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Welcome to ELS! 

 

 
 

On behalf of the United States Environmental Protection Agency (US EPA) and 
Aquatic Ecosystem Health & Management Society (AEHMS) we welcome you to this 
exciting and interesting conference on the shores of the pristine Lake Superior. 

The  AEHMS  has  been  regularly  organizing  a  series  of  “State  of  the  Lake” 
conferences  on  large  lakes  around  the world  including:  Lakes  Baikal,  Erie,  Huron, 
Ontario, Michigan, Superior, Winnipeg, Victoria, Tanganyika and Winnipeg, during the 
past  2 decades. The Ecology of Lake Superior  conference  is  the  10th  in a  series of 
“State of the Lake” conferences and the second one on Lake Superior. The first Lake 
Superior  conference was organized by  the Society  in 2002  in Houghton, MI, which 
resulted  in  the  publication  of  a  special  issue  of  AEHM  (AEHM,  2004)  and  a  peer‐
reviewed book (Munawar & Munawar, 2009). These conferences have been designed 
to  integrate,  synthesize,  and  publish  state‐of‐the‐lake  information  about  various 
Great  Lakes  of  the  World  either  in  the  international  primary  journal:  Aquatic 
Ecosystem  Health  &  Management  (published  by  AEHMS  and  Taylor  &  Francis‐
Philadelphia, USA),  or  as  a  peer‐reviewed  book  in  the  Ecovision World Monograph 
Series published by the Society.  

Lake Superior is the king of freshwater lakes, being the largest lake in the world 
on  an  areal  basis, with  a  cold,  stenothermic,  ultra‐oligotrophic  ecosystem  that  is 
generally still perceived to be pristine.  Due to its special nature and unique beauty, it 
would seem logical to expect wide‐spread interest and attention for research on the 
lake. However, this is not the case based on the published literature. Compilation and 
syntheses of studies concerning  the ecology of Lake Superior exist, but are  limited 
compared to the other Laurentian Great Lakes.   

Within  the  last decade  there have been substantive new efforts  to study and 
monitor  the  lake.    There  have been binational  comprehensive  surveys  (lake‐wide), 
studies  on  coastal  and  nearshore  areas  and  their  interactions  with  the  adjacent 
landscape,  application  and  testing  of  new  monitoring  technologies  to  better 
characterize the lake, new investigations of physical dynamics and of carbon/nutrient 
cycling,  and  studies  that  have  discovered  new  invasive  species.  Furthermore, 
modeling/syntheses  on  select  topics  are  in  progress.    All  these  multifarious 
investigations show  that  there have been some pronounced ecosystem changes  in 
the  last  few  decades  as  indicated  by  physical  (temperature),  biogeochemical 
(nitrate), and biological (lower food web, fisheries, and exotic species) components.  
Recent efforts provide new information bases and perspectives from which to assess 
conditions within this understudied lake.  Overall, the time is ripe to develop a more 
integrated  picture  of  the  ecology  of  the  lake  and  to  assess  the  challenges  this 
majestic body of water faces in the 21st century. 

The Conference Organizing and Scientific Committees have worked diligently to 
solicit and assemble a  large number of presentations  in a coherent and  interesting 

lorimerj
Text Box
Click here to return to Contents.



 5

fashion. The program consists of an outstanding, well known keynote speaker, Dr. J. 
Kitchell,  followed  by  44  platform  and  16  poster  presentations  organized  into  5 
sessions and a panel discussion/synthesis:  
 
1  Physical Environment 
2  Chemistry and Biogeochemical Cycles 
3  Lower Trophic Levels: microbes, plankton & benthos 
4  Higher Trophic Levels: fish & food webs 
5  Management, Modeling, and Integration 

 
On behalf of the conference organizing committee and sponsors we are 

pleased to welcome you to the Ecology of Lake Superior conference. It is hoped that 
this conference will bring together a large number of experts from across the Great 
Lakes to focus on various issues relevant to our superior great lake.  As the co‐chairs 
of this conference, we are honored and delighted to extend a warm welcome to you. 
 
Aquat. Ecosys. Health Mgmt., 2004. Emerging Issues in Lake Superior Research. 7(4). 
Munawar, M., Munawar, I.F., 2009. State of Lake Superior. Aquatic Ecosystem Health and Management Society, 

Burlington, Canada. 

 
 

Co‐chairs: 
 

        
 

 
 

                                         

J.R. Kelly 
Branch Chief, Ecosystem Assessment 

Research 
Mid‐Continent Ecology Division 

US EPA 

M. Munawar 
Research Scientist, Fisheries & Oceans Canada 

President, Aquatic Ecosystem Health  
& Management Society 
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An Introduction to the AEHMS 

 
The  Aquatic  Ecosystem  Health & Management  Society  (AEHMS) was  established  in 

1989  to  encourage  and  promote  integrated,  eco‐systemic  and  holistic  initiatives  for  the 
protection and conservation of aquatic resources of the world. The Society has  four broad 
objectives  centering  on  health,  management,  the  convening/sponsoring  of 
conferences/symposia,  and  publications  via  its  international  primary  journal,  monograph 
series and its website (www.aehms.org). The objectives of the Society are outlined below: 
 

 Adoption and promotion of ecosystem health concept. 

 Application and practice of integrated management from a multi‐disciplinary, multi‐trophic and 
sustainable perspective. 

 Focusing on integrated approaches for protection, remediation, and restoration. 

 Enhancing understanding of marine  and  freshwater  aquatic ecosystems:  structure,  function, 
ecology, biodiversity, etc. 

 Advocating the development of new approaches, tools, techniques and models. 

 Encouraging  interdisciplinary  communication  amongst  scientists,  managers,  universities, 
governments, industry, and public sector. 

 Organizing  and  co‐sponsoring  international  conferences,  symposia,  workshops,  eco‐forums 
and working groups. 

 
The Society is actively involved in primary and peer‐reviewed publications. It publishes 

a  journal: Aquatic Ecosystem Health and Management (AEHM): This  international  journal  is 
published  on  a  quarterly  basis  (in  collaboration  with  the  publisher  Taylor  and  Francis, 
Philadelphia).  From  2007  onwards  the  AEHM  was  selected  by  Thomson  Scientific  for 
coverage  in  the  Science  Citation  Index  Expanded  (SciSearch®);  Journal  Citation  Reports; 
Current  Contents®/Agriculture,  Biology,  and  Environmental  Sciences;  Zoological  Record; 
Biological Abstracts; and BIOSIS Previews.  It has published over 30 special  issues so  far on 
diverse  topics  from  across  the world  including:  Large  Lakes of  the World,  2000;  Ecosystem 
Health of Lake Baikal, 2000; Great Lakes of  the world: Food web, Fisheries and management, 
2002;  Comparing  Great  Lakes  of  the world,  2003;  Coastal wetlands  of  the  Laurentian  Great 
Lakes: Health, Integrity and Management, 2004; Emerging Issues in Lake Superior, 2004;  Great 
Lake Victoria fisheries, 2007; Changing Great Lakes of the World, 2008; Checking the pulse of 
Lake Ontario, 2008; State of Lake Huron, 2009). For table of contents see www.aehms.org.  

In addition, the AEHMS also produces a peer reviewed book series under the banner of 
the Ecovison World Monograph Series. It has already published over 20 peer reviewed books 
on a variety of subjects and aquatic environments including: The Lake Huron Ecosystem, 1995; 
State of  Lake  Erie,  1999; Phytoplankton Dynamics  in  the North American Great  Lakes,  2000; 
Great  Lakes  of  the World‐GLOW,  2001;  State  of  Lake Ontario,  2003;  State  of  Lake Michigan, 
2005; Checking the Pulse of Lake Erie, 2008; and State of Lake Superior, 2009. 

The  Society  welcomes  individuals  for  membership  belonging  to  a  wide  range  of 
disciplines. AEHMS  cordially  invites  to  join  the Society  to  support global  conservation  and 
education. Membership  includes  4  quarterly  issues  of  the  journal  and  on‐line  access  and 
discounts in conference registration fee and purchase of Ecovision books and back issues of 
our  journal. A discounted membership  is  available  for  the participants of  this  conference, 
students and retired colleagues. 
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General Information & Publication Plans  

 
Badges 
You should consider your personal name badge as a valuable entry ticket. Please wear your 
badge at all times during the conference. 
 
Coffee and tea breaks 
Coffee/tea breaks are included with registration. The locations will be announced at the time 
of the conference. 
 
Dinner and Tours  
On  Monday,  May  3rd,  a  dinner  will  be  provided  for  all  participants  at  the  Duluth 
Entertainment  Convention  Center  (www.decc.org/index.htm)  in  downtown Duluth, within 
blocks of the hotels. Dinner will be followed by a complimentary showing of the IMAX movie 
“Mysteries of the Great Lakes.” On Tuesday between 6‐8 pm, several Great Lakes research 
vessels will be docked at the harbor and available for participants to tour. The vessels are the 
Kiyi, the L.L. Smith Jr., the Blue Heron, and the Lake Explorer II. 
 
Registration Desk 
The registration desk will be available on Sunday night before the conference from 6pm to 
8pm in the Inn on Lake Superior (www.theinnonlakesuperior.com) and at the. It will also be 
available at 8 am on Monday before the conference and throughout the conference at the 
venue, the Gitchee Gumee Conference Center. 
 
Publication Plans 
The Publication and Production Committee of the AEHMS, chaired by Dr. M. Munawar, Chief 
Editor, will oversee the publication of selected manuscripts originating from the conference. 
The manuscripts will  be  considered  for  publication  subject  to  peer  review  in  two  special 
issues  of  the  ISI  rated  journal  Aquatic  Ecosystem  Health  and Management.  Instructions  to 
authors  on  the  preparation  of  manuscripts  can  be  found  on  the  AEHMS  website: 
www.aehms.org. Due to the large number of manuscripts expected, the AEHMS has set page 
limit  guidelines  as  follows:  Keynote,  8‐10;  Oral/Platform  and  Poster,  7‐8  printed  pages 
including tables and figures (Text: Times New Roman 11 pt, Margins: 2.5 cm (1”), Paper: letter 
size 21.6x28 cm (8.5x11”)). The due date for manuscript submission  is September 15th, 2010. 
For more  information, please  contact Dr. M. Munawar, Chief Editor  (mohi.munawar@dfo‐
mpo.gc.ca). 
 
Presenters who are planning to publish  in the special  issues are requested to complete the 
publication  questionnaire  and  return  it  the  Registration  Desk  or  by  email  to 
jennifer.lorimer@dfo‐mpo.gc.ca before the end of the conference. 
 
Liability 
Neither the conference organization, the US EPA, nor the AEHMS can be held responsible for 
damage, loss or theft during the conference. 
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Program‐at‐a‐Glance 

 
 

 

 Monday, May 3  Tuesday, May 4 Wednesday, May 5 
   8:00-8:30 Registration 

8:30-8:50 
Welcome & 

Opening 
8:50-9:30 Plenary 
9:30-10:00 Discussion 

8:30-10:30 Session 3 8:30-9:50 Session 5 

10:00-10:30 Break 10:30-10:50 Break 9:50-10:10 Break 
10:30-12:30 Session 1 10:50-12:30 Session 4 
12:30-1:30 Lunch 12:30-1:10 Lunch 

1:10-2:10 Posters 
10:10-12:30 

Conf. 
Synthesis & 

Panel 
Discussion 1:30-2:50 Session 2 

2:10-4:10 Session 4 12:30 Adjournment 
2:50-3:10 Break 4:10-4:30 Break 
3:10-5:10 Session 2 4:30-5:50 Session 5 

 

6:15 Dinner & 
IMAX movie 

 

6:00-8:00 
Vessel 
tours 

  

    
 
 
Sessions 
 
1  Physical Environment 
2  Chemistry and Biogeochemical Cycles 
3  Lower Trophic Levels: microbes, plankton & benthos 
4  Higher Trophic Levels: fish & food webs 
5  Management, Modeling, and Integration 
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Detailed Scientific Program 

 

Sunday, May 2nd 

6:00 
PM 

8:00 Registration available at the Inn on Lake Superior 

 
 

Monday, May 3rd 
8:00 8:30 Registration  
8:30 8:35 Welcome – M. Munawar 
8:35 8:40 Introductory Remarks – J. Kelly 
8:40 8:50 Program Outline – E. Mills 
8:50 9:30 Plenary by J. Kitchell Changing food web interactions 
9:30 10:00 Questions, Discussion & Overview  
10:00 10:30 Break   

  Session 1. Physical Environment 

10:30 10:50 Mouw, C., and McKinley, G. Remote Sensing of Lake Superior’s optical and 
biological properties with MERIS 

10:50 11:10 Hollenhorst,T., Johnson, L., and 
Ciborowski, J. 

Monitoring Land Cover Change in the Lake 
Superior Basin  

11:10 11:30 Johnson, L.B., Ciborowski, 
J.J.H., Hollenhorst, T., 
Brown,T., Host, G., Erickson, J., 
Reavie, E., and Axler, R.P. 

Predicting nearshore and coastal ecological 
conditions from landscape data: issues of data 
scale and resolution 

11:30 11:50 Host, G., Hollenhorst, T., 
Brown, T., and Johnson, L. 

Multi-scale Watershed Delineations and Stressor 
Summaries for Prioritized Monitoring in the Lake 
Superior Basin 

11:50 12:10 Lenters, J.D., and Scheelk, B. Lake-atmosphere interactions on the world's 
largest lake: Results from an island-based 
meteorological station near Marquette, Michigan 

12:10 12:30 Austin, J. Resolving a persistent offshore temperature 
maximum using an Autonomous Underwater 
Glider 

12:30 1:30 Lunch   

  Session 2. Chemistry and Biogeochemical Cycles 

1:30 1:50 Lorenz, D.L., Roberston, D.M., 
Saad, D.A., Stark, J.R. 

Nutrient Trends in the United States Part of the 
Great Lakes Basins, 1993 to 2004 

1:50 2:10 Ruzycki, E.R., Axler,  R.P., 
Henneck, J.R., Will, N., and 
Host, G. 

Estimating sediment and mercury concentrations 
and loads from four Western Lake Superior 
watersheds using continuous in-stream turbidity 
monitoring 

2:10 2:30 Knuth, M.L., and Kelly, J.R. Denitrification Rates in a Lake Superior Coastal 
Wetland 

2:30 2:50 Osantowski, E.S., Warren, G., 
and Horvatin, P.J. 

Long-term Water Quality Trends in the Open 
Waters of Lake Superior  

2:50 3:10 Break   
3:10 3:30 Hudson, M. Current Levels and Temporal Trends of Critical 

and other Chemicals in the Lake Superior 
Ecosystem 
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Monday, May 3rd 
3:30 3:50 Lohse-Hanson, C., Nantel, M., 

Bailey, J., Jereczek, J., LaPlante, 
L., McChristie, M., and Sims, J. 

Lake Superior Chemical Milestones: Meeting the 
Target of Zero Discharge in the Lake Superior 
Basin 

3:50 4:10 Bennington, V., McKinley, 
G.A., Urban, N., Wu, C., Desai, 
A., Mouw, C. 

Modeling the Impact of River Inputs on Carbon 
Fluxes of Lake Superior 

4:10 4:30 McKinley, G.A., Bennington, 
V., Atilla, N., Desai, A., Mouw, 
C., Urban, N., Vasys, V., and 
Wu, C. 

Carbon cycle variability in Lake Superior: 
Physical drivers and impacts on the regional 
carbon budget 

4:30 4:50 Urban, N.R., Mwangi, J.W., and 
McDonald, C.P. 

CO2, carbon cycling and acidification in Lake 
Superior 

4:50 5:10 Zigah, P.K., Minor, E.C., and 
Werne, J.P. 

