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Preface

In 2004, President Bush issued an Executive Order to establish a Great Lakes interagency task force headed by the U.S. EPA Administrator to promote a regional collaboration of national significance for the Great Lakes.  In December of 2004, then-EPA Administrator Michael Leavitt organized a regional conference involving federal agencies, congressional leaders, Great Lakes governors and mayors, regional business interests, state agencies and environmental and conservations organizations to launch a 12 month collaborative effort – the Great Lakes Regional Collaborative – to prepare a consensus strategy for Great Lakes protection and restoration.

Fortuitously, the conservation and environmental organizations had recently been provided significant scientific and policy resources to contribute to that effort. In May of 2004, a two-day Great Lakes working conference, Healing Our Waters, An Agenda for Great Lakes Restoration, was held in Grand Rapids Michigan sponsored by the Wege Foundation, the Frey Foundation, the Charles Steward Mott Foundation and the Beldon Fund.  The conference’s 75 invited scientists, academicians and leaders of environmental organizations were assembled to develop recommendations for actions needed to protect and restore the Great Lakes.  While the conference resulted in a series of consensus recommendations for restoration of water quality, prevention and control of invasive species, and clean-up of toxic pollutants, the assembled group recognized the need to proceed to the next step – implementation of the recommendations through the development of a widely endorsed Great Lakes strategy.

Following the Healing Our Waters Conference and with the generous support of Peter Wege, the Wege Foundation, and the Joyce Foundation, a coalition of state, regional and national conservation and environmental organizations emerged to develop and implement a strategy to obtain support from Congress and the President for a major new federal initiative to protect and restore the Great Lakes. One of the first tasks in building the coalition was to form a technical advisory committee of highly regarded Great Lakes scientists and experienced environmental policy experts to help guide the process of developing a Great Lakes strategy that incorporated both sound scientific principles and a practical policy foundation.  

 Most of the environmental and conservation organizations and the scientific experts they assembled began participating in the Issue Area Strategy Teams established under the Great Lakes Regional Collaborative.  Significant progress is being made by those teams. However, a common concern by many of the stakeholders is how the separate Strategy Team recommendations will be integrated after they are completed, whether such integration is even possible, and how valuable it would be without an overall context or framework.

To resolve those concerns, the conservation and environmental coalition asked members of its technical advisory committee and other scientists to identify an ecological context that would provide guidance on how the substantial work of the Great Lakes Regional Collaboration could be put into an overall framework that would help target new resources where they could most effectively restore essential elements of the Great Lakes ecosystem.  The following Prescription for the Great Lakes is the working product of that convening of scientific advisors.

The attached paper should be considered a working paper that will continue to undergo revisions.  It was described by one of the contributing scientist as a “heuristic schema” or conceptual framework. This model is a working inference gleaned from a shared understanding of these scientists, several of whom have worked on the Great Lakes over the last fifty years.  While it does not answer all the questions one could raise concerning the Great Lakes ecosystem, it does provide a basis for teasing out and untangling the complex interrelationships that are helpful in understanding ecosystem responses to stress and how one might develop the most effective strategies to protect and restore critical elements. 

We appreciate the willingness of the following named members of the technical advisory committee to allow us to transmit their collective working paper, Prescription for Protection and Restoration of the Great Lakes, to the Great Lakes Regional Collaborative for their consideration and use while the ecological concepts outlined continue to undergo further refinement.  Attached to the report is a partial list of technical references that may be helpful in further understanding the ecological concepts upon which this working paper has been developed.

We emphasize that this paper is very much a work in progress, and is not meant for publication or dissemination to the general public. We anticipate that a more refined and public version will become available in the new few weeks.

Andy Buchsbaum

Director, Great Lakes Natural Resource Center 

National Wildlife Federation
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Prescription for Great Lakes Protection and Restoration
Overview

There is wide agreement that the Great Lakes are under extreme stress, that changes have already occurred, and that those predicted for the future are unacceptable. While there is general acceptance of the notion that a piecemeal approach will not result in significant restoration of the lakes, policymakers and stakeholders are struggling with the question of how to systematically construct and implement a strategy that will protect and restore the this unique freshwater ecosystem and its associated human values. 

New sources of stress have emerged and in combination with the residual from older sources have resulted in new symptoms, or in some cases a return to the adverse conditions once thought to have been permanently remediated.  It now appears that the Great Lakes’ ecological response to the human sources of stress is resulting in what might be termed adaptive pathological syndrome leading to ecosystem meltdown in the most affected areas of the basin.  As the term meltdown implies, the synergistic feedback involving multiple sources of stress have triggered a chain reaction process of degradation.

