37, no. 17 (2016): 4148-4171. DOI: 
10.1080/01431161.2016.1207265  

Vail, J., A. Meyer, A. Weinke and B. Biddanda (2015):  Water quality monitoring: Lesson plan for 
exploring time-series data.  J. Michigan Teachers Association 6: 37-48. 

 

Presentations:   

Sayers, M., G. Fahnenstiel, R.A. Shuchman, and M. Whitley. "Cyanobacteria Blooms in Three 
Eutrophic Basins of the Great Lakes: A Comparative Analysis Using Satellite Remote 
Sensing." IAGLR 59th Annual Conference on Great Lakes Research June 6-10(2016).  

Ruberg, S., G. Leshkevich, A. Vander Woude, D. Stuart, M. Sayers, R. Shuchman, A. Grimm, and K. 
Bosse. "Inherent and Apparent Optical Property Observations and Trends in Western Lake 
Erie for 2015." IAGLR 59th Annual Conference on Great Lakes Research June 6-10(2016).  

Brooks, C.N., R.A. Shuchman, M. Sayers, A.G. Grimm, M.G. Billmire, and R. Sawtell. "Sharing Great 
Lakes remote sensing data through integrated web portals." IAGLR 59th Annual 
Conference on Great Lakes Research June 6-10(2016).  

Koopmans, D., A. Weinke, S. Kendall, J. V. Klump, and B. Biddanda (October 9, 2015):  Can 
Upwelling Along Lake Michigan’s Eastern Shore Ameliorate Hypoxia in Drowned River 
Mouth Lakes? A Case Study in Muskegon Lake.  State of Michigan Water Collaboration 
Workshop, Roscommon, MI (Poster). 

Doster, M, A. Weinke, D. Koopmans and B. Biddanda (November 21, 2015).  Analyzing drivers of 
and linkages between hypoxia and algal blooms in a Great lakes Estuary using time series 
observations. West Michigan Undergraduate Research Conference (Poster). 

Vail, J., D. Koopmans and F. Januska (November 18, 2015). Water Quality Monitoring: Exploring 
Time-Series Data”.  Fall science Update to STEM teachers, Regional Math and Science 
Center, GVSU, Allendale, MI (Oral). 

Biddanda, B., D. Koopmans, A. Weinke and J. Vail (November 19, 2015).  Using observatory data 
to understand ongoing ecosystem changes in Muskegon Lake.   Presentation to students 
of AP Environmental Science class from North Muskegon High School (Oral). 

Weinke A., C. Ruetz., D. Koopmans and B. Biddanda (January 26, 2016).  Out of Breath: Hypoxia 
and Its Effects On Fish Species Composition and Abundance In The Bottom Waters of 
Muskegon Lake, Michigan, With Lake-Wide Implications. West Michigan Fish and Wildlife 
Conference, Grand Rapids, MI (Poster). 

Weinke, A. and B. Biddanda (February 24, 2016): Layered lake: Ecosystem dynamics in a 
freshwater estuary during the growing season with respect to climate change, 
stratification, and episodic mixing events. Association for Sciences of Limnology and 
Oceanography Ocean Science Conference, New Orleans, LA (Poster). 

Biddanda, B. (March 12, 2016): Muskegon Lake Observatory:  What it means to boaters and 
public.  Spring Thaw Open House Event at Torresen Marine, Muskegon Michigan (Oral). 
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Weinke, A., D. Koopmans, S. Kendall and B. Biddanda (June 9, 2016):  “Time –series buoy 
observatory allows monitoring of difficult to track unforeseen episodic lake phenomena”.  
IAGLR, 59th Annual Conference of the International Association for Great Lakes Research. 
Guelph (Oral). 

STUART, D.G. , PALLADINO, D. , JOHENGEN, T.H. , RUBERG, S.A. , PURCELL, H.L. , MILLER, R.J. , 
ANDERSON, E.J. , VANDER WOUDE, A.J. , BURTNER, A. , SMITH, J.P. , and DAVIS, T.W.  
Improvements in Monitoring and Prediction of Western Lake Erie Harmful Algal Blooms.  
59th Annual Conference on Great Lakes Research.  Guelph, Ontario.  June 6-10, 2016. 

MILLER, R.J., JOHENGEN, T.H., VANDERPLOEG, H.A., HOFFMAN, J., HOLLENHORST, T., 
FIORENTINA, L.A., and AUSTIN, J.A.   Application of Underwater Gliders to Map Nearshore-
Offshore Gradients During 2015 Lake Michigan CSMI.  59th Annual Conference on Great 
Lakes Research.  Guelph, Ontario.  June 6-10, 2016. 

VANDER WOUDE, A.J., STUART, D.G., RUBERG, S.A., JOHENGEN, T.H., MCCARTY, B., CHURNSIDE, 
J.H., PALLADINO, D., and BURTNER, A.   Chlorophyll a and Phycocyanin from Hyperspectral 
Airborne and Hand-held Sensors on Lake Erie.   59th Annual Conference on Great Lakes 
Research.  Guelph, Ontario.  June 6-10, 2016. 

Palladino, D., Johengen, T.H., Ruberg, S.A., Miller, R.J., Purcell, H.L., Stuart, D.G., and Burtner, A.B.  
A Retrospective Look at Algal Blooms in Western Lake Erie using High Frequency Real-time 
Monitoring Network.  American Society for Limnology and Oceanography Summer 
Meeting, Santa Fe, NM.  June 5-10, 2016. 

Johengen, T.H., Palladino, D., Miller, R.J., Stuart, D.G., Purcell, H.L., Ruberg, S.A.  Continuous 
Water Quality Monitoring to Understand Drivers of Harmful Algal Blooms in Lake Erie.     
American Society for Limnology and Oceanography Summer Meeting, Santa Fe, NM.  June 
5-10, 2016. 

Miller, R.J.,  Johengen, T.H.,  and Ruberg, S.A.  Lake Erie Nutrient and Harmful Algal Bloom 
Monitoring Buoys.   2016 NOAA Buoy Workshop, Woods Hole Oceanographic  Institute.  
Boston, MA. 

 

Outreach Activities:  

 Data from RECON buoys is currently displayed on the Real-time Coastal Observation Network 
web display and data management system, as well as the GLOS DMAC web portal to be made 
available for access by GLRI managers, municipal water managers, beach managers, and 
researchers.  

 Data from the western Lake Erie buoys are displayed on the GLERL HABs and Hypoxia website 
as well as through the IOOS GLOS data portal.   

 Data for the MLO project is maintained at www.gvsu.edu/buoy/ where current and historical 
data are accessible to researchers and the public.  Select data feeds into the Integrated Ocean 
Observing System (IOOS) through the Great Lakes Observing System (GLOS)portal at 
http://glos.us/.    

 Drs. Johengen and Vander Woude presented project overview demonstrations to NOAA 
Leadership and an external SAB review panel during the NOAA GLERL Lab Review.  March 
2016. 

 Dr. Biddanda made 9 presentations at forums ranging from classrooms to international 
conferences. 

http://www.gvsu.edu/buoy/
http://glos.us/
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 Dr. Biddanda shared MLO science findings with >1,500 K-12 students and >100 teachers as 
part of the GVSU AWRI vessel-based education and outreach program. 
 
 

THEME IV: Protection and Restoration of Ecosystem Resources 
A Metatgenomic-Based Approach to Determine Microbial Pollution Sources in 

South Florida Coral Reefs 
Principal Investigator(s):  Drs.  Allen Burton (CILER),  Chanlan  Chun (University of Minnesota Duluth), and 

Michael J. Sadowsky (University of Minnesota) 
NOAA Technical Lead(s): Chris Sinigalliano 
NOAA Sponsoring Office: Atlantic Oceanographic and Meteorological Laboratory (AOML) 

Budget Amount: $24,375 

NOAA Strategic Goal(s):  

Goal 1 - Healthy Oceans 

Goal 4 - Resilient Coastal Communities and Economies 

Overview and Objectives: 

Microbial contaminants from land-based sources of pollution (LBSP) are considered to be major 

threats to coral reef ecosystems. Particularly, coastal inlets and treated wastewater effluents are 

recognized as major pathways for transporting contaminants from lands to costal water, which 

has significant impact on coral reef ecosystem and human health. These LBSP discharges can 

contain a variety of microbial contaminants, including fecal indicator bacteria, fecal host marker 

bacteria, and pathogens to both humans and coral ecosystems. Likewise, such microbial 

contaminants have been measured in coral reef waters of Florida’s Southeastern coast (from 

Broward to Palm Beach) using both culture-based methods and the amplification of source- 

specific genetic makers. These contaminants may potentially impact the health of corals in this 

region. Thus, understanding the sources of land-based pollution on coral reef mucus or tissues is 

essential to assess the microbial loading of such contaminants to coastal waters of coral reefs, as 

well as to develop effective mitigation strategies in a cost-effective manner. In this study, we 

characterized total microbial community structure in coastal inlets and treated wastewater 

effluents and in the tissues of coral from Florida’s Southeastern coastal marine ecosystem using a 

Next-Generation Illumina sequencing approach. The objective of this study is to compare 

microbial community structure between inlets, effluents, and coral microbial populations and 

examined the host-specificity and temporal and spatial stability of LBSP in coastal waterways and 

coral reef mucus or tissues. This work will help inform management as to the degree that LBSP 

bacterial contaminants may be influencing coral reef microbial communities and how coral 

symbiont populations may be reacting to LBSP exposure. 

Specific Aims/Milestones: 

 Characterization of total microbial community structure in coastal inlets and treated 

wastewater effluents and in the tissues of the coral reefs of Florida’s Southeastern coastal 
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marine ecosystem quarterly in 2015-2016 by using Next-Generation Illumina sequencing 

analyses. 

 Comparison of microbial (bacterial, archaeal, and fungal) community structure, diversity, and 

relative abundance between inlets, effluents, and coral microbial populations. 

 Determine to what degree LBSP microbial contaminants may be influencing coral reef 

microbial communities and how coral symbiont populations may be reacting to LBSP exposure 

by correlating patterns of pollutant exposure with microbial community composition. 

Accomplishments: 

1. Next-Generation Illumina sequencing 

Water samples of coastal inlets and treated wastewater effluents and the coral tissues from reefs 

of Florida’s Southeastern coastal marine ecosystem were sampled quarterly by the NOAA AOML 

in Miami, Florida in 2014-2016. AOML extracted DNA from samples (around 400) that was sent to 

the University of Minnesota for NG sequencing analysis. We have used a PCR primer set targeting 

the V4 hypervariable region of the full-length 16S rDNA for archaeal and bacterial community 

analysis and internal transcribed space region primers for fungal lineage analysis. Sequence data 

are deposited in the Sequence Read Archive at the National Center for Biotechnology 

Information. 

2. Microbial community composition and structure 

We have characterized microbial community composition and structure of open water, coastal 

inlets, and treated wastewater effluents and the coral tissues from reefs using sequencing 

analyses. Comparisons of bacterial constituents of these samples, between sites and dates, have 

been determined by examining the numbers and types of operational taxonomic units (OTUs). 

OTUs were assigned at 97% similarity and classified against the Ribosomal Database Project 

dataset. The major findings include: 

 All samples are primarily composed of bacterial taxa commonly found in seawater, so it is not 
surprising that outfall samples showed high contributions to all communities. Bacterial 
community composition was similar among all water sample types (reef, open ocean, inlet, 
and outfall), with high relative abundances of Alphaproteobacteria and Cyanobacteria. In 
contrast, wastewater treatment plant samples were predominantly composed of 
Betaproteobacteria, while coral mucus and polyp samples had greater relative abundances of 
Gammaproteobacteria and greater relative abundance of Bacilli among polyps. 
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 Samples collected from inlets had significantly lower alpha diversity, when measured by the 
Shannon index, than ocean and reef sites, while the outfall and wastewater treatment plant 
(WWTP) samples had intermediate Shannon diversity. Bacterial communities associated 
with coral (mucus and polyps) had significantly lower diversity than all water samples. 

 Ordination of samples by principal coordinate analyses revealed clustering of samples by 
sample type, and this separation was supported by AMOVA (P < 0.001) for both cruise days. 
Water samples tended to cluster together, apart from coral tissue and WWTP samples. 

 Coral samples collected on the second day of the cruise generally seem to be more 
influenced by inlet bacterial communities, and polyp samples are more resistant to impact 
than mucus, probably due to environmental contact and host-specific restriction. 

 High degree of unclassified fungi suggests a need to improve fungal taxonomic databases, 
but fungal results generally recapitulate bacterial results. 

 Fungal communities may be less transmissible than bacteria. 
 

3. Source tracking 

Based on the characterization of microbial community composition and structure of water 

samples of coastal inlets and treated wastewater effluents and the coral tissues from reefs 

addressed above, we determined the specific presence and relative abundance of the potential 

land-based pollution sources and what degree land-based microbial contaminants may be 

influencing coral reef microbial communities using the SourceTracker program. Coastal inlets 

and outfalls were treated as sources and compared against a sink community of water samples 

and coral tissues in the coral reefs. Evaluation of source contributions to bacterial communities 

in ocean and reef waters as well as coral tissues revealed that outfall was the predominant 

source of input, and inlet communities showed much greater influence on community 

composition among samples collected on the second cruise day. Only very small percentages of 

the community were attributed to WWTP samples but accounted for approximately 2% of the 

polyp community among second day samples. 

Publications:  

Staley, C., C. K. Sinigalliano, M. J. Sadowsky, and C.L. Chun 2016 Land-based Sources of Pollution 

Influence the Microbiota of Coral Reefs, Environmental Science and Technology In 

preparation 

Presentations: 

Sinigalliano, C. K. Goodwin, M. Gidley, I. Enochs, P. Jones., X Serrano, and J. Hendee. Developing 
A NOAA Coral Genomic Observatory Network (CGON): Preliminary Metagenomic Pilot 
Studies and CGON Development Plans 13th International Coral Reef Symposium June 
19-24, 2016 Honolulu, Hawaii 

 
Outreach Activities: None to date 
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THEME IV:  Protection and Restoration of Ecosystem Resources  
Decision Support of Western Lake Erie Phosphorus Concentrations to Mitigate 
Harmful and Nuisance Algal Blooms 
Principal Investigator(s): Thomas Johengen (CILER), Hongyan Zhang (CILER), Song Qian (U. 
Toledo) 
NOAA Technical Lead(s): Craig Stow (GLERL) 
NOAA Sponsoring Office: OAR, Great Lakes Environmental Research Laboratory 
Budget Amount: $177,706 
 
NOAA Strategic Goal(s):  
Goal 1 - Healthy Oceans 
Goal 4 - Resilient Coastal Communities and Economies 
 
Overview and Objectives:  

In 2011, Lake Erie experienced a cyanobacterial bloom of unprecedented proportion (Michelak 
et al. 2013). This event, though noteworthy, was only one recent example of eutrophication 
symptoms that reappear in some areas of the Great Lakes more than 35 years after the 
establishment of phosphorus reduction targets under the 1978 Great Lakes Water Quality 
Agreement (GLWQA). Recognizing these enduring problems, the updated 2012 GLWQA calls for 
a reevaluation of the 1978 phosphorus targets.  Additionally, the revised protocol directs 
Canada and the United States to “develop Substance Objectives for phosphorous 
concentrations for nearshore waters, including embayments and tributary discharge for each 
Great Lake” and to “complete this work for Lake Erie within three years of entry into force of 
this Agreement”.  Thus, there is an imperative to focus attention on management actions that 
will reduce ongoing eutrophication problems, which include extensive hypoxia, in Lake Erie. 

While the fundamental drivers of algal proliferation in temperate lakes have been understood 
since the 1970s (Schindler 1977), there are lake-specific processes that influence the 
relationship between phosphorus and measures of algal productivity (Pace 1984, Stauffer 1991, 
Kamarainen 2008).  Additionally, the Great Lakes have experienced profound changes since the 
initial phosphorus targets were developed in the 1970s.  Most notably, invasive dreissenid 
mussels, which became abundant in the 1990s, have altered phosphorus cycling, promoted 
cyanobacterial growth (Vanderploeg et al. 2001) and altered the relationship between 
chlorophyll a and total phosphorus (Cha et al. 2013).  Concurrently, phosphorus inputs to Lake 
Erie have changed with bioavailable phosphorus concentration increases in the western 
tributaries since the 1990s (Daloglu et al. 2012). 

