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Executive Summary  
 

Almost 100 researchers, natural resource managers, and representatives from agencies and non-

profit organizations met on July 10-11, 2019, in Duluth, Minnesota, to discuss science and 

monitoring priorities for Lake Superior with respect to the Great Lakes Water Quality 

Agreement and the related Cooperative Science and Monitoring Initiative. In this context, 

priority science and monitoring activities provide information necessary for making management 

and policy decisions that protect the integrity of the Lake Superior ecosystem. The priorities also 

create vast opportunities for cooperation and coordination among federal, state, indigenous and 

other agencies, including academia, non-governmental organizations and businesses. 

 

At the workshop, presentations and conversations focused on Lake Superior’s physical integrity, 

nutrient concentrations, biological integrity, chemical contamination, emerging issues and 

physical integrity. Questions about the way climate change is affecting Lake Superior and the 

surrounding watershed pervaded the two-days. This was especially true during conversations 

concerning the lower food web where visible shifts in phytoplankton communities and the prey 

base have been documented. Workshop participants identified numerous climate-related 

knowledge gaps including Lake Superior’s year-round thermal structure and its winter ecology. 

 

Throughout the two days, these cross-cutting topics came up multiple times as worth considering 

while developing science and monitoring agendas for Lake Superior in the coming years: 

 

1. Understanding the effects of climate change 

2. Identifying the ways tributaries contribute to ecosystem function, 

3. Incorporating better technology into monitoring protocols and research methods,  

4. Intentionally archiving samples and data for future analysis, 

5. Improving public outreach, and  

6. Conducting standardized and consistent monitoring. 

 

In addition to the six cross-cutting topics, 10 recommended priorities emerged from workshop 

discussions and a pre-workshop request for advice. Reflecting the tone that Mic Isham, 

Executive Administrator of the Great Lakes Indian Fish and Wildlife Commission, set for the 

workshop regarding the interrelatedness of all things, the following recommendations for science 

and monitoring on Lake Superior share properties in some instances: 

 

• Investigating Chemicals of Mutual and Emerging Concern 
• Monitoring Water Quality 
• Tracking Nutrients and Sediment in Lake Superior and its Tributaries 
• Understanding Blue-Green Algae Blooms in Lake Superior 
• Monitoring and Understanding Lake Superior’s Lower Food Web 
• Investigating Fish Communities and their Food Web Dynamics 
• Characterizing Lake Superior Habitats 
• Conducting Aquatic Invasive Species Early Detection and Rapid Response 
• Identifying Physical Changes to Lake Superior’s Thermal Properties 
• Functional Responses to Changes in Climate and Land Cover 
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Introduction 

In addition to documenting the Lake Superior Cooperative Monitoring and Science Workshop 

that took place in Duluth, Minnesota, on July 10-11, 2019, this synthesis will advise the priority-

setting activities of the Lake Superior Partnership with respect to plans for conducting science 

and monitoring in and around Lake Superior, particularly during the next year of intensive 

monitoring scheduled for Lake Superior in 2021 through the Cooperative Science and 

Monitoring Initiative (CSMI).1 CSMI-specific field seasons on Lake Superior occur every five 

years (2006, 2011, and 2016 to date).  

The International Joint Commission2 (IJC) sponsored the Lake Superior Cooperative Monitoring 

and Science Workshop. Ninety-seven people attended all or part of the workshop (84 in person, 

13 remote connection), which aimed toward generating:  

• Ideas and advice for future science and monitoring priorities for Lake Superior in

anticipation of the next year of intensive monitoring in 2021;

• A better understanding of information gaps with regard to science and monitoring on

Lake Superior; and

• Enhanced opportunities for cooperating on lake-wide science and monitoring efforts

During introductory comments, Lizhu Wang, Secretary of the Great Lakes Science Advisory 

Board - Research Coordination Committee of the IJC, explained the Commission’s role in CSMI 

programming. He said that over the last 100 years the IJC has been working through the 

Boundary Waters Treaty3 to support the shared interests Canada and the U.S. have in managing 

the water spanning the border between the two countries, including the Laurentian Great Lakes. 

Related to the CSMI program, the IJC is responsible for: (1) providing assistance as requested by 

the two countries, and (2) making recommendations in the process when the governments 

identify science priorities related to Annex 10 of the Great Lakes Water Quality Agreement 

(2012).4 Through Annex 10, Canada and the U.S. agreed to support cooperative science activities 

such as implementing a science and monitoring initiative to provide environmental and fishery 

managers with information necessary to make decisions and to provide information for assessing 

progress toward achieving the Water Quality Agreement objectives. 

Annex 2 of the Great Lakes Water Quality Agreement is also germane to the goals of the 

workshop. Rob Hyde of Environment and Climate Change Canada explained that the 2012 Great 

Lakes Water Quality Agreement has 10 annexes, akin to chapters of a book. Through Annex 2, 

Canada and the U.S. agree to activities such as identifying science priorities and issuing 

1 The first Cooperative Science and Monitoring Initiative field season started in 2002 on Lake Huron and rotated to 

Ontario (2003), Erie (2004), Michigan (2005) and then Superior (2006). Lake Superior has been the focus of three 

CSMI field seasons (2006, 2011, 2016) so far. https://greatlakescsmi.org/ 
2 https://ijc.org 
3 https://www.ijc.org/en/boundary-waters-treaty-1909 
4 The Great Lakes Water Quality Agreement was signed by Canada and the U.S. in 1972 and updated in 1978, 1987 

and 2012. It commits both countries to restore and maintain the chemical, physical, and biological integrity of the 

waters of the Great Lakes. Annex 10 is the science annex of the agreement. https://binational.net/annexes/a10/ 

https://greatlakescsmi.org/
https://greatlakescsmi.org/
https://ijc.org/
https://www.ijc.org/en/boundary-waters-treaty-1909
https://binational.net/annexes/a10/
https://greatlakescsmi.org/
https://ijc.org/
https://www.ijc.org/en/boundary-waters-treaty-1909
https://www.ijc.org/about/mission/glwqa
https://binational.net/annexes/a10/
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a Lakewide Action and Management Plan5 (LAMP) for each Great Lake once every five years.6 

Lake Superior’s next LAMP is to be issued in 2020/21. “You are contributing to a new plan 

today,” said Hyde talking about lakewide management as a process. The Lake Superior 

Partnership7 creates the Lake Superior LAMP. 

Hyde, a Canadian member of the Lake Superior Partnership, indicated that the Lake Superior 

LAMP is informed by open discussions and information sharing, including the 2018 State of 

Lake Superior Conference8 and the Lake Superior CSMI Workshop. Hyde and the U.S. co-chair 

of the Lake Superior Partnership, Liz LaPlante, with the U.S. Environmental Protection Agency, 

reported that Lake Superior is considered to be in good condition and relatively unchanging 

based on the State of the Great Lakes reports9 and the Lake Superior LAMP annual reports10. 

Lake Superior is the only Laurentian Great Lake that can provide a positive story about the state 

of the lower food web. That is not to say Lake Superior is pristine, Hyde cautioned. Fish 

consumption advisories exist; Sea Lamprey are still problematic; nutrient loading and algae 

blooms are hot topics. Hyde talked about the importance of including Anishinaabe perspectives11 

and mitigating stressors to Lake Superior’s condition. “The lake is changing as is the work of 

partnering organizations,” he said. 

LaPlante reiterated that the workshop will inform the next Lake Superior LAMP adding that it 

will also help focus Great Lakes Restoration Initiative12 resources. LaPlante explained that CSMI 

priorities need to align with LAMP priorities and that Great Lakes Restoration Initiative funding 

prioritizes LAMP projects. She reminded participants that one of the outcomes of the workshop 

was to guide the Lake Superior Partnership in recommending science and monitoring priorities 

to the Annex 10 committee. (See Appendix A for a review of the CSMI process.) During the 

writing of this report, the governments of Canada and the U.S. proposed draft priorities for 

science and action13 that will guide work under the Great Lakes Water Quality Agreement for 

2020–2022, including establishing CSMI priorities and publishing the next Lake Superior 

LAMP.  

LaPlante said, “Don’t downplay how important cooperation is in leveraging funding.” She also 

discussed the possibility of non-competitive funding for organizations (tribes and state capacity 

grants) working on a LAMP priority. 

5 https://www.epa.gov/greatlakes/lakewide-action-and-management-plans-great-lakes 
6 The 2015-2019 Lake Superior Lakewide Action and Management Plan (https://binational.net/wp-

content/uploads/2016/09/Lake%20Superior%20LAMP%202015-2019.pdf) is the first within the framework of the 

2012 Great Lakes Water Quality Agreement. It is preceded by five Lake Superior LAMPs framed by earlier 

iterations of the Great Lakes Water Quality Agreement. 
7 The Lake Superior Partnership is led by the U.S. Environmental Protection Agency (U.S. EPA) and Environment 

and Climate Change Canada (ECCC) to facilitate information sharing, set priorities, and assist in coordinating 

binational environmental protection and restoration activities. It involves 30 government agencies. 
8 http://iaglr.org/sol/sols18 
9 https://binational.net/category/a10/sogl-edgl/ 
10 https://www.epa.gov/greatlakes/lake-superior-lamps-and-associated-reports#annual-reports 
11 http://www.glifwc.org/ClimateChange/ 
12 https://www.glri.us/ 
13 https://binational.net/2019/07/30/psa-pbasa-jul-2019/ 

https://www.epa.gov/greatlakes/lakewide-action-and-management-plans-great-lakes
https://www.epa.gov/greatlakes/lakewide-action-and-management-plans-great-lakes
http://iaglr.org/sol/sols18
http://iaglr.org/sol/sols18
https://binational.net/category/a10/sogl-edgl/
https://www.epa.gov/greatlakes/lake-superior-lamps-and-associated-reports#annual-reports
http://www.glifwc.org/ClimateChange/
https://www.glri.us/
https://binational.net/2019/07/30/psa-pbasa-jul-2019/
https://binational.net/2019/07/30/psa-pbasa-jul-2019/
https://www.epa.gov/greatlakes/lakewide-action-and-management-plans-great-lakes
https://binational.net/wp-content/uploads/2016/09/Lake%20Superior%20LAMP%202015-2019.pdf)
https://binational.net/wp-content/uploads/2016/09/Lake%20Superior%20LAMP%202015-2019.pdf)
http://iaglr.org/sol/sols18
https://binational.net/category/a10/sogl-edgl/
https://www.epa.gov/greatlakes/lake-superior-lamps-and-associated-reports#annual-reports
http://www.glifwc.org/ClimateChange/
https://www.glri.us/
https://binational.net/2019/07/30/psa-pbasa-jul-2019/
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Existing priorities for all lakes under the Great Lakes Water Quality Agreement include the 2020 

National Coastal Condition Assessment (U.S.) and the 2022 Nearshore Assessment and LiDAR 

topo-bathymetry project (Canada).  

For priorities to be developed specifically by the Lake Superior Partnership, the working group 

co-chairs anticipate that their Management Committee will evaluate the list according to how the 

results will help achieve ecosystem goals. 

On June 27, a request for input was issued through GLIN-Announce and a targeted email list 

(See Appendix D). Seventeen people responded. Respondents indicated that two priorities 

identified in 2014 (See Appendix A, D) remain particularly important: 

• Monitoring the lower-trophic food-web and energy transfer

• Identifying nearshore areas susceptible to eutrophication based on loadings, climate

changes, lake currents and hydrodynamics

These responses and others submitted before the workshop are reflected in this synthesis. After 

the workshop, 22 participants responded to an online questionnaire (See Appendix F). 

Context 

CSMI-specific field seasons on Lake Superior occurred in 2006, 2011, and 2016. The next field 

season is to happen in 2021 (see Appendix A for more details on the CSMI cycle). CSMI is an 

iterative and additive process that involves each of the Laurentian Great Lakes, and priorities are 

identified through workshops such as this one followed by significant input from LAMP 

subcommittees. Workshops like the one being reviewed here are essential to ensuring that the 

most pressing concerns and threats to each of the Great Lakes are identified, while continuing to 

invest in long-term datasets essential to understanding the condition of each lake (i.e., for Lake 

Superior, this would include lower food web monitoring, juvenile sturgeon index survey, etc.).  

At the Lake Superior CSMI workshop on July 10-11, 2019, Keynote speaker Mic Isham, 

Executive Administrator of the Great Lakes Indian Fish and Wildlife Commission, set the 

context of the workshop by talking about the Ojibwe perspective on the interrelatedness of all 

things. “I believe it is my job to push people to see the big picture,” he said. “To us this is 

survival and to the world this is survival.” The Great Lakes Indian Fish and Wildlife 

Commission represents 11 member tribes whose way of life is impacted by environmental 

contaminants and the changing climate. Isham pointed out that maple syrup is no longer running 

during the Maple Syrup Moon of the Ojibwe calendar. Referencing the “death by 1,000 cuts” 

adage from Chinese culture, he said, “It’s not one big thing changing the environment or climate. 