The cause of the increasingly evident ecosystem meltdown is, essentially, the severe damage that has been done to the Great Lakes’ immune system: the coastal wetlands and healthy tributaries that historically have buffered the Great Lakes from extreme insults. In the past, healthy near-shore ecosystems dampened the impact of most stressors (an invasive species, an oil spill, etc.). But over time, the near-shore communities have become over-stressed from a variety of sources, and many have disappeared or become so unhealthy that they no longer serve their buffering capacity. As a result, much of the lakes’ food and energy has moved to the open waters of the lakes, where they are more vulnerable to stressors, such as nonpoint pollution, toxics, invasive species, and others.

This diagnosis suggests that it is possible to address many stressors at the same time and reverse the ecosystem meltdown trend by (a) restoring the Great Lakes’ immune system; and (b) reducing the number of new insults that occur. Restoring the immune system requires restoring the health of near-shore communities so they can once again perform their buffering function. Reducing new insults to the system requires addressing new sources of invasive species, prevention of harmful new alterations to the shoreline and Great Lakes and tributary hydraulics, and reduce new sources of pollution.

This diagnosis and prognosis fit neatly within the Collaborative’s overall framework. The ecosystem meltdown/impaired immune system analysis provides a compelling case for immediate governmental action to restore the Great Lakes; without immediate action, the lakes will suffer potentially irreversible and catastrophic damage. At the same time, the Strategy Teams are in effect implementing the prognosis. Some Strategy Teams are identifying the stressors that have impaired the lakes’ immune system and how we should address them. Other Teams are identifying the most critical coastal habitats and how they should be restored. All the Teams are looking at ways to reduce new insults to the lakes. 

Symptoms 

Pollution is perhaps the most commonly known source of stress to the Great Lakes. Investments made over the last 50 years to remediate, eliminate, or at least reduce pollution in the Great Lakes have resulted in the mitigation of point sources of pollution in certain areas.  Since the passage of the U.S. Clean Water Act in 1972, tens of billions of dollars have been invested by federal, state, and local governments to upgrade, improve and extend wastewater collection and treatment systems directly tributary to the Great Lakes. Similar improvements of wastewater collection and treatment systems have occurred in Canada and pollution control investments have been made by the private sector within both countries. Without these investments, the expanse and degree of degradation being observed today in the Great Lakes would be far greater.  

However, these technological system investments to treat point sources of pollutants require continued resources for maintenance. Many such public facilities in the United States constructed during the 1970s and 1980s with substantial federal grant dollars are fast reaching the end of their useful life.  These facilities require substantial new capital expenditures for major repairs, upgrading and in some cases replacement to meet even their originally designed treatment capacity.  It is likely that local resources, in the absence of federal grant dollars, will be insufficient to continue to mitigate let alone increase the effectiveness of wastewater treatment systems needed to effectively reduce stress to the Great Lakes ecosystem.

To many, the most obvious symptom of pollution and recovery was Lake Erie. Lake Erie in the late 1970s was declared a success story; a lake once suffering from nutrient enrichment and other sources of stress was seen as on its way to recovery.  By the turn of the century, the symptoms of ecosystem meltdown were returning.  The lack of dissolved oxygen in the deeper areas of the central Lake Erie basin, related excessive algal blooms and the resurgence of botulism deaths of large numbers of aquatic birds clearly indicate that the lake continues to have problems.  

Today, there are other symptoms of stress. The documented, catastrophic loss of once abundant, native bottom dwelling fish food organisms in parts of Lake Michigan, Lake Huron and Lake Ontario over a relatively brief period has affected the growth and abundance of whitefish and yellow perch. In addition, other valuable species have been affected by these dramatic disruptions of the basic food web upon which all Great Lakes species depend.  Human fish consumption warnings linked to persistent toxic contaminants are still prevalent for fish taken throughout the Great Lakes.  Health- related swimming beach closures are still a common occurrence particularly near urbanized shoreline areas of the Great Lakes.  Many remaining Great Lakes coastal wetland complexes that provide essential habitat to a variety of valuable species have been altered physically and by the aggressive growth of invasive plant species.  A significant percentage of municipal and industrial Great Lakes water supplies now need additional treatment to remove harmful algae and/or require routine maintenance to remove accumulations of invasive species, such as zebra mussels, that clog intake systems. Land uses in the basins’ watersheds have changed dramatically. Sedimentation, flow regime alteration, and nutrient loading have eliminated essential habitat for Great Lakes species and have contributed to the decline of the lakes themselves in many cases.