The objective of this study is to provide information that will support pending decision-making 
for Lake Erie nutrient and harmful algal bloom (HAB) management by developing predictive 
models that describe the relationship between phosphorus concentration and other logical 
predictor variables, and endpoints associated with algal production including cyanobacteria, 
Microcystis, and total algal biovolume, and chlorophyll a.  Additionally, we will explore 
relationships between phosphorus inputs and in-lake phosphorus concentrations to examine 
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whether the existing data support development of a simple network linking measures of algal 
concentration to watershed loads. Because phosphorus load is composed of tributary flow and 
phosphorus concentration, which have distinct effects on the distribution and concentration of 
in-lake phosphorus, we will consider these two drivers separately in the model development.  

Specific Aims/Milestones:   

 Development of predictive phosphorus models using a Bayesian hierarchical framework (Borsuk 
et al. 2001).  This approach allows the models to capture relationships between predictor and 
response variables that differ spatially and temporally if the data indicate such differences.  
Additionally, the Bayesian framework provides probabilistic quantification of the uncertainty in 
these relationships as well as the predictive uncertainty between the predictor and response 
variables.  

 A second approach is to develop a coupled physical-biological deterministic model to examine 
relationships between key environmental factors (water temperature, river flows, nutrient 
loads, water-column mixing and sediment resuspension) on the Microcystis blooms on a fine 
spatial and temporal scale.  We are updating a previous mass-balance nutrients-phytoplankton-
zooplankton-detritus (NPZD) model (EcoLE, Zhang et al. 2008) and coupling it with an updated 
hydrodynamics model (FVCOM, Anderson et al., 2010; Anderson and Schwab 2011).  The 
horizontal resolution of the model ranges from 1.5 km in the central basin of the lake to 30 m in 
complex nearshore regions and near tributary mouths.  Vertical resolution is provided by 21 
terrain-following sigma layers, with a higher density of layers in shallow water columns.   The 
updated model is calibrated and verified with the same existing database used for the statistical 
modeling approach.  Model projection of the spatial extent and intensity of HABs and in-lake 
phosphorus distributions is compared under various potential phosphorus loading scenarios, 
and used to develop relationships between nutrient loads and HABs (spatial extent and total 
Microcystis biomass) in the western Lake Erie.    

Accomplishments: 

Bayesian hierarchical modeling 

Research activities led by the University of Toledo focused on developing models for forecasting 

cyanobacteria toxin (microcystin) concentrations in western basin of Lake Erie (WBLE) using 

NOAA HAB monitoring data from 2008 to 2015. The project used a Bayesian hierarchical 

modeling approach for linking Lake Erie phosphorus and nitrogen concentrations to harmful 

and nuisance algal blooms, by using Lake Erie monitoring data from NOAA GLERL (NOAA data) 

and nutrient loading data from Maumee River. University of Toledo also proposed to use a 

large cross-sectional data from Canada to expand the spatial coverage of the resulting model. 

Prior to the start of the project, preliminary analysis of a large database of lakes in southern 

Canada suggested that indictors of HABs (e.g., microcystin, or MC, concentrations) are related 

to both in-lake N:P ratio and the trophic status of the lake. This feature is also present in the 

U.S. EPA’s national lake survey data. Based on this preliminary finding, we proposed to explore 

the NOAA GLERL Lake Erie monitoring data in conjunction with the analysis of two cross-
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sectional data to develop predictive models of harmful and nuisance algal blooms using in-lake 

nutrient concentrations and climate and surrounding watershed environmental predictors. 

From August 2015 to March 2016, we have analyzed the NOAA data collected from 2008 to 

2014. The initial exploratory data analysis showed a link between nutrient (especially TP) 

concentration and a variable representing phytoplankton abundance (particular organic carbon 

or nitrogen, POC or PON), and MC concentration is directly related to POC/PON. We also 

learned the difference between intensively sampled data from one lake and data from multiple 

lakes (each with sparse sampling). From March to July, 2016, we included data collected in 

2015. A noticeable difference between the two sets of exploratory analyses is the role of 

inorganic nitrogen. In analyzing data without observations made in 2015, one model seems to 

suggest that high MC concentrations are associated with high inorganic nitrogen (NH4 and NO3). 

This connection disappeared when data from 2015 were included. After reexamining the data 

and plots, we believe that the link is an artifact. 

 
Using a series of exploratory plots, we established the following causal diagram. 

  

The underlying causal model is parameterized using a Bayesian Networks (BN) modeling 
approach. The resulting model connects spring TP loading from Maumee to predict the annual 
bloom size (cyanobacterial index, CI) by using current NOAA models. Using the monitoring data, 
we convert the predicted annual maximum CI to monthly cyanobacterial volume through a 
Bayesian ANOVA model. A second model connects monthly volumes to POC/PON; while a third 
model connects PON/POC to MC concentrations. By using the BN modeling approach for 
continuous variables (the cBN model) of Qian and Miltner [2015], we combine these three sets 
of models into a package that can be used for forecasting the seasonal (monthly) risk of high 
MC concentration in the WBLE. The initial version of the cBN model is presented at the 2016 
IAGLR annual conference in Guelph, Canada.  
 
During the course of the project, we completed additional research activities, including:  
• Developed a framework for including the MC risk assessment in conjunction with NOAA’s 

annual bloom size prediction. Under a Bayesian framework, the cBN model can be updated 
annually, where model parameters estimated each year can be used to develop prior 
distributions. Annual NOAA forecast of WBLE bloom size can be used to forecast monthly 
MC concentrations distributions. These distributions can be used to calculate the risk (or 
probability) of high MC concentration events. Once the year’s monitoring data are available, 
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the cBN model can be updated. The updated model will then be used for next year’s 
forecasting. As of June 2016, we were unable to complete the structure of the model 
because large portion of cyanobacterial volume data from the NOAA monitoring program 
are not yet ready.  

• Calculated cumulative TP loadings from Maumee River. In order to calculate the annual 
cumulative TP loadings, daily TP loadings must be present without missing days. The best 
data we had were from the long-term monitoring program at Waterville Ohio, maintained 
by Heidelberg University. The Heidelberg monitoring program has nearly daily nutrient 
concentration and flow measurements, however, there are occasional missing days and 
some days with more than one measurement. A short computer program was written to 
process the data for calculating mean daily loads. Missing days are imputed using median-
polishing [Qian et al., 2000]. 

• Analyzed annual cumulative TP loading patterns. As a by-product of the project, we noticed 
a distinct pattern of annual cumulative TP loadings. When the daily cumulative TP loadings 
are graphed against Julian days, the cumulative loadings increased rapidly initially. Once 
passing a temporal threshold, the rate of increase reduced. The cumulative loadings plot 
resembles a hockey stick model with two line segments. The first segment starts at Julian 
day 1 (January 1) and with a larger slope than the slope of the second segment. These two 
segments join at a change point (or a temporal threshold). Given the distinct pattern of the 
cumulative load, we hypothesize that the annual WBLE bloom size not only is related to the 
amount of spring TP loadings from Maumee River, but also related to the temporal 
threshold. We plan to develop a Bayesian hierarchical model to test this hypothesis. 

 
Physical-biological deterministic modeling 

We used EcoLE (a two-dimensional, vertical-longitudinal, hydrodynamic and ecological model) 
to compare the effects of phosphorus loads from different sources on water quality and 
phytoplankton dynamics. Our simulations showed that both external and internal phosphorus 
loads were distributed homogeneously in the water column in Lake Erie’s western basin. 
Simulated reductions in external phosphorus loads decreased individual phytoplankton groups 
most at times when they were normally most abundant, e.g., Microcystis decreased the most 
during September.  Phosphorus was the main limiting factor over the simulation periods, but 
water temperature and light conditions also played critical roles in phytoplankton succession. 
While phosphorus pools in the water column responded quickly to external phosphorus 
reduction, a pulse of phosphorus (riverine input or sediment resuspension) occurring 
immediately before the Microcystis bloom period could allow Microcystis to bloom despite 
long-term external phosphorus load reduction. We also analyzed the turbidity in the western 
basin of Lake Erie of 2011-2014, and found that river loads and wind speed are two 
predominant factors that can predict most of the high turbidity events. Currently, we are 
working on differentiating the high water-turbidity events due to sediment resuspension versus 
riverine loads. We have used FVCOM-GEM to simulation algal dynamics in the western Lake 
Erie with algae being one model group.  We are working on separate algae into three model 
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groups, green algae, diatoms, and Microcystis.  Inorganic matter will be added to the model as a 
state variable to simulate water turbidity.   
 
Publications: 

S.S. Qian, J.D. Chaffin, M.R. DuFour, J.J. Sherman, P.C. Golnick, C.D. Collier, S.A. Nummer, and 
M.G. Margida. Quantifying and reducing uncertainty in estimated microcystin 
concentrations from the ELISA method. Environmental Science and Technology, 
49(24):14221–14229, 2015a.  

S.S. Qian, C.A. Stow, and Y.K. Cha. Implications of Stein’s Paradox for environmental standard 
compliance assessment. Environmental Science and Technology, 49(10):5913–5920, 
2015b. 

Zhang, H., Boegman, L., Scavia, D., and Culver, D.A. Spatial distributions of external and internal 
phosphorus loads in Lake Erie and their impacts on phytoplankton. Journal of Great 
Lakes Research, in review (after the 2nd revision) 

 

Presentations:   

Qian, Song S., Stow, Craig A., Timothy Davis, Duane Gossiaux, Tom Johengen, Ashley Burtner, 
Danna Palladino, and Alicia Ritzenthaler (2016) Forecasting the Risk of High Microcystin 
Concentration Events in Western Lake Erie. 2016 Annual Conference of the International 
Association of Great Lakes Research. June, 2016, Guelph, Canada.  

Zhang, H., and Johengen, T. Impacts of invasive species and nutrient loads on the water quality 
of Lake Erie – A modeling approach. Ocean University of China, Qingdao, China. Oct 28, 
2015 

Zhang, H., and Johengen, T. Impacts of invasive species and nutrient loads on the water quality 
of Lake Erie – A modeling approach. Chinese Research Academy of Environmental 
Sciences, Beijing, China. August 15, 2015 

Zhang, H., and Johengen, T. Impacts of invasive species and nutrient loads on the water quality 
of Lake Erie – A modeling approach. China Institute of Water Resources and 
Hydropower Research, Beijing, China. August 14, 2015 

 

Outreach Activities:  

As of June 2016, the project supported one MS student for two summers and provided research 
opportunity for two undergraduate students (supported by NSF-REU program).  Project results 
were presented at the 2016 IAGLR annual conference in Guelph, Canada. The project also 
resulted in two papers published in the journal Environmental Science and Technology.   

 

THEME IV:  Protection and Restoration of Ecosystem Resources  
FATE Proposal: Incorporating an environmental index into the Southern New 
England Mid Atlantic yellowtail flounder stock assessment with potential 
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predictability 
Principal Investigator(s): Allen Burton (CILER), Janet Nye (Stony Brook University) 
NOAA Technical Lead(s): Larry A. Alade, PhD (NMFS), Doran Mason (GLERL) 
NOAA Sponsoring Office: NOAA NMFS Fisheries and the Environment 
Budget Amount: $197,115 

NOAA Strategic Goal:  

Goal 3 - Climate Adaptation and Mitigation 

Overview and Objectives: 

Southern New England-Atlantic (SNEMA) yellowtail flounder comprised one of the most 

important groundfish fisheries in the northeast United States.  High fishing pressure, 

particularly during the 1960s through the 1970s, reduced the abundance of SNEMA yellowtail 

flounder significantly. Since 1992, strict regulations have been put in place along with closed 

areas, but the stock has not recovered in twenty years and recruitment has remained low in 

recent years.  The low recruitment trend over the last twenty years is a major source of 

uncertainty in the most recent benchmark assessment of SNEMA yellowtail flounder that 

occurred in 2012.  Therefore our objectives were to: 

1. Investigate the physical linkage between changes in atmospheric indices, temperature 
regime, and yellowtail flounder recruitment and productivity for several years after a 
fluctuation in the Azores High pressure. 

2. Develop predictive relationships between environmental indices and recruitment and 
spawning stock biomass (SSB), and assess the skill of such a prediction scheme. 

3. Incorporate the environmental indicator into the stock assessment in one of three 
ways. 
 

Specific Aims/Milestones:   

Our milestones for Year 2 of this project were to: 

 Develop predictive models of recruitment and SSB using environmental variables. 

 Assess skill of predictions for most recent years of survey data. 

 Travel to Woods Hole Oceanographic Institution to coordinate how to incorporate 
environmental variable into the Age Structured Assessment Program (ASAP) model. 

 Participate in stock assessment workshops for SNEMA yellowtail flounder. 

 Publish at least 2 papers in peer-reviewed journals, one that focuses on physical 
aspects of the AZ and IL in the SNEMA area and the other that focuses on the 
relationship between SNEMA YT population and environmental relationships. 

 Present at Annual FATE meeting. 
 

Accomplishments: 
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We have accomplished all of our stated goals for Year 2, with the exception of participating in 

the benchmark assessment for this stock. There is currently no benchmark assessment 

scheduled for SNEMA yellowtail flounder.  However, this body of work will still be brought 

forward to any future benchmark of SNEMA yellowtail flounder. We have incorporated the Gulf 

Stream Index into two stock assessment models for SNE Yellowtail Flounder, a state-space 

model and an age-structured assessment program (ASAP; Legault and Restrepo 1999).  We 

have fully evaluated the model skill and forecast ability of the state-space model.  The model 

fits the data better when the Gulf Stream Index is incorporated than when it is not or when 

other environmental variables are incorporated (Figure 1).  However, the forecasting skill of the 

model with the Gulf Stream Index incorporated is highly variable. 

 

 

 

We have also incorporated the Gulf Stream Index into an ASAP model, but are currently 

evaluating the model hindcast and forecast skill.  The ASAP model was the model structure 

used in the last benchmark assessment for SNEMA yellowtail flounder.  When the next 

benchmark assessment occurs we will have developed and evaluated two models that can be 

used in the assessment. 

Publications: 

Xu H, Kim H-M, Nye JA, Hameed S (2015) Impacts of the North Atlantic Oscillation on sea 
surface temperature on the Northeast US Continental Shelf. Continental Shelf Research 
105:60-66 

Xu, H., T. J. Miller, S. Hameed, L. A. Alade, and J. A. Nye. (to be submitted August 2016, Fisheries 
Oceanography). Evaluating model fit and forecast performance after incorporating the 
Gulf Stream Index into Southern New England yellowtail flounder state-space age-
structured assessment model. 

Figure 1: Ratio of SSB estimated and 

projected log (SSB/SSBMSY) in a state space 

model with (blue) and without (red) the Gulf 

Stream Index.  All the color dashed lines or 

vertical bars represent the 95% confidence 

interval, and the black dashed vertical line 

marks the separation between estimates and 

projections. 
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Hameed, Sultan, Haikun Xu, and Janet A. Nye. “Comparison of the impact of atmospheric heat 
fluxes and ocean transport on sea surface temperatures in the Northeast Shelf.”  (in 
preparation) 

 
Presentations:   

Xu, Haikun, Timothy J. Miller, Sultan Hameed, Larry A. Alade, and Janet A. Nye. “Evaluating 
model fit and forecast performance after incorporating the Gulf Stream Index into 
Southern New England yellowtail flounder state-space age-structured assessment 
model.” Fisheries and the Environment Annual Meeting, La Jolla, CA (January 2016) 

Xu, Haikun, Hye-Mi Kim, Janet A. Nye, and Sultan Hameed. “Impacts of the North Atlantic 
Oscillation on sea surface temperature on the Northeast US Continental Shelf.” Ocean 
Sciences Meeting, New Orleans, LA (poster) 

 
Outreach Activities:  

 Janet Nye briefed US Congressional staff and Research Service about the need to address 

climate in fisheries assessment and management based on this and other research on 

fisheries and climate issues (COMPASS: Tides of Change, June 2016). 

 This grant has supported the dissertation research of one PhD student, Haikun Xu. 

