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Executive Summary 

A CIGLR-funded summit was held on June 23, 2022 to discuss the potential development and 
implementation of a Great Lakes Integrated Mesocosm Research (GLIMR) network.  The purpose of 
this network is to identify opportunities to advance Great Lakes and aquatic science through 
coordinated experiments leveraging geographic variation in communities, habitats, and abiotic 
conditions around the basin. Participants included individuals who currently use or operate 
mesocosms throughout the Great Lakes basin. Summit participants described their mesocosm 
facilities; the advantages and disadvantages of various mesocosm designs and components were 
discussed. This resulted in shorter-term and longer-term strategies for moving GLIMR forward. The 
shorter-term approach is to conduct a manipulative, nutrient amendment experiment using each of 
our current mesocosm facilities, to assess the influence of their type and design on ecosystem 
response variables, measured using standardized methods. The longer-term approach is to build a 
network of mesocosm facilities with identical designs to allow for coordinated experiments 
determining differences in ecological responses across the Great Lakes basin.  
 
 
Specific experiments were identified that are relevant, tractable, and amenable to mesocosm studies, 
and which can serve as the basis for future proposals. The summit participants chose not to identify a 
governance structure for GLIMR at this time.  Next steps for the group include examining best 
practices for governance structure from similarly coordinated networks and exploring funding 
opportunities both to conduct the shorter-term experiment (mesocosm effects) and to support 
future planning initiatives.   
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1. Introduction  

The environmental challenges facing the Great Lakes Basin (GLB) are well-documented and vary both 
longitudinally and latitudinally (Allan et al. 2013).  Hence, addressing these challenges across the 
entire GLB requires a coordinated and unified research agenda, and one which capitalizes on this 
spatial variability (Sterner et al. 2017). Multiple approaches can be adopted as part of this research 
agenda, including modeling, remote sensing, and large-scale experimental manipulations, and each 
has its own advantages and limitations. Another approach that has not previously been employed is 
the coordinated and standardized use of mesocosm facilities across the GLB.  

Mesocosms are excellent vehicles to simulate a wide range of environmental conditions in controlled 
and replicated experimental units; in so doing, they facilitate the comprehensive assessment of 
ecosystem processes and allow for testing of mechanisms driving ecological structure and function. 
Hence, they are very useful for testing hypotheses and gaining a mechanistic understanding of how 
systems operate. In addition, studies have shown that mesocosm-based results can be extrapolated 
to natural ecosystems (Ives et al., 1996; Smith et al., 2005; Spivak et al. 2011). Mesocosms are 
increasingly used to test predictions from ecological or biogeochemical models (Graney et al. 1994; 
Strauss et al. 2017), and we see the potential for this application in the Great Lakes, as well. But like 
all experimental approaches, they have limitations. First, they represent a simplification of natural 
systems, with limited relevance to the way that nature operates (Carpenter 1996; Haag and 
Matschonet 2001). Second, their relatively small volume (liters to a few cubic meters) limits the types 
of experiments that can be conducted.   

Numerous institutions have mesocosm or mesocosm-type facilities around the GLB, but the 
experiments being conducted at these facilities are not currently coordinated.  This summit brought 
together representatives from organizations that currently have mesocosm facilities, as well as other 
individuals interested in either obtaining them or being involved in coordinated experiments across 
the basin (Fig. 1).  The overarching goal of the summit was to develop a coordinated approach in the 
use of these mesocosms. To reach that goal, we had several objectives: 1) develop an organizational 
structure regarding the operation and governance of this network of mesocosm facilities Great Lakes 
Integrated Mesocosm Research (GLIMR) network; 2) identify and prioritize experiments to be 
conducted across this network; and 3) identify funding sources that first will allow us to conduct an 
initial set of experiments, and ultimately, develop a consistent array of mesocosms throughout the 
GLB that are all of similar construction and instrumentation to optimize the utility of our research 
findings.  
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Fig. 1. Select locations of potential participants with mesocosm facilities around the Great Lakes Basin.  

Our summit was designed to facilitate discussions among the participants to target the experiments 
and areas of research that 1) are of greatest interest; 2) have basin-wide significance, and 3) are best 
accommodated through mesocosms (i.e., are “mesocosm friendly”).  Conceptually, the outcomes of 
these types of experiments can address information gaps in our understanding of Great Lakes ecology 
(Sterner et al. 2017) or be linked to ecosystem services and/or functions (Steinman et al. 2017; 
Sterner et al. 2020). Other possibilities include transplant designs (i.e., moving source water from one 
mesocosm facility to different ones) and portable mesocosm laboratories (see Appendix A).  