It is a lot of little things.”  
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He noted that people tend not to bring up the cumulative impacts of all individual projects when 

making decisions about such things as building permits, zoning ordinances and other activities 

around the watershed. Isham works to change the perspective of decision makers by showing the 

cumulative effects of many small projects – from water withdrawals, to mineral extraction in 

Lake Superior basin, to all the docks in the most productive parts of Lake Superior. Conversely, 

he said it was important to tell the story of how activities to improve Lake Superior’s condition 

add up, from removing Phragmites populations to managing Sea Lamprey.  

A Perspective on Lake Superior Science 

Bob Sterner, Director of the Large Lakes Observatory at the University of Minnesota Duluth, 

explained that of Earth’s largest lakes, Superior is the most important in terms of marine freight, 

and fuels the regional recreation and tourism industry, the production of thermoelectric power 

and more. Despite the perception of Lake Superior as clean and unchanging, Sterner cited 

aspects of the system that have and are changing: 

• Nitrate concentrations have risen rapidly over the last 100 years

• Pelagic prey fish populations dramatically fluctuated since the 70s.

• Climate change has altered primary productivity and Cyclotella abundance.

• Climate change has diminished ice cover and warmed summer surface water

temperatures, especially in the eastern basin of the lake.

“Lake Superior offers scientists a crucial field site for study of effects of climate change on lakes 

because climate forcing is large but other stressors are less prevalent than we often see 

elsewhere,” he said. “Lake Superior may offer us the best chance to record ‘pure’ climate 

effects.” Sterner reports that Lake Superior is among the most rapidly warming lakes on Earth 

and that this is happening, in large part, because the duration of seasonal stratification is 

increasing, which extends the length of time for surface warming.  

Sterner talked about major cyanobacteria (blue-green algae) blooms along particular sections of 

Lake Superior’s south shore in 2012 and 2018 and minor blooms that occurred in some, but not 

all years. He said new sensors are making monitoring programs for small, ephemeral blooms 

more economically feasible. He discussed the importance of understanding how these events 

might change the way people perceive Lake Superior, which has been teetering on the edge of 

blue-green favorable temperatures over the past decade. The major blooms occurred in the wake 

of 500-year rainstorms. Lessons learned include: 

• Lake Superior is not immune to detrimental change,

• The track record of anticipating change is weak, pointing to gaps in monitoring and

knowledge,

• Evidence is mounting that climate change is a driver, and

• The importance of these blooms to society may be the effect they have on way the public

perceives the quality of Lake Superior.
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Sterner acknowledged the substantial investments being made in Great Lakes science and 

lobbied for the careful distribution and deployment of funding and assets, and judicious priority 

setting. He referenced a journal article in Limnology and Oceanography he co-authored 

examining the outcome of a 2014 meeting of 58 Great Lakes researchers who identified five 

grand challenges for research regarding the Laurentian Great Lakes14 on the topics of climate 

change, ecosystem processes, biophysical scales, stressors and ecosystem services. Other efforts 

to plan and prioritize Great Lakes science include those of the International Joint Commission,15 

the Great Lakes Restoration Initiative,16 and the Canada-Ontario Agreement.17 

Sterner called for expanded monitoring, better data archiving 

and improved data access. He referenced the DIKW 

Pyramid,18 saying that data is the foundation of knowledge and 

wisdom. He closed with ideas about working toward better 

predictions built on an improved scientific foundation and a 

Great Lakes research community that plans and prioritizes 

with greater attention to resources and synergy. He said, “At 

all points, it is important to record the state of the system for 

future scientists to look back on. They will thank us.”   

Workshop Themes 

The workshop agenda was parsed into three themes (See Appendix B). Each theme started with a 

keynote speaker, followed by short panel presentations. Following the presentations, workshop 

participants broke into three groups to develop sets of priority science and monitoring needs for 

the Lake Superior CSMI year of intensive fieldwork (2021). Workshop presentations are 

available on the CSMI website19 maintained by the Great Lakes Sea Grant Network. 

Theme 1 – Physical Integrity and Nutrients – started with a presentation by Brent Lofgren from 

the National Oceanic and Atmospheric Administration’s Great Lakes Environmental Research 

Laboratory. He said it is important to remember the relatively large amount of uncertainty there 

is about the consequences of climate change on smaller temporal and spatial scales. Climate 

change scientists are much more certain about global, long-term predictions than they are about 

regional and local ones, said Lofgren. Similarly, he talked about how uncertainty escalates as 

14 Sterner, R. W., Ostrom, P., Ostrom, N. E., Klump, J. V., Steinman, A. D., Dreelin, E. A., Vander Zanden, M. J. 

and Fisk, A. T. (2017), Grand challenges for research in the Laurentian Great Lakes. Limnol. Oceanogr., 62: 2510- 
2523. doi:10.1002/lno.10585 
15 https://binational.net/2019/07/30/psa-pbasa-jul-2019/ 
16 https://www.glri.us/action-plan-3 
17 https://prod-environmental-registry.s3.amazonaws.com/2019-07/Draft%20Canada%20Ontario%20Agreement.pdf 
18 https://en.wikipedia.org/wiki/DIKW_pyramid 
19 https://greatlakescsmi.org/ 

https://doi.org/10.1002/lno.10585
https://binational.net/2019/07/30/psa-pbasa-jul-2019/
https://www.glri.us/action-plan-3
https://prod-environmental-registry.s3.amazonaws.com/2019-07/Draft%20Canada%20Ontario%20Agreement.pdf
https://en.wikipedia.org/wiki/DIKW_pyramid
https://en.wikipedia.org/wiki/DIKW_pyramid
https://greatlakescsmi.org/
https://doi.org/10.1002/lno.10585
https://binational.net/2019/07/30/psa-pbasa-jul-2019/
https://www.glri.us/action-plan-3
https://prod-environmental-registry.s3.amazonaws.com/2019-07/Draft%20Canada%20Ontario%20Agreement.pdf
https://en.wikipedia.org/wiki/DIKW_pyramid
https://greatlakescsmi.org/
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predictions move from a primary climate change effect (e.g., increasing air temperature) to 

second/tertiary/etc. effects (e.g., impacts on algal populations in a specific lake in a given year). 

Lofgren reported that climate models show the surface waters of the Great Lakes are warming 

and the strength of the thermocline is increasing. He discussed how neglecting to include the 

angle of the sun in models led to Great Lakes water level predictions that overestimated 

evaporation rates. He concluded by talking about shifts in the timing of events, the growing 

quantity of water vapor in the atmosphere and the likelihood of more, and by saying, “The rules 

are changing. We need to think about climate change resilience.” 

Theme 1 panelists talked about the Chequamegon Bay area of Lake Superior, tributaries, and 

elevated levels of phosphorus related to changes in land use and flooding events. Panelist Tom 

Hollenhorst, US EPA-MED, suggested that future monitoring and research might focus on the 

size of watersheds and which tributaries make significant sediment and nutrient contributions to 

the lake. Panelist Faith Fitzpatrick, US Geological Survey, suggested that focusing both on 

landscape influences on tributaries and tributary interactions with Lake Superior could yield 

information that would improve nutrient management.  

Panelist Michele Wheeler, Wisconsin Department of Natural Resources, noting that algal blooms 

have been occurring with increasing frequency along the south shore of Lake Superior since 

2012, described a monitoring effort to characterize water quality conditions along a stretch of 

shoreline from the City of Superior to Cornucopia. She emphasized that collaboration among 

agencies allowed for better spatial coverage and data integration to best leverage individual 

efforts into a more complete picture of conditions.  

Panelist Jay Austin, University of Minnesota Duluth, discussed the need for winter monitoring to 

diminish the seasonal bias in data and to better understand the effects of climate change, which 

has implications for primary productivity. A workshop participant mentioned that there are 10 

years of winter monitoring data for Lake Erie that might address the “so what” questions 

associated with a lack of winter data. Another participant said the nearshore monitoring 

programs being conducted on lakes Erie and Ontario could be useful models in building 

consistency between Canadian and U.S. nearshore monitoring on Lake Superior.  

Theme 2 – Biological Integrity – started with a presentation by Tom Pratt from Fisheries and 

Oceans Canada. Despite a brown-out that affected his ability to show slides for the first part of 

the presentation, Pratt ably explained the transfer of energy through the Lake Superior food web. 

He said the native fish populations and the food web are in relatively good shape for a lake that 

is, as he said jokingly, “inhospitable for fish.” The cold and nutrient poor waters of Lake 

Superior make the food web rather simple relative to other Great Lakes. From a fisheries 

perspective, he described the nearshore as 0-80m in depth and spoke about the linear and lateral 

transfer of energy through the food web. He said many fish are restricted to nearshore and 

wetland areas and that the Lake Superior Partnership is important to protecting these areas. 

Pratt expressed concerns about evidence of low prey fish abundance, including severe declines in 

Cisco (Coregonus artedi) numbers that have led to a reduction in Cisco fishing quotas across the 

lake. The declining trends also include Kiyi (C. kiyi), sculpins, Rainbow Smelt (Osmerus 

mordax), and Lake Whitefish (C. clupeaformis), the most important commercial fish species in 
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Lake Superior. Conversely, he spoke of the successful recovery of Lean and Siscowet Lake 

Trout (Salvelinus namaycush) recovery through Sea Lamprey (Petromyzon marinus) control and 

fishing regulations. He mentioned special efforts to assess Coaster Brook Trout (S. fontinalis) 

recovery in CSMI years and the positive signs recorded. He pointed to monitoring the recovery 

of Lake Sturgeon and noted the populations are slowly but steadily growing. “We don’t have a 

good lakewide picture yet and will need more years of CSMI funding to develop one,” he said. 

He also spoke of the importance of CSMI funding and cooperation to monitor for aquatic 

invasive species in high-risk sites. He ended by saying, “I don’t want people to leave without 

understanding how important Sea Lamprey control is,” adding that the population size is well 

above target. 

Theme 2 panelists included Tom Hrabik, University of Minnesota Duluth, who spoke about 

modeling the food web through Ecopath with Ecosim, which incorporates data collected at lower 

trophic levels and thousands of dissected fish. He said that making connections to the detritus is 

the only way to really explain the energy in the system. “To those who study bacteria and 

detritus, this fish guy has finally seen the light,” said Hrabik.  

Panelist Joel Hoffman, EPA-MED, showed graphics of carbon isotope enrichment (isoscapes) 

from the Lake Superior CSMI years in 2011 and 2016, suggesting that there is evidence of 

consistent patterns of physical structure (e.g., the eastern gyre) that influence biological activity 

over time and space.  

Panelist Matthew Pawlowski, EPA-MED, showed data from the CSMI field years of 2006, 2011 

and 2016 indicating that Lake Superior’s zooplankton composition is relatively stable compared 

to the other Laurentian Great Lakes, where changes have been profound. He reported that 

nearshore areas have the most diverse zooplankton assemblages but the data sets are incomplete 

and a more robust understanding of the inter-annual variability of crustaceans will require more 

data. The last panelist in this theme, Lyubov Burlakova from Buffalo State, spoke about 

Diporeia, a keystone invertebrate species in Lake Superior. She said trends in Diporeia density 

could be masked by significant inter-annual variability, making an argument for the value of 

conducting more frequent (annual) monitoring at historic stations. 

Comments included enthusiasm for integrating microbial dynamics into next CSMI work, an 

interest in better understanding lateral energy shunts between Lake Superior’s “white ribbon20” 

and offshore, and an acknowledgement that the assessment of ciliates, bacteria, picoplankton in 

Lake Superior is poor. At this time, the deceptively simple question of whether primary 

productivity is increasing or decreasing remains unanswered; small phytoplankton abundance is 

increasing while larger phytoplankton abundance is decreasing. One participant thought the 

transfer efficiency of contaminants might be an interesting approach through which to study 

ecosystem changes, especially with respect to changes in climate, microbe communities and 

contaminants (as fish metabolize faster, they assimilate more contaminants and the rate of 

contaminant bioaccumulation increases). 

Theme 3 – Chemical Contaminants, Emerging Issues, New Opportunities – started with a 

presentation by Nancy Langston from Michigan Technological University. Langston spoke about 

20The “white ribbon” is the inshore, nearshore and coastal areas where large research vessels can’t go. 

https://ecopath.org/
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Lake Superior’s contaminants in a historical context mentioning a variety of examples from 

atomic testing to flame retardants to the asbestos-like fibers that made the Reserved Mining Case 

on Lake Superior famous21. She talked about how the synthetic products developed during World 

War II and their persistence as contaminants became a spur for reevaluating the idea that 

“dilution is the solution to pollution.”  