 

THEME IV: Protection and Restoration of Ecosystem Resources   
2015 Lake Michigan Monitoring Activities for the Coordinated Science 
Monitoring Initiative 
Principal Investigator(s):  Allen Burton (CILER), Thomas Johengen (CILER), Tom Nalepa (UM), 
Hunter Carrick (CMU) 
NOAA Technical Lead(s):  Henry Vanderploeg, Ashley Baldridge Elgin (GLERL) 
NOAA Sponsoring Office: OAR, Great Lakes Environmental Research Laboratory 
Budget Amount:  $204,825 
 
NOAA Strategic Goal(s):  
1 - Healthy Oceans 
 
Overview and Objectives:  

This project is collaboration between CILER, NOAA GLERL, USEPA, and USGS as part of the 
Coordinated Science and Monitoring Initiative (CSMI) Program to describe the status of Lake 
Michigan and understand its capacity to deliver important ecological services.  The work 
consists of two subprojects that examine spatial distributions and interaction of benthic and 
pelagic components of the food web to better understand the movement of nutrients from 
inshore to offshore and spatial coupling of the food web that has been disrupted by dreissenid 
mussels. 
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1. Benthic Surveys for Lake Michigan 

CILER has worked with NOAA GLERL to document trends in dreissenid mussel populations and 
the keystone amphipod Diporeia at 130 sites in the main basin and a subset of 40 sites in the 
southern basin of Lake Michigan since 1994 and 1998, respectively. In addition to dressenids 
and Diporeia, the total benthic community (all taxonomic groups) have been sampled/analyzed 
at the 40 southern basin sites since 1980. This is the longest data set of benthic populations in 
the Great Lakes that have been consistently collected at the same sites using the same 
methods.  
 
To maintain consistency in both the whole lake data set and the data set in the southern basin, 
in 2015 GLERL in cooperation with USEPA, USGS and academic partners (including CILER) 
collected samples at the same 130 sites that were sampled in previous years, process in whole 
the benthic collections in the southern basin, and analyze mussels and Diporeia in collections 
from all sites. In addition to densities, a key component of assessing trends in dreissenid 
populations is accurate estimates of biomass. To estimate biomass, we have developed length-
weight regressions and determined size-frequencies of populations during the previous whole-
lake surveys; we repeated these analysis again in 2015. In addition to documenting temporal 
trends in biomass, we used statistical tools to take into account the natural variance of biomass 
with depth to create better estimates of spatial distributions and total abundance. We have 
used these new tools to reexamine spatial patterns of biomass in 2000, 2005, and 2010.  We 
applied these statistical tools to biomass estimates in 2015: one method based on organizing 
stations into transects and fitting depth-dependent models, and a second method based on 
universal Kriging. These methods allowed us to infer whether there are significant trends in 
biomass over time, not only at specific stations, but lakewide and within sub-regions of the 
lake.  Again, as with density estimates, it is critical that biomass is determined exactly the same 
way as in previous years.   
 
Milestones: 

 Conduct whole lake benthic survey in 2015. 

 Analyze sample analysis and data beginning upon collection and continue through 2016. 

 Write data report and papers during 2016. 
 
Outcomes: 

 Provide lake-wide abundance estimates of the most important invasive species in Lake 
Michigan and compare it with past abundance to describe population trends necessary for 
adaptive management of the Great Lakes.  

 Support focus areas 2, 4, and 5 of the Great Lakes Action Plan by providing a framework for 
understanding the effects of nearshore to offshore lower trophic measures and inter-basin 
trophic measures. 

 
Accomplishments:  
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 Coordinated with collaborators from USEPA and Buffalo State College (BSC) to collect 
samples on board the R/V Lake Guardian in July 2015. 

 Samples from the southern region of Lake Michigan were s at GLERL by CILER employees and 
at the University of Michigan by a work-study student, under supervision by Elgin (Baldridge) 
and Nalepa.  We then transferred the picked organisms to BSC, where they are in process of 
being identified and measured.   

 We finished picking samples ahead of schedule and had enough time to conduct our own 
measurements on the mussels from our annual survey sites before turning the samples over 
to BSC.   

 Preliminary estimates of mussel biomass for the southern region are complete and were 
presented at IAGLR in June 2016.  Whole lake analyses will take place once we have all data 
available from our BSC collaborators.   

 
2. Temporal and spatial coupling of nutrients and food web—microbes to fish  
In support of USEPA/USGS efforts to sample food web components at multiple transects 
around the periphery of the Lake during two seasons, we proposed to conduct more intensive 
temporal (including diel sampling) and fine-scale spatial sampling across seasons— nearly 
monthly—in the Muskegon/Grand River region of Lake Michigan, in an effort to project 
USEPA/USGS results across time for greater generalization of results and development of 
spatially-explicit ecosystem models incorporating nutrient movement from inshore to offshore, 
and impacts of dreissenids and other stressors. We proposed to incorporate the microbial food 
web (MFW) as part of our study to fully describe connections of the food web.  Our approach is 
similar to Year of Lake Michigan 2010 and Lake Huron 2012, where we have been seasonally 
(April, July, and September) examining detailed diel spatial coupling of the food web using a 
variety of advanced tools, including plankton survey system that we tow-yow behind our vessel 
simultaneously with fisheries acoustics (in moon pool shipboard).   We proposed to examine 
spatial coupling of the food web during May and June to augment our standard seasonal 
sampling in April, July, and September to understand nutrient flow from inshore to offshore in 
the Muskegon and Grand River, the largest source of nutrient loading directly into Lake 
Michigan.  
 
Limited seasonal studies in 2013 indicated that ~ 80% of primary production is now in the 
picophytoplankton (< 2 μm), which is not available to most mesozooplankton; in contrast in 
earlier years it constituted ~ 20-30%.  However, there is evidence that ciliates, a preferred prey 
of copepods, are still abundant.  Therefore, we proposed to evaluate the sustainability of the 
pelagic food web in Lake Michigan, with particular emphasis on measuring the link between the 
MFW and crustacean zooplankton that directly feed fish and the role of mussels in affecting 
that link. We predicted the MFW is resilient to the quagga mussel-induced ecosystem changes, 
due to the fast growth rates and ecological plasticity of its major components, so that it may act 
to stabilize the pelagic system towards a new steady state. Several outcomes will result from 
this work. First, we proposed to assess the relative importance of the MFW in Lake Michigan by 
comparing our data collected with measurements made pre-driessenid in 1980-90 and 1998-
2000.  Second, we proposed to help revise water quality models under development at GLERL 
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by incorporating the MFW into it. Last, we proposed to augment GLERL monitoring of plankton 
assemblages in 2015 Year of Lake Michigan to fully describe the pelagic system.  
 
Milestones: 

 Field sampling and experiments will be carried out in 2015 
o Conduct sampling at three stations in Lake Michigan (nearshore M15, mid-depth 

M45, and offshore M110) monthly between March to October 2015.   
o Using survey data, estimate the standing stock of plankton at each site.  
o Carry out intensive experiments in spring (April) and summer (July or August) 

and possibly fall (October/November) to evaluate rates of carbon flux through 
the MFW to higher trophic levels.  

o Carry out experiments at all three stations on two or three dates (April, August, 
and possibly October) and three depths (epi, meta, and hypolimnion); collect 
water and animals to determine the rates of picoplankton growth and loss, 
microzooplankton growth and grazing.  Measure size fractionated primary 
production and chlorophyll a concentrations. Measure rates of primary 
production in duplicate bottles using a clean 14-carbon technique (Fitzwater et 
al. 1982) that will be post fractionated to determine size-specific production 
rates (Fahnenstiel and Carrick 1992).  

 Sample and data analysis will begin and continue through 2016 

 Presentations will be made during 2016  

 Papers will be written during 2016 
 
Outcomes: 

 Provide detailed seasonal information and spatio-temporal connections of the entire 
food web and movement of nutrients through it in the Muskegon/Grand River region of 
Lake Michigan so we can project USEPA/USGS results across time for greater 
generalization of results and development of spatially explicit ecosystem models 
incorporating nutrient movement from inshore to offshore, and impacts of dreissenids 
and other stressors.  

 Facilitate our understanding, management, and restoration of the Lake Michigan 
ecosystem by describing the current state of lower food web is paramount to.  In 
particular our study of the MFW is addressing a major research gap because we believe 
the MFW is exerting a stabilizing influence on the pelagic food web. 

  
Accomplishments: 

Research activities focused on the sustainability of the pelagic food web in Lake Michigan, with 
particular emphasis on measuring the link between the MFW and crustacean zooplankton that 
directly feed fish and the role of mussels in affecting that link. Our objectives were: 1) census 
the complete MFW assemblage along a near to offshore gradient in Lake Michigan, 2) 
determine simultaneous rate measurements of picoplankton (bacteria and cyanobacteria) 
growth and loss rates, and 3) determine loss rates for MFW components using the feeding 
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experiments of Vanderploeg et al. (2001, 2009).  Quagga mussels and lake water were collected 
from our mussel collection sites in Lake Michigan (M45). We have accomplished objectives 1 
and 2, and are in the process of completing objective 3 
this year.  
 
Objective 1, MFW Assemblage:  Ppico 
numbers (i.e., picocyanobacteria) in 
2013 were lower compared with those 
in the 1980s; however, the percent 
contribution of the < 2 µm fraction 
increased 2-fold (> 50% of total 
chlorophyll, Fig. 1). The abundance of 
small, pigmented chrysomonads and 
cryptomonads (Pnano size category) 
were not significantly different 
between 1987 and 2013 at the same 
time Pmicro did decline; this shift 
towards Ppico and Pnano dominance 
may be related to the recent 
oligotrophication of Lake Michigan. The 
abundance of ciliated protists (Hmicro 
size class) was 3-fold lower in 2013 
compared with levels in 1987, while the abundance of both Hpico 
(eubacteria, range 0.24-1.36 x 106 cells • mL-1) and Hnano (mainly colorless chrysomonads; 
range 0.11-6.4 x 103 cells • mL-1) remained stable and reflected the resilience of bacteria-
flagellate trophic linkage.  
 
Objective 2, Picoplankton Population 
Dynamics: Bottle experiments were 
performed during major thermal periods 
to estimate both Hpico (bacteria) and 
Ppico (picocyanobacteria) growth and 
grazing in Lake Michigan (May, July, 
October 2013, n=30 experiments) and 
these were compared against estimates in 
Lake Superior.  Interestingly, Hpico loss 
rates were higher than growth rates in 
Lake Superior, while rates were balance in Lake Michigan. Ppico loss and growth were lower 
than rates for Hpicos and were balanced in both lakes. Our results suggest that high grazing 
losses balance both Hpico and Ppico growth rates in Lake Michigan, but the pattern is not the 
same in Lake Superior.  
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Publications:   

Butts, E., and H.J. Carrick.  Phytoplankton seasonality along a gradient of island lakes and Lake 
Michigan: Importance of winter blooms.  Northeastern Naturalist.  In review. 32 p. 

Vanderploeg, H., Bunnell, H.J. Carrick, and T. Hook.  2015. Complex interactions in Lake 
Michigan’s rapidly changing ecosystem.  Journal of Great Lakes Research 41: 1-6. 

Carrick, H.J., E. Butts, D. Daniels, M. Fehringer, C. Frazier, G.L. Fahnenstiel, S. Pothoven, and H. 
Vanderploeg. 2015. Variation in the abundance of pico, nano, and microplankton in Lake 
Michigan: Historic and basin-wide comparisons.  Journal of Great Lakes Research 41: 66-
74. 

 
Presentations:   

Karatayev, A.Y., Burlakova, L.E., Mehler, K., Karatayev, V.A., NALEPA, T.F., BALDRIDGE, A.K. and 
Hinchey, E.K. Underwater Video is an Effective Tool to Reveal Dreissena Spatial 
Distribution and Biomass. 59th Annual Conference of the International Association of 
Great Lakes Research.  Guelph, ON, Canada, June 6-10, 2016.   

WELLS, D.J., RUTHERFORD, E.S., Eppenheimer, D.E., CAVALETTO, J.F., LIEBIG, J.R., 
VANDERPLOEG, H.A., Bunnell, D.B., HööK, T.O., Hutton, M.A., Collingsworty, P.D., Zische, 
M.T. and Claramunt, R.M. Thermocline Formation Timing Affects Lake Michigan Larval 
Fish Phenology and Recruitment Potential. 59th Annual Conference of the International 
Association of Great Lakes Research.  Guelph, ON, Canada, June 6-10, 2016. 

H. A. VANDERPLOEG, J. CAVALETTO, A. BALDRIDGE, L. Burlakova, H. Carrick, A. Karatayev, D. 
MASON, T. NALEPA, S. POTHOVEN, M. ROWE, and E. RUTHERFORD.  Spatial organization 
of pelagic and benthic food webs in southern Lake Michigan in 2015.  59th Annual 
Conference of the International Association of Great Lakes Research.  Guelph, ON, 
Canada, June 6-10, 2016.   

BALDRIDGE, A.K. Dreissenid mussel population trajectories and associated patterns in mussel 
growth and condition. Great Lakes Center Seminar Series, Buffalo State College, Buffalo, 
NY, March 3, 2016. 

BALDRIDGE, A.K. The Status of Quagga Mussel Populations in Lake Michigan and 
Complementary Growth Experiments. International Conference on Aquatic Invasive 
Species, Winnipeg, Manitoba, Canada (2016). 

Carrick, H., E. Butts, and H. Vanderploeg.  Dynamics of key phytoplankton population in Lake 
Michigan: Biomass, growth, and grazing losses.  59th Annual Conference- International 
Association for Great Lakes Research, Guelph University, Ontario Canada, 7 June 2016.   

Carrick, H., G.J.E. Michaud, E. Butts, J. Vance, and H. Vanderploeg.  Spatio-temproal variation of 
phytoplankton nutrient status in the upper Great lakes region.  59th Annual Conference- 
International Association for Great Lakes Research, Guelph University, Ontario Canada, 7 
June.   

Vanderploeg, H.A., J. Cavaletto, A.K. Baldridge, L.E. Burlakova, H.J. Carrick, A.Y. Karateyev, G.A. 
Lang, J.R. Liebig, D.M. Mason, T.F. Nalepa, S. A. Pothoven, M.D. Rowe, E.S. Rutherford, 
and D.J. Wells.  Spatial organization of pelagic and benthic food webs in southern Lake 
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Michigan in 2015.  59th Annual Conference- International Association for Great Lakes 
Research, Guelph University, Ontario Canada, 7 June 2016.   

Carrick, H., E. Butts, D. Daniels, M. Fehringer, C. Frazier, G.L. Fahnenstiel, S. Pothoven, and H.A. 
Vanderploeg.  Variation in the abundance of pico, nano, and microplankton in Lake 
Michigan: Historic and basin-wide comparisons.  23rd North American Diatom 
Symposium, Central Michigan University Biological Station, Beaver Island, MI, 12 
September 2015. 

E. Butts, K. Phillips, Henry Vandeploeg, and H.J. Carrick.  Taxonomic composition of near versus 
offshore phytoplankton in Lake Michigan: Can episodic events promote diatom growth?  
23rd North American Diatom Symposium, Central Michigan University Biological Station, 
Beaver Island, MI, 12 September 2015. 

Phillips, K., E. Butts, and H.J. Carrick.  Fractionated chlorophyll a dynamics in southern Lake 
Michigan.  23rd North American Diatom Symposium, Central Michigan University 
Biological Station, Beaver Island, MI, 12 September 2015. 

Michaud, G.E., and H.J. Carrick.  Phytoplankton response to nutrient enrichment in Lakes 
Michigan and Superior: A link between growth and poly-P.  23rd North American Diatom 
Symposium, Central Michigan University Biological Station, Beaver Island, MI, 11 
September 2015.  

Butts, E. and H. Carrick. Abundance, Biomass and Population Dynamics of Phototrophic  
Picoplankton  (< 2 µm) in Lake Michigan.  Institute for Great Lakes Research Student 
Symposium, Central Michigan University, Mt. Pleasant Michigan, 28 February 2016. 

 

Outreach Activities:  

 We had informational tables at community events (e.g., the Ann Arbor Mayor’s Green Fair) 
and volunteered for student science competitions (e.g., National Ocean Science Bowl and a 
local science fair).   

 Summaries of our activities were posted on GLERL’s Facebook, YouTube channel, and Twitter 
account.   

 

THEME V: Education and Outreach 
NOAA Great Lakes Policy Coordination and Communications Intern 
Principal Investigator(s): Allen Burton (CILER) 
NOAA Technical Lead(s): Felix Martinez (NOS CSCOR), Jennifer Day (GLERL) 
NOAA Sponsoring Office: OAR, Great Lakes Environmental Research Laboratory 
Budget Amount: $12,999 
 
NOAA Strategic Goal:  
Goal 1 - Healthy Oceans 
Goal 4 - Resilient Coastal Communities and Economies 
 
Overview and Objectives:  
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NOAA’s Great Lakes Regional Collaboration Team (GLRCT) is a network of NOAA line office and 
core external partners working together to improve cooperation and effectively address 
collective regional challenges. As such, GLRCT oversees the agency’s implementation of the 
Great Lakes Restoration Initiative (GLRI) and the Muskegon Lake Habitat Blueprint (MLHB). GLRI 
is a multi-agency effort led by USEPA to restore habitat in the Great Lakes region. Habitat 
Blueprint is a process that directs NOAA’s expertise, resources for science, and on-the-ground 
conservation efforts in targeted areas to maximize our investments and the benefits to 
resources and coastal communities. 
 