The strength of a GLB-wide mesocosm approach is that experiments can be conducted using the 
same design, instrumentation and analytical procedures, as well as at the same time, but in different 
areas of the Great Lakes. Hence, they can be used to determine the degree to which different regions 
of the Great Lakes respond similarly to applied or natural stressors.  

2. Summit Description and Methodology 

The summit was funded in 2022 by the Cooperative Institute for Great Lakes Research (CIGLR), one of 
the NOAA-sponsored Cooperative Institutes throughout the USA. A 7-person steering committee 
developed the format and overall approach for the summit. The invited participants were selected 
based on either prior interest in the topic at a CIGLR All-Partners Meeting or knowledge that they 
worked on mesocosms in their home institutions. We attempted to cover as large a geographic 
extent of the GLB as possible. Numerous invitees could not attend due to prior commitments or 
health issues, but they all expressed an interest in being kept informed and involved in next steps. 

The in-person summit (no virtual option) was held on June 23, 2022 on the campus of the University 
of Michigan. We had a 1-hr virtual meeting several weeks prior to the summit to provide an overview 
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of expectations and also provide template slides. Participants used these templates to describe their 
mesocosm facilities in a consistent format (Appendix A).  

The summit (Appendix B) included a brief overview of CIGLR by Casey Godwin (UM), filling in for 
CIGLR Director Greg Dick who was out of town. This was followed by an overview of the summit 
format and expectations by Al Steinman (GVSU). Summit participants then took turns giving brief 
overviews of their mesocosm facilities (Appendix A), based on the template introduced at the prior 
virtual meeting. After each presentation, there were questions from the summit attendees regarding 
the capabilities of the facility. Following the presentations, there was a group discussion regarding 
mesocosm design in general and how to proceed in terms of next steps. There was general 
agreement that a two-phased approach made sense, with the first, near-term phase focused on using 
our current facilities to address one pressing scientific question and a second, longer-term phase, that 
would include proposal writing to seek funding for a coordinated network of mesocosm facilities of 
similar design and instrumentation. After lunch, we divided into two breakout groups to identify the 
key scientific questions we feel are best addressed through our mesocosm facilities. A final session 
discussed governance issues and next steps.  

3. Findings 

3a. Descriptions of Current Mesocosms Facilities Around the Great Lakes Basin 

Summit participants presented slides on their mesocosm facilities, which allowed everyone to see the 
diversity of mesocosms currently in use, as well as ask questions from each presenter. This part 
highlighted some of the key design considerations for mesocosms, notably: temperature regulation in 
outdoor systems; tradeoffs between water treatment required for vertebrates (i.e., fishes) versus 
maintaining intact invertebrate (e.g., plankton) communities; recirculating (closed) versus flow-
through designs; source water(s) including depth of intake; and minimum replication needed to 
support common experimental designs.  The slides are available both as Appendix A and 
electronically:  

https://drive.google.com/drive/folders/1IzcmU7XgksvDHVLUtw3WbTXSBpMrhOMR?usp=sharing 

 

3b. Initial Considerations of Experimental Approaches 

Based on discussions following the slide presentations, summit participants discussed two 
approaches for future experiments: 

Proposal Idea/Theme 1: “Mesocosm-Effects Experiment” 

This approach takes advantage of the current diversity of mesocosm designs across the GLB to 
address a single research question. In this case, there was general agreement that the most tractable 
research question would be to determine the influence of nutrient concentration on ecosystem 
structure and function. In the interest of time, we did not discuss the explicit experimental design 
(e.g., specific nutrients and concentrations to be used).  Rather, we explored the scientific value 
associated with using the diversity of mesocosm types available throughout the region.  

https://drive.google.com/drive/folders/1IzcmU7XgksvDHVLUtw3WbTXSBpMrhOMR?usp=sharing
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By maintaining the same experimental factors and levels across all mesocosm facilities, regardless of 
the mesocosm configuration and specifications, we will be able to determine if the mesocosm design 
itself (see components below) impacts the effect of nutrient stressors across the GLB. In addition, we 
discussed using two different types of source water as separate treatments for the nutrient study: the 
local source water and a common source water (e.g., a defined medium or artificial lake water), to 
examine the relative influence of local ecological setting (with water source serving as a proxy) vs. 
mesocosm design.    