Radiocarbon insights into the role of ‘old’ carbon 
in Lake Superior biogeochemistry 

6:15  Dinner and IMAX movie at DECC 

 
 

Tuesday, May 4th 

  Session 3. Lower Trophic Levels: microbes, plankton & benthos 

8:30 8:50 Hrabik, T., Branstrator, D.K., 
Guildford, S.J., and Hecky, R. 

Diel vertical migration in the open waters of Lake 
Superior: trophic interactions and the movement of 
nutrients  

8:50 9:10 Hicks, R.E., Kish, J.L., Oster, 
R.J., Reed, A.J., Welch, J., 
Woltering M., and Werne, J.P. 

Lesser Known Microbes from the Depths of Lake 
Superior:  Archaeal Dynamics in Surface Waters 
and Deep Water Ecology 

9:10 9:30 Munawar, M., Munawar, I.F., 
Fitzpatrick, M., Lorimer, J., and 
Kling, H. 

A comprehensive assessment of the microbial food 
web of pristine Lake Superior 

9:30 9:50 Sterner, R.W. Lake Superior primary producers in time and 
space 

9:50 10:10 Brown, E., Strom J., and Austin, 
J. 

Deepwater respiration in Lake Superior:  
Implications for carbon cycles 

10:10 10:30 Deacon, K., and Lavoie, L. Rapid Bioassessment of Benthic 
Macroinvertebrate Communities in Streams along 
the North Shore of Lake Superior: Does it Work 

10:30 10:50 Break  

  Session 4. Higher Trophic Levels: fish & food webs 

10:50 11:10 Trebitz, A., Brazner, J., Tanner, 
D., and Meyer, R. 

Watershed connectivity and landcover influences 
on Lake Superior coastal wetland fish assemblages 
and habitat conditions 

11:10 11:30 Hoffman, J.C., Cotter, A.M., 
Peterson, G.S., Corry T.D., and 
Kelly, J.R. 

Understanding coastal fisheries of Lake Superior: 
is larval fish production supported by watershed 
sources? 

11:30 11:50 Brouder, M.J., Quinlan H.R., and 
Czypinski, G.D. 

Temporal changes in the inshore small fish 
community of Lake Superior, 1996-2007 

11:50 12:10 Gorman, O.T. Successional Change in the Lake Superior Fish 
Community: Population Trends in Ciscoes, 
Rainbow Smelt, and Lake Trout, 1958-2008 
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Tuesday, May 4th 

12:10 12:30 Ahrenstorff, D., and Hrabik, T. Seasonally Dynamic Diel Vertical Migrations of 
the Opossum Shrimp (Mysis relicta), Coregonids 
(Coregonus spp.), and Siscowet Lake Trout 
(Salvelinus namaycush) in the Pelagia of Western 
Lake Superior 

12:30 1:10 Lunch   
1:10 2:10 Poster Session   

  Session 4. Higher Trophic Levels: fish & food webs (continued) 

2:10 2:30 Myers, J.T., Stockwell, J.D., 
Yule, D.L., and Jones, M.L. 

Evaluating Possible Effects of Vernal Warming on 
Lake Superior Cisco Coregonus artedi 
Recruitment Variation 

2:30 2:50 Pratt, T.C., and Chong, S.C. Deepwater Cisco Populations in the Canadian 
Waters of Lake Superior 

2:50 3:10 Gamble, A.E., Hrabik, 
T.R.,Yule, D.L., and Stockwell, 
J.D. 

Trophic connections in the nearshore and offshore 
food webs of Lake Superior 

3:10 3:30 Sierszen, M.E., Stockwell, J.D., 
Hrabik, T.R., Yule, D.L., and 
Kelly, J.R. 

Depth-specific analyses of the Lake Superior food 
web  

3:30 3:50 Isaac, E.J., Hrabik, T.R., 
Stockwell, J.D., Johannsson, 
O.E., and Madenjian, C.E. 

Consumption by the Lake Superior Fish 
Community: How Important are Mysis relicta? 

3:50 4:10 Stockwell, J.D., Yule, D.L., 
Hrabik, T.R., Sierszen, M.E., 
and Isaac, E.J. 

Cisco as an Energy Conduit from Offshore Pelagic 
to Nearshore Benthic Habitats  

4:10 4:30 Break  

  Session 5. Management, Modeling, and Integration 

4:30 4:50 Yule, D.L., Stockwell, J.D., 
Hrabik, T.R., Kelly, J.R., 
Yurista, P.M., and Isaac, E.J. 

Development of an Ecosystem Model of the Lake 
Superior Offshore Food Web 

4:50 5:10 Yurista, P., and Kelly, J.R. Lake Superior: nearshore variability and a 
landscape driver concept 

5:10 5:30 Reavie, E.D. Using retrospective analyses to define restoration 
goals and confirm rehabilitation in Lake Superior 

5:30 5:50 Strzok, L.J., Hecky, R.E., and 
Werne, J.P. 

Changing Nutrient and Productivity Regimes in 
Lake Superior: Causes and Time Course 

6:00 8:00 Research Vessel Tours  
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Wednesday, May 5th 

  Session 5. Management, Modeling, and Integration (continued) 

8:30 8:50 Niemi, G., Kelly, J., Johnson, L., 
Johnston, C., Brady, V., Howe, 
R., Reavie, E., Axler, R., Host, 
G., and Brown, T. 

An Integrated Approach to Multiple Stressors in 
Lake Superior 

8:50 9:10 Dobiesz, N.E. What do the world’s deepest great lakes tell us 
about ecosystem health? An examination of lakes 
Baikal, Tanganyika, and Superior 

9:10 9:30 Bobrowicz, S.M. Black Bay (Lake Superior)  & Black Sturgeon 
River Native Species Rehabilitation – Evaluating 
Options for the Camp 43 Dam 

9:30 9:50 LaPlante, E., and Stadler, N. Lake Superior Lakewide Management Plan 
Monitoring Priorities for 2011 CSMI Year of 
Cooperative Monitoring 

9:50 10:10 Break  

  Conference Synthesis & Panel Discussion 

10:10 10:30 Kelly, J.R., Yurista, P.M., 
Miller, S.E., Cotter, A.M., 
Scharold, J.V., Corry, T.D., and 
Sierszen, M.E. 

Challenges to the Lake 

10:30 10:50 Mills, E. Invasive species: A challenge to Lake Superior’s 
platinum and gold status 

10:50 11:30 Session Summaries & Synthesis  
11:30 12:30 Panel Discussion   
  12:30 Adjournment   

 
 

Poster Session:  Tuesday, May 4th, 1:10 to 2:10 

  Session 1. Physical Environment 

Minor, E.C., Austin, J.A., Nelson, V., 
and Schminkey, D. 

Using fluorescent dyes to characterize the light 
environment of aqueous systems: preliminary data from a 
partially shaded stream in the Lake Superior watershed 

Steinbring, C., Kujawinski, J., and 
Minor, E.B. 

Source of dissolved natural organic matter in Lake Superior 
by molecular level characterization of dissolved organic 
carbon in the Lake Superior watershed 

  Session 2. Chemistry and Biogeochemical Cycles 

Bostrom, J.R., Lee, J.S., Oster, R.J., 
Little, B.J., and Hicks, R.E. 

The Effects of Microbiology and Water Quality on 
Corrosion of Steel in Lake Superior 

Lohse-Hanson, C., Nantel, M., Bailey, J., 
Jereczek, J., LaPlante, L., McChristie, 
M., and Sims, J. 

An Overview of Mercury Reduction Activities in the Lake 
Superior Basin 

Lohse-Hanson, C., Nantel, M., Bailey, J., 
Jereczek, J., LaPlante, L., McChristie, 
M., and Sims, J. 

Lake Superior Binational Program Management Strategy 
for Substances of Emerging Concern 

  Session 3. Lower Trophic Levels: microbes, plankton & benthos 

Reed, A.J., Bergin, J.M., Oster, R.J., and 
Hicks, R.E. 

Bacterial Diversity of a Corroding Steel Structure in the 
Duluth-Superior Harbor 

lorimerj
Text Box
Click here to return to Contents.
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Poster Session:  Tuesday, May 4th, 1:10 to 2:10 

Welch, J.B., and Hicks, R.E. Comparing Planktonic Bacterial Communities Across the 
Duluth-Superior Harbor 

Thompson, J.A., Knuth, M.L, Siefert, L., 
Yurista, P.M., Kelly, J.R., Miller, S.E., 
and Van Alstine, J 

Lake Superior phytoplankton characterization from the 
2006 probability based survey 

Scharold, J., Kelly, J.R., and Corry, T.D. Status of the Amphipod Diporeia spp. in Lake Superior 
Brady, V., Breneman, D., and Johnson, 
L. 

Monitoring macroinvertebrates along rocky coasts using 
artificial substrates 

  Session 4. Higher Trophic Levels: fish & food webs 

Fitzpatrick, F.A. Integrating brook trout rehabilitation with snowmelt runoff, 
gully erosion, and forest ecology, Lake Superior South 
Shore Streams, Wisconsin 

Sloan, J.L., and Mensinger, A.F. Acoustical conditioning of the common carp (Cyprinus 
carpio) 

Lynch, M.P., and Mensinger, A.F. Range expansion and dispersal patterns of the invasive 
round goby (Apollina melanostomus) in the Saint Louis 
River and Duluth-Superior Harbor of Lake Superior 

  Session 5. Management, Modeling, and Integration 

Bruff, G. Climate Change and Lake Superior – How Can We Most 
Effectively Talk About It? 

Sundell, R., and Stewart, R. Building Capacity to Restore Ecosystem Impairments in the 
Lake Superior Basin – education and research initiatives to 
enhance information sharing and decision-making 

Lohse-Hanson, C., Nantel, M., Bailey, J., 
Jereczek, J., LaPlante, L., McChristie, 
M., and Sims, J. 

Actions to Prevent Open Burning of Trash in the Lake 
Superior Watershed 
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KITCHELL, J.F. 
 
Center for Limnology, University of Wisconsin, Madison 
 
Changing food web interactions  
 
“Changing…” can be addressed in two, different contexts.  One of those can derive from 
management actions that alter abundance of one or more species.  The restoration goals 
of fisheries management are among those.  Lake Superior in now an outstanding example 
of management success in that restored populations of native fish species dominate the 
current food web.  A second context is that described by environmental conditions.  
Climate change effects are now causing rapid warming of the lake.  Food web 
interactions are strongly temperature dependent and changing rates of predator-prey 
systems can evoke a trophic cascade expressed through the apex predators in this 
ecosystem.  As an example, I will focus on recent work with sea lamprey effects on other 
apex predators.  
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MOUW, C., AND MCKINLEY, G.A. 
 
University of Wisconsin-Madison Center for Climatic Research, 1225 W. Dayton St., 
Room 1053, Madison, WI 53706 
colleen.mouw@ssec.wisc.edu 
 
Remote sensing of Lake Superior’s optical and biological properties with MERIS 
 
Basic understanding of Lake Superior’s carbon budget and temporal and spatial 
variability of optical and biogeochemical parameters are largely unknown.  The elusive 
knowledge persists due to the scarcity of observations, particularly in the winter.  Remote 
sensing offers an excellent platform to observe the entire lake.  However, remote sensing 
products of the lake have been slow to develop due to the independency of optical 
constituents (case 2 waters), domination of colored dissolved organic matter, and the 
complex atmosphere of the region.  SeaWiFS, MODIS and MERIS inversion imagery 
products have been evaluated.  MERIS high-resolution data has recently become 
accessible, providing 300m spatial resolution and the benefit of additional spectral 
band(s) beyond SeaWiFS and MODIS.  The existing MERIS case 2 neural network 
inversion products are the most promising quantitative retrievals in comparison to the 
limited in situ optical measurements.  The spatial and temporal patterns for the MERIS 
reduced resolution (1 km, 2002-2009) and full resolution (300 m, 2009) imagery were 
investigated and compared to existing in situ data.  The imagery retrievals will aid in 
numerical model refinement, assist in developing a better understanding of the optical 
and biogeochemical variability, and help to address the carbon budget of Lake Superior. 
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HOLLENHORST, T., JOHNSON, L., AND CIBOROWSKI, J. 
 
U.S. EPA - Mid-Continent Ecology Division Duluth, 6201 Congdon Boulevard, Duluth, 
MN 55804-2595 
hollenhorst.tom@epa.gov 
 
Monitoring land cover change in the Lake Superior Basin 
 
Consistent, repeatable and broadly applicable land use, land cover data is needed across 
the Lake Superior basin to facilitate ecosystem condition assessment and trend analysis.  
Such a data set collected regularly through time could inform and focus field monitoring 
efforts, and help prioritize restoration mitigation efforts.  Unfortunately, few data sets 
exist that are bi-nationally consistent in time, classification method, or resolution. 
 
To this end, we integrated land cover data across both the Canadian (Ontario Provincial 
Land Cover data) and US portions (National Land Cover Data) of the Lake Superior 
basin for two time steps (approximately 1992 and 2001) roughly one decade apart.  Both 
land cover times steps were summarized by watersheds developed for specifically for the 
Lake Superior basin and changes in land cover within watersheds were compared over 
the time steps available.  To focus on coastal areas, we also buffered the Lake Superior 
Coastline and assessed land use change near the coast for these two time steps.  To assess 
recent changes we assessed and compared recent National Agricultural Statistics Service 
(NASS) crop layers to previous land cover data sets to identify the most recent trends in 
land cover change within the Lake Superior basin.  These will also be compared to 2001-
2006 NOAA Coastal Change Analysis Program Data (C-CAP).  Trends in land use and 
land cover change, data needs and opportunities for monitoring land use change will be 
discussed and illustrated. 
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JOHNSON, L.B., CIBOROWSKI, J.J.H., HOLLENHORST, T., BROWN, T., 
HOST, G., ERICKSON, J., REAVIE, E., AND AXLER, R.P. 
 
University of Minnesota Duluth, Natural Resources Research Institute, 5013 Miller 
Trunk Highway, Duluth, MN 55811 
ljohnson@d.umn.edu 
 
Predicting nearshore and coastal ecological conditions from landscape data: issues 
of data scale and resolution 
 
Nearshore and coastal habitats in Lake Superior and the other Great Lakes are 
increasingly influenced by human activities that take place in the coastal zone and the 
watershed.  Although Lake Superior is by far the most undisturbed of the Great Lakes, 
the bulk of development and human activities in the basin are concentrated along the 
coasts.  The Great Lakes Environmental Indicators (GLEI) and Reference Condition 
projects (2001-2006) assembled spatial data that quantified stressors related to human 
activities within the U.S. Great Lakes basin. This stressor database was recently 
summarized using much higher resolution subcatchments (mean area 93 ha) of tributary 
watersheds.   GLEI and Reference Condition indicators of condition, however, were 
based primarily upon whole watershed descriptors which did not account for spatial 
position or proximity of stressors to the coast.  We have generated composite stressor 
scores for the Lake Superior basin, which permits us to identify the least and most 
degraded portions of the basin; this composite measure can also be used within a single 
tributary watershed to identify least and most degraded areas.  An unanswered question is 
whether stressors quantified at the scale of the (entire) individual tributary are more or 
less effective for predicting ecosystem responses in the nearshore and coastal zones than 
stressors calculated for the areas immediately adjacent to the lake, or within a specific 
geographic or hydrologic distance from the mouth. We will model water quality and 
biotic responses to individual and composite stressor metrics using four different scales 
(and methods) for quantifying the landscape stressors data: 1) whole watershed upstream 
of the coastal habitat, 2) whole watershed plus adjacent coastline, 3) the most immediate 
subcatchment, 4) a variable number of accumulated subcatchments that capture a specific 
proportion (e.g. the closest subwatersheds encompassing 10%, 25%, 50%, 80%) of the 
watershed. 
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HOST,G., HOLLENHORST, T., BROWN, T, AND JOHNSON, L. 
 