The objective of this project is to provide support for a CILER Intern, Sabrina Shuman, to 
contribute to NOAA’s regional outreach, education, and communication activities related to the 
work of the GLRCT and help coordinate implementation of the Muskegon Lake Habitat 
Blueprint project. Ms. Shuman’s activities allow NOAA to complete and appropriately 
implement the MLHB Implementation Plan by providing onsite staff dedicated to complete the 
vetting of the draft plan and act as point of contact for non-NOAA collaborators and 
stakeholders at Muskegon. In addition, she adds capacity to the regional team to bring up to 
date and maintain the team's website and help promote the team's activities both internally in 
NOAA and with the public. 
 
Specific Aims/Milestones:   

Specific goals include: 1) provide support to the GLRCT to facilitate coordination and 

implementation of Team activities, including planning of the annual in-person meeting; 2) 

develop written success stories and fact sheets for Regional Team activities; 3) maintain and 

provide content for Regional Team website in WordPress; and 4) participate in the Regional 

Team Communication Working Group. 

Accomplishments: 

 Completed an assessment of the state of NOAA wayside markers along the Muskegon 

Lake south shore walking trail that helped determine which are in need of 

replacement.  

 Developed 8 new signs for the Muskegon Lake trail wayside markers, increasing the 

number of available signs for display along the trail.  

 Developed an implementation plan to replace, over time, a subset of the wayside 

markers and refresh content.  

 Developed and uploaded content for the NOAA Great Lakes Regional Collaboration 

Team and Muskegon lake Habitat Focus Area websites and updated their appearance, 

improving the look of both sites.  

 

Publications: 

None to date 
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Presentations:   

None to date 

Outreach Activities:  

All of the stated accomplishments above are outreach activities. 

 

THEME V: Education and Outreach 
Introducing Shared Software Infrastructure into the Climate Modeling 
Curriculum 
Principal Investigator(s): Christiane Jablonowski (University of Michigan) 
NOAA Technical Lead(s): Cecelia DeLuca (NOAA Earth System Research Laboratory, NOAA 
Environmental Software Infrastructure and Interoperability (NESII) group) 
NOAA Sponsoring Office: NOAA Climate Program Office 
Budget Amount: $75,000  

NOAA Strategic Goal: 
Goal 3 - Climate Adaptation and Mitigation 

Overview and Objectives: 
The overarching objective of this project is to educate the future Earth System Modeling (ESM) 
workforce on how weather and climate models need to be designed and built. ESMs for future 
projections of the weather and climate system put strong demands on the modeling 
infrastructure. Next-generation models will for example require greater computing capabilities, 
transparent software designs with exchangeable model components, self-explanatory 
descriptions of data and models, online gateways and portals for data exchanges, and shared 
online workspaces for both tight and loose science collaborations. Such challenges demand a 
highly versatile and interdisciplinary workforce. In particular, atmospheric modelers need to be 
trained not only in the science aspects of atmospheric General Circulation Models (GCMs), but 
also in computational techniques that allow them to work effectively with the most modern 
computational infrastructure for the climate and weather sciences.  
 
This project puts emphasis on the educational side of climate modeling and change, and 
thereby supports CILER’s goal of mentoring and training the next generation of scientists 
through research and educational opportunities. The rapid advances in climate modeling, 
highlighted from an educational viewpoint in this project, lead to a new generation of climate 
predictions and projections on global to regional scales and from monthly to centennial time 
scales. 
 

Specific Aims/Milestones:   
This project has two aims. First, we are an educator for the future generation of atmospheric 
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modelers. This is accomplished by teaching graduate-level climate modeling courses at the 
University of Michigan (UM) and organizing international climate modeling summer schools at 
the National Center for Atmospheric Research (NCAR). Second, we are a communicator who 
provides feedback on the shared software infrastructure Earth System CoG 
(https://www.earthsystemcog.org/projects/cog/) that has been developed by the NOAA NESII 
group. 
 

Accomplishments: 
During the reporting period (7/1/2015-6/30/2016) the PI Christiane Jablonowski co-organized 
and conducted the Dynamical Core Model Intercomparison Project (DCMIP-2016) and its 
associated summer school on future-generation non-hydrostatic weather and climate models. 
This two-week event took place at NCAR in Boulder, CO, from June/6-17/2016. The year-long 
preparations included the definition of the scientific scope, the formulation of new dynamical 
core test cases, and fund-raising activities. DCMIP-2016 was jointly funded by NCAR, NOAA, 
NASA, the National Science Foundation (NSF), the Department of Energy (DoE) and the Office of 
Naval Research (ONR). DCMIP-2016 brought together an international group of about 75 
graduate students, postdocs, atmospheric modelers, expert lecturers and computer specialists 
and created a stimulating, unique and hands-on driven learning environment. It led to a 
student-run model intercomparison project, and thereby trained the future generation of 
scientists engaged in global atmospheric model developments. Special attention was paid to 
the role of emerging non-hydrostatic global atmospheric models, the physics-dynamics 
interactions with simplified moisture processes and models with variable-resolution grids. We 
hosted twelve dynamical cores (some of them remotely) that represent a broad spectrum of 
the modeling approaches in the international weather and climate modeling community. One 
of the DCMIP-2016 models was the non-hydrostatic NOAA-GFDL dynamical core FV3 that was 
recently selected as the new dynamical core for NOAA’s Next Generation Global Prediction 
System (NGGPS) and the National Weather Service. The summer school and model 
intercomparison project promoted active learning, innovation, discovery, mentorship and the 
integration of science and education.  

The morning lectures during the DCMIP-2016 summer school trained the participants in the 
newest climate and weather modeling techniques. They surveyed the many design decisions in 
atmospheric GCMs, the trends in GCM and dynamical core modeling and how GCMs are tested 
and coupled to other components of Earth System Models (ESM). Furthermore, next-
generation ESMs require greater computing capabilities, transparent software designs with 
exchangeable model components, self-explanatory (metadata) descriptions, online gateways 
and portals for data exchanges, and shared online workspaces for both tight and loose science 
collaborations. Therefore, the DCMIP-2016 lectures reviewed and utilized a variety of 
computational tools that enabled the participants to work effectively with the most modern 
software infrastructure for the climate and weather sciences. 

The NOAA-NESII-supported software infrastructure Earth System CoG was the backbone of the 
DCMIP-2016 model intercomparison and collaborative work environment. The participants of 
DCMIP-2016 utilized CoG’s cyberinfrastructure tools and shared workspaces during the 

https://www.earthsystemcog.org/projects/cog/


122 
 
 

workshop. The cyberinfrastructure tools support data (located on an Earth System Grid 
Federation server), searchable metadata, a communication platform for participants (Wiki 
functionality) and adhere to standards like the netCDF data format (CF-compliant). The online 
entry point for DCMIP-2016 is: https://www.earthsystemcog.org/projects/dcmip-2016/ 
 

Publications: 

Gross, M., H. Wan, P. J. Rasch, P. M. Caldwell, D. L. Williamson, D. Klocke, C. Jablonowski, D. R. 
Thatcher, N. Wood, M. Cullen, B. Beare, M. Willett, F. Lemarie, E. Blayo, S. Malardel, P. 
Termonia, P. Bechtold, A. Gassmann, P. H. Lauritzen, H. Johansen, C. M. Zarzycki, K. 
Sakaguchi and R. Leung (2016), Recent Progress and Review of Physics Dynamics 
Coupling in Geophysical Models, arXiv:1605.06480v1, 
http://arxiv.org/abs/1605.06480v1 

Yao, W. and C. Jablonowski (2016), The Impact of GCM Dynamical Cores on Idealized Sudden 
Stratospheric Warmings and their QBO Interactions, J. Atmos. Sci., in press, 
doi:10.1175/JAS-D-15-0242.1 

Hall, D. M., P. A. Ullrich, K. A. Reed, C. Jablonowski, R. D. Nair and H. M. Tufo (2016), Dynamical 
Core Model Intercomparison Project (DCMIP) Tracer Transport Test Results for CAM-SE, 
Quart. J. Roy. Meteorol. Soc., Vol. 142, 1672-1684 

Thatcher, D. R. and C. Jablonowski (2016), A moist aquaplanet variant of the Held-Suarez test 
for atmospheric model dynamical cores, Geosci. Model Dev., Vol. 9, 1263-1292 

Gross, M., S. Malardel, C. Jablonowski and N. Wood (2016), Bridging the (Knowledge) Gap 
between Physics and Dynamics, Bull. Amer. Meteorol. Soc., Vol. 97, 137–142, 
doi:10.1175/BAMS-D-15-00103.1 

Ullrich, P. A., K. A. Reed and C. Jablonowski (2015), Analytical initial conditions and an analysis 
of baroclinic instability waves in f- and β-plane 3D channel models, Quart. J. Roy. 
Meteorol. Soc., Vol. 141, 2972-2988 

Thatcher, D. R. and C. Jablonowski (2015), A moist aquaplanet variant of the Held-Suarez test 
for atmospheric model dynamical cores, Geosci. Model Dev. Discuss., Vol. 8, 8263-8340 
 

Presentations:   

Jablonowski, C., P. A. Ullrich, C. M. Zarzycki, K. A. Reed, J. Kent, P. H. Lauritzen and R. Nair 
(2016), The Dynamical Core Model Intercomparison Project DCMIP-2016, 21st Annual 
CESM Workshop, Breckenridge, CO, USA, June 20-23, 2016 

Jablonowski, C. (2016), The components of a general circulation model, tutorial at the DCMIP-
2016 summer school, National Center for Atmospheric Research, Boulder, CO, USA, June 
6, 2016 

Jablonowski, C. and D. R. Thatcher (2016), Moist idealized CAM assessments with simplified 
physics, CESM Atmosphere Model Working Group (AMWG) Meeting, Boulder, CO, USA, 
February 8-10, 2016 

Jablonowski, C. and D. R. Thatcher, A Moist Aqua-Planet Variant of the Held-Suarez Test, 
Workshop on Partial Differential Equations on the Sphere, Seoul, South Korea, October 
19-22, 2015 

https://www.earthsystemcog.org/projects/dcmip-2016/
http://arxiv.org/abs/1605.06480v1
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Wan, H., P. J, Rasch, M. A. Taylor and C. Jablonowski, A Simple But Effective Method for 
Quantifying and Attributing Time-Stepping Errors in Climate Models, SIAM Conference 
on Mathematical & Computational Issues in the Geosciences, Stanford, CA, USA, June 29 
– July 2, 2015 

 
Outreach Activities:  
The project is focused on educational and outreach activities. The UM course CLIMATE 589 (The 
Art of Climate Modeling, Fall terms in 2010, 2013, 2016) and DCMIP summer school series (in 
2012 and 2016) taught groups of multi-disciplinary students, postdocs and young researchers 
how today’s and future atmospheric models are or need to be built. Furthermore, DCMIP hosts 
many dynamical core model developers at NCAR for the hands-on student-run model 
intercomparison projects. The project introduces new cyberinfrastructure tools to the GCM 
community that enable the participants to share and discuss the scientific results via shared 
workspaces. The latter connects data and information with web services like online data 
visualization software. 

The project webpages for DCMIP-2016 and DCMIP-2012 are: 
https://www.earthsystemcog.org/projects/dcmip-2016/ 
https://www.earthsystemcog.org/projects/dcmip-2012/ 

 

THEME V: Education and Outreach 
Hosting 2016 23rd IAHR Ice Symposium 
Principal Investigator(s): Allen Burton, Dmitry Beletsky (CILER) 
NOAA Technical Lead(s): Jia Wang (GLERL) 
NOAA Sponsoring Office: CPO, Great Lakes Environmental Research Laboratory 
Budget Amount: $39,190 
 
NOAA Strategic Goal(s):  
Goal 1 - Healthy Oceans 
Goal 3 - Climate Adaptation and Mitigation 
Goal 4 - Resilient Coastal Communities and Economies 
 
Overview and Objectives:  
In collaboration with NOAA GLERL, CILER co-hosted and organized the 23rd International 

Association for Hydro-Environment Engineering and Research (IAHR) Symposium on Ice in Ann 

Arbor, MI, May 31-June 2, 2016. The objective of this project is to provide support for hosting 

and organizing the event.  

Specific Aims and Milestones: 

 Contract a company to set up a website for the symposium 

 Call for abstracts for the symposium 

https://www.earthsystemcog.org/projects/dcmip-2016/
https://www.earthsystemcog.org/projects/dcmip-2012/
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 Review abstracts 

 Call for full papers for the symposium 

 Review full papers 

 Prepare symposium program, print brochure 

 Run the symposium 

Accomplishments: 

The 23rd International Symposium on Ice of IAHR (International Association for Hydro-

Environment Engineering and Research) was held in Ann Arbor, Michigan USA, from May 31-

June 3, 2016. The scope of this IAHR Symposium on Ice was ice research and application with 

the concern on the magnitude of long term sea level rise, the potential development of new 

shipping routes due to the melting Arctic, offshore structures in cold waters and their possible 

environmental impacts, and the impact of climate change on all water resource issues. The aim 

of the Symposium is on research and application of ice dynamics and thermodynamics in 

engineering and climate change.  

 

The technical program comprised five main themes:  

 Sea ice and polar climate 

 Ice-structure interactions 

 River ice 

 Ice cover in large and small lake ice, and reservoirs 

 Ice-ship interactions 

 

The Symposium attracted 162 participants from 18 countries with 25% student participants, 

which can be considered a great achievement. Having received over 175 abstracts, a total of 

118 oral presentations and 18 poster presentations were accepted in the final program.  

All proceedings papers went through a rigorous double peer-review process handled by the 

members of the Local Organizing Committee, the International Scientific Committee, and the 

IAHR Ice Committee together, then the chair (chief editor) and the co-editors made the 

acceptance decision.  

 

The program contained 8 keynote lectures including the Ice Research and Engineering Award 

lecture. In the 4-day program, student oral presentations entered for best paper competition. 

After judging by the session chairs and IAHR Ice Committee, the competition results were made 

by the IAHR Ice Committee. Three students received the Best Student Paper Awards. 

All Symposium papers can be accessed via the IAHR website www.iahr.org.  

 

Publications: 

Proceedings of the 23rd IAHR International Symposium on Ice  

Ann Arbor, Michigan, USA, May 31-June 3, 2016  

http://www.iahr.org/
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Editors: Jia Wang, Dmitry Beletsky, Hung Tao Shen  

 

Published by:  

International Association for Hydro-Environment Engineering and Research -IAHR-  

Pª Bajo Virgen del Puerto, 3 28005 Madrid, Spain  

Copyright: IAHR, 2016 

ISSN: 2414-6331  

 

Presentations:   

Total of 118 oral presentations and 18 poster presentations were made at the symposium. 

 

Outreach Activities:  

 Conference proceedings and report was sent to IAHR headquarters, results will be 

disseminated by IAHR. 

 Conference website: http://iahr-ice2016.org/ 

 
 

 

  

http://iahr-ice2016.org/
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Appendix 1: CILER Education and Outreach Plan: 2016-2022 
____________________________________________________________________________________________ 

 
 

 

 
 

Cooperative Institute for Limnology and Ecosystems Research (CILER) 
Education and Outreach Plan: 2016-2022 

DRAFT 
 

Education and outreach are the cornerstone of CILER’s research mission, and they are designed 
to support and complement NOAA's overall educational mission: "To advance environmental 
literacy and promote a diverse workforce in ocean, coastal, Great Lakes, weather, and climate 
sciences, encouraging stewardship and increasing informed decision making for the 
nation."  With support from the University of Michigan, NOAA-GLERL, and broad reach through 
our network of nine Consortium Partner universities around the Great Lakes, CILER is ideally 
positioned to successfully achieve its Education and Outreach goals: 
 

 Education and Career Training. The goal of CILER’s educational activities is to provide 
research education and training of undergraduates, graduate students, and postdoctoral 
research fellows who will become the next generation of Great Lakes scientists.  
 

 Public Outreach and Engagement. The goal of CILER’s public outreach and engagement 
program is to communicate the value, importance, and usefulness of NOAA’s Great 
Lakes research to the general public at local, state, and regional levels.  To accomplish 
regional outreach that spans the Great Lakes, CILER works with its Consortium 
Partnership of 10 academic institutions that range from Lake Superior to Lake Ontario. 
 