The list of symptoms is long and continues to grow.  The problems are outstripping our ability to manage for the changes that are occurring and the cost of sustaining benefits is growing.  In neutral scientific terms, the Great Lakes ecosystem is adapting to changes brought about by the human sources of stress placed on the system, a syndrome that might be called ecosystem pathological adaptation. Unfortunately these adaptive responses are not planned, are often unpredictable, and almost always result in a decrease in the human values associated with the lakes.

Sources of stress

One way to understand the symptoms is to identify the sources of stress that have affected the Great Lakes ecosystem over the last 150 years.  Not necessarily in order, there are six major anthropogenic or human induced sources of stress that have affected the Great Lakes ecosystem: 1) overfishing, (i.e., extracting larger quantities of fish than the system can sustain naturally); 2) nutrient loading (i.e., addition of phosphorus and nitrogen in excess of natural levels); 3) the release of toxic chemicals (e.g., mercury, and chlorinated hydrocarbons) that are often bioaccumulative; 4) increased sediment loading as well as other sources of stress associated with land use practices (e.g., physical changes including alteration of vegetative land cover, wetland filling, modification of shorelines and alteration of natural drainage patterns);  5) introduction of invasive exotic plant and animal species (e.g., purple loosestrife, sea lamprey, and zebra mussel); and, 6) hydraulic alterations in tributary and connecting waterways, and the diversion of water through the construction of dams, channels, and canals.  

Virtually all of the symptoms described as Great Lakes problems are attributable to one or more often a combination of these six sources of stress. Six of the eight strategy team issue areas of EPA’s Great Lakes Restoration Collaboration (i.e., Habitat/Species; Areas of Concern; Bioaccumulative Toxics; Coastal Health; Nonpoint Source; and Invasive Species) relate to these six primary sources of stress in a variety of ways.  The two remaining strategy team issue areas, Sustainable Development and Indicators and Information, are important but they primarily relate to policy or process issues rather than sources of stress or symptoms of problems.  

The individual strategy teams charged with assembling the elements of a strategic plan for the Great Lakes Regional Collaboration have identified the symptoms in their problem statements. Some have had difficulty in establishing goals, objectives and recommendations for their strategy teams in isolation from other groups because the symptoms or sources of stress they are trying to address are interrelated. The following diagram shows the relationship of strategy team areas and the six primary sources of stress.  In some cases a strategy team represents a major source of stress, in others the strategy team’s topic relates to a symptom or group of symptoms affecting a particular geographic area or component of the ecosystem.
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Diagnosing the Disease
The following paragraph and accompanying diagram outlines a working inference based upon a shared understanding of how the Great Lakes ecosystem operates and how it has responded to stress. This shared understanding of the Great Lakes ecosystem and its adaptive response to the six major human induced sources of stress (or class of anthropogenic stress) can be portrayed as a series of overlapping circles or a Venn Diagram.  The areas where the sources of stress overlap identify the region of ecosystemic adaptation to the effects of anthropogenic stress.  The term ecosystem meltdown is an evocative description for this ecosystem pathological adaptive syndrome.  It is ecosystem meltdown that includes the notion of synergistic feedback in a runaway process of degradation that has been inferred by ecologists who have studied ecosystem degradation in the more stressed waters of the Great Lakes basin.  It is the ecosystem meltdown that should be the focus of attention in any restoration effort.











The size (intensity), shape and degree of overlap of the stresses have varied over time (e.g. overfishing beginning in the late 1800’s and invasive species in the last half of the twentieth century), and with specific locations in the Great Lakes basin (e.g. nutrient loading in Green Bay, western basin Lake Erie, and Saginaw Bay, and toxic chemicals in the basin’s industrial complexes like those along the Niagara and Detroit rivers.).  So what are the salient features of the areas of overlap that we need to understand?

Conceptual Understanding of Ecosystem Stress Adaptation 

Before the impact of humans, the ecosytemic self-organization of the Great Lakes was dominated by the association of species that preferred shallow, near-shore waters including tributaries and wetland complexes that were integrated with organisms closely associated with the physical bottom of large rivers and lakes (i.e., healthy near-shore communities).  The biological organisms occupying the healthy near-shore communities preyed upon the biota that had adapted to the offshore, open mid-water areas of the lakes.  Under pre-settlement conditions, these were the primary pathways and cycles of food, energy and other elements of the Great Lakes ecosystem.