“Flame retardants didn’t appear out of nowhere,” she said. “World War II changed the landscape 

of America.” Langston reported that, post-war, the number of deadly house fires increased 

because new flammable materials were introduced into households and tobacco became cheaper, 

thereby increasing smoking. The federal response was to require the addition of flame retardants 

to materials. She said that in 1970 Swedish scientists discovered chemical compounds associated 

with flame retardants around the world, even where they hadn’t been used. 

Per- and polyfluoroalkyl substances (PFAS), have become notorious as drinking water 

contaminants as a result of industrial releases and use of firefighting foam. They are used in a 

wide range of products, from food packaging to stain-resistant furniture. With their remarkable 

persistence and mobility—they are not known to break down in the environment and they move 

through soil to drinking water—PFAS have become global pollutants. Langston called PFAS and 

microplastics the current crises in the Great Lakes region. She said citizen action and new tools 

are needed to address the sources and understand the fates of these pollutants.   

Theme 3 panelists talked about chemicals of mutual concern,22 including PCBs and mercury, and 

about chemicals of emerging concern23 (CECs) and the way extreme weather events are 

increasing in frequency and intensity. Sara Moses, Great Lakes Indian Fish and Wildlife 

Commission, covered a cooperative monitoring effort involving academia, and state, federal and 

Native American agencies to track the reduction of mercury in Minnesota fish. From indigenous 

perspectives emerging concerns include the ways copper-nickel mining could potentially 

exacerbate the methylation of mercury and its entry into the food web. Panelist Ryan Lepak, 

EPA-MED, showed evidence from Lake Michigan suggesting that dietary shifts related to 

dreissenids can dampen the expended decreases in mercury in Lake Trout when compared to the 

decline in domestic mercury emissions and mercury in the Lake Michigan airshed. “This is not 

the result of ineffective reductions in mercury emissions,” said Lepak. “This is a food web 

issue.”  

Panelist Tara George, Ontario Ministry of Environment Conservation and Parks, described how 

regulations successfully led to a large reduction in PCB levels in Canada and how monitoring 

produced evidence that a site contaminated by PCBs and mercury was successfully capped. After 

talking about the successful drawdown of PCBs being stored in Ontario, panelist Lisa Sealock, 

Environment and Climate Change Canada, talked about microfibers, contaminants associated 

with lint, and short-chain chlorinated paraffins (SCCPs), which are bioaccumulative, and toxic to 

aquatic organisms at low concentrations. They are used as flame retardants and plasticizers in 

paints, adhesives and other industrial coatings. Presenter Jesse Martus, Minnesota Pollution 

21 https://www.minnpost.com/minnesota-history/2013/02/hard-fought-united-states-vs-reserve-mining-changed-

environmentalism/ 
22 https://www.ijc.org/en/who/mission/glwqa/annex3 
23 https://www.epa.gov/great-lakes-monitoring/great-lakes-emerging-chemical-surveillance-program 

https://www.ijc.org/en/who/mission/glwqa/annex3
https://www.epa.gov/great-lakes-monitoring/great-lakes-emerging-chemical-surveillance-program
https://www.minnpost.com/minnesota-history/2013/02/hard-fought-united-states-vs-reserve-mining-changed-environmentalism/
https://www.minnpost.com/minnesota-history/2013/02/hard-fought-united-states-vs-reserve-mining-changed-environmentalism/
https://www.ijc.org/en/who/mission/glwqa/annex3
https://www.epa.gov/great-lakes-monitoring/great-lakes-emerging-chemical-surveillance-program
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Control Agency, gave an overview of basin-wide trends in mercury, PCBs, PFAS, SCCPs, 

polybrominated diphenyl ethers (PBDEs) and hexabromocyclododecane (HBCDs). 

Speaking about the increasing frequency of extreme rain events in the Lake Superior basin, 

presenter Elizabeth Minor, demonstrated the type of information that could be obtained when the 

science community responds quickly and nimbly to storm events. She showed how timely data 

can help to determine the impacts of land-lake connections on lake water quality and algal 

blooms. 

Workshop-Recommended Priorities 

Workshop participants offered valuable ideas and made compelling cases for a variety of science 

and monitoring needs. Six overarching topics and 10 priority areas emerged as critical to the 

goals of the Lake Superior Lakewide Action and Management Plan and 2021 CSMI work on 

Lake Superior. 

Cross-cutting Topics 

The cross-cutting topics listed in Table 1 span multiple recommended priorities for science and 

monitoring. These topics reflect discussions that happened throughout the two-day workshop and 

in the pre-workshop request for advice (Appendix D), having been heard and written down with 

enough regularity as to be noticeable. Many participants suggested the impact of CSMI work and 

the success of collaborations would be enhanced by incorporating these topics into science and 

monitoring agendas for Lake Superior.  

Understanding the effects of climate was a topic of particular interest. Resource management 

agencies are wondering how to adjust their typical workload to adequately address the potential 

negative impacts of climate change on Lake Superior and its watershed. They ask, “What 

methods can be developed to identify and quantify variables critical to predicting impacts of 

climate change on Lake Superior and its watershed?”  



14 

Table 1: Cross-cutting topics to consider when developing Lake Superior science and monitoring 

agendas. 
Topic Justification 

Understanding the effects of 

climate change 

From lake stratification to extreme weather events, to the movement 

of energy and contaminants in the food web, it is unclear how 

changes in climate are and will continue to manifest in the Lake 

Superior basin. A better understanding of changes and their impacts 

will help natural resource managers and coastal communities mitigate 

and adapt to an uncertain future. It might be prudent to strengthen 

Earth observation monitoring systems to document and convey 

changes at ecosystem scales.  

Understanding how tributaries 

contribute to ecosystem 

function 

The interface between tributaries and Lake Superior is becoming 

more of a resource management challenge as climate and land use 

patterns change. Sedimentation, nutrient inputs, flashiness and fish 

migration are just a few of the subjects of interest related to this 

river/lake interface. 

Incorporating new or better 

technologies 

New and improved technologies and methods have emerged since 

CSMI work began on Lake Superior in 2006 (e.g., benthic mapping 

and geomatics). Due diligence regarding the efficacy and efficiency 

of tools and protocols should factor into CSMI planning. 

Intentionally archiving 

samples and data for future 

analysis 

Samples archived to last through the next century could provide 

critical data to future managers using different technologies. More 

contemporaneously, improved access to CSMI data (e.g., through 

The Biological and Chemical Oceanography Data Management 

Office (BCO-DMO)24 or Google’s Dataset Search25) would allow 

more people to use and apply CSMI’s results. 

Improving and expanding 

public outreach  

The condition of Lake Superior is partly a product of the public’s 

willingness to invest in clean water. Making CSMI information 

interesting and accessible to the public will increase Great Lakes 

literacy and help to ensure the public stays engaged in Lake 

Superior’s future. 

Standardized and consistent 

monitoring 

Standardized protocols and consistent monitoring will allow 

researchers and managers to compare datasets across decades and 

among the Great Lakes. Such comparisons will illuminate trends and 

anomalies that could factor into management and policy decisions. 

Among other things, the importance of continued CSMI monitoring 

can be seen in the time series driving a newly-developed Lake 

Superior ecosystem model poised to provide a framework for 

ecosystem-based fishery management. 

24 https://www.bco-dmo.org/ 
25 https://toolbox.google.com/datasetsearch 

https://www.bco-dmo.org/
https://www.bco-dmo.org/
https://toolbox.google.com/datasetsearch
https://www.bco-dmo.org/
https://toolbox.google.com/datasetsearch
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Priority Areas 

The 10 priority areas reviewed below are the product of breakout discussions at the workshop, 

and written comments submitted before and after the workshop. Research to understand the 

lower food web has been a foundational priority of each CSMI year of intensive monitoring on 

Lake Superior so far (2006, 2011 and 2016). Water quality and chemicals of mutual concern 

have also been standard subjects of CSMI scrutiny. Note that within each priority area 

description, some of the critical questions reflect the interest and need to continue previous 

CSMI and other research/monitoring activities. The recommendations that emerged from 

workshop discussions are not the final priorities for the 2021 Lake Superior CSMI field year. See 

Appendix A for a review of the CSMI process. The recommended priorities are:   

• Investigating Chemicals of Mutual and Emerging Concern

• Monitoring Water Quality

• Tracking Nutrients and Sediment in Lake Superior and its Tributaries

• Understanding Blue-Green Algae Blooms in Lake Superior

• Monitoring and Understanding Lake Superior’s Lower Food Web

• Investigating Fish Communities and their Food Web Dynamics

• Characterizing Lake Superior Habitats

• Conducting Aquatic Invasive Species Early Detection and Rapid Response

• Identifying Physical Changes to Lake Superior’s Thermal Properties

• Functional Responses to Changes in Climate and Land Cover

Investigating Chemicals of Mutual and Emerging Concern 

The Priority 

Lake Superior has a chemical signature that reflects a history of industry that has grown and 

changed over the past 200 years. It also is a product of exposure to airborne contaminants 

deposited across the lake’s vast surface area. Legacy contaminants (e.g., mercury, PCBs) give 

rise to questions about trends, their fate, transport and potential interactions with other chemicals. 

Methyl-mercury is particularly concerning due to its ability to reach levels that are damaging to 

human and wildlife health as it biomagnifies up the food web. This is reflected in fish 

consumption advisories and associated policy and management actions to reduce mercury in the 

environment. 

Contaminants of emerging concern (e.g., per- and polyfluoroalkyl substances (PFAS)), bring up 

the same questions as well as those about compound-specific health consequences. Establishing 

a means to identify new contaminants might precede investigations about their mechanisms of 

biological interference and its effects. Implementing a screening process could aid in earlier 
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remediation of potentially detrimental chemicals. Participants of the 2019 Lake Superior CSMI 

workshop agreed that to understand and combat chemicals of mutual and emerging concern the 

following actions are important: 

• Identify the chemical and source

• Investigate fate, transport and cycling

• Examine its interactions with other chemicals

• Understand the chemical’s impact on human and ecosystem health

Critical Questions 

1. What are the trends in the levels, fate and transport of legacy contaminants? Can future

monitoring include investigations into interactions among legacy chemicals and those of

emerging concern?

2. What are the best methods for monitoring the cycling, fate, transport and levels of

mercury? Are mercury fluctuations in Lake Superior environmental samples (water,

sediment, biota) reflecting long-term global trends indicating that mercury is declining?

3. Are chemicals of emerging concern (CECs) being monitored and are they

bioaccumulating? Are they related to new industries such as hog concentrated animal

feeding operations (CAFOs)?

4. What are the best methods for monitoring pharmaceuticals and estrogenic compounds in

Lake Superior, their pathways, and their effects on human and ecosystem health?

5. What is the cumulative effect of the industrial pollution (e.g., mines, pipelines, chemical

spills, wastewater overflows) across the Lake Superior basin? What are future conditions

based on various remediation scenarios (action versus non-action)?

6. What are the best methods for monitoring the consequences of mining tailings and for the

potential introduction of sulfate in Lake Superior’s watershed and wetlands?

7. What are the fate, transport and effects of microplastics?

8. What are the effects of perfluorooctanesulfonic acid (PFO) and perfluorooctanoic acid

(PFA) on human health and ecology?

9. What are the fate and transport of stamp sand contaminants? What is their effect?

10. Do periodic influxes of chloride related to managing ice on roads and sidewalks cause

harm to Lake Superior?

Management and Policy Implications 

Pursuing the questions above will allow resource managers and policy makers to: 

• Identify baselines for CEC’s and CMC’s to utilize in management goals for water quality

• Influence effluent and waste allowances for industrial entities

• Guide consumption advisories – particularly for those chemicals that have been shown to

bioaccumulate and biomagnify in the food web

• Shape restoration efforts

• Map mercury in peatlands and embayments, trace mercury sources, and examine

emissions actions
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Monitoring Water Quality 

The Priority 

Many of the water quality concerns present in other large lakes have not plagued Lake Superior, 

the least populated of the Laurentian Great Lakes. However, Lake Superior’s water quality is 

compromised by climate change, certain persistent and emerging contaminants, and human land 

use and activities. The upcoming CSMI year of intensive fieldwork provides an opportunity to 

continue water quality monitoring efforts to document conditions and trends, and to establish 

baseline conditions that could inform new monitoring initiatives. Water quality in this discussion 

includes parameters such as turbidity, dissolved oxygen (DO), water temperature, nutrients and 

other aspects of water chemistry. 

Workshop participants stressed the importance of continuing to measure baseline water quality 

conditions to understand the context of past, current and future conditions of Lake Superior. 

Participants also suggested it would be valuable to expand water quality monitoring seasonally 

(to include winter) and spatially (to include nearshore areas and tributaries), and to ensure 

coordinated and consistent monitoring across the Great Lakes so that results could be compared 

and contrasted. A participant noted that state agencies are responsible for assessing the condition 

of tributaries and that towed-instrumentation technologies yield tremendous water quality data 

sets with relatively little effort. 