 Policy Engagement. The goal of CILER’s engagement program is to (i) inform local, state, 

and federal politicians and agencies about the importance of the Laurentian Great Lakes 

for national security and prosperity, (ii) provide policy-makers with NOAA’s tools and 

data products that can help infuse better science into decision-making, and (iii) advise 

policy-makers and agencies on future research needs.  

 
The University of Michigan has committed $1.5 million over the next five years to support CILER 
programmatic development, including the Education and Outreach program. Additional funding 
mechanisms are through NOAA-GLERL, which provides ~$100K per year to support student 
fellowships and the Great Lakes Seminar Series, as well as via individual research grants that are 
all required to have a science translation component that connects NOAA science to end-users 
of data.  
 



127 
 
 

CILER’s Outreach and Education goals will be met through the following activities: 
 
1) Education and Career Training 

 CILER Great Lakes Summer Fellowship Program: As part of its efforts to educate and 
train a new generation of research scientists, CILER administers an annual Great Lakes 
Summer Student Fellows Program. This program is a partnership with NOAA-GLERL and 
helps place promising young undergraduate and graduate students with both University 
and Federal research mentors. Through this program, students get the opportunity to 
work on substantive research issues in the Great Lakes that, in turn, support CILER’s and 
NOAA’s research mission in the region. CILER will continue to support 8-12 upper level 
undergraduate and graduate students per summer. CILER strives to create an inclusive 
environment within the Summer Fellows program and advertises the program to 
applicants from a wide variety of backgrounds, with a goal of increasing diversity among 
the applicants. In 2016, 22% of applicants identified themselves as non-white or 
Caucasian and 44% identified themselves as female.  

 CILER Great Lakes Long-term Fellowship Program: CILER administers a long-term (9-12 
months) fellowship program that funds graduate students to work at Consortium 
universities on important topics for the Great Lakes region. The goals of this program 
are: 1) to increase training and educational opportunities for students in Great Lakes 
research; 2) to enhance academic and NOAA collaborations to improve research 
effectiveness; and 3) to increase student retention within the freshwater aquatic 
sciences. CILER will continue to support 2 long-term fellowships per year at the graduate 
student level.  

 CILER Post-doctoral Fellowship Program: This program provides salary and research 
support for post-doctoral fellows who will work closely with a CILER Consortium 
member and GLERL scientist on a project of mutual interest. In the past these 
fellowships have been offered opportunistically, as research funds allowed. However, 
with funding support committed from University of Michigan, in 2016 we will begin 
competitively funding 2-4 post-doctoral fellows per year. CILER will provide 1 year of 
funds and Consortium partners will provide a matching 2nd year of funds, and agree to a 
reduced 10% IDC.   

 Graduate Student Projects: As research grant funding allows, CILER Research Scientists 
serve as mentors for University of Michigan graduate students completing Master’s 
research projects.  

 Doris Duke Conservation Scholars Program: CILER Research Scientists will mentor at 
least 2 undergraduate students per year participating in the University of Michigan’s 
Doris Duke Conservation Scholars Program. The goal of the program is to introduce 
greater diversity into the environmental conservation workforce and teaches an 
approach to conservation in which diversity and inclusion are integral. As part of the 
program, students complete an 8-week internship at an environmental organization. 

 
Public Outreach and Engagement 
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 Great Lakes Seminar Series: In conjunction with NOAA-GLERL, CILER will continue 
hosting the Great Lakes Seminar Series. This ongoing series features invited scientists 
from around the country to speak at either NOAA-GLERL or the University of Michigan 
on a topic relevant to the Great Lakes. The seminars are open to the public and 
broadcast via webinar for remote participation. Webinar recordings are available to the 
public on the CILER website. The series comprises a minimum of 8 seminars per year.  

 Website: CILER created a new website in 2011. Although it was a vast improvement over 
the previous version, it is now out of date. A new CILER website is under development 
that will greatly strengthen CILER’s web presence and facilitate more effective science 
translation.   

 Social media: CLIER maintains social media presence on Facebook and Twitter. We strive 
to increase our reach via these outlets and increase engagement with the public. 

 Annual news magazine: In 2016, CILER will publish our first annual news magazine, 
geared toward the public. It will feature CILER’s major research accomplishments over 
the year and promote student opportunities, in a full-color attractive layout.  

 Quarterly e-newsletters: In 2016, CILER will begin publishing quarterly e-newsletters 
highlighting CILER research, partner interactions, opportunities, and events.  

 Fact sheets: CILER will produce a series of fact sheets on Great Lakes topics that 
highlight CILER research. These will be posted on the CILER website and used on 
informational tables at community events. The fact sheets will be accompanied by Flash 
animations whenever possible. 

 Community and university outreach events: CILER will continue to have informational 
tables at community and university outreach events, such as Ann Arbor’s Mayor’s Green 
Fair, Huron River Day, UM Student Visit Day, and UM Green Career Day, and participate 
in the Great Lakes National Ocean Sciences Bowl. We will also continue to coordinate 
CILER education and outreach programs with other regional efforts (e.g., the Great 
Lakes Sea Grant Network, Centers for Ocean Sciences Education Excellence (COSEE) 
Great Lakes, the Great Lakes Observation System (GLOS), and the Great Lakes Regional 
Research and Information Network (GLRRIN)).  CILER will provide information and 
resources to Consortium partners to use at community and university events in their 
areas, to promote CILER research basin-wide. 
 

Policy Engagement 

 Summits and Working Groups (SWGs): Beginning in 2016, CILER will fund three SWGs 
per year. The SWGs are centered on each of the NOAA-GLERL’s research programs – 
Understanding Ecosystems, Forecasting Environmental Change, and Developing 
Advanced Technology and Observing Systems – and are designed to strengthen CILER’s 
goals of advancing Great Lakes research and supporting NOAA’s mission. Consortium 
Partners will be invited to submit proposals to an annual call for issues related to 
research and management of Great Lakes.  CILER will facilitate the review and selection 
process, and SWGs will be hosted at The University of Michigan.  The ultimate goal for 
the SWGs is to produce an agenda for the future of Great Lakes research. The resulting 
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written products will 1) be used as a platform to engage with politicians and make the 
case for increased funding for Great Lakes research and 2) be used as a tool to drive 
research that provides key information for decision-makers. 

 Engage with Great Lakes policy-makers: Translation of research findings to key 
politicians is critical to guiding wise management and protection of the Great Lakes.  

o CILER will host one event per year to communicate Great Lakes research results 
and funding needs to local and State politicians.  

o CILER will participate in the annual Great Lakes Day visits to Congress, which are 
organized by the Great Lakes Commission. 

 
CILER will maintain a database of all Education and Outreach program activities as a means to 
track our efforts and gauge the effectiveness of the program. The Education and Outreach Plan 
is a living document and will be adapted and revised as needed to capitalize on its strengths 
and address any weaknesses.  
 

  



130 
 
 

Appendix 2: Great Lakes Summer Fellowship Recruiting Plan 
 

Each summer, CILER collaborates with NOAA-GLERL to provide hands-on training and research 

experiences to a number of highly qualified students with great potential to become the next generation 

of Great Lakes scientists. CILER’s recruiting strategy involves 3 focus areas:  

 Scientific outlets to provide national-level exposure 

 CILER partners – for Great Lakes regional emphasis 

 Under-represented student groups at targeted Universities 

Scientific Outlets 

The following resources are used to advertise the Great Lakes Summer Fellows program to the broader 

national-level aquatic science community: 

 Great Lakes Information Network (GLIN) Jobs listserv 

 International Association for Great Lakes Research (IAGLR) Job Board 

 Association for the Sciences of Limnology and Oceanography (ASLO) Student Opportunities 

 Society for Freshwater Science (SFS) classified ads 

CILER Partners 

CILER distributes the Great Lakes Summer Fellows announcement to its Council of Fellows, via an email 

list that is kept current with all of CILER’s academic partners in the Great Lakes basin. Additional 

advertising is done at the University of Michigan, through participation in the School of Natural 

Resources and Environment’s annual Green Career Fair, which draws ~600 students each year. 

Under-represented Student Groups 

CILER strives to create an inclusive environment within the Summer Fellows program.  The following 

steps are taken to encourage applicants from a wide variety of backgrounds, with a goal of increasing 

diversity among the applicants.  

 Race/ethnicity & gender questions are included on the application form, including options for a 

preference not to answer. 

 The program description states “We are seeking a diverse group of students; thus, we 

encourage applications from students currently underrepresented in the aquatic sciences 

discipline and workforce.” This statement is included on the announcement and on the CILER 

Summer Fellows webpage. 

 Advertising to student groups and universities that serve under-represented student groups: 

o University of Michigan 

 Office of Academic Multicultural Initiatives (OAMI) 

 Multi-Ethnic Student Affairs (MESA) 

 Women in Science and Engineering (WISE) 

 Undergraduate Research Opportunity Program (UROP) 

o Hampton University (historically African-American university, Virginia) 

o Eastern Michigan University 

o Wayne State University 
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o Lake Superior State University (large Native American student population) 

o NOAA Environmental Cooperative Science Center (goal to increase scientists from 

under-represented groups in environmental, coastal, and oceanic sciences) 

 Link to the Doris Duke Conservation Scholars Program, and vice versa, on the Summer Fellows 

website. 
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Appendix 3: Long-term Fellowship Report – Margaret Stadig, Purdue University 
 

THEME I: Great Lakes Observing and Forecasting Systems 

Spatial variation in condition and trophic connections of larval fish in Lake 
Michigan: a CSMI Enhancement Fellowship 
Long-term Fellow: Margaret Hutton Stadig (Purdue University) 
Mentor(s): Tomas Höök (Purdue University & IL-IN SeaGrant), Paris Collingsworth (Purdue 
University & IL-IN SeaGrant), Ed Rutherford (NOAA-GLERL) 
NOAA Sponsoring Office: Great Lakes Environmental Research Laboratory 

Budget Amount: $25,000 
 
NOAA Strategic Goal(s):  
Goal 3 - Climate Adaptation and Mitigation  
Goal 4 - Resilient Coastal Communities and Economies 
 
Overview and Objectives:  
Lake Michigan food webs are being disrupted by multiple invasive and exotic species 

particularly by dreissenid mussels.  Dreissenids are efficient filter feeders that sequester 

previously suspended nutrients in the benthos and limit primary production in midshore and 

offshore habitats of Lake Michigan (Hecky et al. 2004; Edwards et al. 2005; Vanderploeg et al 

2002, 2010; Yousef et al. 2014). Recent satellite imagery analyses suggest that nearshore 

chlorophyll a concentrations may not be declining uniformly across the lake.  Rather surface 

chlorophyll trends vary by region due to the differences in physical and biological factors such 

as bathymetry and tributary inflows across Lake Michigan.  Surface chlorophyll in nearshore 

locations on the eastern half of the lake have increased in recent years while concentrations 

have decreased in nearshore locations on the western half of the lake (Hutton et al. in prep).  

Isotope-based studies of energy flow to upper trophic levels indicate that organisms on the east 

side of Lake Michigan rely heavily on benthic resource pathways while organisms in western 

Lake Michigan rely more on pelagic resources (Happel 2013; Henerby 2014; Turschak et al. 

2014).  Little is known, though, about connections at lower trophic levels and how these 

connections vary across space and time.  During the 2015 CSMI in Lake Michigan, vertebrate 

(larval fish) and invertebrate (Bythotrephes longimanus) secondary consumers were collected 

to assess trophic connections and the overall condition of individuals in different regions of the 

lake.  Bythotrephes and larval fish occupy a similar trophic niche in the Lake Michigan food web.  

Their preferred prey are large herbaceous zooplankton (Mills and Forney 1981; Lehman and 

Branstrator 1995) and they are frequently consumed by higher trophic organisms (Brandt et al. 

1987; Pothoven et al. 2001).   

The objective of this study was to assess how the condition of fish larvae and Bythotrephes vary 

across a broad spatial scale (east to west shores of Lake Michigan), along a finer spatial scale 

(nearshore to offshore transects), and seasonally (spring to fall).  Density, length and condition, 
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as evaluated by RNA:DNA ratios (an analysis for short-term growth; Clemmesen 1994; Höök et 

al. 2008), were  measured for the three secondary consumers: alewife (Alosa pseudoharengus) 

and bloater (Coregonus hoyi) larvae, and Bythotrephes.   Fatty acid signatures of the three 

secondary consumers also were analyzed to determine if production pathways vary between 

the east and west side of Lake Michigan.  Two transects were sampled monthly in southwest 

Lake Michigan, one near Racine, WI, and another in southeast Lake Michigan, off Muskegon, 

MI.  Three sites were sampled at each transect along a nearshore to offshore gradient from 15-

18 m depth (nearshore), to 45 m depth (midshore) and 100-110 m depth (offshore).  Three 

types of gear were used to capture secondary consumers: bongo nets towed during the day 

(333 and 500 μm), nueston nets towed during the night (500 μm), and zooplankton nets (64 

μm) towed during both the day and night.  Bongo and zooplankton net samples were 

integrated metaliminion and epiliminion tows, whereas the neuston net was only towed in the 

epiliminion.  Multiple gear types allowed for the collection of sufficient number of study 

organisms for morphometric and biochemical analyses.  Bongo and neuston nets were towed in 

duplicate.  One replicate was preserved and stored for densities, lengths, and RNA:DNA 

analysis.  Only the 333 μm bongo replicates were used for density analysis.  The second was 

immediately sorted for fatty acid analysis.      
 

Accomplishments: 

All three secondary consumers were successfully sampled during each month from June to 

September at both Racine and Muskegon.  Laboratory analysis has been completed for all larval 

fish and Bythotrephes samples.  Analysis of the information has been conducted for densities, 

lengths, RNA:DNA, and fatty acids for Bythotrephes.  Currently only fatty acid analysis has been 

completed for larval fish.   

Bythotrephes densities were consistently higher on the eastern side of Lake Michigan 

throughout the year.  Along both transects, Bythotrephes densities increased throughout the 

season, with the highest densities in August and September (Figure 1).  Densities at the western 

Racine transect were highest in nearshore locations, but densities were greatest in mid- to 

offshore locations along the eastern shore.  Higher offshore densities have been reported in 

similar Bythotrephes studies conducted in Lake Michigan (Cavaletto et al. 2010).  Differences in 

body lengths between nearshore and offshore locations were not noticeably different 

throughout the year along either transect.  However, there was a difference in length between 

the eastern and western shores in June and July (Figure 2).  During the months of August and 

September, the body lengths of Bythotrephes were not observably different between the two 

transects.   

Similar temporal and spatial trends were also observed in average RNA:DNA ratios for 

Bythotrephes.  In early summer months, the RNA:DNA ratios along Muskegon were greater 

than those observed along Racine (Figure 3).  However, there were no differences in RNA:DNA 

ratios measured during August and September.  During the early summer months, physical 
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factors along Racine’s shorelines could inhibit growth and condition of Bythotrephes.  

Epilimnetic water temperatures are generally colder on the western side of Lake Michigan 

especially early in the season compared to the east side (Plattner et al. 2006).  Thus water 

temperatures are optimal for Bythotrephes growth earlier in the season on the east side of the 

lake compared to the west (Yurista 1999, which could help explain the seasonal lag observed in 

growth and condition from west to east.  As water temperature and other environmental 

conditions equilibrate across the lake, the size and condition of Bythotrephes become 

comparable.  As further larval fish samples are analyzed, they will confirm whether trends are 

consistent across this trophic level.   

 

To identify differences in fatty acid signatures, nonparametric multivariate dimensional scaling 

(nMDS) and permutational multivariate analysis of variance (PerMANOVA) were conducted.  

For Bythotrephes, 39 different fatty were identify and used within the analysis (Appendix Table 

1).  All factors (transect, location nearshore to offshore, month collected, and instar) were 

significant but the most variation was explained by sampling month (Month: F=39.36, R2=.23, 

p=0.001).   Thirty-eight fatty acids were analyzed for larval fish composition (Appendix Table 2).  

Similar to Bythotrephes, factors such as species, transect, and date are all significant variables 

when determining the fatty acid signature of larval fish.  However, unlike Bythotrephes, all 

factors appeared to play an equally important role in explaining the variation in fatty acids for 

larval fish.  While the sample sizes from Racine are low for larval fish (alewife = 4; bloater = 1), 

differences in fatty acid signature are fairly pronounced (Figure 4).  Comparatively little 

variation is explained by the different transects for Bythotrephes fatty acids (Figure 4), but 

month of capture  is highly significant for both larval fish and Bythotrephes fatty acids.  Further 

analyses will be conducted to evaluate the potential seasonal lag in fatty acid signatures.  