Proposal Idea/Theme 2: “Consistent Design Across Locations” 

This approach involves an array of mesocosms with the same exact design deployed across the GLB.  
Although this would require a large infrastructure-type grant, it would make comparisons across 
locations more straightforward and allow us to differentiate the role of local environmental drivers 
vs. basin-wide drivers affecting ecosystem structure and function. A number of experimental 
questions were proposed for this (summarized below), but some immediate considerations emerged 
from our discussion: 

● Indoor vs. Outdoor: Upscaling from indoor to outdoor systems introduces potential concerns, 
including the difficulty in maintaining desired temperatures due to heat loss (air) and heat 
gain (solar); volume of source water; maintaining similar levels of community complexity; and 
increased vulnerability to invasions (cf. Vijayaraj et al. 2022). All these issues are potentially 
resolvable but involve increased costs and complexity. 

● Number of Experimental Treatment Levels:  The group acknowledged the trade-off between 
ideal number of experimental treatment levels vs. cost vs. replication at each level. For an 
experiment involving nutrients, for example, a minimum of 4 treatment levels was desirable 
to understand potential mechanisms but project cost grows quickly with recirculated water 
systems that require filtration or other disinfection treatment to maintain animal health or 
biosecurity (e.g., for aquaculture). Ideally, we’d design a system with the greatest flexibility, 
such as one where each tank has a separate, dedicated intake system (i.e., requiring stand-
alone heating/cooling/recirculating/disinfection). However, escalating costs and space needs 
may render this approach unfeasible.  

● Number of Experimental Units (tanks, streams, etc.) per Site: Summit participants seemed to 
agree that 15 units would be a reasonable minimum number. The final number will be 
influenced by statistical power to assess experimental treatment differences, and the need for 
replacement units if something goes awry.   

● Volume: Most of the experimental tanks currently in use by summit participants contained 
300 – 1000 L, though some were larger (2000L at OSU’s Stone Lab), and it was recognized that 
larger (2000L+) systems also may be required for studies involving some species of adult fish.  

● Shape: Most of the experimental tanks presented were round or circular, which avoids the 
heterogeneity, difficulties in cleaning, and undesirability for many active fish species (e.g., 
salmonids) associated with corners.  
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● Instrumentation: Some level of instrumentation would be required both for data acquisition 
and for system control; however, the specific level was left unresolved by the group.  

 
Several other important mesocosm-related issues arose during our conversation that deserve 
mention.  The first was the flexibility provided by mobile mesocosm platforms. Because these 
trailered systems are mobile, they can be deployed throughout the GLB and use whatever local water 
sources are available. They are relatively low cost to purchase and operate (except for fuel). However, 
they have limitations for both the size and quantity of the mesocosms that can be applied. A 
combination of fixed and mobile platforms may be a powerful approach. The second issue is 
biosecurity. This is particularly critical for aquaculture; UV light or ozone are commonly used to 
prevent pathogen growth when rearing fish, but such treatments may have undesirable effects on 
other trophic levels. Similarly, some facilities have been set up specifically for use with invasive 
species (or potential invaders) and this typically requires the ability to disinfect or sterilize 
wastewater.  

 
3c. Science Questions to Pursue in Proposals 

The summit participants developed a series of science questions amenable for mesocosms that would 
be of interest throughout the GLB, which we discussed and prioritized based on relevance, 
tractability, and interest. We list those below, in no particular order and some of which have clear 
overlap, which received the most positive responses from the participants.  

• Climate Change: How do extreme temperatures influence ecosystem structure and function? 
Mesocosms are well-suited for manipulating the physical and chemical environment. The 
focus here would be the effect of extreme temperature increases, as well as changes in 
alkalinity and CO2 regimes, to predict system changes to a variable future climate.  

• HAB and Nuisance Algae: What triggers cyanobacterial dominance in summer and, separately, 
what triggers a bloom to be toxic? This question would benefit from different HAB organisms 
around the lakes, both in high nutrient places and typically low-nutrient places.   

• Winter Warm Up Simulation: With changing climates, we are observing very fast transitions in 
the Great Lakes. In this experiment, we would examine the effect of an expedited 
temperature change; instead of a typical scenario when a springtime water temperature 
increase of 10 °C may take 6-8 weeks, we would accelerate this change to occur in days, and 
assess this effect on system behavior.  