Critical Questions 

1. What are the current conditions and trends in nutrients (TN, TP), algal blooms, E. coli,

DO, turbidity and temperature?

2. How can water quality monitoring be coordinated and consistent across all five Great

Lakes and connecting channels?

3. Can sampling designs and methods be tailored for nearshore monitoring (benthic algae,

eutrophication) and offshore regions?

4. Is the water quality (including temperature) of Lake Superior’s tributaries changing and

how are these changes expressed in Lake Superior?

5. What could winter monitoring reveal about year-round nutrient cycling and the effects of

ice and snow on primary productivity?

6. What are the impacts of more frequent, large, intense storm events? What is the impact of

untreated stormwater discharges, and is the impact being accelerated by more frequent

storm events?

7. How is climate change impacting lake condition, and are there preventative

measures/monitoring that should be implemented now to ensure impacts can be

adequately assessed (e.g., sufficient baseline data) and proactively addressed?
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Management and Policy Implications 

Pursuing the questions above, will allow resource managers and policy makers to: 

• Establish current conditions that can be used to observe and understand future changes

and evaluate past conditions.

• Adjust restoration and water quality targets to reflect local conditions.

• Improve resiliency efforts and adaptation plans.

Tracking Nutrients and Sediment in Lake Superior and its Tributaries 

The Priority 

The availability and movement of nutrients and sediment within the watershed and the lake are 

important components in understanding the physical, chemical, and biological processes in Lake 

Superior. The core nutrients fueling primary production in aquatic ecosystems are nitrogen (N) 

and phosphorus (P). Lake Superior is a low-nutrient system, characterized as oligotrophic. 

Primary production in Lake Superior is limited by phosphorus with total phosphorus (TP) 

concentrations ranging from 0.05 to 0.11 µmol L-1, but extreme precipitation events may 

increase concentrations in the lake. It is unclear why total nitrogen (TN) in the lake has been 

increasing in the form of nitrate (NO3-) to greater than 30 µmol L-1. Developing a better 

understanding of nutrient cycling (current baselines, sources and fates) is important in assessing 

the health of the lake.  

Sediment delivery is tied to nutrient cycling and the condition of the aquatic food web. 

Suspended sediments change the availability of light and heat absorption in the water column. 

Sediments that fall out of the water column can increase the need for dredging and bury benthic 

life. Workshop participants agreed that, to gain a holistic understanding of sediment and 

nutrients in the lake, the watershed and its connectivity to the lake needs to be incorporated into 

research endeavors, particularly in reference to tributaries.  

The spatial distribution of sediment and nutrients has been routinely measured as part of water 

quality sampling during previous CSMI and the Biological Monitoring Program (twice per year) 

efforts. Workshop participants identified a need for more detail in mapping the spatial 

distribution of sediment and nutrients, and increased monitoring of N, P and sediment in the lake 

and in the watershed to help manage the consequences of climate change, extreme weather 

events, algae blooms and potential changes in the aquatic food web. The Minnesota Pollution 

Control Agency is addressing watershed restoration based on Hydrologic Unit Codes (HUC 10, 

HUC 12) and the next Lake Superior South Watershed Restoration and Protection Strategies 

(WRAPS) project cycle is expected to begin with monitoring in 2021.26 

26 https://www.pca.state.mn.us/sites/default/files/wq-ws4-41b.pdf 

https://www.pca.state.mn.us/sites/default/files/wq-ws4-41b.pdf
https://www.pca.state.mn.us/sites/default/files/wq-ws4-41b.pdf
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Critical Questions 

Nutrient and sediment sources, distribution, and fate are not well resolved in Lake Superior. The 

questions listed below aim toward gaining a fundamental understanding of sediment and 

nutrients in Lake Superior in an effort to develop effective management and policy actions.  

1. How are nitrogen and phosphorus concentrations changing in Lake Superior and why?

What are the ecosystem effects?

2. What are the current sources of nutrients in Lake Superior, including atmospheric

deposition, sediment resuspension, and surface water runoff?

3. What are the spatial and temporal patterns in sediment and nutrients in the Lake Superior

and its tributaries?

4. Where are Lake Superior’s sediment depositional zones?

5. How do nutrient dynamics in Lake Superior change with respect to the strength and

duration of stratification?

6. How do storm events impact nutrient limitation on short timescales?

7. What are the conditions that support high bioavailability of nutrients in Lake Superior?

8. What are the current physical and chemical conditions in tributaries in the Lake Superior

watershed? This question reflects the need for long-term stream and lake water quality

data in areas where land use is changing and affecting nearshore regions.

9. How is climate change affecting basin hydrology? This question involves Lake

Superior’s water budget, lake levels, erosion, and the delivery of sediment and nutrients.

10. Which sub-watersheds are most vulnerable to sediment, N and P loading during flood

events?

11. Are approved discharges to tributaries impacting the water quality in Lake Superior?

Management and Policy Implications 

Many of the above questions target the need to use an integrated watershed-to-lake approach to 

better understand processes that affect many aspects of the ecosystem. Answering the questions 

could inform the following actions: 

• Identify baselines for nutrients and sediments to develop meaningful management targets

for water quality and land use.

• Target areas sensitive to changes in climate and land use to improve resiliency planning.

• Act to reduce runoff and sedimentation from land and nutrient hotspots in the lake.

• Support modeling efforts aimed at reducing nutrient and sediment loads

• Remediate nutrient inputs.

• Improve management for fish migration.

• Conduct watershed management and in-stream restoration to protect and restore habitat.

• Implement of erosion controls.

• Develop more effective best management practices.

• Prevent nearshore eutrophication and algal blooms.
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Understanding Blue-Green Algae Blooms in Lake Superior 

The Priority 

Cyanobacteria blooms, also known as blue-green algal blooms, are a major ecological and public 

health issue in the Laurentian Great Lakes, and their prevalence has increased globally. 

Cyanobacteria blooms concerning for several reasons including foul odors, discoloration, 

hypoxia (low oxygen) which may lead to fish kills, loss of desirable species, and the potential for 

toxicity. Previously Lakes Erie, Ontario, Michigan, and Huron were known to have experienced 

cyanobacteria blooms, and now Lake Superior is included in this group. Cyanobacteria blooms 

were observed in 2012 and 2016 – 2018 along the western arm of Lake Superior between the 

Duluth-Superior Harbor and the Apostle Islands; the largest of these occurred in 2018 and 

received widespread media attention.  

The blooms are occurring where there is significant interaction between people and the lake. The 

events impact water quality in a portion of the lake that is important for tourism and recreation, 

economic drivers in the region. Lake Superior’s reputation as a pristine environment is 

jeopardized by these cyanobacteria blooms if changing public perceptions result in a loss of 

tourism and recreation. If future blooms become toxic, public health could be threatened. These 

events are surprising because the Lake Superior watershed is primarily forested. It is far less 

impacted by agriculture and urbanization than the other Great Lakes where cyanobacteria blooms 

are more frequently observed. It is noteworthy that the region of Lake Superior where blooms are 

being observed has been subjected to extreme rainfall events, which deliver large amounts of 

sediment and nutrients to the lake from the land and surrounding rivers. Lake Superior is also 

warming at the fastest rate of all the Laurentian Great Lakes, and warming temperatures are a 

known driver of cyanobacteria blooms. 

Critical Questions 

Workshop discussions identified knowledge gaps and led to the questions below regarding 

cyanobacteria blooms in Lake Superior. Nutrient loads dominated the conversation, in part 

reflecting Lake Superior’s oligotrophic (low nutrient) classification.  

1. What are the chemical and physical conditions that lead to algal (cyanobacteria) blooms?

2. What are the effects of changing lake stratification (due to rising water temperatures) on

algal communities and cyanobacteria?

3. What is the importance of storms in promoting algal (cyanobacteria) blooms?

4. What is the relationship between cyanobacteria blooms in Lake Superior and watershed

runoff?

5. How is the timing of nutrient delivery related to community composition and

cyanobacteria abundance?

6. How does the status of nearshore eutrophication compare to other areas of Lake Superior

and the other Laurentian Great Lakes?

7. What is the likelihood of future blooms? When and where will they occur?
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8. What is the risk for toxicity? What are the effects on ecosystem health and how do

cyanotoxins move through the food web?

9. Do more frequent algal blooms pose a potential threat to municipal water supplies, and

can precautions be taken?

Management and Policy Implications 

Answering the questions about potentially toxic algae blooms in Lake Superior listed above 

could prevent water quality problems, target remediation efforts, and better protect recreational 

waters and areas of high value to the tourism sector. Specific actions that would be informed by 

answering the questions listed above include:  

• Target nearshore areas for possible preventative measures

• Coordinate algal bloom monitoring around the lake.

• Develop integrated climate change (effects) monitoring protocols.

• Inform resiliency efforts and adaptation plans.

• Develop of preventative measures and warning systems.

• Inform nutrient reduction and erosion controls on land.

• Develop models for bloom prediction.

Monitoring and Understanding Lake Superior’s Lower Food Web 

The Priority 

The past three Lake Superior CSMI years of intensive fieldwork have collected data that 

provided insight into the condition of Lake Superior’s lower food web, an important indicator of 

lake and fishery health. Past CSMI surveys have given important insight into the Lake Superior’s 

lower food web and are vital in assessing trends and trajectories. For example, the continuity of 

surveys reveals population trends in keystone species such as Diporeia, a shrimp-like crustacean 

that is absent or in decline in the lower Great Lakes and under observation in Lake Superior.27 

Understanding the observed fluctuations in Diporeia abundance in Lake Superior, which could 

27 DOI: 10.13140/RG.2.2.30624.43527 
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be due to inter-annual variability or the beginning of a decline, depends on the results of future 

survey efforts. 

Discussions at the 2019 CSMI workshop included the successes of past benthic and pelagic 

surveys, and the limits of information regarding certain aspects of the lower food web. In 

particular, the microscopic base of the food web in Lake Superior is poorly characterized. To 

build more robust energy transfer models, it would be useful to quantify microbial activity in the 

detritus, and the energy transferred through the microbial loop and picoplankton populations. 

Expanding nearshore monitoring efforts would be useful; the nearshore region encompasses the 

most biodiversity but the dataset quantifying that biodiversity is limited relative to the data 

available to describe the offshore zone. Expanding the sampling season to include winter months 

and more temporal variability would also be beneficial. Some workshop participants were 

surprised to realize that it was difficult to provide a succinct answer to whether primary 

productivity is increasing, decreasing, or stable in Lake Superior; the answer depends on the 

methods and metrics used.  

Critical Questions 

Discussions surrounded the very base of the food web, including detritus, the microbial loop, and 

picoplankton. Continued and increased monitoring of phytoplankton, zooplankton, and benthos, 

with a focus on species of interest such as Diporeia, was stressed as critical. The following 

questions are derivative of the discussions: 

1. Is the lower food web changing? (Continue the baseline monitoring of pelagic

zooplankton, benthos, and macroinvertebrates with a particular focus on the status of

Diporeia and Mysis.)

2. How does the lower food web operate in the nearshore and how much energy is shunted

between the nearshore and offshore? What techniques could monitor those processes?

3. What is the energy flow and species abundance in detritus, within the microbial loop, and

within communities of picoplankton, ciliates and other primary producers less than 2

microns in size?

4. How much detritus is delivered to the benthos and what is its quality?

5. Is productivity changing in response to climate change, including spatial patterns in

productivity?

6. Can standardized methods and metrics improve estimates of whether primary

productivity is increasing or decreasing in Lake Superior?

7. What can be done to improve the understanding of benthic-pelagic coupling in Lake

Superior?

8. How does winter affect lake ecology, including winter primary production rates and the

effects that ice and snow have on primary productivity?

9. What are the effects of contamination (cyanotoxins, bioaccumulation of contaminants) on

the lower food web?

10. Can the efficiency and efficacy of science and monitoring be improved by incorporating

new methods, such as video monitoring, eDNA, and molecular fingerprinting?



23 

Management and Policy Implications 

By addressing the points above, resource managers will be better positioned to: 

• Improve food web models to inform fisheries management and forecast Lake Superior’s

biological condition.

• Improve planning for ecosystem resiliency.

• Evaluate population trends of species of interest and respond with adaptation and

mitigation measures when necessary, prudent or possible.

• Assess the movement of contaminants and energy into the food web.

Investigating Fish Communities and their Food Web Dynamics 

The Priority 

Fish communities and their food web dynamics are crucial components in the Lake Superior 

ecosystem. Lake Superior research priorities (2016) of the Great Lakes Fishery Commission28 

include recruitment, mortality, ecological interactions, habitat and assessment of methods. 