 

Analyzes from this study, including the remaining larval fish and Bythotrephes instar analyzes, 

are ongoing and will be compiled into different publications in the future including the 

publication currently in preparation.  Much of this research will also be assembled into a 

Master’s thesis by M. Hutton Stadig from Purdue University.   
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Figures 

 
Figure 1.  Total density of Bythotrephes along the two transects of Lake Michigan, Muskegon 

(blue) and Racine (red).  No Bythotrephes were captured in the nearshore location of Racine in 

June and July.  Offshore areas of Racine were not sampled in August.  Neither Racine nor 

Muskegon were sampled in midshore areas in September.   
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Figure 2.  The average body length (±S.D.) of the 1st instar of Bythotrephes along Racine, WI 

(red), and Muskegon, MI (blue), for each month.  Samples from nearshore to offshore were 

combined.   

 
Figure 3.  The average RNA:DNA values for the 1st instar of Bythotrephes between Muskegon 

(blue) and Racine (red).  No 1st instars were captured in nearshore locations of Racine in June 

and July.  Samples were not collected from midshore Muskegon or Racine in September or from 

Racine in offshore locations in August.   
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Figure 4. nMDS of fatty acid profiles (% composition) for Bythotrephes (a.) and larval fish (b.).  

For both plots, all samples within each transect were combined due to uneven sample size from 

nearshore to offshore. In (a.) 95% confidence ellipsoids are plotted transect by month group 

centroid.  In (b.) Due to sample size, all larval fish samples were pooled across months.       

 

Publications:  

Margaret Hutton Stadig, Paris Collingsworth, Samuel Guffey, Ed Rutherford, Mitchell Zischke, 

and Tomas Höök. Spatiotemporal differences in the condition of secondary consumers 

in Lake Michigan. Journal of Great Lakes Research. In Prep. 



138 
 
 

 

 

Presentations:   

Margaret Hutton, Paris Collingsworth, Samuel Guffey, Ed Rutherford, Mitchell Zischke, and 

Tomas Höök. Spatiotemporal differences in the condition of Bythotrephes longimanus in 

Lake Michigan. Midwest Fish and Wildlife Conference 1/2016. Grand Rapids, MI. 

Margaret Hutton, Paris Collingsworth, Samuel Guffey, Ed Rutherford, Mitchell Zischke, and 

Tomas Höök. Assessing a secondary consumer through space and time: The story of L. 

Michigan Bythotrephes. IAGLR 6/2016. Guelph, ON.  Invited. 

 

Outreach Activities: None to Date 
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Appendix 

Table 1. All fatty acids for Bythotrephes used for analysis in this study 

Isomer Systematic name Common name 

hydroxyC12:0   

C14:0   

isoC15:0   

antiC15:0   

C15:0 pentadecanoic acid  

C16:1alcohol   

hydroxyC14:0   

isoC16:0   

C16:0   

C16:1   

isoC17:0   

C17:0 heptadecanoic acid margaric acid 

C18:0alcohol   
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C17:1 heptadecenoic acid  

DMA C18:0   

C18:0 octadecanoic acid stearic acid 

C18:1n-9total  oleic acid 

C18:1n-7   

C18:2trans   

C18:2cis   

C20:0 eicosanoic acid arachidic acid 

C20:1n-9   

C20:2   

C21:0 heneicosanoic acid heneicosylic acid 

C20:3n-6   

C20:4n-6   

C20:3n-3   

C20:5n-3 all cis eicosapentaenoic acid (EPA) timnodonic acid 

C22:0 docosanoic acid behenic acid 

C22:1 Docosenoic acid erucic acid 

C22:2 Docosadienoic acid brassic acid 

C23:0   

C22:4n-6 docosatetraenoic acid  

C22:5n-6 docosapentaenoic acid n-6  

C22:5n-3 Docosapentaenoic acid (DPA) clupanodonic acid 

C22:6n3 all cis Docosahexaenoic acid (DNA)  

C24:0 tetracosanoic acid lignoceric acid 

C24:1   

 

Table 2. All 38 fatty acids for larval fish used for analysis in this study 

Isomer Systematic name Common name 

C14:0   

isoC15:0   

antiC15:0   

C15:0 pentadecanoic acid  

C16:1alcohol   

hydroxyC14:0   

isoC16:0   

DMA C16:0   

C16:0   

C16:1   

isoC17:0   

C17:0 heptadecanoic acid margaric acid 

C18:0alcohol   

C17:1 heptadecenoic acid  

DMA C18:0   

C18:0 octadecanoic acid stearic acid 
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C18:1n-9total  oleic acid 

C18:1n-7   

C18:2trans   

C18:2cis   

C20:0 eicosanoic acid arachidic acid 

C20:1n-9   

C20:2   

C21:0 heneicosanoic acid heneicosylic acid 

C20:3n-6   

C20:4n-6   

C20:3n-3   

C20:5n-3 all cis eicosapentaenoic acid (EPA) timnodonic acid 

C22:0 docosanoic acid behenic acid 

C22:1 Docosenoic acid erucic acid 

C22:2 Docosadienoic acid brassic acid 

C23:0   

C22:4n-6 docosatetraenoic acid  

C22:5n-6 docosapentaenoic acid n-6  

C22:5n-3 Docosapentaenoic acid (DPA) clupanodonic acid 

C22:6n3 all cis Docosahexaenoic acid (DNA)  

C24:0 tetracosanoic acid lignoceric acid 

C24:1   
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Appendix 4: Long-Term Fellowship Report – Shelby LaBuhn, University of 

Wisconsin-Milwaukee 

 

THEME III: Ecological Risk Assessment 
Metabolism and Biogeochemical Cycling in Benthic Ecosystems of the Great 
Lakes 
Long-term Fellow: Shelby LaBuhn (University of Wisconsin-Milwaukee) 

Mentor(s): J. Val Klump (University of Wisconsin-Milwaukee), Ashley (Baldridge) Elgin (NOAA 

GLERL), Tom Johengen (UM CILER) 

NOAA Sponsoring Office: Great Lakes Environmental Research Laboratory 

Budget Amount: $25,000 

NOAA Strategic Goal(s):  
Goal 1 - Healthy Oceans   
Goal 3 - Climate Adaptation and Mitigation  
 
Overview and Objectives:  
Our objective was to provide a set of novel measurements of benthic metabolism in critical 

Great Lakes environments to help understand the role of the benthic system on oxygen 

balance, nutrient cycling and carbon remineralization within the hypolimnion. 

This project advances understanding of a complex ecosystem process (benthic metabolism) and 

allows for comparison between different Great Lakes environments. Creating comparisons for 

this process at the current time will serve as an indicator for climate change impacts on coastal 

and open water environments. This project also facilitated mentoring and training of a PhD 

student (Ms. Shelby LaBuhn), who hopes to work in the Great Lakes basin. 

 

Accomplishments: 

Ms. LaBuhn participated in a research cruise of nearshore Lake Michigan with Dr. Ashley 

(Baldrige) Elgin. Due to site difficulty on the eastern shore the experiments were not 

performed, but nearshore Lake Michigan experiments will be performed the week of July 11th 

2016 on the western side of Lake Michigan. 

A 2-week visit to GLERL from July 25-August 5 2016 is being planned to facilitate more research 

and in-lab experiments between Ms. Shelby LaBuhn and Drs. Ashley Elgin and Tom Johengen. 

The goals are to perform benthic metabolism experiments in both the western and central 

basins of Lake Erie. 

 

Publications: 
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LaBuhn, S., Weckerly, K., Anderson, P. and Klump. J.V. In prep. Benthic respiration and hypoxia 

in Green Bay, Lake Michigan 

 

Presentations:   

Klump, J.V., K. Fermanich, H.Bravo, S. Hamidi, S. LaBuhn. 2015.  Hypoxia in Green Bay, Lake 
Michigan. CERF annual conference. Portland OR. Special session on the Harmful Algal 
Bloom and Hypoxia Research and Control Act: accomplishments and remaining 
challenges” (invited). 

Klump, J.V., Bravo, H.R., LaBuhn, S.L., Hamidi, S.A., Fermanich, K., Baumgart,P. and 
Verhamme, E.M. 2016. What will it take to restore Green Bay? International Association 
for Great Lakes Research annual conference. Guelph, Ontario.  

LaBuhn, S.L., Wilcox, E.M., Valenta, T., Qualls, T., Klump, J.V. and Kennedy, J. 2016. 
Estimating summertime primary production via in-situ monitoring in Green Bay, Lake 
Michigan. International Association for Great Lakes Research annual conference. 
Guelph, Ontario. 

 
Outreach Activities:  

S. LaBuhn will be participating in a 6-day cruise aboard the Dennis Sullivan in coordination with 

Wisconsin and Minnesota Sea Grants. The focus of the cruise is to help educate Wisconsin and 

Minnesota teachers about Great Lakes issues and research. LaBuhn will be providing research 

demos and giving a presentation about the research supported by CILER, as well as other topics. 
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Appendix 5: Post-doctoral Fellowship Final Report - Dr. Peter Levi, University of 

Wisconsin 
 

Research Title: Do stream restorations scale up? An analysis of ecosystem response to 

restorations throughout river networks in the Great Lakes basin 

 

Postdoctoral Research Fellow: Peter Levi 

 

Overview and Objectives: 

Throughout the Great Lakes basin, urban stream restorations are being implemented to improve 

the ecological, economic, and social integrity of freshwater resources. These restorations often 

enhance ecosystem services, such as re-establishing natural flow regimes or increasing nutrient 

processing rates. However, similar restorations (e.g., channel reconfiguration) may have different 

effects on stream processes depending on the location of the restoration within the river network 

(e.g., tributary vs. river main stem). Using process-based measurements of ecosystem function, 

sites within a river network can be targeted for restorations that maximize ecosystem services 

and minimize economic and social costs. 

The objective of our study was to provide a quantitative assessment of urban stream restorations 

using integrative metrics of ecosystem function (e.g., whole-stream metabolism, nutrient cycling 

dynamics). We conducted our research in six watersheds in the Milwaukee metropolitan area. In 

each river, we selected adjacent restored and unrestored reaches (>200m in all cases), generally 

consisting of replacement of concrete channels with rock/sand/mud substrates flanked by 

riparian vegetation.  These sites represented a gradient of discharge and watershed position 

within the broader Milwaukee River system, enabling us to address broad patterns as well as site-

specific restoration outcomes. 

 

To execute this field project, we partnered with local citizen groups (e.g., Milwaukee 

RiverKeeper), members of municipal (e.g., Milwaukee Metropolitan Sewerage District) and state 

agencies (e.g., Wisconsin DNR), and other academic institutions (e.g., UW-Milwaukee, Loyola 

University). 

 

Accomplishments:  

In FY2016, we completed additional fieldwork and data analysis beyond the original scope of 

the study overview and objectives. During the summer of 2015, we collected river sediments and 

recorded the physicochemical characteristics at 19 locations in the 3 major river systems and 

their tributaries in Milwaukee, WI, as well as the nearshore habitat in Lake Michigan. We 

conducted sediment denitrification assays to determine the amount of nitrate permanently 

removed from the lotic and lentic ecosystems using membrane-inlet mass spectrometry (MIMS). 

The additional research was conducted in collaboration with Dr. Tim Hoellein (Loyola 

University-Chicago) and Robert Mooney (UW-Madison). Furthermore, we continued our 

analysis of long-term water quality data in the river networks of Milwaukee, WI, in collaboration 
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with Dr. Peter Lisi and Etienne Fluet-Chouinard (UW-Madison) and Dr. Matthew Diebel 

(Wisconsin DNR). 

 

Publications: 

CILER-related:  

Levi, P.S. and P.B. McIntyre. 2015. Do Urban Stream Restorations Scale Up? An analysis of 

ecosystem response to restorations in the river networks of Milwaukee, WI. Report to the 

Milwaukee Metropolitan Sewerage District.  

 

Levi, P.S. and P.B. McIntyre. In preparation. Does stream size affect ecosystem responses to 

channel restoration in urban watersheds? To be submitted to Ecological Applications in August, 

2016.  

 

Non-CILER-related: Levi, P.S., P. Starnawski, B. Poulsen, A. Baattrup-Pedersen, A. Schramm, 

and T. Riis. In revision. Microbial community diversity and composition varies with habitat 

characteristics and biofilm function in macrophyte-rich streams. Oikos. 

 

Riis, T., P.S. Levi, K.G. Jespersen, S.R. Leth, and A. Baattrup-Pedersen. In review. Experimental 

drought changes ecosystem structure and function in a macrophyte-rich stream. Aquatic 

Sciences. 

 

Presentations: 

Levi, P.S., P.J. Lisi, E. Fluet-Chouinard, M. Diebel, and P.B. McIntyre. Long-term trends reveal 

varying controls on nitrogen, phosphorus, and chloride concentrations among urban river 

networks. Society for Freshwater Science. Sacramento, CA, 05/2016. Oral presentation. 

 

Reisinger, A. J., E. Rosi-Marshall, P. Groffman, S. Lee, E. Bernhardt, J. Blaszczak, N. Grimm, 

S. Kaushal, J. Kelly, P.S. Levi, and E. Stanley. Biogeochemical symptoms of the urban stream 

syndrome: homogenization of water chemistry and implications for ecosystem functioning in 

urban streams. Society for Freshwater Science. Sacramento, CA, 05/2016. Oral presentation. 

 

Riis, T., D. Graeber, P.S. Levi, A. Baattrup-Pedersen, J.J. Rasmussen, T.M. Jensen, S.L. 

Rosenhøj, and E.M. Neif. How does ecosystem structure and function respond to low-flow 

conditions in agricultural streams? Society for Freshwater Science. Sacramento, CA, 05/2016. 

Oral presentation. 

 

Chaloner, D., B. Gerig, D.J. Janetski, P.S. Levi, A. Moerke, R. Rediske, J. Rüegg, J.L. Tank, 

S.D. Tiegs, and G.A. Lamberti. Influence of Pacific salmon spawners on stream ecosystems: 

why context matters. Society for Freshwater Science. Sacramento, CA, 05/2016. Oral 

presentation. 

 

Levi, P.S. Do urban stream restorations scale up? An analysis of the ecosystem function of re-

naturalized stream channels. Department of Geology and Atmospheric Sciences, Iowa State 

University, Ames, IA, 04/2016. Invited seminar.  
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Levi, P.S. Freshwater ecosystem management in the Midwest: Act locally, think globally. 

Raccoon River Watershed Association, Perry, IA, 04/2016. Invited seminar. 

 

Levi, P.S. Is restoration a cure for unhealthy streams? Drake Undergraduate Science 

Collaborative Institute (DUSCI) Colloquium, Drake University, Des Moines, IA, 03/2016. 

Invited seminar. 

 

Levi, P.S. Freshwater ecosystem management in the Midwest: Act locally, think globally. Iowa 

Department of Natural Resources, Des Moines, IA, 02/2016. Invited seminar. 
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Appendix 6: Employee Count 
 

Summary of CILER staff and students by head count from July 1, 2015 – June 30, 2016. Counts 

of Research Scientists, Research Support Staff, and Administrative staff include only University 

of Michigan employees. Counts of Postdoctoral Research Fellows and students include 

subcontracts.  

  Terminal Degree 

Category Number B.S. M.S. Ph.D. 

Research Scientists 11 0 0 11 
Visiting Scientists 0 0 0 0 
Postdoctoral Research Fellows 9 0 0 9 
Research Support Staff 19 5 12 2 
Administrative 7 0 4 3 

Total ≥ 50% support 33    

Total ≤ 50% support 13       

Undergraduate Students 33 0 0 0 
Graduate Students 18 26 7 0 

Located at NOAA Lab 58       
Obtained NOAA employment 0       
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Appendix 7: Publication Count 

 
Summary of peer-reviewed and non peer-reviewed publications related to CILER-funded research from FY2003-FY2016, with 

summaries based on the current 5-year Cooperative Agreement renewal (FY2013-2016) and the 10-year Cooperative Agreement 

(FY2008-FY2016). Publications attributed to CILER lead authors include those led by any University of Michigan author. Publications 

attributed to “other” lead authors are all those with a non-UM or non-NOAA lead author, including subcontracts.  