The near-shore communities were resistant to stress for long periods of time, but eventually increasing pollution, land use change, and related sources of stress overwhelmed them. As the types and intensity of the stress increased, two things happened. First, the energy and food in the lakes shifted increasingly to the open waters of the lakes, resulting in the loss of many valued, native species in near-shore communities and the increase in other species, native and non-native that favored the open waters. Second, the ecosystem as a whole and the abundance of certain species began to undergo wider and more frequent fluctuations. Oxygen depletion, increased loadings of sediments and toxic chemicals, and other sources of stress created a hostile environment to bottom dwelling, pollution-sensitive species and to the eggs of most Great Lakes fishes.

The capability of once healthy, resilient and diverse coastal communities to buffer against natural and human perturbations had been overwhelmed. Once the resilient capabilities were exceeded the ecosystem organization changed abruptly and catastrophically – an ecosystem meltdown.  Under extreme circumstances where the suite of stresses became severely intense, the ecosystem adaptive responses in some cases moved into another phase dominated by species that could tolerate and benefit from those sources of stress.  The presence of surface scum, mats of fungi, strands of filamentous algae and surface blooms of toxic algae manifest this new phase in the water column.  This surface association has appeared seasonally in selected bays and in the shallow waters of the Great Lakes, but has had adverse affects on both the near shore and open water communities. 

Policy Response to Ecosystem Stress Related Symptoms

When faced with a particularly damaging human perturbation, our policy response to date has been to focus on a particular cause of stress and not on the integrated sources of stress that allowed it to occur. So when excessive nutrients and associated algal blooms impaired Lake Erie, we focused on the major point sources of phosphorus that fed the algae and depleted the oxygen, and we, for a short period, dampened down that perturbation.  However, now that the same degraded conditions have reappeared, we are uncertain if it is due to insufficient control of excessive nutrients, an artifact caused by invasive species, or a combinations of stress sources not effectively resolved when the problems were first addressed.  Worse, the Great Lakes ecosystem’s adaptive responses seem to be increasing in a dramatic way, in large part because of the uncontrolled introduction of new invasive organisms that out-compete native species whose natural habitat has been severely degraded.  

The Great Lakes community has a choice in how to move forward. It can treat each symptom, or it can treat the disease. It can attempt to address each perturbation as it arises -- so, for example, it can look for a control mechanism for zebra mussels, then look for another control mechanism for quagga mussels, then another for mercury pollution, then another for nutrients, and so on. Or, the Great Lakes community can address the unacceptable adaptive changes in the lakes by focusing attention on the multiple sources of stress that have lead to collapse of essential near shore/tributary areas.  

In essence, the Great Lakes have a weakened immune system; their ability to overcome unavoidable human sources of stress must be strengthened by: 1) restructuring basic elements to the extent feasible by restoring the health of the tributary and near shore areas; 2) preventing new perturbations (e.g., stopping the introduction of new invasive species or new pollutants); and, 3) adopting sustainable land and water use practices in the basin that assure long-term health of the Great Lakes ecosystem and associated benefits.

Monitoring Ecosystem Health

Monitoring the ecosystem response through an agreed-upon set of integrative indicators will be an extremely important part of any Great Lakes restoration effort.  Certain features of the ecosystem appear to be particularly responsive to the six sources of stress identified: emblematic species such as certain fish-eating birds and predator fish species; wetland sub-ecosystem complexes; human health; and the well-being of tribal/First Nation communities still dependent on native cultural association with Great Lakes resources.  There have been varying degrees of research on these integrative indicators of ecosystem integrity with most effort focused on emblematic species and wetland complexes.  Research on certain fish species, fish populations and associations of fish species in the Great Lakes can be used to provide historical references to the changes that have occurred.  

Prescription for recovery

Even with the imperfections of the conceptual ecological model described in this paper, the unpredictable consequences of recovery efforts, and the scientific uncertainties of how and to what extent one can restore the desirable features, the model does provide a common framework for guiding restoration. The economic, public health and social consequences of not pursuing restoration of the Great Lakes ecosystem are too large for the two nations not to invest the resources needed to find a path to be successful.

The critical work in building a consensus plan for Great Lakes restoration has already begun through the Great Lakes Regional Collaboration. The Collaboration’s Strategy Teams are the best way of incorporating the collective knowledge of what we know about the Great Lakes ecosystem and achieving the goal of a consensus Great Lakes restoration strategy. Organizing the information developed by the Strategy Teams into one document that describes Great Lakes problems, analyzes current efforts, and outlines future strategic actions will be difficult.  However, the ecosystem model outlined in this document may provide a powerful tool for the Collaboration and its Strategy Teams to help integrate the various Strategy Team reports into a compelling strategic plan for Great Lakes restoration and protection.  