Maintaining healthy fish communities is also a priority shared by participants at the Lake 

Superior CSMI workshop and people in the Lake Superior basin. Lake Superior’s food web 

structures, fish abundance and species’ population trends have been documented but there is a 

void of information about fish activity in nearshore environments. Vessels equipped to monitor 

fish nearshore could provide additional data sets to help fill the gap. Fish community questions 

overlap other recommended priority areas emerging from the Lake Superior CSMI workshop; 

chemicals of concern, water quality, habitat, etc. all affect Lake Superior’s fish communities.  

Critical Questions 

1. Can we identify potential indicators of changes and regime shifts in fish communities?

Could an improved model of Lake Superior’s food web and energy budget better

illuminate ecosystem relationships and support management decisions?

2. How can fisheries management better integrate information about the changing climate

into decision-making? What are the effects of warming temperatures on native/cold water

species and fish communities in general?

3. How can monitoring winter food web dynamics improve fisheries management and what

methods are available for monitoring food web conditions in winter?

4. What mechanisms are driving near-shore food web dynamics and what is the role of

coastal wetlands and tributaries in lake-wide food webs?

28 http://www.glfc.org/pubs/pdfs/research/Lake_Superior_Priorities.pdf 

http://www.glfc.org/pubs/pdfs/research/Lake_Superior_Priorities.pdf
http://www.glfc.org/pubs/pdfs/research/Lake_Superior_Priorities.pdf
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5. What is the role of vertical and horizontal spatial heterogeneity in increasing productivity

and fisheries production in Lake Superior?

6. What are the physical, chemical, environmental, biological processes responsible for

Cisco recruitment failure in Lake Superior? Can the factors causing mortality be

mediated by management levers? What habitats are critical to age-0 Coregonus?

7. How will monitoring fish communities contribute to establishing indexes for community

dynamics (specifically, for benthic, inshore and game fish communities)?

8. What is driving the increase in Sea Lamprey abundance and what new control measures

might be taken?

9. What is the relationship between microplastics and fish and do microplastics mimic food

items?

10. What is the impact of stamp sands on biota?

11. Are there fish species that need better protection from a conservation standpoint?

Management and Policy Implications 

The answers to the above questions will help to guide fisheries management and conservation 

decisions and influence state, provincial, federal and tribal policies. 

Characterizing Lake Superior Habitats 

The Priority 

The enormity of Lake Superior has made it challenging for natural resource managers to know 

where some critical habitats for biota are located, let alone how they are structured and affected 

by stressors. A better understanding might begin with a baseline characterization of the habitats 

in Lake Superior through mapping where different habitats are located, and recording species 

and population abundances over the course of a year. After establishing the initial baseline, 

regular monitoring would allow resource managers to assess habitat trends. 

Incorporating watershed-scale data (e.g., land use, land cover, climate, tributary input) could help 

explain observed changes within aquatic habitats in Lake Superior. On land and within Lake 

Superior’s tributaries, a better understanding of critical habitats could improve stormwater 

management decisions that benefit fisheries, biodiversity and coastal resilience. Mapping human 

activities across the basin would illuminate the cumulative capacity of potential stressors 

affecting water quality and habitats. Habitat quantification and quality assessments could allow 

managers to determine at-risk environments, valuable spawning sites, a site’s susceptibility to 

invasive species and how to best protect natural habitats through regulations.  
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Critical Questions 

1. What actions need to be taken in the watershed to reduce stressors to Lake Superior’s

condition and how can the efficacy of those actions be assessed?

2. How does the landscape affect ecosystem functions and what is the value of wetland

habitats to these functions?

3. What is the best way to track the impacts of land use and climate changes across habitats?

4. How vulnerable are coldwater tributaries to climate change and can the tributaries be 
ranked according to this vulnerability? (Progress toward answering this question has been 
made.29,30)

5. Which coastal regions are most likely to be changed or developed?

6. Will additional bathymetry data lead to a more accurate map and a better understanding

of the bottom of Lake Superior?

7. Can habitat maps improve the capacity of managers and community scientists to monitor

species and population abundances?

8. Can habitats be characterized in a way that illuminates the potential effects of climate

change on fish communities?

9. Where are important spawning habitats located and how are they changing?

10. Where are tributary barriers impeding connectivity for migratory and non-migratory fish?

11. Which habitats are most vulnerable to invasive species?

12. How can culturally important Lake Superior species be better protected through land

management decisions?

13. How do forest communities influence tributaries and Lake Superior? (E.g., do emerald

ash borers and other invasive species affect a tributary and what lives in it?)

14. What changes does industry (agricultural, corporate and municipal) need to make to

preserve and restore the Lake Superior Basin?

15. What is the impact of (rapidly) varying lake levels on shoreline/nearshore ecology?

Management and Policy Implications 

Addressing these points will produce information allowing resource managers to: 

• Identify areas needing protection.

• Improve management plans and regulations to support fisheries, recreation and tourism.

• Develop guides and improve plans for resilience in an uncertain future driven by climate

and social changes.

29Marcarelli, A.M., Coble, A.A., Meingast, K.M., Kane, E.S., Brooks, C.N., Buffam, I., Green, S.A., Huckins, 

C.J, Toczydlowski, D., and Stottlemyer, R. 2019. “ Of Small Streams and Great Lakes: Integrating Tributaries to 

Understand the Ecology and Biogeochemistry of Lake Superior.” Journal of the American Water Resources 

Association 55 ( 2): 442– 458. https://doi.org/10.1111/1752-1688.12695. 
30Stewart, J.S., Covert, S.A., Estes, N.J., Westenbroek, S.M., Krueger, Damon, Wieferich, D.J., Slattery, M.T., 

Lyons, J.D., McKenna, J.E., Jr., Infante, D.M., and Bruce, J.L., 2016, FishVis, A regional decision support tool for 

identifying vulnerabilities of riverine habitat and fishes to climate change in the Great Lakes Region: U.S. 

Geological Survey Scientific Investigations Report 2016–5124, 15 p., http://dx.doi.org/10.3133/sir20165124. 

https://doi.org/10.1111/1752-1688.12695
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Conducting Aquatic Invasive Species Early Detection and Rapid 

Response 

The Priority 

Aquatic invasive species (AIS) topped the list of perceived threats to the Great Lakes according 

to a survey conducted by the International Joint Commission in 2018.31 Over 180 non-native 

species have been documented in the Laurentian Great Lakes and considerable effort has been 

put into management, policy and public education to reduce their spread. Just over 100 of these 

non-natives have been recorded in Lake Superior; Sea Lamprey being a dramatic exception, most 

are kept in check by the physical (deep and cold) and chemical properties (low in nutrients and 

dissolved minerals) of Lake Superior.  

A goal of the Great Lakes Water Quality Agreement preventing new species introductions, and 

containing and reducing populations of non-native nuisance species that are already present. As 

reported at the 2018 State of Lake Superior conference, multiple natural resource agencies 

cooperated on an early detection and monitoring program in Lake Superior.32 DNA-based 

identification approaches were tested in the Duluth-Superior Harbor (DNA metabarcoding of 

ichthyoplankton samples; eDNA metabarcoding for fish detection) and Apostle Islands (DNA 

metabarcoding of zooplankton samples). These methods could improve the accuracy of early 

detection surveys, which have typically relied traditional sampling gear and identification based 

on physical characteristics.  

Critical Questions 

1. Can new invaders be identified and better managed by continuing early invasive species

monitoring?

2. Are there new AIS detection methods that need to be implemented or developed (e.g., for

micro-invasives and pathogens)?

3. What is the spatial distribution of AIS (e.g., resolute land cover (to 1m) mapping for

Phragmites)?

4. Can including lower-risk ports, harbors, and habitats in AIS monitoring help to close data

gaps and better identify and protect vulnerable habitats?

5. What are the physical and chemical thresholds for AIS in Lake Superior? (These

thresholds have been established for the lower Great Lakes.)

6. Are aquatic invasive species changing the lower food web?

7. What is the resiliency of Lake Superior to AIS?

8. Are Lake Superior’s AIS exhibiting responses to climate change?

9. What is the spatial distribution of dreissenid colonies? Have zebra mussel and quagga

mussel populations grown? What would the impact be if the populations grew?

31 https://ijc.org/en/second-binational-poll-reaffirms-citizens-feel-great-lakes-protection-critical 
32 https://cfpub.epa.gov/si/si_public_record_report.cfm?dirEntryId=342758&Lab=NHEERL 

https://ijc.org/en/second-binational-poll-reaffirms-citizens-feel-great-lakes-protection-critical
https://cfpub.epa.gov/si/si_public_record_report.cfm?dirEntryId=342758&Lab=NHEERL
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Management and Policy Implications 

Natural resource managers, policy makers and others have spent a great deal of time and money 

on controlling the spread of AIS in Lake Superior and will continue to do so. It is a subject that 

the public is aware of and cares about. The answers to the above questions could result in more 

effective and efficient: 

• AIS prevention actions

• AIS detection technologies

• AIS treatments and management

Identifying Physical Changes to Lake Superior’s Thermal Properties 

The Priority 

The thermal regime of a lake underpins ecosystem functions in a way that intersects with 

physical, biological and chemical processes. Characterizing a thermal regime requires 

observations of how the water temperature varies with depth over the course of a year, for many 

years. These characterizations should also include information about meteorological forcings 

such as air temperature, long- and shortwave radiation, and wind speed. As the climate changes, 

so too should the thermal regime but how, to what degree, and through what mechanisms is a 

question open for study. Lake Superior is already experiencing reduced ice cover in the winter 

and higher epilimnetic temperatures in the summer.33, 34 

Lake Superior’s scientific observations suffer from “fair weather bias” in that most scientific 

excursions are done during relatively warm and calm weather in-part due to the constraints of 

using vessels and other research tools. Lake Superior’s famously harsh winters do not make 

under-ice observations logistically easy. Remotely sensed data has filled in some gaps, but 

current technologies cannot penetrate ice cover or probe deeply into the lake. Year-round 

moorings exist in some locations in Lake Superior, but the consensus of the workshop attendees 

was that these moorings are too sparse spatially for understanding Lake Superior’s thermal 

dynamics. Additionally, the dearth of year-round meteorological stations throughout the lake was 

noted as a significant data gap. 

Understanding the behavior of Lake Superior’s thermal regime under the current conditions will 

allow better understanding of how a changing climate is already impacting the lake. This would 

33 Austin, J.A. and S.M. Colman. 2007. Lake Superior summer water temperatures are increasing more rapidly than 

regional air temperatures: A positive ice-albedo feedback, Geophys. Res. Lett., 34, L06604, 

doi:10.1029/2006GL029021. http://onlinelibrary.wiley.com/doi/10.1029/2006GL029021/pdf 
34 Austin, J.A. and S.M. Colman. 2008. A century of temperature variability in Lake Superior. Limnol. Oceanogr. 

53, 2724–2730. www.aslo.org/lo/pdf/vol_53/issue_6/2724.pdf 

http://onlinelibrary.wiley.com/doi/10.1029/2006GL029021/pdf
http://www.aslo.org/lo/pdf/vol_53/issue_6/2724.pdf
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likely improve forecasts by providing a better mechanistic understanding and by establishing a 

baseline that future observations could be compared to.   

Critical Questions 

1. How is the structure and phenology of Lake Superior’s thermal regime changing with

climate? What are the primary meteorological forcings? Are these changes spatially

homogeneous?

2. What are the current winter and under-ice conditions? How is climate change impacting

winter conditions?

3. What is the effect of climate change on stratification and restructuring of the lower food

web and the lake ecosystem?

4. How are changing thermal regimes influencing macro-zooplankton and fish production in

critical areas of Lake Superior?

Management and Policy Implications 

The above questions are targeted at understanding basic processes that affect nearly every other 

aspect of the lake ecosystem. The information gained from answering these questions can be 

used to inform the following actions: 

• Long-term climate change modelling and predictions for climate resilience

• Short-term hydrodynamic modelling. Hydrodynamic models commonly provide insight

that supports efforts in other scientific areas. For instance, changing stratification strength

and phenology impacts the algal community and thereby the entire lower food web.

• Further understanding of winter conditions would likely inform year-round nutrient

cycling, ecosystem dynamics, primary productivity, etc.

Functional Responses to Changes in Climate and Land Cover 

The Priority 

Lake Superior’s sustained level of quality water is owed at least in part to the relatively low level 

of anthropogenic stress put on its watershed and coasts. However, the rise of algal blooms, 

continued land use and land cover (LULC) change in the watershed, and the implications of a 

rapidly changing climate signal the need for continued improvements and adaptability in lake 

management based on sound science. The participants at the CSMI workshop noted a dearth of 

information about the way specific changes occurring in the watershed and coastline impact 

conditions in the lake. Generally, LULC conditions far removed from a lake can impact it via 
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pollutants, nutrients, and sediments released into tributary streams. LULC changes can also alter 

the timing and volume of runoff to these streams or directly into the lake. Similarly, climate 

change will continue to impact terrestrial ecosystems and precipitation patterns, which could 

alter the hydrology, water quality, and habitat in Lake Superior’s tributaries and ultimately the 

lake. However, where, how much, and in what ways these impacts will manifest is largely an 

open question and establishing conditions and connections now will be important to management 

decisions and resiliency planning. 