Natural Resources Research Institute, University of Minnesota-Duluth, 5013 Miller 
Trunk Hwy, Duluth, MN 55811 
ghost@nrri.umn.edu 
 

Multi-scale watershed delineations and stressor summaries for prioritized 
monitoring in the Lake Superior Basin 
 
A major issue in large lake monitoring is the distribution of a limited number of samples 
so they reasonably represent a target population and identify trends in biotic and abiotic 
response variables.  Devising a statistically robust monitoring scheme requires an a priori 
understanding of the fundamental units for sampling and the gradient or range of 
environmental stressors impacting those units.   Understanding stressor gradients is 
particularly challenging as they comprise multiple and often inter-correlated factors 
including point- and non-point sources of disturbance at multiple scales.  Our goal was to 
develop data and tools to effectively quantify the gradient of anthropogenic stress to help 
resource managers and decision makers across the basin make more informed decisions 
prioritizing watersheds for monitoring and restoration efforts. 
 
We used ArcHydro, a hydrologic data model, to manage and process watershed 
delineations and watershed summary information.  Starting with flow direction and flow 
accumulation grids derived from elevation data, ArcHydro delineates the subcatchment 
for each stream reach between stream confluences.  A flow network between 
subcatchments is also produced.  Anthropogenic stressors such as land cover, point 
sources, and human population were summarized for each subcatchment and combined 
into a integrated stressor index.  Database tools were developed to accumulate these 
stressor values and indices for all of the upstream sub-catchments flowing to a particular 
location.  This allows us to consider integrated stressors measured across the basin or 
within user-defined regions, and subsequently identify areas with the least (reference) and 
the most (degraded) environmental stress. 
 
These data and tools were integrated into a map server application for interactive 
visualization.  The application allows the viewer to select various layers and stressors 
across the basin or within specific watersheds.  These tools and data layers have been 
incorporated into a website called “Explore Lake Superior” (www.nrri.umn.edu/lsgis2), 
where they are available for download or interactive use. 
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LENTERS, J.D., AND SCHEELK, B. 
 
University of Nebraska-Lincoln School of Natural Resources, Lincoln, NE 68583 
jlenters2@unl.edu 
 
Lake-atmosphere interactions on the world’s largest lake: Results from an island-
based meteorological station near Marquette, Michigan 
 
Variations in weather and climate exert a strong control on physical lake processes, such 
as radiative heat flux, waves and currents, evaporation, and ice cover dynamics. These 
factors, in turn, impact nearshore processes and water quality, issues related to lake 
management (e.g. outflow and lake levels), and the broader lake ecosystem. It is 
important, therefore, to understand how variations in climate – from short timescales to 
decadal and longer timescales – drive physical lake processes. An intensive monitoring 
station was recently deployed on Granite Island (near Marquette, Michigan) to help 
contribute to our understanding of some of these issues for Lake Superior. This station 
provides high frequency measurements of the local meteorology, as well as detailed 
measurements of the lake energy and water balance through precision radiometers and 
eddy covariance instrumentation. We present here some of the preliminary results of this 
study, with a focus on the short-term and seasonal variations in over-lake meteorology, as 
well as how these variations translate into changes in surface heat flux and lake 
temperature. 
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AUSTIN, J.A., AND ALWORTH-HALL, M.W. 
 
Large Lakes Observatory and Department of Physics, University of Minnesota-Duluth, 
Rm. 209, Research Laboratory Building, Duluth, MN 
 
Resolving a persistent offshore temperature maximum using an Autonomous 
Underwater Glider 
 
In November 2009, we deployed a Webb Research Autonomous Underwater Glider in 
western Lake Superior. It continuously occupied a 12-km long cross-shelf section of the 
Wisconsin shelf for 12 days, making 26 full surveys of the section. The shelf waters were 
cooling off steadily during this period. We observed a persistent mid-shelf temperature 
maximum on the order of 0.5C above the near-shore or offshore surface temperature. 
This appears to be due to the competing effects of more rapid cooling in shallow, onshore 
water, and the mixing of deep cold water into offshore surface waters. While this 
temperature maximum may not be of fundamental importance in and of itself, it 
represents a phenomenon that would be difficult to resolve through more familiar 
sampling schemes, such as shipboard CTD surveys or moored instrumentation.  
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LORENZ, D.L., ROBERSTON, D.M. SAAD, D.A., AND STARK, J.R. 
 
U.S. Geological Survey, 2280 Woodale Dr., Mounds View, MN 
stark@usgs.gov 
 
Nutrient trends in the United States part of the Great Lakes Basins, 1993 to 2004 
 
Many actions have been taken to reduce nutrient and suspended-sediment concentrations 
and the amount of nutrients and sediment transported in streams as a result of the Clean 
Water Act and subsequent regulations. Change in nutrient and suspended-sediment 
concentrations and loads from 1993 to 2004 in selected streams in the Upper Mississippi, 
Ohio, Red, and Great Lakes Basins were determined to assess those actions. 
 
Flow-adjusted trends in total nitrogen concentrations showed tendency toward increasing 
concentrations, and overall trends in total nitrogen concentrations showed a general 
tendency toward increasing concentrations. The trends in these flow-adjusted total 
nitrogen concentrations are related to the changes in fertilizer nitrogen applications. 
Flow-adjusted trends in dissolved ammonia concentrations showed a widespread 
tendency toward decreasing concentrations. The widespread, downward trends in 
dissolved ammonia concentrations indicate that some of the ammonia reduction goals of 
the Clean Water Act are being met. Flow-adjusted and overall trends in total organic plus 
ammonia nitrogen and dissolved nitrite plus nitrate concentrations did not show a distinct 
spatial pattern.  
 
Flow-adjusted trends in total phosphorus concentrations were generally upward. Overall 
trends in total phosphorus concentrations were mixed and showed no spatial pattern. 
Flow-adjusted and overall trends in dissolved phosphorus concentrations were 
consistently downward at all of the sites in the eastern part of the basins studied. The 
reduction in phosphorus fertilizer use and manure production east of the Mississippi 
River could explain most of the observed trends in dissolved phosphorus. 
 
Flow-adjusted trends in total suspended-material concentrations showed distinct spatial 
patterns of increasing tendencies throughout the western part of the basins studied and in 
Illinois and decreasing concentrations throughout most of Wisconsin, Iowa, and in the 
eastern part of the basins studied. Flow-adjusted trends in total phosphorus were strongly 
related to the flow-adjusted trends in suspended materials.  
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RUZYCKI, E.R., AXLER, R.P., HENNECK, J.R., WILL, N. AND HOST, G. 
 
Natural Resources Research Institute, University of Minnesota-Duluth, 5013 Miller 
Trunk Highway, Duluth, MN 55811 
eruzycki@nrri.umn.edu. 
 
Estimating sediment and mercury concentrations and loads from four Western 
Lake Superior watersheds using continuous in-stream turbidity monitoring. 
 
Many streams along the Minnesota coast of Lake Superior have been listed as impaired 
from either high turbidity or high mercury concentrations or both. Both turbidity and total 
mercury (THg) have been shown to be strongly correlated to total suspended sediment 
(TSS) in many disturbed watersheds. TSS and THg concentrations and loads were 
estimated in four Western Lake Superior watersheds from 2005-2006 using continuous 
in-stream turbidity measurements. Regression models were developed relating 
continuous turbidity data to grab sample measures of mercury, suspended sediments and 
nutrients during differing flow regimes. Suspended sediment loads estimated using the 
turbidity surrogate were compared to those made using FLUX software, a standard 
assessment technique based on discharge and grab sampling for TSS. Stream specific 
turbidity vs. TSS measures were strongly correlated (r2 = 0.6 to 0.95; p < 0.05). Total 
mercury values ranged from 1 to 28 ng l-1 throughout the open water season and showed 
a close relationship with TSS (r2 = 0.82, n = 23; p < 0.05) for all four streams. Mercury 
loads to Lake Superior were estimated to be 10 to 85 g yr-1 with watershed yields ranging 
from 0.6 to 3.8 g km-2 yr-1. Continuous turbidity monitoring appears to be a reasonable 
surrogate for both sediment and total mercury concentration, providing information when 
manual sample collection is difficult. 
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KNUTH, M.L., AND KELLY, J.R. 
 
U.S. Environmental Protection Agency, Mid-Continent Ecology Division, 6201 Congdon 
Boulevard, Duluth, MN 55804-2595 
knuth.michael@epa.gov 
 
Denitrification rates in a Lake Superior coastal wetland 
 
Inputs of anthropogenic nitrogen to the Nation’s aquatic ecosystems have increased 
substantially over the past several decades.  Nitrogen inputs to Lake Superior since about 
1900 have increased at a rate of about 2 percent per year, doubling about every 35 years 
(Bennett, 1986), although recent data indicates that the rate of nitrate increase may be 
leveling off (Sterner et al., 2007). The amount of excess fixed nitrogen removed from the 
freshwater aquatic nitrogen cycle by denitrification is largely unknown. Typically, 
denitrification rates increase within sediments that have higher organic content; in this 
context we measured dentirification in organic-rich sediments of Lost Creek Wetland on 
the South Shore of Lake Superior. The concentrations of N2, O2, and Ar were determined 
on intact water-sediment cores using membrane inlet mass spectrometry (MIMS). 
Denitrification rates were subsequently determined using N2:Ar ratio data. A ratio of N2 
release/NO3 uptake in NO3 enriched cores was established where the N2 rate was 
measurable. The ratios between NO3 uptake and NO3 concentration allowed us to 
calculate the N2 flux rate in different areas of the wetland such as those receiving NO3 
rich lake water and backwaters not receiving this enrichment. Calculated N2 flux rates in 
August using overlying ambient wetland water and Lake Superior water were 0.30 (n=2) 
and 8.6 (n=2) umol m-2 hr-1, respectively.  These rate measurements quantify a missing 
piece of wetland and lake nitrogen transformations and budgets. 
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OSANTOWSKI, E.S., WARREN, G., HORVATIN, P.J. 
 
USEPA Great Lakes National Program Office G-17J, 77 West Jackson Boulevard, 
Chicago, IL 60604  
osantowski.eric@epa.gov 
 
Long-term water quality trends in the open waters of Lake Superior  
 
The United States Environmental Protection Agency’s Great Lakes National Program 
Office conducts biannual surveys of water quality within each of the Great Lakes aboard 
the R/V Lake Guardian. These surveys are conducted every spring and summer to assist 
the United States in fulfilling its responsibilities under the Great Lakes Water Quality 
Agreement. The monitoring effort is focused on whole lake responses to changes in 
loadings of anthropogenic substances and in other stressors such as climate change or 
invasive species. Water quality surveys of offshore waters generally consist of two 
surveys per year: a spring survey (well mixed conditions) and a summer survey (stratified 
conditions). A rosette sampler with 12 niskin bottles is lowered and samples are collected 
at predetermined depths. Samples are analyzed for basic water chemistry on board the 
ship and nutrients are later processed in a laboratory. This report presents long-term 
trends in the water quality survey data for Lake Superior from 1992 through 2008. Two 
non-parametric methods were used to determine the existence, magnitude and 
significance of trends in the data by parameter. These are the Spearman Rank correlation 
and the Thiel-Sen regression estimator. Summer surveys were split into two groups the 
epilimnion and hypolimnion and each were assessed for long-term trends.  The following 
water quality parameters were assessed for statistically valid (>95% confidence) long 
term trends in both the spring and summer surveys; specific conductance, total chloride, 
pH, alkalinity, turbidity, dissolved reactive silica, nitrate-nitrite nitrogen, total 
phosphorus, and dissolved phosphorus. All but total chloride springtime measurements 
had statistically valid trends with dissolved reactive silica the only one with a decreasing 
trend. Summer measurements followed similar trends, with the exception of dissolved 
phosphorus not having any significant trends and no trend in the pH of the hypolimnion. 
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HUDSON, M. 
 
Bad River Watershed Association, Ashland, WI. Consultant to the Lake Superior 
Binational Workgroup Chemical Committee  
hudmattson@yahoo.com 
 
Current levels and temporal trends of critical and other chemicals in the Lake 
Superior ecosystem 
 
The Great Lakes Water Quality Agreement requires Lakewide Management Plans 
(LaMPs) to identify and reduce critical chemicals in each Great Lake. In Lake Superior, 
LaMP agencies have identified nine Persistent, Bioaccumulative and Toxic (PBT) 
chemicals slated for zero discharge from anthropogenic sources in the lake’s basin by 
2020. In addition, other critical chemicals and chemicals of interest are monitored and 
tracked over time for management considerations as needed. Periodically, levels (i.e. 
concentrations) of these chemicals in the Lake Superior ecosystem (such as water, fish 
and sediment) are compared to yardsticks established by jurisdictions around the lake as a 
way to evaluate management program efficacy and identify potential new concerns.  
 
Current levels and temporal trend data for Lake Superior zero discharge and other 
chemicals of interest will be presented in various media such as fish, water, sediment, and 
wildlife. Where jurisdictional yardsticks are available, levels will be compared for an 
assessment of impaired uses. New and emerging chemicals of concern will be discussed 
and, where appropriate, data from Lake Superior media will be compared to chemical 
data from the other Great Lakes.  
 
The 2005 levels and trends evaluation prepared by the LaMP Chemical Committee found 
that many of the toxic chemicals of concern for Lake Superior have decreased over time, 
but in the open water, PCBs, dieldrin, and toxaphene exceeded water quality standards. 
Toxaphene in whole fish has not shown a clear downward trend and PDBE’s in whole 
fish have steadily increased through 2000. In fish fillets, both PCBs and mercury 
continue to exceed fish consumption triggers. The information presented at the ELS 
conference will be updated from the 2005 evaluation.  
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LOHSE-HANSON, C., NANTEL, M., BAILEY, J., JERECZEK, J., LAPLANTE, 
L., MCCHRISTIE, M., AND SIMS, J 
 
Minnesota Pollution Control Agency, 520 Lafayette Road N, St. Paul, MN 55155 
carri.lohse-hanson@state.mn.us 
 
Lake Superior chemical milestones: Meeting the target of zero discharge in the Lake 
Superior Basin 
 
The Zero Discharge Demonstration Program (ZDDP) is a three decade reduction plan to 
achieve zero release of nine designated persistent bioaccumulative toxic substances in the 
Lake Superior basin. The nine pollutants of the ZDDP are mercury, PCBs, dioxin, 
hexachlorobenzene (HCB), octachlorostyrene (OCS) and four pesticides - dieldrin, 
chlordane, DDT and toxaphene. The reduction goals for mercury, dioxin, HCB and OCS 
are release reduction goals while for pesticides and PCBs the goals are safe destruction of 
accessible PCBs and collection of canceled/banned pesticides. The ZDDP targets only 
Lake Superior basin sources of these nine chemicals although in some cases out-of-basin 
sources may contribute significantly to the presence of these substances in the lake. The 
ZDDP reduction plan identified targets for staged reductions of these pollutants, with 
1990 as the baseline year and 2020 as the year where zero release will be achieved.  
 
Although significant reductions have been made over the past 20 years, predicted future 
increases in industrial activity, energy demand and increased human population may 
result in corresponding increases in the release of toxic pollutants in the basin. 
Recognizing the evolving nature of the interactions between persistent toxic chemicals 
and the ecosystem, the Lake Superior Binational Program remains committed to 
achieving the goals of the ZDDP as part of the larger goal to restore and maintain the 
health of the Lake Superior basin ecosystem. 
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BENNINGTON, V., MCKINLEY, G.A., URBAN, N., WU, C., DESAI, A., AND 
MOUW, C. 
 