This paper’s conceptual model of the Great Lakes suggests a structure for organizing the Strategy Team products. Once the Strategy Team reports are completed, we suggest that they be synthesized into a final set of recommendations that cover three primary areas: 1) Geographically Focused Restoration; 2) Basin-Wide Stress Reduction; 3) Watershed Approaches to Sustainable Land and Water Use.  
1. Geographically Focused Restoration 

The ecosystem-based conceptual model (i.e., Venn diagram) should be applied to identify specific geographic areas where the combination of individual sources of stress have contributed to the degradation of the near shore / tributary areas and where ecosystem meltdown is occurring or is likely to occur.  These consensus targeted areas for coordinated restoration efforts may well include those locations already designated Areas of Concern (expanded geographically to make sure they include the major sources of stress) as well as new shore/tributary areas identified by the Strategy Teams that are now showing symptoms or vulnerability to multiple sources of stress. 

2. Basin-Wide Stress Source Reduction 

Some of the major stress sources need to be managed through systematic, basin-wide approaches since their impacts are often lake-wide if not basin-wide, and the remedies are not tied to a limited number of sites.  Basin-wide stress reduction recommendations should include

· Control of existing invasive species (e.g., sea lamprey) and prevention of new introductions 

· Mitigation of the negative effects of existing and prevention of future human alterations of Great Lakes and tributary hydraulics, and shoreline modifications (including destruction of coastal wetlands)

· Continued reduction of nutrient, toxic chemical, and human pathogens loadings to the Great Lakes and tributaries from all sources

3. Watershed Approaches to Sustainable Land and Water Use 

Watershed-based approaches to land use management provide the best opportunity to minimize negative impacts on surface water and groundwater essential to the sustainability of the Great Lakes ecosystem.   Recommendations should support and expand activities that employ holistic, watershed-based approaches to land and water use decisions.  Recommendations should include methods to integrate federal, state and local governmental programs and private sector watershed-based programs that encourage sustainable land and water use practices.

Within each of these three areas, the work products of the individual Strategy Teams of the Great Lakes Regional Collaboration can be used to document:

· The effectiveness of existing program expenditures and the opportunities for increased benefits through enhanced coordination, integration and/or program redirection

· Information gaps where new or expanded research is essential to the development and implementation of effective remedies or prevention initiatives

· Monitoring and evaluation elements that will help identify new sources of stress as they occur and assess effectiveness of the initial suite of actions
· The cost of actions recommended to enhance existing programs and create new initiatives, and implementation priorities
Summary

The Great Lakes ecosystem’s health is in jeopardy.  Actions are urgently needed to restore system elements in critical near shore/tributary zones where a chain reaction of adaptive responses to a suite of stresses are leading to catastrophic changes – ecosystem meltdown. Without at least partial restoration of these areas, the adverse symptoms being observed in the Great Lakes will intensify and to a large extent become irreversible.  Concurrently, actions are needed to control or eliminate sources of stress that represent basinwide threats to the biological, physical and chemical components of the Great Lakes essential to stability and health of the ecosystem.  Finally, large areas of the Great Lakes basin waters remain relatively healthy and productive, and they provide a wide range of benefits to the people of the region.  Protecting the remaining areas from further stress is significantly less costly than attempting restoration after damage has occurred.  This report concludes that

· Up to this point, when faced with a particularly damaging ecosystem impact, the policy responses have focused on particular symptoms and not on the integrated sources of stress that cause these symptoms.

· To increase effectiveness of policy and on-the-ground restoration, the sources of stress and, especially, the interactions among the sources need to be explicitly considered.

· One-way to accomplish this is to focus on specific geographic areas that have experienced ecosystem meltdown and define efforts to address the sources of stress that have contributed to these impacts.

· Some major sources of stress to the Great Lakes have broad implications and need to be addressed basin-wide since the sources are not always limited to fixed locations.

· Watershed-based approaches offer the best opportunity to protect existing basin. waters by establishing sustainable land and water use development practices.

· The work products of the Great Lakes Regional Collaboration Strategy Teams can be integrated into a compelling Great Lakes Protection and Restoration Strategic Plan using the ecosystem model framework to build consensus among stakeholders and elicit broad public and political support.
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