Critical Questions 

1. How does cumulative LULC change in the watershed impact water quality, hydrology,

and ecosystem services in Lake Superior? The workshop participants cited a need for

high resolution geospatial identification of LULC change throughout the basin.

2. How will climate change affect chemical and sediment pathways and loadings from the

watershed to the lake? What areas in the watershed are the most/least climate resilient in

terms of impacts to Lake Superior?

3. Is the ratio of baseflow to overland flow in Lake Superior’s tributaries changing with

climate and LULC change? How could this impact Lake Superior water quality and

thermal structure?

4. What coastal areas are most likely to be changed/developed in the future, either from

climate or human activities? What areas of the coastline are contributing increased

sediment loadings historically or are susceptible to increased erosion in the

future?  Where is shoreline hardening likely to take place?

5. What changes on the landscape are having a direct effect on the nearshore environment?

What is the relationship of runoff to algal blooms? A need for long-term stream gauging

coupled with offshore buoys in the river plumes and embayments was identified.

6. Where are Lake Superior’s coldwater tributaries?  Which are the most vulnerable to

climate change, LULC change, and other stressors? Cold water tributary programs like

those in Wisconsin and Michigan could be expanded to include the whole watershed.

Management and Policy Implications 

The information gained from answering the above questions can be used to: 

• Inform watershed and stream protection, restoration, climate adaptation, and resiliency

programs.

• Improve regulatory activities such as zoning, permitting, protection, and stormwater

management.

• Develop more effective stormwater management practices, including targeted and

prioritized implementation.

• Prevent or mitigate nearshore eutrophication and algal blooms.

• Inform coastal community climate change resilience and adaptation programs.

• Decrease fragmentation and increase coordination of management across jurisdictions.
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Next Steps 

The recommended priorities in this synthesis are offered to all those with interest in Lake 

Superior, or actively involved in Lake Superior science, monitoring and management. The Lake 

Superior Partnership Working Group will reflect on this synthesis and submit a list of science 

and monitoring priorities to their Management Committee for approval by the end of 2019.   

Once approved, that list will be transmitted to the Great Lakes Water Quality Agreement Annex 

10 (Science) Committee to inform the Lake Superior intensive field year in 2021. The approved 

list of priorities will also be included in the next Lake Superior Lakewide Action and 

Management Plan.  

In turn, this work and other planning and priorities will influence the direction of Lake Superior 

Partnership agencies, as well as the distribution of funds for science and monitoring in the Lake 

Superior basin through the U.S. Great Lakes Restoration Initiative. 

Workshop participants and others actively involved in Lake Superior science, monitoring and 

management are encouraged to build or strengthen research networks across Lake Superior. 

Stronger collaborations could improve education about Lake Superior, better protect critical 

habitats, hone management for particular species and allow a more robust respond to climate 

change. See Appendix C for a list of workshop participants and email addresses. Table 2 lists 

topics tagged by workshop participants wishing to be included in particular Lake Superior 

research or monitoring activities. This table is far from exhaustive but embraces the spirit of 

cooperation that continues to make CSMI more than the sum of its parts. 

As a workshop participant aptly pointed out, “We don’t always know what we don’t know.” The 

International Joint Commission and the Lake Superior Partnership encourage and help facilitate 

ongoing information sharing, beyond special gatherings like the 2019 Lake Superior CSMI 

workshop.  
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Table 2. Topics tagged by workshop participants interested in specific Lake Superior research or 

monitoring activities. Consider including potential collaborators listed here in future endeavors. 
TOPIC POTENTIAL 

COLLABORATORS 

Tributary nutrients, sediment and carbon; loading, spatial and 

temporal measurement, budget, speciation in tributaries, land 

cover 

Andy Bramburger, Tom Hollenhorst, 

Amy Marcarelli  

Fate and transport of nutrients and sediment especially as 

related to plumes, nutrient speciation 

Elizabeth Austin-Minor 

Nutrients – GIS mapping Tom Hollenhorst 

Nutrients –  kinetics; stoichiometry Amy Marcarelli, Cory McDonald 

Blue-green algae blooms – triggers, causes, toxicity Andy Bramburger, Amy Marcarelli 

Watershed functional response to changes in climatic and land 

cover variables (land-lake interface) and overall resilience 

Tom Hollenhorst 

Physical changes to the thermal properties – impacts on 

biological systems (food web transitions) 

Michigan Tech-Great Lakes 

Research Center 

Watershed connectivity, anthropogenic effects, buffer areas for 

climate susceptible regions (esp. Chequamegon Bay) 

Matt Hudson, Matt Cooper 

Climate change – lake temperature profiles, annual and 

continuous 

Michigan Tech-Great Lakes 

Research Center, Madeline Magee 

Lower food web – smallest members (<5um) Andy Bramburger, Amy Marcarelli 

Food web gaps – time; picoplankton vs large plankton biomass; 

primary production rates/size vs biomass production rates 

Andy Bramburger, Elizabeth Austin-

Minor (size chlorophyll 

fractionation) 

Food web gaps – Inshore region <15m deep Matt Cooper 

Coordination among programs – wetland monitoring Matt Cooper 

Extreme runoff events – contaminant distribution Elizabeth Austin-Minor 

Mercury – sources and fate in the food web Ryan Lepak 

Microplastics – detection methods development Elizabeth Austin-Minor 
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Appendices 

Appendix A: The 5-Year CSMI Cycle 

CSMI follows a five-year rotation that involves all five of the Laurentian Great Lakes. The cycle 

is depicted below using Lake Superior as the example.  

Year 1: Priority Setting 

The Great Lakes Water Quality Agreement (GLWQA) Annex 2 Lake Partnerships are 

responsible for identifying research, monitoring and other science priorities needed to assess 

threats to Great Lakes water quality and fisheries and support management actions for their 

respective lake. The 2019 Lake Superior CSMI Workshop in Duluth, Minnesota, is one of the 

mechanisms the Lake Superior Partnership uses for priority setting. The Lake Partnership 

finalizes a list of priorities (for example, see Table 3).  The list of priorities is transmitted to 

the GLWQA Annex 10 CSMI Task Team, and is included in the next LAMP.35 

Year 2: Planning  

Members of the CSMI team (Annex 10) consider the priorities of the Lake Superior Partnership, 

with respect to the State of the Great Lakes report and with input from the Great Lakes Executive 

Committee, participants at Great Lakes Public Forums and recommendations of the International 

Joint Commission as they make a plan for what can be achieved in the CSMI intensive field year. 

Year 3: Field Year 

The field year is the intensive year when samples are collected as part of coordinated monitoring 

and cooperative assessments throughout the lake, upstream connecting channels, and watersheds. 

The field years for CSMI on Lake Superior have been 2006, 2011 and 2016. The next CSMI 

field year on Lake Superior is slated for 2021 

Year 4: Analysis 

Samples collected during the CSMI field year will continue to be analyzed, and data processing 

and interpretation begun. 

Year 5: CSMI Reporting 

Data processing and interpretation are completed. Results are reported in formal publications, 

and a special session, or dedicated lake conference may be organized by the International 

Association for Great Lakes Research (IAGLR). For example, a dedicated IAGLR State of Lake 

Superior Conference36 was held in 2018 in Houghton, Michigan, to report on CSMI 2016 data. In 

addition, a white paper summarizing the results of CSMI projects is often prepared by the Lake 

Superior Partnership. 

35 The CSMI Task Team includes representatives from the U.S. Environmental Protection Agency, the U.S. 

Geological Survey, the National Oceanic and Atmospheric Administration, the U.S. Fish and Wildlife Service and 

other agencies and partners. 
36 http://iaglr.org/sol/sols18 

http://binational.net/category/a10/sogl-edgl/
http://binational.net/glec-cegl/
http://binational.net/glec-cegl/
http://binational.net/engagement-participation/forum/
http://iaglr.org/sol/sols18
http://iaglr.org/sol/sols18
http://iaglr.org/sol/sols18
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Table 3. Past priorities of the Lake Superior Partnership that were submitted to the GLWQA 

Annex 10 CSMI Task Team to inform the Lake Superior intensive field year of 2016 fell under 

three themes (See Appendix D for a more detailed list). 
Aquatic Priorities Habitat Priorities Chemical Priorities 

Monitor lower-trophic food web and 

energy transfer 

Identify/rank vulnerability of 

cold-water tributaries to 

stressors 

Concentrations and cycling of 

Zero Discharge 

Demonstration Program 

chemicals  

Lake Sturgeon index survey Baseline water quality 

monitoring 

Chemicals of emerging 

concern 

Aquatic invasive species early 

detection monitoring 

Identify species of concern Mercury trends in Lake 

Superior fish 

Support fish rehabilitation plans Land use/land cover Identify nearshore 

eutrophication areas 

Macroinvertebrate monitoring Effects of stamp sands 

The following Lake Superior CSMI projects were conducted under the purview of the Lake 

Superior CSMI field year 2016 (https://greatlakescsmi.org/publication/2016-csmi-results/): 

Aquatic Priorities 

• Phytoplankton community composition and structure

• Trends in zooplankton abundance, 2006, 2011, 2016 surveys. (U.S. EPA-MED)

• Status of the amphipod Diporeia spp. (U.S. EPA-MED)

• Status of the benthic macroinvertebrate community with primary focus on Diporeia spp.

(SUNY Buffalo State)

• Fish community assessment (U.S. Geological Survey)

• Lake Sturgeon index survey (U.S. Fish and Wildlife Service and Fisheries and Oceans

Canada)

Habitat Priorities 

• Extreme floods and implications for sediment transport. (U.S. Geological Survey)

• Assessing streamflow, water quality and streambed-sediment-chemistry conditions in

areas where minerals have and may be extracted. (U.S. Geological Survey)

Chemical Priorities 

• Eutrophication monitoring in Chequamegon Bay (U.S. EPA-MED)

• Developing new methods for targeted analysis and comprehensive screening for 
chemicals in Lake Trout to support the work of the Great Lakes Fish Monitoring and 
Surveillance Program.37 (U.S. EPA)

37 https://www.epa.gov/great-lakes-monitoring/great-lakes-fish-monitoring-and-surveillance 

https://greatlakescsmi.org/publication/2016-csmi-results/
https://www.epa.gov/great-lakes-monitoring/great-lakes-fish-monitoring-and-surveillance
https://www.epa.gov/great-lakes-monitoring/great-lakes-fish-monitoring-and-surveillance
https://www.epa.gov/great-lakes-monitoring/great-lakes-fish-monitoring-and-surveillance
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Appendix B: Workshop Agenda 
Lake Superior Cooperative Science and Monitoring Workshop 

July 10-11, 2019 
U.S. Environmental Protection Agency, Mid-Continent Ecology Division Laboratory 

6201 Congdon Blvd., Duluth, Minnesota 

Tel (audio): 202-991-0477, code 5990212# 

Webcast: https://epawebconferencing.acms.com/ls_csmi_2021/ 
---------------- 

Anticipated Workshop Outcomes 
● A better understanding of information gaps with regard to science and monitoring on Lake Superior

● Ideas and advice for future science and monitoring priorities for Lake Superior with an eye to the year of

intensive monitoring in 2021

● Enhanced opportunities for cooperating on lake-wide science and monitoring efforts

● Workshop summary document

Agenda 
Central Daylight Time 

July 10 
8:30 Registration Opens – coffee, tea 

9:30 – 10:00 Welcomes, Overview of Workshop 

● 9:30 Don Schreiner, Workshop Moderator, University of Minnesota Sea Grant Program

● 9:45 Dale Hoff, Director, US EPA-MED

● 9:50 Lizhu Wang, Secretary, Research Coordination Committee, International Joint Commission

10:00 – 11:55 Context and Current Knowledge 

● 10:00 Keynote – Committing to Lake Superior and Cooperative Stewardship –  Mic Isham,

Executive Administrator, Great Lakes Indian Fish and Wildlife Commission

● 10:30 About Lakewide Management and CSMI – Liz LaPlante, Lake Superior LAMP

Manager, US EPA-Great Lakes National Program Office

● 10:50 Break – beverages and snacks

● 11:05 Additional Priorities and Pre-workshop Input – Rob Hyde, Great Lakes Program

Officer, Environment and Climate Change Canada

● 11:25 Keynote – Lake Superior’s Science Future – Bob Sterner, Director, Large Lakes

Observatory, University of Minnesota Duluth

11:55 – 12:50 Lunch (provided) 

12:50 – A Few Words from Duluth Mayor Emily Larson 

1:00 – 4:15 Theme 1: Physical Integrity and Nutrients 

• 1:00 Keynote – Observations, Processes, and Uncertainty Regarding Climate Change on