Atmospheric and Oceanic Sciences, University of Wisconsin-Madison, 1225 W. Dayton 
St., Madison, WI 53706 
benesh@wisc.edu 
 
Modeling the impact of river inputs on carbon fluxes of Lake Superior 
 
The goal of the CyCLeS (Carbon Cycling of Lake Superior) project is to quantify carbon 
cycling and the exchange of carbon dioxide between the Lake Superior and the 
atmosphere. We have configured a three dimensional hydrodynamic model coupled to an 
ecosystem component for Lake Superior and simulated the last 20 years of lake 
circulation and carbon cycling. The model is able to capture net primary productivity 
(NPP) and open lake pCO2 within uncertainty estimates without considering any external 
inputs to the lake. However, the model underestimates respiration and lake pCO2 in the 
near shore region. Utilizing river gauge data and observed relationships between river 
flow and nutrient concentration in the Great Lakes region, we include estimates of runoff 
supplies of dissolved organic carbon (DOC) and phosphorous in the model. In a series of 
sensitivity studies, we estimate the riverine supply and transport of DOC and 
phosphorous in Lake Superior. We will present preliminary results of the potential impact 
of the spring runoff event in the Ontonagon and St. Louis Rivers on lake carbon cycling. 
Can spatial heterogeneity in lake carbon cycling help to close the previously imbalanced 
carbon budget? 
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MCKINLEY, G.A., BENNINGTON, V., ATILLA, N., DESAI, A., MOUW, C., 
URBAN, N. VASYS, V., AND WU, C. 
 
University of Wisconsin – Madison, Department of Atmospheric and Oceanic Sciences 
and Center for Climatic Research, Madison, WI 53706 
gamckinley@wisc.edu 
 
Carbon cycle variability in Lake Superior: Physical drivers and impacts on the 
regional carbon budget 
 
The CyCLeS (Cycling of Carbon in Lake Superior) project has the goal of quantifying 
Lake Superior carbon cycling and air-lake carbon fluxes and to place them in the context 
of regional carbon budgeting efforts by the North American Carbon Program (NACP). 
We have configured a three-dimensional hydrodynamic model with an ecosystem-carbon 
module for the Lake, and simulated the circulation and carbon cycle for 1989-2008. 
Without external inputs, the model is able to capture the observed ecosystem structure as 
well as the observed open-lake pCO2, net primary productivity (NPP), and other 
biogeochemical quantities. We use the model to consider the response of lake-wide and 
basin-scale carbon cycling and air-lake CO2 fluxes to physical climate variability on 
weekly to interannual timescales and discuss the dominant mechanisms. Using back-
trajectory analysis in an atmospheric transport model, we also estimate the influence of 
seasonal CO2 fluxes from Lake Superior on terrestrial carbon flux measurements 
occurring in Northern Wisconsin.  
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URBAN, N.R., MWANGI, J.W., AND MCDONALD, C.P. 
 
Michigan Technological University, 1400 Townsend Dr., Houghton, MI 49931 
nurban@mtu.edu 
 
CO2, carbon cycling and acidification in Lake Superior 
 
Contrary to common perception, Lake Superior has undergone large historical changes in 
nutrient inputs, and it is now undergoing rapid changes in response to climate warming.  
This talk will briefly review these changes and examine their implications for the cycling 
of nutrients and carbon in the lake.  Modeling of carbon and nitrogen cycling suggests 
that previous estimates of phytoplankton production have been low by a factor of two to 
four.  However, climate change appears to be causing a reduction in primary production 
as a result of the longer period of summer stratification.  Longer stratification results in 
decreased phosphorus concentrations, decreased chlorophyll concentrations and increased 
silica concentrations.  Just as the lake modifies the temperature and water content of the 
atmosphere above it, the lake also modifies the atmospheric concentration of CO2.  
Carbon cycling within the lake buffers atmospheric CO2 concentrations within a narrower 
range than is observed over land.  Carbon cycling within the lake also renders the lake 
less susceptible to climate-induced acidification than are the oceans. 
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Radiocarbon insights into the role of ‘old’ carbon in Lake Superior biogeochemistry 
 
We utilized the water-column depth profiles of Δ14C within dissolved inorganic carbon 
(DIC), dissolved organic carbon (DOC) and particulate organic carbon (POC) to 
investigate the biogeochemical cycling of organic matter in Lake Superior, the Earth’s 
largest freshwater lake by surface area. Radiocarbon data was obtained from multiple 
cruises to stations across the lake, covering periods of both stratified and isothermal 
water-column. During isothermal condition, the radiocarbon signature of POC varies 
widely from modern to 2800 years before present, and do not appear to be related to 
sample depth but indicate widespread but localized sediment resuspension. Co-occurring 
ΔDO14C values are much less variable, and with the exception of sample from the mouth 
of the Ontonagon River are all modern (post-bomb). The ΔDI14C during stratification 
shows the lake is well ventilated, with a general slight decrease of the radiocarbon signal 
with depth at the various stations (e.g. DI14C decreased from 61 to 52‰ and 62 to 55‰ 
respectively at western and central stations). In the stratified lake, ΔDO14C at the 
western, central and eastern stations show the DOC become older with depth. However 
the northern and southern stations reveal opposite trend, where the DOC become younger 
with depth. Our data shows that despite its dimictic nature and a water residence time of 
approx. 200 years, the Lake Superior water column contains “old” organic carbon pools 
with ages ranging from 4 to 14 times the water residence time. 
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Diel vertical migration in the open waters of Lake Superior: trophic interactions and the 
movement of nutrients  
 
The vertical movement of organisms may be influenced by a host of physico-chemical 
and biological variables including temperature and oxygen, prey abundance, realized 
feeding or assimilation rates and predation risk. Furthermore, organisms may represent a 
vector for the movement of nutrients.  We used hydroacoustics, midwater trawls and 
bottom trawls to measure the vertical distribution of macroplankton and fish during a 
series of research cruises on Lake Superior from 2005 through 2008. Our objective was 
to assess vertical structuring in the pelagic foodweb over varying light levels in water 
>150m in depth.  We observed diel variability in vertical distribution of crustacean 
plankton, Mysis relicta, ciscoes (Coregonus spp.) and siscowet lake trout (Salvelinus 
namaycush).  Our results indicate that deep-water predators and prey migrate extensively 
over a diel cycle.  This migration pattern is most consistent with changes in the 
distribution of prey resources for siscowet and diel variability in prey and predation risk 
driven by changing light levels for ciscoes.  The upper extent of the movement of most 
organisms coincided with the depth of the deep chlorophyll layer (DCL).  Estimates of 
phosphorus excretion in the depth zone near the DCL suggest that nutrient regeneration 
and translocation by pelagic organisms may facilitate the preservation of this layer.  
These findings suggest that the native foodweb of Lake Superior may facilitate enhanced 
production in the open water area.  
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Lesser known microbes from the depths of Lake Superior:  Archaeal dynamics in 
surface waters and deep water ecology 
 
Molecular information about planktonic microbial communities can aid our 
understanding of in-lake processes like nitrogen cycling. Archaeal abundance and 
community structure were examined in Lake Superior during 2007 and 2008.  T-RFLP 
fingerprints of planktonic archaeal communities were compared during stratified and 
mixed lake conditions. Two discrete clusters of archaeal assemblages were present under 
stratified conditions but only one cluster was evident during mixed conditions. One 
stratified cluster was associated with water above the deep chlorophyll maximum, and the 
other with archaeal assemblages found throughout the deep hypolimnion. The 
composition of archaeal communities changed in surface waters after the epilimnion 
formed, but deeper communities remained unchanged in the hypolimnion.  Analysis of 
16S rDNA clones indicated many non-thermophilic crenarchaea were present and similar 
to Nitrosopumilus maritimus strain SCM1, a marine crenarchaeal ammonia oxidizer. 
After stratification, copies of the archaeal 16S rDNA gene and a putative archaeal amoA 
gene were more abundant below the deep chlorophyll maximum but much less abundant 
in the epilimnion. Archaeal ammonia oxidizers accounted for a larger proportion of the 
total Archaea after the water column stratified. The nitrification rate peaked in the 
hypolimnion below the deep chlorophyll maximum during stratified conditions, where 
archaeal and bacterial amoA gene copies were most abundant.  The highest nitrification 
rates were similar to those measured in other aquatic ecosystems but much less than the 
highest primary production rates at this site. The composition of the archaeal community 
changed seasonally in the surface waters at this Lake Superior site and some archaeal 
members of these planktonic microbial communities may contribute to nitrification in the 
water column. 
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A comprehensive assessment of the microbial food web of pristine Lake Superior  
 
Microbial food web studies were initiated in the North American Great Lakes about two 
decades ago which included lakewide surveys of bacteria, autotrophic picoplankton 
(APP), heterotrophic nanoflagellates (HNF), ciliates and size structure of phytoplankton.  
The first lakewide survey of the microbial communities of Lake Superior was conducted 
by Fisheries and Oceans Canada during the summer of 1991 at 24 stations.  The most 
comprehensive survey was carried during the spring and summer of 2001 and included 
size fractionated primary productivity and bacterial growth experiments in addition to 
microscopic analysis of the microbial communities.  The structure of the microbial food 
web was investigated in 2005 on a limited scale.  These studies have enhanced our 
understanding of the microbial and planktonic communities of Lake Superior and 
permitted the characterization of the structure of the microbial food web.  Our 2001 
survey demonstrated that Lake Superior remains a cold, stenothermic and ultra-
oligotrophic ecosystem.  While we observed that energy transfer was predominantly 
autotrophic during 2001, the significance and importance of the heterotrophs can not be 
ignored.  Furthermore, since these microbes are known to be sensitive to environmental 
stress, their continued surveillance is imperative to trace alternate energy pathways 
between lower and higher trophic levels towards the development of a comprehensive 
and predictive model.  This gains more weight especially due to the emerging issue of 
global warming.  
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Lake Superior primary producers in time and space 
 
Lake Superior’s organic carbon cycle is thought to be poorly constrained, with a seeming 
imbalance such that carbon losses exceed gains by several-fold.  Two of the larger terms 
in the organic carbon cycle are primary production and grazing.  There are many 
questions about the patterns of algal growth and loss in Lake Superior over time and 
space.  The deep chlorophyll maximum is a persistent feature, located well below the 
thermocline, and mechanisms of formation and maintenance of the DCM are still not well 
understood.   Rates of grazing, which are often major terms in the organic carbon cycle, 
have seldom been looked at in this lake.  What are the patterns in time and space of algal 
growth and loss?  This question was examined in a series of research cruises over a two-
year period.  Primary production in the incubation bottle scale was found to be well 
predicted by two variables: temperature and light.  With this predictive model, a whole-
lake rate of primary production was able to be estimated.  Grazing was found to be a 
large rate term, with some evidence for higher grazing above the DCM than within it or 
below it.  These results do not close the carbon balance of Lake Superior, but they 
provide additional information about two of the main components of the organic carbon 
budget. 
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Deepwater respiration in Lake Superior:  Implications for carbon cycles. 
 
Lake Superior is the largest and most pristine of the Laurentian Great Lakes but also one 
of the least studied. Recent attempts to balance the Lake Superior’s carbon budget 
indicate significant imbalance, with respiration being significantly greater than 
productivity. This study estimated deepwater respiration rates using changes in the 
deepwater oxygen and nitrate profiles through the stratified season.  Mid-lake oxygen 
consumption rates (~0.05 mmole m-3 day-1) were much lower than near-shore rates 
(~0.25 mmole m-3 day-1), as well as all other reported measurements. This suggests that 
previous carbon budgets, which utilized respiration rates measured at sites relatively 
close to shore, may have over estimated respiration rates for the “open lake.” Applying 
calculated average near-shore (<20 km) and open lake (>20 km) deepwater respiration 
rates to their respective fractions of lake volume results in an annual lake-wide 
respiration total (~4 Tg C yr-1) that effectively balances reported sources of organic 
carbon to Lake Superior.  
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Rapid bioassessment of benthic macroinvertebrate communities in streams along 
the north shore of Lake Superior: Does it work? 
 
EcoSuperior Environmental Programs, a non-governmental organisation, launched a 
stream stewardship project in 2004 which actively encouraged citizens to protect 
waterways.  One component of the project included a survey of the benthic 
macroinvertebrate communities in the streams of Thunder Bay, Ontario to develop 
baseline data.  No consistently comparable benthic macroinvertebrate data existed for 
these streams.  The Ontario Benthos Biomonitoring Network (OBBN) released a rapid 
bioassessment protocol in 2004 which was adopted by EcoSuperior for the stream 
surveys.  The EcoSuperior survey was expanded in 2005 to include minimally-impacted 
streams along the north shore of Lake Superior.  Twenty three streams from Thunder Bay 
to Lake Superior Provincial Park near Sault Saint Marie, Ontario were identified as 
reference condition sites between 2004 and 2009.  One test stream and two remediated 
streams were also surveyed.  Two reference sites were re-sampled several times to 
identify possible seasonal effects.   
 
Most sites were considered unimpaired as indicated by a high % of Ephemeroptera, 
Plecoptera and Trichoptera (% EPT), whereas only a few urban sites on the test stream 
within the city of Thunder Bay were marginally impaired (low % EPT, high % 
Chironomids and Worms).  The two remediated sites contained “healthy” benthic 
macroinvertebrate communities with a high % EPT.  Seasonal effects occurred probably 
because of changes in stream flow between years.  Low flow creates eutrophic-like 
conditions in streams which cause the macroinvertebrate communities to change.  The % 
EPT decreases while the % Chironomids and % Worms increases.  
 
The rapid bioassessment protocol as outlined by the Ontario Benthic Biomonitoring 
Network was adequate to determine the health of the streams on the north shore of Lake 
Superior. 
 



 41

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Session 4 
 

Higher Trophic Levels: fish & food webs 
 

lorimerj
Text Box
Click here to return to Contents.



 42

TREBITZ, A., BRAZNER, J., TANNER, D., AND MEYER, R. 
 
Mid-Continent Ecology Division, U.S. Environmental Protection Agency, 6201 Congdon 
Boulevard, Duluth MN, 55804 
trebitz.anett@epa.gov 
 
Watershed connectivity and landcover influences on Lake Superior coastal wetland 
fish assemblages and habitat conditions 
 
The role of the coastal margin and the watershed context in defining the ecology of large 
lakes is increasingly being recognized and examined.  Coastal wetlands are both 
important contributors to the biodiversity and productivity of large lakes and important 
mediators of the lake-basin connection.  We explored how watershed connections 
influence wetland function and condition using data collected from 37 Lake Superior 
wetlands spanning a substantial geographic and geomorphic gradient.  While none of 
these wetlands are particularly disturbed, there were nevertheless clear relationships 
between watershed landuse/landcover and wetland habitat and biota, and these varied 
consistently across type categories that reflect the strength of connection to the 
watershed.  For example, water clarity and vegetation structure complexity declined with 
decreasing percent natural land cover, and these effects were strongest in riverine 
wetlands (having generally large watersheds and tributary-dominated hydrology) and 
weakest in lagoon wetlands (having generally small watersheds and lake-dominate 
hydrology).  Fish abundance and species richness increased with decreasing percent 
natural land cover while species diversity decreased, and again the effect was strongest in 
riverine wetlands.  Lagoon wetlands, which lack any substantial tributary, consistently 
harbored the fewest species of fish and a composition different from the more watershed-
linked dendritic and riverine wetlands.  The wetlands that were most strongly linked to 
the surrounding watersheds were the most diverse in habitat and fish composition but 
also most readily impacted by landuse changes. 
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Understanding coastal fisheries of Lake Superior: Is larval fish production 
supported by watershed sources? 
 