Lead FY 03 04 05 06 07 08 09 10 11 12 13 14 15 16 

CA Renewal 
Total  

(FY13-16) 
CA Total  

(FY08-16) 

CILER Peer-rev. 16 8 7 10 10 12 19 14 36 15 8 8 10 16 42 138 

  Non peer-rev. 7 1 2 1 0 6 0 3 123 67 N/A 3 5 2 10 209 

NOAA Peer-rev. 5 2 4 7 3 4 33 24 10 7 6 7 6 5 24 102 

  Non peer-rev. 4 6 1 0 2 1 0 3 64 30 N/A 4 2 1 7 105 

Other Peer-rev. 0 12 10 3 6 13 29 38 0 20 5 9 28 22 64 164 

  Non peer-rev. 0 0 0 0 0 0 0 11 11 56 N/A 2 1 0 3 81 

Total Peer-rev. 21 22 21 20 19 29 81 76 46 42 19 24 44 43 130 404 

  Non peer-rev. 11 7 3 1 2 7 0 17 198 153 0 9 8 3 20 395 
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Appendix 8: Publications 
 

Peer-reviewed:  
Carrick, H.J., E. Butts, D. Daniels, M. Fehringer, C. Frazier, G.L. Fahnenstiel, S.A. Pothoven, and H.A. 

Vanderploeg. 2015. Variation in the abundance of pico, nano, and microplankton in Lake 
Michigan: Historic and basin-wide comparisons. Journal of Great Lakes Research 41(Supplement 
3): 63-74 (DOI:1016/j.jglr.2015.09.009).  

Cory, R., T.W. Davis, G.J. Dick, T.H. Johengen, V.J. Denef, M.A. Berry, S.E. Page, S.B. Watson, K. Yuhas, 
and G.W. Kling. 2016. Seasonal Dynamics in Dissolved Organic Matter, Hydrogen Peroxide, and 
Cyanobacterial Blooms in Lake Erie. Frontiers in Marine Science 3: 1-17 (DOI: 
10.3389/fmars.2016.00054). http://www.glerl.noaa.gov/pubs/fulltext/2016/20160008.pdf 

Defore, A. D., A. Weinke, M. Lindback, and B. Biddanda. 2016. Year-round Measures of Planktonic 
Metabolism Reveal Net Autotrophy in Surface Waters of a Great Lakes Estuary. Aquatic 
Microbial Ecology (DOI: 10.3354/ame01790). 

Denef, V.J., R.S. Mueller, E. Chiang, J.R. Liebig, and H.A. Vanderploeg. 2016. Chloroflexi CL500-11 
populations that predominate deep lake hypolimnion bacterioplankton rely on nitrogen-rich 
DOM metabolism and C1 compound oxidation. Applied and Environmental Microbiology 82(5): 
1423-1432 (DOI:10.1128/AEM.03014-15). 

Dila, D. K. and B. A. Biddanda. 2015. From land to lake: Contrasting microbial processes across a Great 
Lakes gradient of carbon and nutrient inventories. J. Great Lakes Res 41: 75-85 (DOI: 
10.1016/j.jglr.2015.04.014). 

Fahnenstiel, G., M. Sayers, R.A. Shuchman, F. Yousef, and S. Pothoven. 2016. Lake-wide phytoplankton 
production and abundance in the Upper Great Lakes: 2010–2013. Journal of Great Lakes 
Research 42(3): 619-629 (DOI: 10.1016/j.jglr.2016.02.004). 

Glyshaw, P.W., C.M. Riseng, T.F. Nalepa, and S.A. Pothoven. 2015. Temporal trends in nutritional state 
and reproduction of quagga mussels (Dreissena rostriformis bugensis) in southern Lake 
Michigan. Journal of Great Lakes Research 41 (Supplement 2): 16-26 (DOI: 
10.1016/j.jglr.2015.08.006). 

Gobler, C.J., J.M. Burkholder, T.W. Davis, M.J. Harke, T.H. Johengen, C.A. Stow, and D.B. 
VandeWaal. 2016. The dual role of nitrogen supply in controlling the growth and toxicity of 
cyanobacterial blooms. Harmful Algae 54: 87-97 (DOI: 10.1016/j.hal.2016.01.010). 

Gronewold, A.D., J. Bruxer, D. Durnford, J. Smith, A. Clites, F. Seglenieks, T. Hunter, S. Qian, V. Fortin. 
2016. Hydrological drivers of record-setting water level rise on Earth’s largest lake system. 
Water Resources Research 52(5): 4026-4042 (DOI: 10.1002/2015WR0182090). 

Gronewold, A.D., A.H. Clites, J. Bruxer, K. Kompoltowicz, J.P. Smith, T. Hunter, C. Wong. 2015. Great 
Lakes water levels surge. Eos, Transactions of the American Geophysical Union 96(6): 14-17 
(DOI: 10.1029/2015EO026023). 

Gross, M., S. Malardel, C. Jablonowski, and N. Wood. 2016. Bridging the (Knowledge) Gap between 
Physics and Dynamics. Bull. Amer. Meteorol. Soc. 97: 137–142 (DOI: 10.1175/BAMS-D-15-
00103.1). 

Hall, D. M., P. A. Ullrich, K. A. Reed, C. Jablonowski, R. D. Nair and H. M. Tufo. 2016. Dynamical Core 
Model Intercomparison Project (DCMIP) Tracer Transport Test Results for CAM-SE. Quart. J. Roy. 
Meteorol. Soc. 142: 1672-1684 (DOI: 10.1002/qj.2761). 

Hawley, N., D. Beletsky, and J. Wang. 2016. Time Series Measurements of Ice Thickness in Lake 
Erie. Proceedings of the 23rd IAHR International Symposium on Ice. 

http://www.glerl.noaa.gov/pubs/fulltext/2016/20160008.pdf
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Hu, H., J. Wang, H. Liu, and J. Goes. 2016. Simulation of phytoplankton distribution and variation in the 
Bering-Chukchi Sea using a 3-D physical-biological model. J. Geophys. Res. Oceans 121: 4041–
4055 (DOI: 10.1002/ 2016JC011692). 

Hu, H., J. Wang, H. Liu, and J. Goes. 2016. Simulations of Seasonal Variations of Sea Ice and Plankton in 
the Bering and Chukchi Seas, Proceedings of the 23rd IAHR International Symposium on Ice, Ann 
Arbor, MI, May 31-June 3, 2016, 9 pages. 

Kao, Y-C., Adlerstein, S., and Rutherford, E. S. 2016. Assessment of bottom-up and top-down controls on 
the collapse of alewives Alosa pseudoharengus in Lake Huron. Ecosystems (DOI: 
10.1007/s10021-016-9969-y). 

Lodge, D.M, P.W. Simonin, S. W. Burgiel, R. P. Keller, J. M. Bossenbroek, C. L. Jerde, A. M. Kramer, E. S. 
Rutherford, M. A. Barnes, M. E. Wittmann, W. L. Chadderton, J. L. Apriesnig, D. Beletsky, R. M. 
Cooke, J. M. Drake, S. P. Egan, D. C. Finnoff, C. A. Gantz, E. K. Grey, M. H. Hoff, J. G. Howeth, R. A. 
Jensen, E. R. Larson, N. E. Mandrak, D. M. Mason, F. A. Martinez, T. J. Newcomb, J. D. 
Rothlisberger, A. J. Tucker, T. W. Warziniack, and H. Zhang. 2016.  Risk analysis and 
bioeconomics of invasive species to inform policy and management. Annual Review of 
Environment and Resources 41: (Volume publication date November 2016). 

Manome, A.F., and J. Wang. 2016. Simulating sea ice in the Arctic Ocean and Eastern Siberian 
Sea. Proceedings of the 23rd IAHR International Symposium on Ice. 

Nevers, M. B., M. Byappanahalli, M.S. Phanikumar and R. L. Whitman. 2016. Fecal Indicator Organism 
Modeling and Microbial Source Tracking in Environmental Waters, Chapter 3.4.6 in Manual of 
Environmental Microbiology, 4th Edition, Edited by Marylynn V. Yates, Cindy H. Nakatsu, Robert 
V. Miller, Suresh D. Pillai (ASM Press, Washington DC), pp. 3.4.6-1 to 3.4.6-16, ISBN: 
9781555816025. 

Notaro, M., V. Bennington, and B. M. Lofgren. 2015. Dynamical downscaling-based projections of Great 
Lakes’ water levels. Journal of Climate 28: 9721-9745 (DOI: 10.1175/JCLI-D-14-00847.1). 

Pisareva, M.N., R.S. Packart, K. Iken, E.A. Ershova, J.M. Grebmeier, L.W. Cooper, B.A. Bluhm, C. Nobre, 
R.R. Hopcroft, H. Hu, J. Wang, C.J. Ashjian, K.N. Kosobokova, and T.E. Whiteledge. 2015. The 
relationship between patterns of benthic fauna and zooplankton in the Chukchi Sea and physical 
forcing. Oceanography 28(3): 68-83 (DOI: 10.5670/oceanog.2015.58). 

Qian, S.S., J.D. Chaffin, M.R. DuFour, J.J. Sherman, P.C. Golnick, C.D. Collier, S.A. Nummer, and M.G. 
Margida. 2015. Quantifying and reducing uncertainty in estimated microcystin concentrations 
from the ELISA method. Environmental Science and Technology 49(24): 14221–14229 (DOI: 
10.1021/acs.est.5b03029).  

Qian, S.S., C.A. Stow, and Y.K. Cha. 2015. Implications of Stein’s Paradox for environmental standard 
compliance assessment. Environmental Science and Technology 49(10): 5913–5920 (DOI: 
10.1021/acs.est.5b00656). 

Reavie, E.D., M. Cai, M.R. Twiss, H.J. Carrick, T.W. Davis, T.H. Johengen, D.C. Gossiaux, D.E. Smith, D. 
Palladino, A. Burtner, and G.V. Sgro. 2016. Winter–spring diatom production in Lake Erie is an 
important driver of summer hypoxia. Journal of Great Lakes Research 42(3): 608-618 (DOI: 
10.1016/j.jglr.2016.02.013). 

Rowe, M.D., D.R. Obenour, T.F. Nalepa, H.A. Vanderploeg, F. Yousef, and W.C. Kerfoot. 2015. Mapping 
the spatial distribution of the biomass and filter-feeding effect of invasive dreissenid mussels on 
the winter-spring phytoplankton bloom in Lake Michigan. Freshwater Biology 15: 2270-2285. 
(DOI: 10.1111/fwb.12653). 

Rowe, M.D., E.J. Anderson, J. Wang, and H.A. Vanderploeg. 2015. Modeling the effect of invasive quagga 
mussels on the spring phytoplankton bloom in Lake Michigan. Journal of Great Lakes 
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Research 41:17 pp. (DOI:10.1016/j.jglr.2014.12.018). 
http://www.glerl.noaa.gov/pubs/fulltext/2015/20150011.pdf 

Rowe, M. D., E. J. Anderson, T. T. Wynne, R. P. Stumpf, D. L. Fanslow, K. Kijanka, H. A. Vanderploeg, J. R. 
Strickler, and T. W. Davis. 2016. Vertical distribution of buoyant Microcystis blooms in a 
Lagrangian particle tracking model for short-term forecasts in Lake Erie. J. Geophys. Res.: Oceans 
121, DOI:10.1002/2016JC011720. 

Sayers M., G.L. Fahnenstiel, R.A. Shuchman, and M. Whitley. 2016. Cyanobacteria blooms in three 
eutrophic basins of the Great Lakes: a comparative analysis using satellite remote 
sensing. International Journal of Remote Sensing 37(17): 4148-4171 (DOI: 
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Smith, J.P., A.H. Clites, C.A. Stow, T.S. Hunter, A.D. Gronewold, T. Slawecki, and G. Muhr. 2016. An 
expandable world wide web based platform for visually analyzing multiple data series related to 
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Stumpf, R.P., T.W. Davis, T.T. Wynne, J.L. Graham, K.A. Loftin, T.H. Johengen, D.C. Gossiaux, D. Palladino, 
and A. Burtner. 2016. Challenges for mapping cyanotoxin patterns from remote sensing of 
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Thatcher, D. R. and C. Jablonowski. 2015. A moist aquaplanet variant of the Held-Suarez test for 
atmospheric model dynamical cores. Geosci. Model Dev. Discuss. 8: 8263-8340. 

Tucker, A.J,  W. L. Chadderton, C. L. Jerde, M. A. Renshaw, K. Uy, C. Gantz, A. R. Mahon, A. Bowen, T. 
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Appendix 9: Final Project Report: Lake Ontario Macroinvertebrates 
 

Summary of a Benthic Macroinvertebrate Survey in Lake Ontario in 2013 

 

Thomas F. Nalepa  

Water Center, Graham Sustainability Institute 

University of Michigan, Ann Arbor MI  

 

Ashley K. Elgin 

Great Lakes Environmental Research Laboratory  

National Oceanic and Atmospheric Administration 

Ann Arbor MI.  

 

Key Findings: 

 Mean densities of quagga mussels were lower in 2013 compared to 2008 at depths < 90 m; the 

population at these depths appeared to have peaked in 2003.  In contrast, abundances at > 90 m 

continued to increase. 

 Lake-wide, depth weighted biomass of quagga mussels (ash-free dry weight) was two times 

greater in 2013 than in 2008. This was partly because of a shift towards larger individuals.    

 Densities of both Diporeia and Sphaeriidae continued to decline.  In 2013, only a single Diporeia 

was collected in all the samples, and sphaeriid densities were lower than densities in 2008 across 

all depths.  

 Oligochaete density increased notably in the 10-30 m depth interval, potentially related to an 

increase in benthic detrital food.  

 

Background 

As part of the Coordinated Monitoring and Surveillance Initiative (CSMI) for Lake Ontario in 

2013, a lake-wide benthic survey was conducted to assess long- term trends of the benthic 

macroinvertebrate community.  Similar lake-wide surveys were conducted in 1994, 1997, 1998, 1999, 

2003, and 2008 (Lozano et al. 2001, Watkins et al. 2007, Birkett et al. 2015).  During the 14-year period 

between 1994 and 2008, the most significant changes in the benthic community were related to 

population shifts in the invasive mussels Dreissena polymorpha (zebra mussel) and Dreissena 

rostriformis bugensis (quagga mussel), and the native amphipod Diporeia.  Dreissena was first reported 

in Lake Ontario in the late 1980s, and populations continued to expand through the 1990s and into 2003 

(Lozano et al. 2001, Watkins et al. 2007).  Quagga mussels replaced zebra mussels as the dominant 

species in the late 1990s (Watkins et al. 2007).  Based on the 2008 survey, the dreissenid population 

apparently stabilized or declined between 2003 and 2008.  Overall, the lakewide depth-averaged density 

decreased 45% between 2003 and 2008, with the greatest decline at depths < 30 m (Birkett et al.  2015).  

Further, in 2008 quagga mussels were the only dreissenid mussels found at the sites sampled (Birkett et 

al. 2015).  For Diporeia, densities declined consistently at all depths beginning in the early 1990s 

(Watkins et al. 2007).  By 2008, this organism was present mostly at sites > 90 m and at densities far 

below densities found in the 1990s (Birkett et al. 2015).   

Both Dreissena and Diporeia play key roles in the ecosystem of Lake Ontario and the other Great 

Lakes.  Dreissena has restructured food webs and altered spatial patterns of energy and nutrient flow as 

related to their filtering and excretion activities (Vanderploeg et al. 2002, Hecky et al. 2004, Fahnenstiel 

et al. 2010).  Diporeia was a keystone species in the offshore food web, serving as a calorie-rich food 

source for many fish species and hence an important pathway by which energy was cycled from the 

benthic to the pelagic region (Nalepa et al. 2009).  The decline of Diporeia has led to large changes in the 
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relative health, growth, and community structure of fish communities in Lake Ontario (Hoyle et al. 2015).  

Because of their key ecosystem roles and dramatic population trends in Lake Ontario through 2008, 

abundances of both Dreissena and Diporeia were of particular interest during the 2013 survey.   

This report provides a summary of abundances of Dreissena, Diporeia, and other major benthic 

taxa as based on the 2013 survey, and examines these abundances relative to previous lake-wide surveys.  

Future reports/papers will provide data appendices giving the number of each taxa in each replicate 

sample, more extensive interpretation along with statistical analysis, and a more detailed analysis of 

community composition.   