Lake Superior – Brent Lofgren, Physical Scientist, National Oceanic and Atmospheric

Administration, Great Lakes Environmental Research Laboratory

● 1:30 Panel Discussion (5 min talks; Q&A)

The Case of Chequamegon Bay – Tom Hollenhorst, US EPA-MED 

Monitoring Lake Superior Tributaries – Faith Fitzpatrick, US Geological Survey 

The Dearth of Winter Monitoring – Jay Austin, Dept Physics and LLO, UMD 

Nearshore Nutrients – Michele Wheeler, Wisconsin Department of Natural Resources 

● 2:00 Facilitated Small Group Work – Next steps and synergies

https://epawebconferencing.acms.com/ls_csmi_2021/
http://www.seagrant.umn.edu/about/don
http://www.seagrant.umn.edu/about/don
https://www.ijc.org/en/user/lizhu-wang
https://docs.house.gov/meetings/AP/AP06/20180510/108265/HHRG-115-AP06-Bio-IshamM-20180510.pdf
http://www.sternerlab.com/
https://www.glerl.noaa.gov/about/pers/profiles/lofgren.html
https://www.usgs.gov/staff-profiles/faith-a-fitzpatrick?qt-staff_profile_science_products=0#qt-staff_profile_science_products
http://www.d.umn.edu/~jaustin/
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● 3:30 Break – beverages and snacks

● 3:45 Report Out and Discussion

4:15 Preview of day two 

4:30 Adjourn  

11 July 
8:00 Registration Opens – coffee, tea 

8:20 Reorientation and Review  

8:30 – 11:30 Theme 2: Biological Integrity 

● 8:30 Keynote – Observations about Lake Superior Fish Populations–  Tom Pratt, Research

Scientist, Fisheries and Oceans Canada

● 9:00 Panel Discussion (5 min talks; Q&A)

Lake Superior Food Webs – Tom Hrabik, Dept Biology, UMD 

Mapping Lake Superior’s Isoscape – Joel Hoffman, EPA-MED 

Trends in Pelagic Zooplankton – Matthew Pawlowski, Oak Ridge Institute for Science 

and Education, EPA-MED 

Trends in the Benthos – Lyubov Burlakova, Great Lakes Center, Buffalo State, Buffalo, 

NY (Remote presentation) 

● 9:30 Facilitated Small Group Work – Next steps and synergies

● 11:00 Break – beverages and snacks

● 11:10 Report Out and Discussion

11:30 Break to pick up working lunch (provided) 

11:45 – 3:00 Theme 3: Chemical Contaminants, Emerging Issues, New Opportunities 

● 11:45 Keynote – Observations about Contaminants in Lake Superior – Nancy Langston,

Distinguished Professor of Environmental History, Michigan Technological University

● 12:15 Panel Discussion (5 min talks; Q&A)

Mercury in Lake Superior Basin Fish – Sara Moses, Great Lakes Indian Fish and 

Wildlife Commission 
Using Isotopes to Understand Mercury Sources – Ryan Lepak, University of 

Wisconsin-Madison/EPA-MED   

Emerging Concerns and Solutions to Chemical Contamination – Lisa Sealock, 

Environment and Climate Change Canada (Remote presentation) 

Peninsula Harbour AOC Long-Term Monitoring – Tara George, Ontario Ministry of 

Environment Conservation and Parks (Remote presentation) 
Trends in Contaminants of Mutual Concern – Jesse Martus, Minnesota Pollution 

Control Agency 

The Biogeochemical Results of Extraordinary Events – Liz Minor, Dept Chemistry 

and LLO, UMD 

● 1:00 Facilitated Small Group Work – Next steps and synergies

● 2:30 Break – beverages and snacks

● 2:40 Report Out and Discussion

3:00 Synthesis and Wrap Up 

3:15 Adjourn 

https://ec.gc.ca/eblt-tlws/default.asp?lang=En&n=C69F50BF-1
https://scse.d.umn.edu/biology-department/faculty-staff/dr-thomas-hrabik
https://www.epa.gov/sciencematters/meet-epa-research-biologist-joel-hoffman-phd
https://experts.umn.edu/en/publications/changes-in-the-cladoceran-community-of-lake-superior-and-the-role
https://greatlakescenter.buffalostate.edu/faculty/lyubov-e-burlakova
http://www.sustaininglakesuperior.com/
https://www.researchgate.net/scientific-contributions/2074572605_Ryan_F_Lepak
https://www.linkedin.com/in/jesse-martus-71b83344
https://lizminorlab.weebly.com/
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Appendix C: Workshop Attendee List 

First Name Last Name Email Address Organization 

Amy Adrihan amy.adrihan@state.mn.us Minnesota Pollution Control Agency 

Derek Ager ager.derek@epa.gov U.S. EPA Mid-continent Ecology Division 

Ted Angradi Angradi.Theodore@epa.gov U.S. EPA Mid-continent Ecology Division 

Jay Austin jaustin@d.umn.edu UMD - Large Lakes Observatory 

Elizabeth Austin-Minor eminor@d.umn.edu UMD - Large Lakes Observatory 

Sean Backus Sean.Backus@canada.ca Environment and Climate Change Canada 

Dave Bolgrien Bolgrien.dave@Epa.gov U.S. EPA Mid-continent Ecology Division 

Valerie Brady vbrady@d.umn.edu UMD - Natural Resources Research Institute 

Andy Bramburger abrambur@d.umn.edu Research Associate, UMD 

Marissa Castro torre600@umn.edu UMD - Water Resources Science 

Esteban Chiriboga esteban@glifwc.org Great Lakes Indian Fish and Wildlife Commission 

Matthew Cooper mcooper@northland.edu Northland College 

Anne Cotter Cotter.Anne@epa.gov U.S. EPA Mid-continent Ecology Division 

John Downing downing@d.umn.edu Director, Minnesota Sea Grant 

Chris Filstrup filstrup@d.umn.edu Research Associate, UMD 

Faith Fitzpatrick fafitzpa@usgs.gov U.S. Geological Survey 

Cory Goldsworthy cory.goldsworthy@state.mn.us Minnesota Department of Natural Resources 

Erica Green gree2425@d.umn.edu UMD - Large Lakes Observatory 

Sophia Green sophia.green@wisc.edu Lake Superior National Estuarine Research Reserve 

Cherie Hagen Cherie.Hagen@wisconsin.gov Lake Superior Supervisor, WIDNR 

Cindy Hagley chagley@umn.edu Minnesota Sea Grant 

Ian Harding ian.harding@redcliff-nsn.gov Red Cliff Band of Lake Superior Chippewa 

Dale Hoff Hoff.dale@epa.gov U.S. EPA Mid-continent Ecology Division 

Joel Hoffman hoffman.joel@epa.gov U.S. EPA Mid-continent Ecology Division 

Tom Hollenhorst Hollenhorst.Tom@epamail.epa.gov U.S. EPA Mid-continent Ecology Division 

Thomas Hrabik thrabik@d.umn.edu UMD - Dept. of Biology 

Brian Huberty Brian_Huberty@fws.gov U.S. Fish and Wildlife Service 

Matt Hudson mhudson@northland.edu Northland College 

Rob Hyde rob.hyde@canada.ca Environment and Climate Change Canada 

Mic Isham micisham@glifwc.org Great Lakes Indian Fish and Wildlife Commission 

Doug Jensen djensen1@umn.edu Minnesota Sea Grant 

John Jereczek John.jereczek@state.mn.us Minnesota Department of Natural Resources 

Tyler Kaspar tkaspar@1854treatyauthority.org 1854 Treaty Authority 

mailto:downing@d.umn.edu
mailto:filstrup@d.umn.edu
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Brandon Krumwiede brandon.krumwiede@noaa.gov 
CSS-Inc (support for NOAA Office for Coastal 

Management and partners in the Great Lakes region) 

Brenda Lafrancois brenda_moraska_lafrancois@nps.gov U.S. National Park Service 

Nancy Langston nelangs3@mtu.edu 
Michigan Technological University - Great Lakes 

Research Center 

Elizabeth LaPlante Laplante.elizabeth@epa.gov U.S. EPA National Program Office, Region 5 

Emily Larson Duluth Mayor 

Ryan Lepak lepak.ryan@epa.gov U.S. EPA Mid-continent Ecology Division 

John Lindgren john.lindgren@state.mn.us Minnesota Department of Natural Resources 

Clint Little clinton.little@state.mn.us MN Coastal Program Specialist, DNR-Waters 

Brent Lofgren brent.lofgren@noaa.gov 
National Oceanic and Atmospheric Administration - 

Great Lakes Environmental Research Laboratory 

Aubrey 
Maccoux-

LeDuc 
amaccoux-leduc@baymills.org Bay Mills Indian Community 

Madeline Magee madeline.magee@wisconsin.gov Wisconsin Department of Natural Resources 

Amy Marcarelli amy.marcarelli@gmail.com 
Michigan Technological University - Great Lakes 

Research Center 

Keahna Margeson margeson.keahna@epa.gov U.S. EPA Mid-continent Ecology Division 

Jesse Martus jesse.martus@state.mn.us Minnesota Pollution Control Agency 

Ann 
McCammon 

Soltis 
amsoltis@glifwc.org Great Lakes Indian Fish and Wildlife Commission 

Cory McDonald cpmcdona@mtu.edu 

Michigan Technological University - Great Lakes 

Research Center 

Sharon Moen smoen@d.umn.edu Minnesota Sea Grant 

Sara Moses s.moses@glifwc.org Great Lakes Indian Fish and Wildlife Commission 

Kaela Natwora natwo001@umn.edu UMD - Large Lakes Observatory 

Annie Opseth opseth.anne@epa.gov U.S. EPA Mid-continent Ecology Division 

Matthew Pawlowski pawlowski.matthew@epa.gov U.S. EPA Mid-continent Ecology Division 

Kelly Pennington kelly.pennington@state.mn.us Minnesota Department of Natural Resources 

Thomas Pratt thomas.pratt@dfo-mpo.gc.ca Fisheries and Oceans Canada 

Euan Reavie ereavie@d.umn.edu UMD - Natural Resources Research Institute 

Kaitlin Reinl reinl003@d.umn.edu UMD - Water Resources Science 

Kirsten Rhude rhude018@umn.edu UMD - Large Lakes Observatory 

Mike Ripley mripley1@chippewaottawa.org Chippewa Ottawa Resource Authority 

Jesse Schomberg natwo001@umn.edu Minnesota Sea Grant 

Don Schreiner schr0941@d.umn.edu Minnesota Sea Grant 

Titus Seilheimer tseilheimer@aqua.wisc.edu Wisconsin Sea Grant 

mailto:margeson.keahna@epa.gov
mailto:amsoltis@glifwc.org
mailto:cpmcdona@mtu.edu
mailto:opseth.anne@epa.gov
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Cody Sheik cssheik@d.umn.edu UMD - Large Lakes Observatory 

Mike Sierszen mesierszen@gmail.com U.S. EPA Mid-continent Ecology Division (retired) 

Hilarie Sorensen hilarie.sorensen@ces.uwex.edu Lake Superior National Estuarine Research Reserve 

Jim Stark jim.stark@lcc.leg.mn 
Minnesota State Legislature - Legislative Water 

Commission 

Matt Steiger matthew.steiger@wisconsin.gov Wisconsin Department of Natural Resources, AOC 

Robert Sterner stern007@d.umn.edu UMD - Large Lakes Observatory 

Stephanie Swart swarts@michigan.gov Michigan Department of Natural Resources 

Matt TenEyck mteneyck@uwsuper.edu 
University of Wisconsin Superior - Lake Superior 

Research Institute 

Amy Thomas thomasa@battelle.org Battelle Memorial Institute 

Marie Thoms methoms@d.umn.edu Minnesota Sea Grant 

Marissa Torrez Castro torre600@umn.edu UMD - Water Resources Science 

Anett Tribitz Trebitz.Anett@epa.gov U.S. EPA Mid-continent Ecology Division 

Julie Van Stappen jvanstappen@nps.gov U.S. National Park Service 

David VanderMeulen david_vandermeulen@nps.gov US National Park Service 

Lizhu Wang wangl@windsor.ijc.org International Joint Commission 

Michele Wheeler michele.wheeler@wisconsin.gov Wisconsin Department of Natural Resources 

Dawn White dwhite@glifwc.org Great Lakes Indian Fish and Wildlife Commission 

Molly Wick wick.molly@epa.gov U.S. EPA Mid-continent Ecology Division 

Dustin Woodruff woodruff.dustin@epa.gov U.S. EPA Mid-continent Ecology Division 

REMOTE 

Lyubov Burlakova burlakle@buffalostate.edu Buffalo State College 

Karen Evens karen.evens@state.mn.us Minnesota Pollution Control Agency 

Tara George tara.george@ontario.ca
Ontario Ministry of Environment Conservation and 

Parks 

Jim Hurley hurley@aqua.wisc.edu Wisconsin Sea Grant 

Jon Launspach Launspach.Jon@epa.gov U.S. EPA Office of Research and Development 

Knut Mehler mehlerk@buffalostate.edu SUNY Buffalo State University 

Katie Rousseau katie@glos.us Great Lakes Observing System 

Lisa Sealock lisa.sealock@canada.ca Environment and Climate Change Canada 

Noel Urban nurban@mtu.edu 
Michigan Technological University - Great Lakes 

Research Center 

Online 4 participants unknown unknown 

mailto:matthew.steiger@wisconsin.gov
mailto:wick.molly@epa.gov
mailto:woodruff.dustin@epa.gov
mailto:tara.george@ontario.ca
mailto:hurley@aqua.wisc.edu
mailto:mehlerk@buffalostate.edu
mailto:katie@glos.us
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Appendix D: Pre-workshop Request for Advice 

Before the workshop, the planning committee sent out a call for advice through the Great Lakes 

Information Network and an email list that included Great Lakes professionals representing 

government agencies, academia, industry and non-governmental organizations. The request was 

also available online through the website: https://greatlakescsmi.org/ 

--------------------------------------------------------------------------------------------------------------- 

Lake Superior Science and Monitoring Priorities 

The Lake Superior Partnership, co-chaired by U.S. Environmental Protection Agency and 

Environment and Climate Change Canada, is collecting information to help define a list of 

lakewide science and monitoring priorities and to inspire discussions at the Lake Superior 

Coordinated Science and Monitoring Workshop on July 10-11, 2019, in Duluth, Minn. An 

updated list of Lake Superior science and monitoring priorities will be submitted to science leads 

under the Canada – United States Great Lakes Water Quality Agreement by December 30, 2019. 