Fundamental questions remain regarding the mechanisms and processes that link the food 
webs of coastal wetlands, rivers and embayments to Lake Superior’s coastal zone. The 
goal of our research is to identify allochthonous and autochthonous inputs that support 
larval fish production in Lake Superior coastal wetlands, rivers and embayments using 
the biogeochemical gradient that arises from the mixing of river and lake water. Our 
research has focused on two main objectives. First, to identify biogeochemical processes 
linking watersheds and coastal ecosystems, we have characterized cation and nutrient 
concentrations, as well as particulate organic matter distribution and quality, across the 
river-lake transition zone in a variety of south shore tributaries and embayments. Second, 
to characterize trophic pathways supporting young fishes, we are using a stable isotope 
mixing framework that is based on the biogeochemical gradient across the river-lake 
transition zone. The biogeochemistry of these systems varies widely, reflecting 
differences in tributary discharge and organic matter sources and fates. Using both 
nitrogen and carbon stable isotope data from young fishes, we were able to characterize 
major trophic pathways and identify regions where cross-ecosystem subsidies are 
occurring. For some fish species, stable isotope data were consistent with reliance on 
isotopically light organic matter sources, likely autochthonous phytoplankton and 
allochthonous terrestrial-derived riverine organic matter. Some fish species captured in 
wetlands, however, have isotopic signatures consistent with reliance on isotopically 
enriched littoral periphyton or Lake Superior primary producers. Differences between the 
carbon stable isotope gradient in fish and their invertebrate prey revealed that fish 
production was supported at multiple spatial scales. Thus, production of the fish 
assemblage within the transition zone is supported by multiple organic matter sources 
from across the watershed. 
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Temporal changes in the inshore small fish community of Lake Superior, 1996-2007 
 
The U.S. Fish and Wildlife Service’s Ashland Fish and Wildlife Conservation Office 
conducted bottom trawling surveillance efforts targeting aquatic invasive fish species in 
numerous locations within U.S. and Canadian inshore waters (e.g. embayments, 
tributaries, and littoral areas <15m) of Lake Superior from 1996 through 2007.  Over the 
course of a decade, we detected the range expansion of Eurasian ruffe, round goby, white 
perch, and zebra mussels into areas previously unoccupied, and observed temporal 
changes and spatial differences in the composition and relative abundance of the inshore 
fish community.  
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Successional change in the Lake Superior fish community: Population trends in 
ciscoes, rainbow smelt, and lake trout, 1958-2008 
 
Massive changes in the structure and organization of the Lake Superior fish community 
during the second half of the 20th century were examined from gillnet and bottom trawl 
catch data collected between 1958 and 2008.  For this investigation, community structure 
was defined as the composition and relative abundances of species and organization was 
defined as the relative abundances of predator and prey species.  Lake trout Salvelinus 
namaycush was considered the principal predator and principal prey species included 
rainbow smelt Osmerus mordax and the ciscoes (lake cisco Coregonus artedi, bloater C. 
hoyi, shortjaw cisco C. zenithicus, and kiyi C. kiyi).  In the late 1950s – early 1960s, 
abundance of rainbow smelt was at its maximum, and abundance of hatchery lake trout 
was increasing rapidly but abundance of wild lake trout was at its minimum.  At that 
time, bloater was the prevalent cisco in the lake, followed distantly by shortjaw cisco, 
then kiyi and lastly, lake cisco.  By the mid-1960s abundance of hatchery lake trout was 
nearing maximum, rainbow smelt abundance was just beginning to decline, and 
abundances of all ciscoes declined but especially that of shortjaw cisco and kiyi.  By the 
late 1970s, recovery of wild lake trout stocks was apparent and abundances of hatchery 
lake trout and rainbow smelt were declining and the ciscoes were reaching their nadir.  
During 1980-1990, recovery of the native fish community started with a rapid increase in 
abundance of wild lake trout concurrent with a decline in hatchery lake trout.  Smelt 
abundance dropped precipitously and lake cisco and bloater populations rebounded.  
Since the late 1990s, wild lake trout abundance remained relatively stable while that 
rainbow smelt declined to very low levels.  Abundance of ciscoes also declined, 
especially that of bloater.  Life history characteristics of the cisco species predict different 
responses to conditions of low and high predator levels, i.e., late 1950s-early 1960s vs. 
post-1980.  In the absence of strong predation, bloater should become the predominant 
cisco and conversely the least abundant under prolonged predation.  Rainbow smelt share 
this pattern though responses to predator pressure are strongly affected by differences in 
recruitment dynamics.  Conversely, the lake cisco and shortjaw cisco should fare better 
when predator abundance is high and persistent.  Recovery of wild lake trout in Lake 
Superior in the 1980s reestablished a strong top-down influence on the fish community. 
The relative stability of lake trout abundance, and lowered and reduced variability in prey 
species abundance, may reflect a more natural state where community structure and 
organization is approaching relative equilibrium.  
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Seasonally dynamic diel vertical migrations of the opossum shrimp (Mysis relicta), 
Coregonids (Coregonus spp.), and siscowet lake trout (Salvelinus namaycush) in the 
pelagia of western Lake Superior 
 
Diel vertical migrations of organisms are often associated with changing light levels, 
while the underlying mechanisms are generally attributed to optimizing foraging 
efficiency, or growth rates, while avoiding predation risk. From 2005 – 2008, we used an 
optical plankton counter, hydroacoustics, and midwater and bottom trawls to assess 
seasonal changes in vertical migration patterns of the Lake Superior pelagic food web 
containing opossum shrimp Mysis relicta, kiyi Coregonus kiyi, cisco C. artedi, and 
siscowet lake trout Salvelinus namaycush.  In addition, we applied various foraging, 
growth, and predation risk models to provide insight into why observed migration 
patterns vary between species and seasons.  Our results suggest that Mysis, kiyi, and 
siscowet lake trout migrate concurrently during each season, but to a lesser extent in 
spring compared to summer and fall.  In comparison, cisco migrate less extensively 
regardless of season.  Our modeling approach suggests that foraging potential and 
predation risk influences the movement patterns of Mysis and kiyi, while for cisco 
movement patterns relate more closely to foraging opportunity and growth potential with 
less influence from predation risk due to their relatively larger body size.  Foraging 
potential alone describes the vertical movements of siscowet lake trout since they are the 
top predator in Lake Superior. 
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Evaluating possible effects of vernal warming on Lake Superior Cisco Coregonus 
artedi recruitment variation 
 
Recent analyses suggest variable recruitment of the cisco Coregonus artedi is a natural 
characteristic of the species in Lake Superior; yet little is known about what causes the 
large differences in observed annual recruitment. Prevailing climate conditions play an 
important role in driving ecological processes and evidence from marine systems 
suggests relatively small changes in the mortality or growth rates of larval fish can 
produce large fluctuations in observed recruitment. We have constructed a mechanistic 
simulation model to explore the potential for small differences in spring temperature to 
cause large differences in the survival of age-0 cisco in Thunder Bay (Lake Superior). 
Daily estimates of surface and sub-surface water temperatures from 1995-2006 were used 
to drive model simulations and determine the spatiotemporal overlap between cisco 
larvae and their associated prey (i.e. copepod nauplii) and predators (i.e. rainbow smelt 
Osmerus mordax). Simulated recruitment was a function of the growth and survival of 
age-0 cisco during each respective year. The magnitude of simulated recruitment was 
compared to empirical estimates of recruitment from hydroacoustic and midwater trawl 
surveys conducted in Thunder Bay. We also used the model to evaluate hypotheses 
concerning the influence of climate change on the recruitment of cisco in Lake Superior. 
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Deepwater Cisco populations in the Canadian waters of Lake Superior 
 
Deepwater cisco diversity and abundance have declined precipitously in the Laurentian 
Great Lakes due to historic overexploitation, and only Lake Superior contains a fauna 
resembling that of the early 20th century.  Successful re-establishment in the other lakes 
requires an understanding of the basic ecology, life history characteristics and population 
dynamics of the cisco species remaining in Lake Superior.  A three-year assessment of 
deepwater ciscoes (Coregonus hoyi, C. kiyi, and C. zenithicus) across the Canadian 
waters of Lake Superior identified areas of relatively high abundance for all three species.  
Like the better studied shallow water cisco C. artedi, there was wide variation in patterns 
of year-class strength, and strong year-classes were observed from the same year for all 
ciscoes.  Survivorship was higher than expected because deepwater ciscoes were older 
than previous surveys identified.  Deepwater cisco sex ratios were heavily skewed 
towards females.  The remaining deepwater cisco morphotypes remain extant throughout 
Lake Superior, and intraspecific interactions and population dynamics in deepwater 
ciscoes appear to have stabilized after a long period of adjustment to anthropogenic 
disturbance. 
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Trophic connections in the nearshore and offshore food webs of Lake Superior 
 
We use analysis of fish stomach contents to describe Lake Superior nearshore and 
offshore food web linkages.  Analysis of over 10,000 diets from 16 species indicates that 
both nearshore and offshore native Lake Superior fish species appear to rely upon a 
relatively few number of lower trophic level components.  Our findings indicate that 
macroinvertebrates lie at the heart of each food web.  In both habitats, benthic fish 
species tended to have a more diverse diet (averaging between 2-4 prey species), whereas 
planktivorous and piscivorous fish species diets were less diverse (averaging between 0-2 
prey species).  Mysis relicta was the primary prey item for the majority of offshore fish 
species (kiyi, deepwater sculpin, and small siscowet).  Cisco consumed calanoid 
copepods, but Bythotrephes was also a primary diet component in late summer and fall.  
Diporeia spp. were the primary prey items for fish species found in shallower offshore 
areas and most nearshore areas (i.e., slimy sculpin, spoonhead sculpin, burbot, lake 
whitefish, rainbow smelt, and nearshore deepwater sculpin).  We hypothesize that Mysis 
and Diporeia are keystone species in the Lake Superior food web, both nearshore and 
offshore, and that changes in Mysis or Diporeia populations would have a significant 
impact on multiple fish species.  However, for some species such as cisco, this impact 
could be mitigated by their ability to target different prey species.  The food web 
configurations we describe in Lake Superior also provide potential explanations for fish 
population crashes in Lakes Huron and Michigan.   
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Depth-specific analyses of the Lake Superior food web  
 
Characteristics of large, deep aquatic systems include depth gradients in community 
composition, in the quality and distribution of food resources, and in the strategies that 
organisms use to obtain their nutrition. In Lake Superior, nearshore communities that rely 
upon a combination of benthic and planktonic production give way to offshore 
communities that must use alternative foraging strategies to balance feeding and predator 
avoidance. We sampled food web components throughout Lake Superior and used stable 
isotope analyses to reveal nutritional pathways among benthic and planktonic 
invertebrates and nearshore and deepwater fishes. We identify differences among habitats 
in the food web relationships between benthic and pelagic communities, and we examine 
the role of vertical migration as a key strategy for deepwater consumers to access pelagic 
resources from resource-poor profundal zones. 
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Food consumption by the Lake Superior fish community: How important is  
Mysis relicta? 
 
Restoration and rehabilitation of native fish communities is an important goal in the 
Laurentian Great Lakes, with emphasis placed on improving food web stability. We used 
bioenergetics models for the major fish species in Lake Superior to estimate prey 
consumption at nearshore and offshore locations across Lake Superior in 2005. Model 
inputs such as: temperature, fish diets and growth, as well as species abundance and size 
structure were based on site specific data collected at 18 stations in the spring, summer, 
and fall of 2005 in Lake Superior. We also estimated the production of Mysis relicta, a 
major component of the Lake Superior food web, and compared it to fish consumption 
estimates to evaluate how Mysis is utilized in terms of demand-supply. On average, Mysis 
was the most consumed prey item at nearshore and offshore locations. Lake whitefish 
Coregonus clupeaformis, bloater Coregonus hoyi and rainbow smelt Osmerus mordax 
consumed the most Mysis at nearshore locations; while kiyi Coregonus kiyi and 
deepwater sculpin Myoxocephalus thompsoni were responsible for Mysis consumption at 
offshore locations. We found that the proportion of Mysis in relation to all prey consumed 
increased with depth (p = 0.005). The demand-supply relationship was balanced in most 
respects, indicating Mysis resources are consumed by the current fish community without 
room for major expansions of other fish species that rely on Mysis, such as other 
deepwater ciscoes. 
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Cisco as an energy conduit from offshore pelagic to nearshore benthic habitats  
 
Cisco Coregonus artedi is a highly-mobile, planktivorous fish species in Lake Superior. 
Adults are found in the pelagia throughout the lake, but migrate to nearshore areas to 
spawn in November and December. Because cisco eggs do not hatch until the following 
spring, they represent a high-energy prey for the nearshore fish community during the 
winter months when prey resources may be scarce. Therefore, cisco may act as a critical 
energy vector linking offshore pelagic production to nearshore benthic fish communities. 
In this presentation, we synthesize data on cisco spawner abundance, fecundity, 
bioenergetics modeling, and stable isotopes to 1) estimate the conversion efficiency of 
pelagic zooplankton resources to cisco gonads, 2) estimate the amount of energy (in the 
form of cisco spawn) deposited in nearshore regions of western Lake Superior, and 3) 
evaluate the potential importance of this prey resource subsidy to the nearshore fish 
community. Preliminary results indicate cisco ovaries contribute significantly to the prey 
biomass in the western arm of Lake Superior available to benthic fishes during the winter 
months (2,700 metric tons of eggs, 10,500 mt of Diporeia, and 1,700 mt of Mysis). 
Moreover, the energy density of cisco eggs is more than double that of Diporeia and 
Mysis (10.3 versus 4.4 and 3.5 kJ g-1 wet) and predators feeding on cisco eggs do not 
have to contend with anti-predator behaviors. Our results suggest cisco eggs are likely a 
critical energetic subsidy to the nearshore fish community.  
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YULE, D.L., STOCKWELL, J.D., HRABIK, T.R. KELLY, J.R., YURISTA, P.M., 
AND ISAAC, E.J. 
 
United States Geological Survey, Great Lakes Science Center-Lake Superior Biological 
Station, 2800 Lakeshore Drive East, Ashland, WI 54806 
dyule@usgs.gov 
 
Development of an ecosystem model of the Lake Superior offshore food web 
 
The Great Lakes Fishery Commission is advocating a move towards ecosystem-based 
fishery management (EBFM) whereby long-term benefits of fisheries are realized without 
compromising ecosystem integrity.   To help evaluate EBFM, we developed an 
ECOPATH model of the Lake Superior offshore food web.  Despite having relatively low 
biomass, both siscowet lake trout (Salvelinus namycush siscowet) and exotic sea lamprey 
(Petromyzon marinus) likely play a structuring role in the food web. Current harvest of 
offshore fishes is limited, requiring only 1% of net primary production.  Because Lake 
Superior supports a highly-developed microbial loop, estimated trophic transfer 
efficiency (TE) from primary consumers to prey fish was high (> 15%) compared to other 
ecosystems. Estimated TE at higher trophic levels was comparatively low (7-9% to 
siscowets; 4% to sea lamprey).  Balancing the ECOPATH model required high 
ecotrophic efficiencies for most prey fish, suggesting predation by siscowet is likely 
intense. This finding is consistent with recent work showing energy density of lean lake 
trout in nearshore waters is also in decline.  Although Lake Superior has a largely intact 
offshore fish community, ECOPATH ascendency metrics suggest it is vulnerable to 
perturbations. 
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YURISTA, P., AND KELLY, J.R. 
 