• Invasion Success Experiments: What causes an invasion to succeed when a ship enters a port 
and empties its ballast? Current research in Duluth is addressing this problem but replicating 
that work with different source water communities and characteristics would be useful to 
predict where invaders may appear next.  

• Larval Growth and Survival of Coregonids: What are the intrinsic and extrinsic factors that 
determine larval growth and survival of this economically and culturally important group of 
fishes around the GLB? This experiment would use larvae from different areas to get at and 
separate effects of prey type, temperature, light, etc.  



9 
 

3d. Governance, Funding, and Next Steps 

The penultimate group discussion focused on a possible governance structure for GLIMR and funding 
opportunities to initiate experiments.  There was no consensus on a governance structure but 
recommendations were made to look at other similar networks (e.g., NutNet; Great Lakes CWC; 
Aquacosm: https://www.aquacosm.eu/) for best practices.   

The funding discussion was more robust than governance, and several suggestions were offered: 

● Great Lakes-wide foundations (e.g., Mott, Joyce) to support the ‘Mesocosm Effect” effort. 
● The NSF-Research Coordination Network following the ‘Mesocosm Effect’ effort to build the 

network, strategize over governance, and identify future funding. The RCN does not cover 
collection of new data, only analysis of existing data and planning. 

● A Great Lakes-specific proposal could go to GLRI if linked to the Focus Areas and LAMPs 
● Fee structure for use of shared mesocosms facilities. This has been done differently across 

facilities run by participants and ranges from covering electrical consumption to assigning 
effort to support staff.  

 

4. Summary  

Mesocosms provide an attractive vehicle to better understand mechanisms and processes. They are 
tractable, replicable, and allow for easy manipulation of environmental factors.  A CIGLR-funded 
summit was convened to assess the feasibility of developing a Great Lakes Integrated Mesocosm 
Research (GLIMR) network.  The summit participants described their own mesocosm systems; it was 
clear that a very diverse set of mesocosm systems exist throughout the Great Lakes basin, with their 
designs often driven by specific research foci.  

Group discussions resulted in two complementary, and sequenced, paths forward. The first path 
involves taking advantage of the diverse mesocosm systems by coordinating a controlled experiment 
in all mesocosms to determine how mesocosm type influences the same response variable. Because 
this path requires no new infrastructure, it can be implemented once funding is secured. The second 
path requires the construction of a new network of similarly designed mesocosms, so a coordinated 
network would be deployed across the Great Lakes.  This path will require substantial funding and 
planning, and would be a longer-term initiative to develop a research infrastructure network.  

The group identified a series of experiments that are relevant, tractable, and amenable to a 
mesocosm approach. It is possible these experiments could be conducted currently among a subset 
of existing mesocosm arrays, while ultimately they could serve as an important component of future 
proposals. There was no consensus on a governance structure for GLIMR, although all the 
participants are willing and interested in continuing this initiative. Next steps will include fact-finding 
regarding both plausible governance structures and funding sources for proposal submission.  

  

5. Acknowledgments 

https://www.aquacosm.eu/
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Appendix A. Slides of mesocosm facilities that were shown at the Summit.  
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Appendix B. Agenda of Summit.  

Coordinated Experiments Across the Great Lakes Basin: 
Great Lakes Integrated Mesocosm Research (GLIMR) 

 June 22-23; Ann Arbor, MI 
 

AGENDA  
 

June 22nd, 2022 

Morning/afternoon Travel to Ann Arbor 

Early evening  Group dinner and social at the Earle 

June 23rd, 2022 

8:30 – 9:00 am  Gather at Dana Building. A light breakfast will be provided. 

9:00 – 9:15 am  Welcome by Greg Dick, CIGLR Director or representative 

9:15 – 9:30 am  Summit overview and goals, Steinman 

9:30 – 10:30 am  Two-slide presentations by summit attendees with mesocosm facilities  

10:30—10:45 am Refreshment break 

10:45 – 12:00 pm Group discussion on coordination, governance, and next steps (proposals) 

12:00 – 1:00 pm Lunch break [Dana Building] 

1:00 – 3:00 pm  Break outs into 2-3 working groups to discuss specifics on experiments 

3:00 – 3:15   Break 

3:15 – 4:00 pm  Report out from working groups 

4:00 – 5:00 pm   General discussion on day’s effort and reach consensus on next steps 

5:00 pm  Adjourn 

6:00 pm Group dinner [location TBD]. Meet in hotel lobby at 6:30 to walk to restaurant. 

June 24th, 2022 

Departure home 
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