For more information, contact: Rob Hyde, ECCC, rob.hyde@canada.ca. 

Your responses to the following questions will help to inform international research focused on 

Lake Superior:  

1. What science and monitoring priority from the 14 listed, in your opinion, remains of highest

importance? (chosen from list)* 

2. What science and monitoring priority from the 14 listed, in your opinion, is now of lowest

importance? (chosen from list)* 

3. What new questions or issues do you think should be addressed through future science and

monitoring in and around Lake Superior? (written answer) 

4. What is the most important management question(s) that could be answered through future

science and monitoring? (written answer) 

5. How could your organization cooperate with in the 2021 Lake Superior year of intensive

monitoring (e.g. planning, fieldwork, research)? Include a contact person if appropriate. (written 

answer) 

6. Do you have comments or questions you would like the Lake Superior Partnership to

consider? (written answer) 

7. If you would like the results of this survey or to know more about Lake Superior research and

monitoring priority setting, please submit your name and email address. (written answer) 

*List of Science and Monitoring Priorities Identified through the Lake Superior

Partnership in 2014 
1. Monitoring the lower-trophic food-web and energy transfer. Is the lower food web stable and healthy?

How can we improve the ecological models to better integrate across multiple trophic levels?

2. Lake Sturgeon index survey. Is progress being made in the rehabilitation of lake sturgeon in Lake

Superior?

3. Aquatic invasive species early detection monitoring effort. Have new AIS been found? What is the

status of established AIS?

https://greatlakescsmi.org/
mailto:rob.hyde@canada.ca
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4. Fish rehabilitation plans. Several rehabilitation plans exist for Lake Superior fish; is adequate

progress being made?

5. Concentrations and cycling of Zero Discharge Demonstration Program chemicals in the Lake

Superior basin: Mercury, PCBs, Dioxin, Toxaphene, Chlordane, Dieldrin, DDT, OCS, HCB. What do

we know about the concentrations and cycling of these chemicals in Lake Superior? What can

watershed/land managers do to reduce chemical cycling? What are the effects of climate change on

concentrations and cycling?

6. Chemicals of emerging concern – toxicity, persistence and bioaccumulative properties. Preference to

all candidate chemical of mutual concern under GLWQA. What chemicals of emerging concern are

of management concern, based on concentrations, future use projections, and toxicity properties?

7. Mercury trends in Lake Superior fish. Why do data show a decrease/increase/decrease in Lake

Superior fish? If so, what is causing the vacillation?

8. Nearshore areas susceptible to eutrophication based on loadings, climate changes, lake currents and

hydrodynamics. What locations are most susceptible to eutrophication? What are the top

sources/locations of nutrient delivery in those areas? Ascertain whether TP and N are increasing and

if so, from where?

9. Effects of stamp sands. Follow-up on studies that are finding elevated levels of mercury and copper.

What is impact of the stamp sands on Lake Superior’s water quality and ecosystem health?

10. Identify and rank vulnerability of the cold-water tributaries to Lake Superior to various stressors,

including climate change. How do we better manage Lake Superior’s unique network of cold-water

streams (and related species) in response to climate change and other stressors?

11. Baseline water quality monitoring. What is baseline for assessing environmental impacts of future

environmental threats?

12. Identify species of conservation concern. What are the top species of biodiversity conservation

concern and their important habitat areas? What species are at range limits in the Lake Superior

ecosystem and hence potentially sensitive to climate change?

13. Land use and cover. What is the extent and location of wetlands, farmlands, forest, development, and

other features of the Lake Superior watershed landscape? How has land use and land cover in the

Lake Superior watershed changed over time? Are the changes resulting in adverse impacts or

additional risk to Lake Superior?

14. Lakewide macroinvertebrates monitoring to assess threats, stressors, success of restoration and

protection investments. Would it be worthwhile to pursue consistent and comparable binational

lakewide network of macroinvertebrate monitoring to inform and direct LAMP implementation?

What macroinvertebrate monitoring is already happening around Lake Superior? What techniques are

being used?

Great Lakes Water Quality Agreement References 

Lakewide Management Annex 2.3: 

“identify research, monitoring and other science priorities for the assessment of current and 

future potential threats to water quality, and for the identification of priorities to support 

management actions.” 

Science Annex 10.E: 

“In addition to ongoing science and monitoring activities that are routinely carried out by the 

Parties and other government and non-government entities, the Parties shall implement a 

cooperative science and monitoring initiative for each of the Great lakes on a five-year rotational 

basis. The Parties shall focus monitoring activities on the science priorities identified through the 

Lakewide Management Progress. The Parties will coordinate these activities across government 

and non-government organizations.” 
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Appendix E: Worksheet for Breakout Groups 
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Appendix F: Feedback About the Workshop 

Do you feel the workshop met its goal of producing a better understanding of information 

gaps with regard to science and monitoring on Lake Superior? n=22 

Do you feel the workshop met its goal of generating ideas and advice for future science and 

monitoring priorities for Lake Superior? n=22 

Do you feel the workshop met its goal of enhancing opportunities for cooperating on lake-

wide science and monitoring efforts? n=22 
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Was there enough time for discussion? n=22 

What did you like most about the workshop? 

Great participation, range of topics discussed 

The panels and breakout groups worked well together 

The structure of the agenda, it flowed well. 

I liked the active format, the ability for everyone to give feedback individually and in small groups, and 

the active engagement - I never got bored! 

Learning about the data gaps; networking with all the other researchers 

The breakout sessions were well organized and productive 

interaction 

Positive energy and talk/panel followed by small groups 

I liked the intended structure of the breakout sessions. 

Good mix of longer context talks, lightning talks, and discussion 

Good to see and interact with many folks I had not seen for a while.  Format was also good. 

over all it was one of the better workshops I have been to lately.  Great interactions in the other 

disciplines I do not get much time to interact with. The GLIFWC opening speech really set the stage 

for how the group should work into the future...think bigger, integrated as one big system. 

I appreciated the break-out sessions. 

The individual contributors to panels were great.  There just was not enough time for them or the 

audience to ask questions or have dialog immediately following the presentations. 

The opportunities to have so many of the Lake Superior researchers in the same room. 

Break-outs for prioritization 

discussion from many points of view. 
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A chance to talk and collaborate with professionals with a Lake Superior Focus 

Excellent presentations followed by focused discussion time 

Having so many of the players in the room at the same time. 

What would you change about the workshop to help it better meet its goals? 

Small group work was well facilitated. By starting with a list of project ideas and issues in each group, 

we may have unintentionally put bounds on developing science needs. 

Review whether the previous CSMI met its goal, and discuss why or why not 

The CSMI program explanation was insufficient and too fuzzy for the uninitiated (of which there were 

many).  I think not explaining the program fully allowed too much discussion of questions/needs that 

seem to be very out of scope of the effort. 

The packed schedule and working lunch on Day 2 made for an intense day and I think the 

feedback/ideas for the 3rd theme were a little half-baked given all of our mental states by that point. 

I might have missed it, but an open discussion of how collaboration would work and how money could 

be found for collaboration would be helpful. 

Discussion in the breakout sessions was influenced by the topics that people gave talks on. Not sure 

how to get around that since it's nice to have a mix of talks and breakout sessions, and it wouldn't be 

feasible to have talks on every relevant topic. 

Prioritization exercise was more about popularity of an idea not the scientific merits 

Clearer procedure for report outs that engendered more synthesis and discussion. 

There was a mix of managers and researchers in the room, which was good, but there was a clear 

disparity in understanding of the CSMI process and in understanding of what the goals of the CSMIs 

are. My understanding is that the CSMIs and process are set up to answer science questions and collect 

data that informs management of the lake. Researchers in the room very clearly view the CSMI as a 

way to get money for projects of their own interest. In the first breakout session, my group had a hard 

time understanding that "management priorities" and "research questions" are not the same thing. I 

think more information and clarity on that in the beginning would have really helped the process. Lots 

of ideas were suggested that are very interesting research project ideas, but there wasn't a clear 

connection to the management needs of answers to those questions. 

Timing might be an issue because some people couldn't attend during the field season. The most 

represented group was likely people from the Duluth area (NRRI, EPA, etc), so some of the "priority 

areas" might have been skewed by who was there. 

Showing the LAMP priorities from previous CSMI efforts (not just previous workshop results) would 

give participants a broader sense of CSMI goals. 

Devote about a half hour at the end to summarize broad areas of interest and focus and have final 

discussions and comments on them 

Somehow try and 'weight' the different impacts on the Great Lakes system vs having people vote.  

Those known programs always get the votes whereas the unknown programs which may have more 

importance, get ignored yet they may have the most significance. 

Focus on the big picture not the details of how the projects would be implemented. There seemed to be 

a lack of understanding, even after presentations that we were just looking for ideas, not detailed 

project proposals and everything but the kitchen sink. 
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It remains very much a black box how the large list of priorities is winnowed to the final action plan 

and how people are selected to participate in/contribute to that effort.  What can be done about that?  

Explaining past practices more clearly as well as going back to workshop participants with updates as 

the plan progresses. 

Not sure yet, always room for improvement, but I felt overall it was done well. 

Additional discussion on ways to "make it happen" (funding, etc.) 

More participant driven, less listening to speakers. 

Do you have other comments about the workshop or ideas you have had about Lake 

Superior science and monitoring since the workshop? If so, please share them here. 

Overall a great meeting! 

We missed colleagues from Ontario 

I think the point raised at the end about not letting the nearshore vs. offshore sampling piece get lost 

because of the size of the Lake Guardian is very important.  Consideration should be given to partners 

around the basin who operate smaller boats who could partner for simultaneous nearshore collection 

points during the Lake Guardian sampling.  Also need to be careful to consider where we are using 

evidence to plan sampling priorities based on prior whole-lake sampling (e.g., prior year LAMP 

sampling) vs. that based on subbasins. At several points in conversations I heard individuals identify a 

process as "known" or "well-studied" - when in fact it was well studied in the western basin only, and 

could be quite different in other regions of the lake due to changes in geology, historical impacts, 

coastal currents, etc. 

Some monitoring takes place by select organizations every year. So were we supposed to just set that 

aside when brainstorming priorities, or take that into account? It was never really clear to me. 

raw responses are as valuable as the prioritized need to be reviewed by experts 

There need to be additional opportunities to reach other parts of the lake to see what the priorities might 

be there. What are other researchers working on (e.g., Lakehead or Lake Superior State)? 

thx for great lunches...the location was perfect although a field trip across Hwy 61 to the shore of Lake 

Superior would have been nice! 

For people attending remotely, it was next to impossible to ask questions or contribute in any 

meaningful way.  As long as that is clear before the meeting, people can plan accordingly. 

In some sense, some of the conclusions from the breakout sessions were sort of predictable- i.e. we 

spent a huge amount of time discussing the fact that people were interested in nutrients- imagine! And 

now CSMI will sample nutrients, which they were going to do otherwise. I would like to see some 

discussion about whether/how CSMI is going to engage academic scientists. 
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