Mid-Continent Ecology Division, National Health and Environmental Effects Research 
Laboratory, Office of Research and Development, U.S. Environmental Protection 
Agency, 6201 Congdon Boulevard, Duluth, MN 55804 
yurista.peder@epa.gov 
 
Lake Superior: Nearshore variability and a landscape driver concept 
 
High spatial variation is known to exist in water quality parameters of the Great Lakes 
nearshore; however strong patterns for extended reaches are also observed and found to 
be robust across a seasonal time frame. Less is known about robustness of inter-annual 
variation within water quality parameters in the nearshore.  We have been conducting 
high-resolution surveys with towed electronic instrumentation in nearshore areas of Lake 
Superior and have combined several seasons (2001-2005) of measurements from multiple 
research efforts to investigate how spatial variation correlates across years.  The 
combined surveys ranged across approximately 1200 km of the US shore.  In addition to 
the electronic surveys we also sampled fixed stations to collect other parameters not 
observed by the in situ electronic sensors and calibration data.  The electronic sensor data 
illustrated spatial and temporal variability of water quality in the nearshore.  We found a 
consistent pattern across the years and seasons for the US shore of Lake Superior that 
related to landscape position.  We did multivariate stepwise regressions on the nearshore 
measurements with respect to landscape characteristics of the adjacent watersheds (US 
only) and found clear correlations.  Our increasing accumulation of data in the nearshore 
is revealing a pattern in spatial and temporal variability of the nearshore in Lake 
Superior, and a better understanding of how this pattern is driven or structured by the 
landscape. 
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REAVIE, E.D. 
 
Center for Water and the Environment, Natural Resources Research Institute, University 
of Minnesota-Duluth 1900 E. Camp St., Ely, MN 55731 
ereavie@nrri.umn.edu 
 
Using retrospective analyses to define restoration goals and confirm rehabilitation 
in Lake Superior 
 
The EPA’s Great Lakes National Program Office (GLNPO) is now in its 27th year of 
comprehensive monitoring of the Great Lakes. Pelagic monitoring includes physical and 
chemical parameters, phytoplankton, zooplankton and benthic invertebrates. Monitoring 
data from Lake Superior have revealed significant changes in whole-lake conditions, 
particularly within the last decade, thus meeting GLNPO’s mandate to track changes 
under the Great Lakes Water Quality Act of 1978. Shifts in Lake Superior’s 
phytoplankton are presented in the context of other biological and chemical aspects of the 
lake. 
 
Innovative applications and supplements to the pelagic monitoring data are presented. 
The diatom algae are especially known to provide better integrated information about 
stressors than direct measurements, and they are particularly suited to paleolimnological 
applications. At a time when long-term data are needed to distinguish natural from human 
trends, and to reveal the causes and magnitudes of environmental insults, contemporary 
monitoring alone is not sufficient to answer important management questions regarding 
climate change, pollution and invasive species in the Great Lakes. New 
paleolimnological efforts being initiated this year, and suggestions for future work, are 
summarized. New indicator-based and paleoecological applications are needed to address 
the myriad of environmental issues that require long-term data for critical remedial 
decisions in the lake. 
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STRZOK , L.J., HECKY , R.E., AND WERNE, J.P.  
 
Large Lakes Observatory and Department of Chemistry and Biochemistry, University of 
Minnesota-Duluth, Duluth, MN 55812 
strz0009@d.umn.edu 
 
Changing nutrient and productivity regimes in Lake Superior: Causes and time 
course 
 
Modern understanding of nutrient and productivity trends in Lake Superior is necessary 
to better manage the largest freshwater lake in the world.  We are currently investigating 
6 sediment cores taken from the Western Basin of Lake Superior: 2 cores gathered during 
the summer of 2003 and 4 additional cores retrieved during July 2009.  Cores were 
selected from representative sampling sites that have average sedimentation rates ranging 
from 0.5 – 2 mm yr-1, which are low and limit the time resolution in several cores.  Of 
interest are chemical trends that have developed along with increased population, 
industrialization and agriculture practices within the western Lake Superior watershed in 
the last 2 centuries, moreover recent trends of the last 40 years.  Investigation of the 
sediments total organic carbon (TOC) and nitrogen (TON) concentrations along with 
isotope values of δ13C‰ and δ15N‰ indicate that the lake has undergone productivity 
changes in response to nutrient availability.  Previous studies have shown that 
autochthonous primary production is the dominant input of carbon (C) sequestered to the 
sediments, additionally established with aquatic C/N values of 8-10 among our samples. 
Primary production in the lake has shown a marked increase starting in the early 1900’s 
reaching a maximum in the 1960’s (positive increase ~1.7 per mil 13C). Subsequent 
recovery from nutrient enrichment is observable in decreased productivity by 1980, 
highlighted by deceasing δ15N‰ values.  Despite nitrification observed by continual 
increasing TON, this agrees with availability of phosphorous and its role as the primary 
nutrient limiting growth in the lake.  Preliminary n-alkane analysis of samples suggests 
agreement with TON, δ13C‰ and δ15N‰ trends.  Isotopic analysis of δ13C‰ in the n-
alkane samples should provide an additional method to validate the lakes productivity 
changes. 
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NIEMI, G., KELLY, J., JOHNSON, L., JOHNSTON, C., BRADY, V., HOWE, R., 
REAVIE, E., AXLER, R., HOST, G., AND BROWN, T. 
 
Natural Resources Research Institute, University of Minnesota, Duluth, MN 55811 
gniemi@d.umn.edu 
 
An integrated approach to multiple stressors in Lake Superior 
 
Our overall goal was to develop indicators that both estimate ecological condition and 
suggest plausible causes of ecosystem degradation across the US Great Lakes coastal 
region.  Here we summarize data gathered along the US Lake Superior coastline for 
breeding bird, diatom, fish, invertebrate, and wetland plant communities. The sites were 
selected as part of a larger, stratified random design for the entire US Great Lakes coastal 
region using gradients of anthropogenic stress that incorporated over 200 stressor 
variables (e.g. agriculture, land cover, human populations, and point source pollution).  
Field sampling in 2002 and 2003 included 110 sites for birds, 40 for diatoms, 32 for fish 
and macroinvertebrates, and 25 for wetland vegetation. The results indicated that 
agriculture and population density had major influences on the indicator responses for all 
of the components studied.  In general, the Lake Superior basin and near shore areas, as 
indicated from the biological responses measured, were in relatively good condition 
compared with many portions of the southern and eastern US Great Lakes coast.  
However, many wetland and high energy shores had conditions that were approaching 
the highly degraded regions of the southern and eastern US Great Lakes areas. The 
following indicators were developed based on responses to stress 1) an Index of 
Biological Condition (IBC) for breeding bird communities, 2) a diatom-based water 
quality indicator, 3) fish and macroinvertebrate communities, and 4) a multi-taxa index 
for wetland plants. These biological communities can all serve as useful indicators of the 
ecological condition of the Lake Superior coast. The ecological indicators provide a 
baseline on selected biological conditions for the US Lake Superior coastal region and a 
means to detect change over time. 
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DOBIESZ, N.E. 
 
Large Lakes Observatory, University of Minnesota-Duluth, Duluth, MN 55812 
ndobiesz@d.umn.edu 
 
What do the world’s deepest great lakes tell us about ecosystem health? An 
examination of lakes Baikal, Tanganyika, and Superior 
 
We reviewed the ecosystem status of the largest lakes around the world by observing 
trends in 25 metrics measured between 1970 and 2005.  Of the lakes we examined, lakes 
Baikal, Superior, and Tanganyika had the fewest changing trends across all metrics.  
These ecosystems are all large, deep lakes in relatively unpopulated areas that share a 
number of trends in common. No changes were observed in chlorophyll range, 
transparency, phosphorus level, functional groups, or incidence of fish disease. However, 
anthropogenic impacts related to increased population pressure, urbanization, and 
economic activities were observed in each ecosystem.  Although there were no common 
trends for exploited fish species metrics, each lake experienced changes in several of 
these measures that are indicative of changing fisheries. Lakes Baikal, Superior, and 
Tanganyika also differ in several fundamental ways giving rise to varying regional and 
local stressors. Biodiversity of native fish species ranges from 52 in Lake Baikal, to 83 in 
Lake Superior and 325 in Lake Tanganyika. Different biophysical regions in which these 
ecosystems exist also drive abiotic factors such as temperature and precipitation. We 
explore the similarities and differences between lakes Baikal, Tanganyika, and Superior 
and examine what each of the lakes tells us about ecosystem health of the world’s great 
lakes. 
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BOBROWICZ, S.M. 
 
Upper Great Lakes Management Unit, Ontario Ministry of Natural Resources, Thunder 
Bay, ON 
steve.bobrowicz@ontario.ca 
 
Black Bay (Lake Superior) and Black Sturgeon River native species rehabilitation 
evaluating options for the Camp 43 Dam 
 
Black Bay was once home to the largest population of walleye in Lake Superior, 
supporting sizable commercial and recreational fisheries.  The walleye population 
collapsed in 1968, due to a combination of factors, including the construction of the 
Camp 43 dam on the Black Sturgeon River, which cut off access to approximately 80% 
of the available spawning habitat for walleye, sturgeon and other migratory fish.  
However, the dam currently plays an important role in the management and control of sea 
lamprey numbers; removal of the dam would result in an increase in sea lamprey 
production.  Seven potential options for the future of the Camp 43 dam are presented and 
evaluated against a variety of ecological and socio-economic considerations. 
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LAPLANTE, E., STADLER-SALT, N. 
 
US Environmental Protection Agency, 77 W. Jackson Blvd, Chicago, IL 60604 
laplante.elizabeth@epa.gov 
 
Lake Superior lakewide management plan monitoring priorities for 2011 CSMI 
year of cooperative monitoring  
 
The new Binational Cooperative Science and Monitoring Intiative (CSMI) calls for 
binational monitoring of the individual five Great Lakes on a rotating five-year cycle.  
2011 represents the year of Lake Superior Cooperative Monitoring, and as such priorities 
have been developed by the Lake Superior Lakewide Management Plan (LaMP).  These 
priorities were developed through a workshop held in March of 2009 with input from a 
wide variety of diverse Lake Superior stakeholders.  These priorities were approved by 
the Management Committee of the Lake Superior LaMP, a committee comprised of high-
level Great Lakes resource managers from the US and Canadian federal, state, provincial 
and tribal governments.   
 
The priorities include: monitoring of the nine Lake Superior critical pollutants, 
prevention chemicals and chemicals of emerging concern, herptile monitoring; lower 
food web and fish population monitoring, monitoring for new aquatics invasive species, 
nutrients monitoring; tributary and stream monitoring, and climate change monitoring, to 
name a few.  
 
This paper will help to lead a discussion as to whether additional monitoring priorities 
should be considered in addition to the approved recommended priorities.   
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KELLY, J.R., YURISTA, P.M., MILLER, S.E., COTTER, A.M., SCHAROLD, 
J.V., CORRY, T.D., AND SIERSZEN, M.E. 
 
U.S. EPA Mid-Continent Ecology Division, Duluth, MN 55804 
kelly.johnr@epa.gov 
 
Challenges to the Lake 
 
During the past decade we have extensively studied coastal ecosystems in the Great 
Lakes.  Some research efforts have linked coastal receiving systems to conditions in their 
contributing watersheds; others have focused on developing invasive species detection 
and monitoring strategies in at-risk coastal habitats.  In additional studies, specifically in 
Lake Superior, we have incorporated sampling of the shallow nearshore zone into a more 
comprehensive lakewide assessment, as part of binational monitoring efforts (2005-
2006).  Using depth-based stratification and a spatially-balanced probability survey 
design, we sampled food web components throughout the lake, and made additional 
physical-chemical measurements throughout the water column in all depth zones.  
Through comparisons of our data to the only previous spatially-comprehensive sampling 
of the Lake — over 3 decades ago (1973) — we provide select examples of the 
magnitude and nature of some physical (T), chemical (N, C, cations), and biological 
(plankton, benthos) differences and trends.  The observations help define potential 
challenges to the lake, but further challenge us to develop integrated monitoring and 
research to understand and forecast ecological consequences of environmental changes.  
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MILLS, E. 
 
Prof. Emeritus, Cornell University Biological Field Station 
 
Invasive species: A challenge to Lake Superior’s platinum and gold status 
 
Invasive species represent a challenge in the 21st century that threatens Lake Superior’s 
platinum gold environmental status. The role that invasive species play in Lake 
Superior’s future will likely be magnified by climate change.  Invasive species trends, 
impacts, and outcomes experienced throughout the Great Lakes will be discussed.  The 
potential for accelerated ecological change and greater ecosystem uncertainty in Lake 
Superior’s future will challenge efforts to protect the integrity of this unique and 
‘superior’ resource.  
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MINOR, E.C., AUSTIN, J.A., NELSON, V., AND SCHMINKEY, D. 
 
Large Lakes Observatory, UMD, Duluth, MN  
eminor@d.umn.edu 
 
Using fluorescent dyes to characterize the light environment of aqueous systems: 
preliminary data from a partially shaded stream in the Lake Superior watershed 
 
Understanding the light history of a water mass in a stream, river, lake, or ocean provides 
insight into potential in situ primary productivity in the water mass, as well as  
photochemical reworking of the compounds within the water (such as humic and fulvic 
acids and anthopogenic inputs).  Here we present a novel “light history” measurement 
approach using fluorescent dyes, one of which is photodegradable and the other of which 
is photochemically inert.  By measuring the fluorescence ratio of these dyes we estimate 
the percentage of incident sunlight experienced by water along a 200m reach in Amity 
Creek, Duluth, MN. 
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STEINBRING, C.J., KUJAWINSKI, MINOR, E.B. 
 
University of Minnesota Duluth, Large Lakes Observatory, 2205 East 5th Street, Duluth, 
MN 55812. 
stei0509@d.umn.edu 
 
Source of dissolved natural organic matter in Lake Superior by molecular level 
characterization of dissolved organic carbon in the Lake Superior watershed. 
 
The fate of organic carbon depends on its source, biogeochemical processing and 
physical transport.  Dissolved organic matter (DOM) is a complex mixture of compounds 
present in natural waters, which play a large role in aquatic ecosystems as food sources 
for microbes, a reactant in sorption and photochemical reactions, and a key part of 
carbon, nitrogen, and phosphorus cycles.  In this study, we use Fourier-transform ion 
cyclotron resonance mass spectrometry, an ultra-high resolution mass spectrometry 
technique, to obtain molecular-level information on DOM extracts from Lake Superior 
and its watershed (including river, creek, and swamp samples).  Mass spectra from the 
DOM extracts are complex, containing more than 3,000 unique peaks.  Thus we use 
automated analysis programs to assign chemical formulas and statistical techniques, 
including cluster analysis and non-metric multidimensional scaling, to explore the 
differences amongst samples.  Van Krevelen diagrams, which make plots of compounds 
comparing H/C and O/C ratios, indicate the types of compounds most prevalent in a 
sample.  Our initial results highlight the key differences in solid-phase extractable DOM 
as a function of watershed location. 
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BOSTROM, J.R., LEE, J.S., OSTER, R.J., LITTLE, B.J., AND HICKS, R.E. 
 
Department of Biology, 1035 Kirby Drive, SSB 207, University of Minnesota-Duluth 
Duluth, MN 55812 
bost0045@d.umn.edu 
 
The effects of microbiology and water quality on corrosion of steel in Lake Superior 
 
Sheet steel pilings in the Duluth-Superior Harbor show accelerated corrosion 
characterized by extreme pitting and rusty blisters called tubercles. A laboratory 
microcosm experiment was designed to evaluate the effects of microorganisms and water 
quality on the corrosion process. Duplicate steel coupons were evaluated in five 
treatments: unaltered harbor water, autoclaved harbor water, autoclaved harbor water 
with iron-oxidizing bacteria (FeOB), harbor water supplemented with sulfate (44 mg 
Na2SO4 l

-1), and Lake Superior water.  The instantaneous corrosion rate of the coupons, 
which is inversely proportional to linear polarization resistance, was highest in the harbor 
water supplemented with sulfate (6.7*10-5 cm-2*ohms-1), lowest in Lake Superior water 
(1.6*10-5 cm-2*ohms-1), and intermediate in the other harbor water treatments (≈4.5*10-5 
cm-2*ohms-1). Coupon pits were deepest in the lake (558 µm) and unaltered harbor water 
(526 µm) treatments, intermediate in the FeOB (512 µm) treatment, and smallest in the 
sulfate (458 µm) and autoclaved (411 µm) treatments. By the end of the experiment, 
there were more iron-oxidizing bacteria on coupons immersed in harbor water (with or 
without added sulfate) than in any of the other treatments. The abundance of the 
dissimilatory sulfite reductase (dsrA) gene, an indicator of sulfate-reducing bacteria 
(SRB), increased several orders of magnitude on coupons in harbor water.  After five 
months, coupons in harbor water (with or without added sulfate) had more copies of the 
dsrA gene than coupons exposed to Lake Superior water.  These results indicate that the 
abundance of SRB, and to a lesser degree the abundance of FeOB, was correlated with 
the instantaneous corrosion of steel coupons in the laboratory. T-RFLP DNA fingerprint 
analysis (in progress) may illuminate other differences between microbial biofilm 
communities that developed in these treatments. Our data indicate that microorganisms 
and water chemistry may alter the corrosion rate of steel structures in this Lake Superior 
harbor. 
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LOHSE-HANSON, C., NANTEL, M., BAILEY, J., JERECZEK, J., LAPLANTE, 
L., MCCHRISTIE, M., AND SIMS, J. 
 