 

Methods 

Samples in 2013 were collected on July18-22, August 11-14, and August 12-22 as part of three 

separate sampling cruises.  Over the three sampling periods, a total of 45 sites were sampled, of which 37 

were also sampled in 2008 (Table 1).  The field collection and processing of samples in 2013 was 

basically similar to previous surveys. At each site, samples were collected in triplicate with a Ponar grab, 

washed through a screen or nitex net with 500-µm openings, and retained material preserved in 5 % 

buffered formalin containing rose bengal stain.  In 2008, collection methods were similar except that the 

three Ponar grab samples were immediately combined; thus data was provided as only one value per 

station (Birkett et al. 2015).  In the laboratory, all organisms were picked, counted, and sorted into major 

groups under a stereo microscope.  Individuals in each of the groups (Dreissena, Amphipoda, 

Oligochaeta, Chironomidae, Sphaeriidae, and others) were counted, placed in labeled vials with formalin, 

and subsequently identified to a lower taxonomic level.  Dreissenids < 5mm in shell length were counted 

but not picked.  For samples with an extremely high number of dreissenids > 5mm, the sample was 

subsampled by evenly spreading individuals in a gridded tray and picking/counting all individuals in a 

randomly-chosen portion (quadrat).  The sample was subsampled such that at least 200 individuals were 

picked.   

Prior to identification of Oligochaeta and Chironomidae, individuals were mounted on slides in 

CMC-9.  When the number of oligochaetes in a replicate was high, the sample was proportionately split 

with a Folsom Plankton splitter such that 75-100 individuals were mounted.  Only oligochaetes with a 

prostomium were identified and later included in abundance estimates.  Head capsules of chironomids 

were teased from the body and mounted mentum side up.  

Biomass (as ash-free dry weight of soft tissue) of Dreissena was determined from size-

frequencies and determined length-weight relationships (Nalepa et. al. 2010).  The latter were derived 

from dreissenids freshly collected from seven sites during the sampling cruise on July 18-22 (Table 1).  

Upon collection, individuals from each site were divided into five approximate size categories based on 

shell length (e.g., 10-12 mm, 12-15 mm, 15-17 mm, 18-20 mm, and > 20 mm).  Ideally, five individuals 

from each of the size categories were chosen for determination of weights, but at times that number of 

individuals was not present within a given size range. In such cases, more individuals in the closest size 

range were selected.  Regardless, the goal was to select representative individuals within the broadest 

range of sizes.  Soft tissue of selected individuals was removed from the shell and placed into pre-

weighed aluminum planchets.  The tissue was dried at 60 ºC for at least 48 h, and then kept in a dessicator 

until further analysis was possible.  Within two weeks of return to the land-based laboratory, soft tissues 

were weighed, ashed at 550 ºC for 1 h, and then re-weighed.  Corresponding shell length of each 

individual was measured to the nearest mm.  Length-weight relationships were determined as: LnAFDW 

= a + bLnSL, where AFDW = ash-free dry weight of soft tissue, SL = shell length, and a and b are 

regression coefficients.  The seven dreissenid-collection sites were divided into two depth intervals, < 50 

m and > 50 m, and a length-weight relationship determined for each interval (Table 2).  Ideally, the depth 

ranges of the two intervals would correspond to the depth ranges of the intervals used to examine 

temporal trends (see below).  However, given constraints of the data collected, we felt that the two depth 

intervals chosen best represented depth-related environmental influences on the length-weight relationhip.  
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To determine size-frequencies, Dreissenids > 5 mm in the Ponar grab samples were measured and 

binned into 1-mm size categories; individuals < 5 mm were binned into a 0-5 mm category.  Biomass was 

determined by multiplying the number of individuals in each shell-length category by the AFDW of an 

individual within that category (mid-category length), and all category weights then summed.  AFDW of 

the mid-category shell length was determined from the length weight regressions. The particular 

regression used corresponded to the depth interval of that site.    

Comparative trends in 2013 were examined by dividing the sites into three depth intervals: 10-30 

m, 31-90 m, and > 90 m.  These intervals are consistent with prior characterization of depth-

macroinvertebrate associations in Lake Ontario (Watkins et al. 2007, Birkett et al. 2015).  These intervals 

represent the nearshore, sublittoral (slope), and profundal regions, respectively, and each region has 

distinctly different physical characteristics that strongly influence benthic communities.  Emphasis in this 

report will be placed on temporal trends at each interval.  To be consistent across time (i. e., 5-year 

intervals), mean densities in 2013 were examined relative to mean densities found in 1998, 2003, and 

2008.   

 

Results and Discussion  

Temporal trends in density of Dreissena varied with depth.  At the 10- 30 m interval, mean 

density of Dreissena in 2013 was nearly 5 times greater than mean density in 2008 (Table 3).  While 

seemingly this increase would indicate an expanding population in this interval, great variation can occur 

in dreissenid populations at these shallow depths and interpreting trends in this region is difficult and 

often misleading (Nalepa et al. 2010).  Population variation reflects the high physical heterogeneity and 

dynamic nature of environmental factors that can affect populations at these depths such as varying 

substrate types, substrate instability from wave-induced, and temperature fluctuations.  Beyond this, the 

far greater density in 2013 was more likely a result of densities in 2008 being atypically low rather than 

populations trending higher in 2013.  This conclusion was based on comparative trends since 1998; that 

is, while mean density at 10-30 m in 2013 was greater than in 2008, it was still lower than reported in 

1998 and 2003 (Table 3).  A more realistic assessment of trends in the Dreissena population is achieved 

by examining density changes at depths > 30 m.  At these deeper depths, environmental conditions 

become more stable and substrates more consistent, and thus population changes relative to physical 

variables are minimized.  When densities at the two deeper intervals, 31-90 m and > 90 m, are examined 

over the entire 15-year period, trends at these two depth intervals display contrasting patterns (Table 3).  

Based on mean densities, dreissenids at the 31-90 m interval appear to have peaked in 2003 and are now 

decreasing.  In contrast, dreissenids at the > 90 m interval appear to be gradually increasing; mean density 

in 2013 at this interval was 2 times greater than in 2008 (Table 3). 

Based on the latest lake-wide surveys in Lakes Ontario, Michigan, and Huron, the decline in 

densities at 31-90 m is presently only evident in Lake Ontario (Fig. 1).  There are indications, however, 

that densities at this depth interval in Lake Michigan are in the early stages of a decline.  In 2010, which 

is the year of the latest lake-wide survey in Lake Michigan, densities appear to have stabilized (ceased 

increasing); further,  surveys in 2011-2015 in just the southern basin indicate declines similar to Lake 

Ontario (A. Elgin, unpublished).  At > 90 m, the gradual increase in densities observed in Lake Ontario 

are also apparent in Lakes Michigan and Huron (Fig. 1).   

Temporal trends in Dreissena biomass in Lake Ontario generally reflected densities at the three 

depth intervals with one exception (Table 4).  At 31-90 m, mean biomass in 2013 was greater than in 

2008 even though mean density was lower.  This likely was a result of the greater mean size of mussels in 

2013. Weight increases exponentially with size, and the mean size of mussels at this interval was 13.1 

mm in 2013 compared to 11.7 mm in 2008.  For the lake as a whole, depth-weighted biomass of 

Dreissena was two times greater in 2013 compared to 2008, increasing from 7.7 g /m2 to 16.2 g/m2.    

Although trending lower, it should be noted that both density and biomass of Dreissena was 

greatest at the 31-90 m interval in every survey after 1998.  As noted, quagga mussels replaced zebra 

mussels as the dominant dreissenid in the late 1990s, and environmental conditions at the 31-90 m 
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interval are highly suitable for quagga mussels.  Temperatures are cooler and more stable than at 10-30 m, 

while food resources are greater than at > 90 m.  Zebra mussels are generally restricted to depths < 30 m 

because of a preference for warmer temperatures. 

Declines in the amphipod Diporeia that were first observed in the early 1990s continued between 

2008 and 2013 (Table 3).  Indeed, only one individual was collected in all the samples collected in 2013, 

and that individual occurred at a 140-m site.  In 1998, Diporeia was rare at < 30 m but still common at the 

31-90 m and > 90 m intervals.  Since that year, Diporeia has rapidly declined at these two depth intervals, 

with mean densities being successively lower in 2003, 2008, and 2013.  This trend appears to be 

temporally related to the expansion of quagga mussels at these deeper depths, which is a pattern also 

evident in Lakes Michigan and Huron (Fig. 2).   

Temporal patterns in the other major taxonomic groups, Oligochaeta, Sphaeriidae, and 

Chironomidae, varied as a function of depth.  In 2013, mean oligochaete density at 10-30 m was twice as 

high as mean densities in 1998 and 2008 (densities were not determined in 2003), but similarly higher 

densities in 2013 were not observed at 31-90 m and > 90 m (Table 3).  The greater density at 10-30 m 

could simply be a result of population variability at this shallow interval for reasons noted earlier for 

Dreissena.  However, potentially the density increase could be related to an increase in food availability 

in near bottom areas of shallow regions as predicted by the nearshore shunt hypothesis (Hecky et al. 

2004).  According to this hypothesis, primary productivity in shallow, nearshore regions is increasing 

because of mussel filtering and excretion activities.  Since oligochaetes are infaunal detritivores, they 

would benefit from increased inputs of benthic organic material.  Recent density increases in oligochaetes 

were also noted in the 10-30 m interval in Lake Huron (Nalepa, unpublished).  

Densities of Sphaeriidae in 2013 were lower compared to 2008 at each of the three depth intervals 

(Table 3).  This continued a downward trend over all depth intervals that has been observed since the 

1990s (Watkins et al. 2007).  In 2013, Sphaeriidae were rarely found at depths < 90 m.  Long-term trends 

in Chironomidae cannot be realistically assessed since data is limited to just 2008 and 2013. For these two 

years, densities were generally similar at the three depth intervals (Table 3).  

In summary, when comparing results of the 2013 survey to earlier surveys, the most compelling 

trends in the Lake Ontario benthic community were depth-dependent changes in abundances of quagga 

mussels, and the continued decline of Diporeia and Sphaeriidae.  Quagga mussels peaked in 2003 and 

have generally declined through 2013 at depths < 90, but densities are still increasing at > 90 m.  Over the 

entire lake, depth-weighted biomass of quagga mussels was two times greater in 2013 compared to 2008.  

This can be attributed to greater densities in 2013 at the 10-30 m and > 90 m intervals, and larger 

individuals at 31-90 m.  Diporeia continued to decline between 2008 and 2013.  Only one individual was 

collected in 2013, and hence this organism is near extirpation in the lake.  Sphaeriids also continued to 

decline, and in 2013 densities were the lowest ever found over all depths.  Finally, a trend worth noting 

was the 2-fold increase in oligochaete densities in 2013 compared to 2008 at the 10-30 m depth interval.  

This increase may be related to increased organic inputs in the benthic nearshore because of mussel-

related activities.    
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Table 1.  Stations sampled for benthic macroinvertebrates in Lake Ontario in 2013.  

Stations ordered by depth.  Sampling periods: 1= July 18-23, 2 = August 11-14, 

 3 = August 12-22.  Station 101 was sampled twice.  

 
Station Sampling Period Depth (m) Latitude Longitude 

22* 2 12.8 43.2967 79.0058 

38* 1 18.0 43.3830 77.9900 

66# 1 18.5 43.3331 76.8392 

80* 3 18.6 44.1422 76.6122 

37* 2 23.5 43.3917 78.0369 

35* 1 27.0 43.3619 78.7294 

82* 3 27.3 44.0661 76.8111 

77* 3 29.1 43.9564 76.4081 

29# 1 32.0 43.8183 78.8000 

717# 1 32.0 43.3000 77.4400 

75* 3 32.3 43.8433 76.3553 

106* 3 33.0 43.9560 76.6030 

84* 3 36.6 43.8867 76.7339 

73* 3 39.5 43.6314 76.2897 

94* 1 45.0 43.3253 77.2161 

61*# 1 47.0 43.7861 77.1583 

6* 2 64.0 43.4661 79.5356 

16* 2 65.0 43.2714 79.3600 

28*# 1 65.0 43.7750 78.8550 

74* 3 68.9 43.7489 76.5194 

67* 3 71.3 43.4081 76.7947 

32* 1 79.0 43.7831 78.4356 

45* 1 80.0 43.8203 77.7825 

63* 1 87.0 43.7317 77.0169 

14* 2 97.0 43.3936 79.4872 

10 2 105.0 43.3836 79.2853 

72* 3 112.5 43.5497 76.5253 

27 1 114.0 43.6900 78.8300 

26* 2 117.0 43.6078 79.0158 

24* 2 121.0 43.4394 79.1281 

41* 1 128.0 43.7167 78.0269 

102* 1 130.0 43.7340 77.7230 

33* 1 135.0 43.5964 78.8144 

34*# 1 135.0 43.4611 78.7594 

39* 1 146.0 43.4861 78.0003 

101* 1, 2 146.0 43.6380 78.4130 

716 1 147.0 43.6000 77.4400 

715 1 151.0 43.6356 76.9694 

65 1 155.0 43.4233 76.8833 

58* 1 156.0 43.3000 77.4400 

36* 1 165.0 43.4917 78.3867 

69* 3 184.5 43.6053 76.7147 

40* 1 185.0 43.5900 78.0117 

55*# 1 187.0 43.4439 77.4389 

64* 1 211.0 43.5244 76.9258 

*Station also sampled in 2008. 

 #Station where dreissenids were obtained for determination of length weight  

  regression.   
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Table 2.  Length-weight regression coefficients for Dreissena in each  

of two depth intervals. The Dreissena collected from seven sites in 

Lake Ontario in July 2013.  The coefficients, a and b, were derived as: 

LnAFDW = a +bLnSL. See text for details.   n=number of individuals. 

   

Depth interval (m) a b n R2 

   < 50 -5.480 2.665 75 0.660 

   > 50  -6.477 2.985 67 0.801 

 

 

Table 3.  Mean (± SE) density (per m2) of major taxonomic groups in Lake Ontario in 1998, 

2003, 2008, and 2013.  Density sources: 1998 and 2003 (Watkins et al. 2007); 2008  

(Birkett et al. 2015); 2013 (this study).  Number in parentheses is the number of stations  

sampled.  nd= not determined.   

 

 Year 

Interval/Taxa 1998 2003 2008 2013 

10-30 m         (25)         (9)          (13)           (8) 

    Dreissena   5,866   9,193     912 ± 341      3,302 ± 1,387 

    Diporeia           1 ± 1          0 ± 0         0 ± 0 0 ± 0 

    Oligochaeta   1,508 ± 472         nd  1,581 ± 371 3,017 ± 1,350 

    Chironomidae           nd         nd     202 ± 86 486 ± 261 

    Sphaeriidae      235 ± 96         nd       28 ± 25 0 ± 0 

     

31-90 m        (49)        (14)             (19)          (16) 

    Dreissena     771   8,106  6,313 ± 1,000   4,936 ± 716 

    Diporeia      923 ±308        63 ± 56         5 ± 5          0 ± 0 

    Oligochaeta     610 ± 113         nd  1,344 ± 162      1,002 ± 218 

    Chironomidae           nd         nd     263 ± 72      212 ± 72 

    Sphaeriidae     260 ± 33         nd       16 ± 8           2 ± 2 

     

> 90 m          (40)        (13)         (19)          (21) 

    Dreissena         2    1,100     747 ± 401 2,044 ± 456 

    Diporeia   2,343 ± 336       545 ± 111       42 ± 19 < 1 ± <1 

    Oligochaeta     274 ± 49         nd     292 ± 106 381 ± 61 

    Chironomidae           nd         nd       83 ± 42 80 ±16 

    Sphaeriidae     108 ± 17         nd       93 ± 48 23 ± 6 
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Table 4.  Mean biomass (ash-free dry weight per m2) of Dreissena  

in Lake Ontario in 1998, 2003, 2008, and 2013.  In 2013 the value is the 

station mean ± SE.   Biomass sources: 1998, 2003, and 2008 

 (Birkett et al. 2015); 2013 (this study).  Note: Birkett et al. (2015)  

determined biomass for1998 and 2003based on densities given in  

Watkins et al. (2007) and an assumed weight per individual. 

  
 Year 

Interval 1998 2003 2008 2013 

   10-30 m     23.59    21.83     2.42   16.05 ± 5.95 

   31-90 m       3.06    27.92   19.25   31.24 ± 5.38 

   > 90 m       0.01      1.43     2.20     6.75 ± 2.05 
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Figure 1.  Mean density (number per square meter) of Dreissena at the 31-90 m depth interval (top panel) 

and > 90 m depth interval (bottom panel) in Lake Ontario (solid circle, solid line), Lake Michigan (solid 

triangle, dashed line), and Lake Huron (solid square, dash/dot line).   
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Figure 2.  Mean density (number per square meter) of Diporeia at the 31-90 m depth interval (top panel) 

and > 90 m depth interval (bottom panel) in Lake Ontario (solid circle, solid line), Lake Michigan (solid 

triangle , dashed line), and Lake Huron (solid square, dash/dot line).   

 


