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INTRODUCTION

The USGS has extensive discipline expertise in conducting research, providing scientific information, and developing management tools that can be used to clarify the complex linkages between land and water, and between hydrologic, geologic, biologic and socioeconomic processes that influence nearshore coastal environments (studies such as invasive species research, water quality studies, land use analysis, coastal erosion studies).  These disciplinary capabilities are critical for addressing our Nation’s earth-science problems.  The timely nature of expanding USGS capabilities to an interdisciplinary approach is evidenced by a recent editorial in Science (Lawton 2001):

 “Earth system science (ESS) takes the main components of planet Earth – the atmosphere, oceans, freshwater, rocks, soils, and biosphere – and seeks to understand major patterns and processes in their dynamics.  To do this, we need to study not only the processes that go on within each component (traditionally the realms of oceanography, atmospheric physics, and ecology, to name but three), but also interactions between these components.  It is the need to study and understand these between-component interactions that defines ESS as a discipline in its own right.”

In 2000, an interdivisional USGS Great Lakes strategic planning team drafted a Great Lakes Science Plan outlining elements of a technical approach to implementing the USGS Great Lakes Strategic Plan.  The theme of the plan was "Bridging Terrestrial and Aquatic Systems in the Great Lakes Region."  The coastal region of the Great Lakes was selected as a critical earth system science interface that the USGS is uniquely qualified to study.  The present document builds on the Great Lakes Strategic and Scientific Plans by describing specific actions that could be undertaken at specific locations within the Great Lakes Region to begin the process of bringing USGS integrated science to bear and developing the linked discipline skills needed to address complex nearshore issues.  
This document was supported by a fund established by the Director to promote collaborative, integrated science among USGS disciplines and regions, to support partnerships satisfying customer needs, and to support the bureau's Future Science Directions and the USGS mission and goals.  

PURPOSE OF THIS DOCUMENT

The purpose of this joint planning document is to:

1. Identify how integrated USGS science could be used to address urgent issues regarding nearshore processes and natural resources in the coastal zones of the Great Lakes Region.

2. Describe how the proposed science fits within USGS Great Lakes Strategic and Scientific plans and the Bureau's Future Science Directions

3. Suggest an integrated, earth system science approach, study sites and partnerships that build on current USGS integrated science within the Region and contribute to the solution of Great Lakes nearshore resource management problems.

4. Outline a 5-year implementation approach to develop an integrated nearshore program within the Great Lakes and provide integrated products for natural resource management.

This document is accompanied by a Pilot Project Plan. The Pilot Project Plan is an independent document that offers more detail on a proposed scientific study that exemplifies USGS strengths, develops integrating skills, and identifies useful research products based on an integrated earth system science approach.  

APPLYING INTEGRATED USGS EARTH SYSTEM SCIENCE TO GREAT LAKES NEARSHORE ISSUES

Overview of Great Lakes Issues 

As paraphrased from the Great Lakes Strategic Plan, the Great Lakes Region is a microcosm of the rest of the country, hosting diverse industry, population centers, land uses, climate regimes, ecosystems, natural resources, and recreation.  The Great Lakes Region includes eight states, one province, and one fifth of the earth’s fresh water.  The watershed is 201,000 square miles and has a coastline 10,900 miles long.  Over 31 million people live in the U.S. part of the watershed and most of them drink water from the Great Lakes.  The Great Lakes states produce over 33 percent of the national manufacturing output, including 70 percent of the steel.  Fishing, recreation, and tourism are multi-billion dollar industries.  The Great Lakes Region has a world-class maritime transportation system.  Agriculture is a major industry.  Overall, the U.S. part of the basin is 52 percent forested and 35 agricultural.   Urban and residential areas make up only 7 percent of the land use, however, most major urban areas are concentrated next to lakes, including Duluth, Milwaukee, Chicago, Detroit, Cleveland, and Buffalo.  The 12 National Wildlife Refuges in the Great Lakes states are critical areas for migratory waterfowl and the 7 Great Lakes National Parks are focal points for tourism, archaeological sites and endangered species.  

The USGS Great Lakes Strategic Plan identified five broad topics as relevant scientific issues of current concern to USGS partners and clients. 

Ecological health and integrity 

· destabilized fish communities, restoration of native species, and other fisheries management issues 
· loss of critical plant, fish, and wildlife habitat
· linkage of habitat perturbations with establishment and spread of exotic species in the lakes, rivers, wetlands, and coastal lands

· biodiversity and wildlife health 

Sustainable development

· increasing use of Great Lakes water, diversion of lake water out of the region 
· urban and suburban sprawl with associated effects on shoreline development, loss of prime agricultural lands, restricted land-use options
· increased need for building resources such as glacial gravel aggregate and crushed stone
· land-use/water-quality linkages and surface-water/ground-water interactions and their effects on associated water and habitat management needs
Human health 
· persistent bioaccumulative chemicals in the lakes and on land 
· drinking-water contamination by chemical and microbial pathogens 
· beach closings due to fecal contamination
Natural hazards and risk

· lake level fluctuations and nearshore flows 

· increased shoreline erosion and coastal bluff instability

Scientific information transfer

· transfer of decision support information to resource managers  

· need for integrated GIS databases and interpretive scientific products

Nearshore Coastal Environments are a Focal Point for Great Lakes Issues.