Minnesota Pollution Control Agency, 520 Lafayette Road N, St..Paul, MN 55155 
carri.lohse-hanson@state.mn.us 
 
An overview of mercury reduction activities in the Lake Superior basin 
 
Mercury is one of nine chemicals targeted for zero discharge and zero emission in the 
Lake Superior watershed by the 1991 Binational Program to Restore and Protect the Lake 
Superior Basin. Under the banner of the Lake Superior Zero Discharge Demonstration 
Program (ZDDP), federal, state, provincial, tribal, municipal and community 
organizations have worked to quantify annual basinwide mercury release, set goals to 
reduce those releases, and work towards achieving those goals in pursuit of a goal of zero 
mercury release in 2020. 
 
A sizable number of planning documents, regulations, bylaws, research projects, 
education and recycling activities and product collections by all levels of government 
working in conjunction with industry, communities and individuals have been developed 
over the 19 years of the program. Some of these actions have been entirely due to the 
activities of the ZDDP, some only influenced by it and some would have occurred even 
without the program. For example, municipal bans on some mercury containing products 
along with recycling of others have contributed to a 96% decrease in the annual release of 
mercury from consumer products during the 1990 to 2005 timeframe.  
 
Although advances have been made in the use of mercury control technology and 
industrial awareness of mercury release has improved, industrial release of mercury 
remains tied to production. The challenge of how to decrease the release of mercury 
without stifling increasing production and demand for energy and mining products is still 
the biggest obstacle to achieving zero release of mercury in the Lake Superior Basin. 
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LOHSE-HANSON, C., NANTEL, M., BAILEY, J., JERECZEK, J., LAPLANTE, 
L., MCCHRISTIE, M., AND SIMS, J. 
 
Minnesota Pollution Control Agency, 520 Lafayette Road N, St. Paul, MN 55155 
carri.lohse-hanson@state.mn.us 

 
Lake Superior binational program management strategy for substances of emerging 
concern 
 
The phrase “substances of emerging concern” has come to define the universe of newly 
detectable chemical substances being discovered in air, water, wildlife and people. 
Improvements in instrumentation and analytical methods enable scientists to detect more 
substances at lower concentrations than was possible a short time ago. This improved 
detection ability brings with it an emerging concern over the risk these substances may 
pose to human and ecosystem health. The sheer number of potential substances for 
investigation combined with the resources required to investigate and manage a single 
substance poses a significant research and management challenge. 
 
The Lake Superior Binational Program’s Lakewide Management Plan (LaMP) has a 
responsibility to evaluate chemical substances that may cause risk to the human and 
ecological health of the Lake Superior Basin. A management strategy for substances of 
emerging concern will help to prevent their potential designation as new critical 
pollutants. The focus of the management strategy will be limited to those substances that 
have been identified, categorized or prioritized by appropriate technical, research or 
management authorities. As more information about the risks from substances of 
emerging concern becomes available, standards and background levels will be 
established. These will be used to develop “yardsticks” which the Lake Superior LaMP 
will use to develop specific strategies that may be needed to reduce concentrations of 
substances of emerging concern or prevent them from reaching critical levels. 
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REED, A.J., BERGIN, J.M., OSTER, R.J., AND HICKS, R.E. 
 
Department of Biology, 1035 Kirby Drive, SSB 207, University of Minnesota-Duluth, 
Duluth, MN 55812 
ajreed@d.umn.edu 
 
Bacterial diversity of a corroding steel structure in the Duluth-Superior Harbor 
 
Steel structures in the Duluth-Superior Harbor on Lake Superior are reportedly corroding 
at an accelerated rate. Accelerated corrosion has been observed beneath tubercles on steel 
structures, and it is believed that microbial biofilms and tubercles growing on the steel 
surfaces create anaerobic zones at the metal surface, which is conducive to accelerated 
corrosion. As part of an effort to examine the role of microbiologically-influenced 
corrosion, the bacterial community of tubercles on a rapidly corroding steel structure 
(Hallet Dock 5) as well as the adjacent water was sampled and investigated using 
molecular phylogenetic analysis. The total microbial community DNA was extracted and 
bacterial 16S rRNA genes were amplified by PCR, cloned and sequenced. Shannon-
Weaver diversity measures of bacteria were higher in the tubercle scraping clone library. 
The resultant clone libraries from both sample types were dominated by members of the 
Actinobacteria, the Bacteroidetes and the alpha- and beta-Proteobacteria.  Members of 
the delta-Proteobacteria, the Cyanobacteria, the Acidobacteria and the Deferribacteres 
were detected in the tubercle scraping clone library and not in the water column clone 
library. Microorganisms of the delta-Proteobacteria are often anaerobic sulfate-reducing 
bacteria (SRB) and the byproducts of their anaerobic microbial metabolism, including 
hydrogen sulfide and low pH, have been shown to accelerate corrosion. The abundance 
of the dissimilatory sulfite reductase (dsrA) gene indicated a stronger presence of SRBs 
on steel surfaces at Hallett Dock 5 compared with less corroded sites like the Duluth 
Entry. Our data suggest that corroding steel structures in this harbour have different 
microorganisms that were not detected in the adjacent water column. 
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WELCH, J.B., AND HICKS, R.E. 
 
Department of Biology 1035 Kirby Drive, SSB 207, University of Minnesota-Duluth, 
Duluth, MN 55812 
welc0212@d.umn.edu 
 
Comparing planktonic bacterial communities across the Duluth-Superior Harbor 
 
The transport of microorganisms in ship ballast water is of global concern and the 
Duluth-Superior Harbor receives more ballast water discharge than any other harbor 
within the Great Lakes. Currently, little is known about the diversity of natural microbial 
communities within this harbor, yet this information is crucial for identifying future 
introductions of potentially harmful microorganism via ballast water discharge. Water 
samples were collected at six sites along a transect from Lake Superior, through the 
Duluth-Superior Harbor, and into the lower St. Louis River to characterize the structure 
of planktonic bacterial communities. Seiche activity in Lake Superior results in lake 
water periodically entering and mixing with water in the Duluth-Superior Harbor. One 
question being addressed by this research, besides characterizing planktonic bacterial 
communities within the harbor, is whether these communities are merely mixtures of 
bacterial communities from the St. Louis River and Lake Superior. DOC was measured 
and SUVA values were determined to estimate the relative contributions of lake and river 
water at each site. A preliminary analysis indicates these measurements can be used to 
estimate the contributions of lake and river water at sites in this harbor and in artificial 
communities constructed from defined mixtures of Lake Superior and St. Louis River 
water. Additional water samples were collected from ship ballast water and the Western 
Lake Superior Sanitary District because discharges from these sources may alter the 
composition of bacterial communities within the Duluth-Superior Harbor. DNA was 
extracted from microbes collected on membrane filters and used for T-RFLP DNA 
fingerprint analysis to compare the molecular similarity of bacterial communities in the 
harbor with artificially constructed communities and potential sources of bacteria to this 
harbor from the lake, river, ballast water, and wastewater effluent.  
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THOMPSON, J.A., KNUTH, M.L., SIEFERT, L., YURISTA, P.M., KELLY, J.R., 
MILLER, S.E., AND VAN ALSTINE, J.  
 
Mid-Continent Ecology Division. U.S. EPA, 6201 Congdon Blvd. Duluth, MN 55804 
thompson.jo@epa.gov 
 
Lake Superior phytoplankton characterization from the 2006 probability based 
survey 
 
We conducted a late summer probability based survey of Lake Superior in 2006 which 
consisted of 52 sites stratified across 3 depth zones.  As part of this effort, we collected 
composite phytoplankton samples from the epilimnion and the fluorescence maxima 
(Fmax) at 29 of the sites.  Pigment content and chlorophyll-a were measured using 
HPLC. Phytoplankton were identified to the lowest practical level using light microscopy 
at 500x magnification.  Cells were counted and biomass was calculated based on 
measured volume.  We examined taxonomic distribution across the lake and compared 
the phytoplankton measures between the depth zones and between the epilimnion and the 
Fmax.  Three Ontario bays (Black, Thunder and Nipigon) had disproportionately high 
measures of both chlorophyll-a and estimated biomass.  Mean lakewide epilimnion 
biomass (excluding the bays) was 49.3 mg m-3 and chlorophyll-a was 0.92 g l-1.  
Lakewide, the most abundant groups present were Bacillariophyta and Cyanophyta.   
Nonmetric multidimensional scaling (NMS) examining 47 lower taxonomic levels 
(mainly family and genus) demonstrated wide differences across the Lake.  Taxa that 
were strongly correlated (r > 0.5) with the NMS axes were Fragilaria sp., Aphanocapsa 
sp., Merispopedia sp. and Anabeana sp. and centric diatoms (when bays were excluded 
from the analyses).  Chlorophyll concentration was significantly higher in the nearshore 
(Ontario bays excluded), then intermediate and off- shore sites, but estimates of biomass 
were not.  Using paired t-tests, we found differences in pigments, chl-a, and taxonomic 
composition between the epilimnion and the Fmax.  Our results indicated that over-all 
biomass is not changing from previous studies in Lake Superior, but there is some 
indication that the community structure may be changing.  Our results also demonstrate 
that surveys based on epilimnion samples may be useful for tracking trends over time.  
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SCHAROLD, J., KELLY, J.R., AND CORRY, T.D. 
 
US EPA Mid-continent Ecology Division, 6201 Congdon Blvd., Duluth, MN 55804 
scharold.jill@epa.gov 
 
Status of the amphipod Diporeia spp. in Lake Superior 
 
The amphipod Diporeia has historically been the dominant benthic macroinvertebrate in 
deeper waters of the Laurentian Great Lakes.  Although Diporeia populations in the 
lower Great Lakes have experienced severe declines in recent years, densities have 
remained relatively stable in Lake Superior.  In 2006, we used a probability based 
sampling design to assess population density of Diporeia in Lake Superior.  Diporeia 
were sampled at 52 sites using a Ponar grab. Thirty-five sites were in the nearshore (0-
150 m depth) stratum and 17 in the offshore (greater than 150 m) stratum.  The lake-wide 
mean density of Diporeia was 435 + 63 (SE) m-2.  In the nearshore and offshore regions, 
mean densities were 856 + 112 m-2 and 158 + 29 m-2, respectively.  These values are 
above the objectives of 220 m-2 for nearshore and 80 m-2 for offshore set by the Great 
Lakes Water Quality Agreement.  The observed densities are also higher than those 
reported from the only previous comprehensive lake-wide survey of Diporeia 
populations, conducted in 1972 by the Canada Centre for Inland Waters.  These results 
suggest that the conditions and processes causing the reductions in Diporeia populations 
that have been observed in the lower Great Lakes are not currently occurring in Lake 
Superior. 
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Monitoring macroinvertebrates along rocky coasts using artificial substrates 
 
Rocky coasts have received less biotic monitoring than other areas, partially due to the 
difficulty of sampling and working in such areas. For example, divers often used to 
collect benthic macroinvertebrates, resulting in high sampling costs.  We developed a 
more cost-effective method for monitoring macroinvertebrates in rocky areas, and used 
the data to recommend potential indicator metrics for further testing. The method, 
developed along Lake Superior’s rocky north shore, involves placing artificial substrates 
on the lake bottom for the month of August.  We deployed substrates at 8 sites (3 
undisturbed and 5 disturbed) in 2005 and 2006. Data from these sites were used for 
methods and indicator development. We deployed substrates at an additional 5 randomly-
chosen sites in 2007 to better test the indicator metrics.  Artificial substrate samples 
contained significantly different types of invertebrates than those found on natural 
substrates (either rocks sampled by divers or sand sampled by ponar dredge).  However, 
the use of artificial substrates helped to minimize the differences among sites due to 
substrate type variations. This should allow managers to better focus on differences 
caused by human activities, rather than differences due to substrate type. 
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Integrating brook trout rehabilitation with snowmelt runoff, gully erosion, and 
forest ecology, Lake Superior South Shore Streams, Wisconsin 
 
In 2005 we began an integrated multi-agency study of brook trout habitat rehabilitation, sediment 
sources, forest ecology, and snowpack and snowmelt runoff for the Bark River, a forested 
tributary to Lake Superior in Wisconsin. Previous studies in the vicinity of the Bark River 
indicated that available brook trout spawning habitat is dependent on the location of ground-water 
discharge zones, the severity of floods, and erosion/sedimentation processes. Rehabilitation 
techniques tested on gullies as part of this study included grade control (mainly natural, onsite 
materials), addition of large woody debris for increasing roughness, slowing and infiltrating flow 
and trapping sediment, and native plant restoration. Rehabilitation of perennial reaches has 
involved removal of alder, which tend to trap sand, widen the channel, and bury gravel spawning 
areas. Snowpack moisture variability under different tree species canopies is being measured to 
assess forest type contributions to spring snow melt magnitude, and to model landscape effects of 
forest changes. Headcutting, incision, bank erosion, and sediment deposition along ephemeral 
gullies are monitored through semi-annual measurements of gully cross sections and erosion pins. 
In perennial reaches upstream and downstream of the gullies, stream flow is monitored with 
continuous stage recorders and suspended sediment samples are collected after floods from 
single-stage samplers. Habitat and brook trout populations are surveyed annually. Results from 
this integrated study will be used to evaluate the applicability of gully stabilization techniques and 
forestry practices for other tributaries to Lake Superior. 
 



 77
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Biology Department, University of Minnesota-Duluth, 1035 Kirby Drive, Duluth, MN 
55812 
joh04375@d.umn.edu  
 
Acoustical conditioning of the common carp (Cyprinus carpio) 
 
The common carp (Cyprinus carpio) is native to Asia and Eastern Europe, and was 
introduced to the U.S. in 1877 as a food source. The introduction of this species impacts 
ecosystems water quality, macrophyte composition, invertebrate diversity, and native fish 
and waterfowl populations. Currently, a successful management technique does not exist 
for their control and eradication. This study focuses on the use of classical conditioning, a 
form of associative learning with positive reinforcement, for the potential management of 
this species. The eventual goal is to condition wild carp to associate a specific sound with 
a food reward and use this to manipulate movement patterns for trapping and removal. 
Common carp were conditioned to a 400 Hz pure-tone sound signal in the laboratory. 
Groups of five juvenile fish were presented with the sound signal for thirty seconds, after 
which food was dispensed. Two trials were conducted daily for a period of three weeks. 
On average, groups were conditioned within six days and when exhibiting a response, 
showed a high affinity for the sound source. The retention period of the conditioned 
response was evaluated by exposing previously conditioned carp to the acoustic signal 
without reinforcement at six, twelve, sixteen and twenty weeks. Thus far, carp have 
continued to respond for a five month period. These findings indicate that carp are readily 
conditioned to an acoustic signal and are able to retain this behavior, suggesting that 
acoustical conditioning has potential to attract a population of carp into a designated area 
for subsequent removal.  
 



 78

LYNCH, M.P., AND MENSINGER, A.F. 
 
Integrated Bioscience, University of Minnesota-Duluth, 1035 Kirby Drive, Duluth, MN 
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Range expansion and dispersal patterns of the invasive round goby (Apollina 
melanostomus) in the Saint Louis River and Duluth-Superior Harbor of Lake 
Superior 
 
The round goby, Apollina melanostomus, is a soft-bodied benthic fish introduced to the 
Laurentian Great Lakes from the Ponto-Caspian Region of Eurasia. Despite its small size 
(60 to 130 mm), and reported home range of 5 m2, round gobies have quickly become 
established throughout the watershed with the exception of Lake Superior’s main basin. 
This study used presence-absence and mark recapture to determine the rate of round goby 
population expansion from the Duluth-Superior Harbor. Using bottom trawls and 16” 
minnow traps the population vanguard was found to have advanced 23 km up the Saint 
Louis River to the Fond du Lac Dam since 2004. No round gobies were captured in Lake 
Superior near the Duluth-Superior Harbor. For the mark-recapture study round gobies 
(n=773) were marked with a subcutaneous alphanumeric elastomer tag. A total of 871 
tagged gobies, representing 278 individuals were recaptured from July to October 2009 
using minnow traps located every 25 meters along the 550 meter stretch of shoreline. 
Seventy nine percent of the recaptured gobies showed no net dispersal with a maximum 
movement of 475 meters. Using a random walk passive diffusion model, population 
expansion was estimated at 16 m2 day-1. The diffusion coefficient for males less than 100 
mm (total length) was nearly three times higher than males over 100 mm. Round goby 
dispersal was much lower in September and October than July and August for males and 
higher for females, indicating a behavioral shift coinciding with the end of the 
reproductive season.  The growth rate of ‘movers’ was not significantly different from 
that of the ‘stayers’ for either gender. Using the Chapman-Schnabel Population Model, 
the local population of round gobies was estimated between 9408 and 11973 individuals; 
indicating a density of 17 to 22 round gobies per meter of shoreline.  
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Climate change and Lake Superior – How can we most effectively talk about it? 
 
Increasing numbers of US citizens do not believe climate change is occurring.  This is at 
a time when scientific modeling reveals that many of the effects of climate change are 
occurring more rapidly and with greater strength than previously suggested.  The human 
dimensions of communicating climate change are at best, complicated.  Our perspectives 
on climate change are influenced by our political, social, familial, economic and 
educational backgrounds.  Humans lack the ability to take action under questions of 
uncertainty when the more dramatic effects are likely to occur many decades in the 
future.  Despite the availability and knowledge of factual information, humans are not 
inclined to change behaviors that influence the impacts of climate change. Pictured Rocks 
and Apostle Islands National Lakeshore, working with the Superior Watershed 
Partnership, will engage the residents of Alger County, Michigan, and Bayfield County, 
Wisconsin, to create a dialogue that will influence their knowledge of, and response to 
the impacts of climate change on park resources.  This will be accomplished through 
public forums, using social marketing techniques, such as storytelling, the National Park 
Service (NPS) “key messages”, issue framing, discussion of local effects and local 
solutions, and how the NPS is “walking the talk.”  Further, a matching grant program will 
be available to Alger County residents and tourism related businesses to assist in the 
reduction of energy consumption.  The efficacy of this project will be measured by social 
science project in collaboration with George Mason University.  
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Building capacity to restore ecosystem impairments in the Lake Superior Basin –
education and research initiatives to enhance information sharing and decision-
making. 
 
This paper discusses the opportunities and challenges of enhancing information sharing 
and decision-making partnerships that foster capacity building towards ecosystem 
management in the Lake Superior Basin. The issues and recommendations made in the 
paper are drawn from qualitative methods employed with non-governmental 
organizations (NGOs) and academic institutions involved in Lake Superior management 
issues at the basin and watershed scales. The purpose of this paper is to identify multi-
scale capacity building needs and opportunities that will assist in the integration of 
information and decision-making systems in the Lake Superior Basin. This will be 
achieved through the following four objectives: (1) link available Lake Superior 
information and data types with information use/needs at the watershed and basin-wide 
scale; (2) identify common ecosystem performance measures, geographical information 
systems and information sharing agreements at the watershed and basin-wide scale; (3) 
identify restoration activities or government/NGO/community partnerships that support 
shared decision-making on a watershed and basin-wide scale and; (4) identify the role of 
non-government organizations, education and research institutions in facilitating these 
information sharing and decision-making systems. Despite the increasing efforts to 
collect and provide information to a wide range of stakeholders involved in the 
management of Lake Superior, there is a lack of a coherent theoretical foundation and 
empirical understanding about multi-scale information sharing and participation in the 
management of Lake Superior. The paper concludes that the increased role of universities 
and non-government organizations in disseminating a shared understanding of this 
research and data-tools, and what they mean for sound value-laden decision making, may 
be the most practical and efficient method of using existing research and data in the basin 
at present. 
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LOHSE-HANSON, C., NANTEL, M., BAILEY, J., JERECZEK, J., LAPLANTE, 
L., MCCHRISTIE, M., AND SIMS, J. 
 
Minnesota Pollution Control Agency, 520 Lafayette Road N, St. Paul, MN 55155 
carri.lohse-hanson@state.mn.us 
 
Actions to prevent open burning of trash in the Lake Superior watershed 
 
Open burning of trash is of concern for human health and air and water quality. It is also 
a significant cause of wildfires in the Lake Superior watershed.  The Minnesota 
Department of Natural Resources estimates that about 40% of wildfires are started by 
careless debris burning.  Experience has also shown that burning trash is prevalent in the 
Lake Superior watershed and that open burning of trash is extremely effective at both 
producing toxic chemicals such as dioxin and distributing other toxic chemicals such as 
heavy metals into the environment.  It is estimated that burning a pound of trash in a 
backyard burn barrel creates as much dioxin as burning a ton of trash in a modern waste 
incinerator.   
 
Trash burning occurs in a variety of settings, including residential properties, vacation 
homes, campsites, and small businesses.  In keeping with the goal of the Zero Discharge 
Demonstration Program of the Lake Superior Binational Program, Ontario, Lake Superior 
states and tribes have carried out open burning abatement campaigns.  
 
The poster will introduce the Lake Superior Zero Discharge and Zero Emission 
Demonstration Project, describe trash burning and its associated concerns, and describe 
some activities undertaken to reduce trash burning.   
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AQUATIC ECOSYSTEM HEALTH & MANAGEMENT 
The official Journal of the Aquatic Ecosystem Health & Management Society 

 
A peer reviewed international journal published quarterly which is devoted to 

understanding ecosystem performance, function and management from 
integrated, multi-disciplinary and sustainable perspectives. 

 
Objectives:  

The major objective of the Journal is to promote an understanding of the structure, function and 
performance of healthy and damaged ecosystems (freshwater, marine, estuarine) from integrated, multi-
disciplinary and sustainable perspectives. The Journal focuses on the development and application of 
management practices that will protect, maintain or restore the health of ecosystems.  

The AEHMS recognizes the need to explore the complex interactions between human society, ecology, 
economy/development, politics and the environment. It also encourages a watershed approach, acknowledging 
that aquatic ecosystems are influenced by atmospheric and terrestrial processes, both natural and 
anthropogenic.  

The Journal provides a forum for the assessment and discussion of ecosystemic, integrated approaches to 
aquatic ecosystem research and management. This includes concepts and approaches that address health, 
integrity, performance, efficiency, remediation, restoration recovery, conservation, sustainable human use and 
development. This Journal seeks to foster international and cross-sectorial exchange of information among 
scientists, academicians, managers, engineers, doctors, lawyers, citizens, business, industry, politicians and 
governments on the health and sustainability of global aquatic resources. 
 
Scope:  
Aquatic Ecosystem Health & Management (AEHM) will publish:  
 peer-reviewed original papers  
 state of the art reviews and critiques on current issues  
 invited perspective essays  
 short, communications dealing with concepts, techniques and ideas 

warranting rapid publication  
 special issues devoted to selected themes, approaches, ecosystem types and 

ecotechnologies  
 
Representative Topics:  
 Integrated and ecosystemic approaches to management  
 Assessment of the effects of the onset and cessation of anthropogenic perturbations on the health and 

integrity of food webs  
 Bioassessment/biomonitoring techniques, protocols and other diagnostic tools that enhance the 

understanding of the ecosystem performance, resilience, response and recovery processes  
 Development and modification of early warning indicators and diagnostic methods for a better 

understanding of ecosystem health, resilience, functioning and evaluation of management practices  
 Development of environmental and habitat guidelines, aquatic quality guidelines, remedial actions, 

innovative management strategies, and monitoring protocols for the restoration of impacted ecosystems 
and the maintenance of healthy systems  

 Evaluation of the cumulative effects of large scale perturbations and activities such as damming, 
dredging, river diversions and water transport  

 Technologies for the reclamation of highly-damaged or poorly-utilized areas including war-affected 
regions  

 Application and integration of various disciplines such as ecology, toxicology, limnology, fisheries, 
statistics, modeling and environmental risk assessment towards the assessment of ecosystem health.  

 
“The Instructions for the Preparation of the Manuscript” can be found at  www.aehms.org. 

Manuscripts should be submitted to: 
 

Dr. M. Munawar, Chief Editor 
Fisheries and Oceans, Canada Centre for Inland Waters, 867 Lakeshore Rd., P. O. Box 5050 

Burlington, Ontario, Canada. L7R 4A6 
mohi.munawar@dfo-mpo.gc.ca 
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Ecovision World Monograph Series 
 
 

Dr. M. Munawar, Series Editor 
An International, integrated, peer reviewed and scientific publication 

 

Exploring the linkages between society, ecology, ecosystems and the environment 
 

Objectives:  
The Ecovision World Monograph Series has been launched to focus on the paradigm of life on our ever-
changing planet and its sustainability under the impact of physical, chemical, biological, and human 
influences. It covers detailed and comprehensive treatments of various topics, subjects and ecosystems. The 
Ecovision Series is dedicated to integrated and ecosystemic research merging the high quality of a journal 
with the comprehensive approach of a book.  
 
Scope:  
 Ecovision Series will publish peer-reviewed groups of original papers in a book form on specific 

topics, themes, issues, subjects, concepts, or ecosystems.  
 It promotes an ecosystemic, multi-disciplinary, multi-trophic, and integrated approach.  
 The Series focuses on the integrity, health, restoration, remediation, and management of stressed 

ecosystems.  
 It encourages publications dealing with the effects of environmental perturbations on ecosystem 

health at the structural, functional, and ultra-structural levels.  
 It publishes material dealing with the integrated assessment of environmental issues, involving 

interactions between air, water, land and human health.  
 The Series fosters trans-disciplinary and cross-sectoral linkages between the environment and 

ecological, socio-economic, political, ethical, legal, cultural, and management considerations.  
 
Themes and topics:  
 “State of the environment” publications focusing on countries, habitats and emerging problems and 

their management  
 Comparison and management of large ecosystems, such as Great Lakes of the World (GLOW) and 

marine ecosystems with emphasis on food web dynamics  
 Ecosystem health of stressed habitats such as harbours and embayments  
 Effects of pollutants of global interest, such as metals, organic contaminants, and petroleum 

hydrocarbons  
 Effects of large-scale practices, such as the damming and diversion of rivers, and deforestation  
 Sampling, monitoring, analytical, bioassay, and other assessment techniques, including statistical 

and modelling approaches  
 Ecotechnologies designed for the recovery, restoration, rehabilitation, and integrated management of 

perturbed ecosystems. Also those designed for the “reclamation” of poorly-utilized areas such as 
deserts  

 Integrated toxicology  
 Risk assessment and ecosystem modelling  
 Sedimentary Quality Assessment  
 Invasion of exotic species and management 
 

Sponsored by the Aquatic Ecosystem Health and Management Society, Canada 
Fax: (905) 634-3516; e-mail: ifatima@cogeco.ca 
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6. Developments and Progress in Sediment Quality Assessment: Rationale, Challenges, 

Techniques and Strategies, 1996 
7. The Top of the World Environmental Research: Mount Everest - Himalayan 

Ecosystem, 1998 
8. The State of Lake Erie Ecosystem (SOLE): Past Present and Future, 1999 
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10. Aquatic Ecosystems of Mexico: Scope & Status, 2000. 
11. Phytoplankton Dynamics in the North American Great Lakes, Vol. 2.: Lakes 
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Ecovision World Monograph Series 
TITLES ON THE LAURENTIAN GREAT LAKES 

 

State of Lake Superior 
(2009. 705 pages, 157 figures, 60 tables, indices) 
 
This volume offers a polythetic view of current conditions in Lake Superior and some insightful 
suggestions about where and how improvements should continue. The chapters presented range from 
basic reviews of what we know as a consequence of effective research, to those that identify the little 
we know about challenging environmental issues for the future. Among those are the continuing 
concerns about contaminants, the burgeoning march of invasive species and the portent of global 
change. We find some encouragement in the resilience of this large lake ecosystem. There is credit 
and hope reflected in our abilities to guide both the continuing restoration and effective protection of 
Gitche Gummee, the world’s largest lake.  

 

- J.F. Kitchell, Director, Center for Limnology, University of Wisconsin. 
 

Checking the Pulse of Lake Erie 
(2008. 640 pages, 115 figures, 104 tables, indices) 
 
“The progress of research on Lake Erie has been marked by several milestone publications during 
the long struggle to restore the system. “Checking the Pulse of Lake Erie” is an important and 
excellent update and useful benchmark in the Lake Erie historical record.  It contains 20 
manuscripts contributed by almost 50 authors from a broad spectrum of disciplines and research 
interests.” 
 

- Ed Mills, Professor. Department of Natural Resources, Cornell University Biological Field 
Station. 

-  Joe Leach, Emeritus Scientist, Ontario Ministry of Natural Resources. 
 

 

State of Lake Michigan: Ecology, Health & Management 
(2005. 639 pages, 153 figures, 28 tables, indices) 
 
“My hope is that we will not forget the lessons of three critical decades –the 1960s to the 1980s– 
when science based information, an ethic of concern for our shared environment and progressive 
bipartisan politics arrested and reversed a century of Great Lakes deterioration. This volume, 
cataloguing and analyzing the current science on the state of Lake Michigan, is an important part of 
that remembrance. It carries forward the singular contribution that the binational Great Lakes 
scientific community has made not only to restoring the Great Lakes, but also to the world’s body of 
knowledge about large lake ecology, the long-range transport of pollutants, and the importance of 
habitat in assuring ecosystem health. It is a valuable addition to the Great Lakes literature.” 

 

- Lana Pollack, President, Michigan Environmental Council. 
 

State of Lake Ontario: Past, Present and Future 
(2003. 664 pages, 201 figures, 54 tables, indices) 
 
“This State of Lake Ontario volume reflects the breadth of scientific inquiry, the wealth of 
information on the past and present, and the future of this large ecosystem. The luxury of 
knowledge and understanding of the Lake Ontario ecosystem speaks volumes to its uniqueness as 
a long term ecological site and, more importantly, as a barometer of ecological change globally.” 

- Ed Mills, Professor. Department of Natural Resources, Cornell University Biological Field 
Station. 

 
 

For more information please contact the following: 
The Aquatic Ecosystem Health and Management Society (AEHMS) 

Fax: (905) 634-3516 or (905) 336-6437 
E-mail: jennifer.lorimer@dfo-mpo.gc.ca or susan.blunt@dfo-mpo.gc.ca 

www.aehms.org 
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