The scientific and societal issues affecting natural resource management in the Great Lakes Region mirror those facing the rest of the Nation’s coastal regions.  Many of the Great Lakes issues are focused on nearshore coastal areas and require linked hydrologic, geologic, biologic and socioeconomic information if scientific understanding is to be achieved and effective management tools are to be developed.  As in other parts of the country, the Great Lakes region is facing a demographic shift to the coasts, with all the attendant human effects that follow this shift.  Population growth, along with associated development, resource use, and land-use changes have profoundly affected, and in many cases severely degraded, the Great Lakes near-shore region. DOI, and Federal, state and local clients of the USGS require immediate and comprehensive information on factors that affect nearshore water and habitat quality, and decision support tools to manage nearshore coastal resources.
As an example, Ecological Health and Integrity and Sustainable Development are two broad Great Lakes Issues identified in the USGS Great Lakes Strategic Plan.  Coastal and nearshore ecologic habitats are critical spawning and nursery areas for Great Lakes fish.  The lakes host about 140 species of fish – approximately 120 of these are native.  Except for five deepwater fish species, all other fish species spawn in tributaries (~20 species) or in wetland or open-water nearshore areas.  Similarly, a large majority of the fish species in the Great Lakes spend part of the first year of their life in water less than 2 m deep (~110 species) or in tributaries (~10 species).  In addition, about 140 exotic aquatic species (~18% fish, ~20% invertebrates, ~60% plants, and ~2% fish disease pathogens) have become established in the Great Lakes, many of which severely affect native species.  Anthropogenic activities that affect Sustainable Development also alter habitat quality of the nearshore zone through sediment load, eutrophication, unnatural water level fluctuations, siltation or chemical or microbial contaminants.  These activities can change the nearshore refuge for native species and in some cases favor the spread of exotic species.  Nevertheless, there have been few studies applying an earth system science approach in Great Lakes nearshore environments.  Instead, while much is known about past and present processes in the Great Lakes Region, the ecosystem linkages between physical, chemical, biological and human processes that are critical for making informed regional and national management decisions pertaining to Ecological Health and Integrity and Sustainable Development remain poorly documented and marginally understood.  

Why USGS?

The USGS is an appropriate agency to develop and apply earth system science to nearshore Great Lakes issues due to its national and regional focus, and the breadth of expertise in its four disciplines.  The Great Lakes ecosystem is governed and protected by bi-national agreements and by treaties with Indian tribes.   The Boundary Waters Treaty of 1909 was entered into by the U.S. and Canada to regulate the shared use of Great Lakes water, and commits the U.S. and Canada to “restore and maintain the chemical, physical, and biological integrity of the waters of the Great Lakes Basin Ecosystem”.  This national and international “ecosystem” mandate for management of environmental resources suggests USGS as a logical partner in applying earth system science to regional, federal, and bi-national issues. The USGS can readily assemble a coordinated, national or regional, interdisciplinary approach for conducting earth system science in the near-shore regions of the Great Lakes.  Similarly, USGS is uniquely qualified in the application of knowledge of past and present ecosystem processes needed to equip resource managers and regulators with information and tools to make decisions or assess historical ecosystem change.  Applying earth system science to Great Lakes nearshore issues is fully in line with the USGS mission and its Future Science Directions.  Of eight identified USGS Future Science Directions: Coastal Environments, Earthquake Hazards, Energy, Environmental Information Science, Ground-Water Resources, Invasive Species, Rivers, and Ecosystem Health, Sustainability, and Land Surface Change, all but Earthquake Hazards is a critical science issue for the Great Lakes Region.  This joint plan for Great Lakes nearshore studies is most closely aligned with the Coastal Environments Future Science Direction.

A USGS EARTH SYSTEM SCIENCE APPROACH TO GREAT LAKES NEARSHORE ISSUES

Goal


The objective and long term goal of the project is to improve the understanding of the linkages between biological, hydrologic and geologic processes that occur in the nearshore margins of the Great Lakes, to describe the response of these processes to natural and anthropogenic change, and to develop decision support data bases, maps and models that will help resource managers understand the effects of management decisions on these linkages.  Topical emphasis will be given to the five broad societal issues outlined in the Great Lakes Strategic Plan and listed above.  Scientific emphasis will be given to 1) understanding the role of natural or anthropogenic change in each of these topical issues and 2) developing an integrated approach to data collection, database development, process interpretation, visualization, and scientific products. 

Approach

An interdisciplinary approach will be used to collect and interpret existing and new data that will improve the understanding of the types, significance, and linkages between biological, hydrologic and geologic processes that occur in nearshore environments.  This will be achieved by first conducting a short-term pilot study at a selected nearshore site to determine how best to generate interdisciplinary hypotheses; to link field methods, databases and interpretive methods employed in the various USGS disciplines; and to demonstrate the value added when a coordinated, interdisciplinary approach is applied.  The short-term pilot study will be used to generate a model of  integrated earth system science protocols for nearshore studies.  This “template” would then be available for application elsewhere by USGS in partnership with customers or collaborators. 

The following train of thought guides our approach:  

(a) Geologic framework controls ground-water flow regime, ground-water chemistry, and surface water quality at the ground-water/surface-water interface.  Biotic habitat and coastal ecology are influenced by the geologic-hydrologic framework and in turn may influence this framework through complex feedbacks. 

(b) Natural (storm events or lake level fluctuations) or anthropogenic changes (shoreline development) affect (a) and are the underlying factors that generate Great Lakes issues of concern such as those listed above under Natural Hazards and Risks and Sustainable Development. 

(c) In order to manage nearshore coastal resources and predict the effects of management decisions on these resources, the major scientific challenge is to define the linkages between processes implicit in (a) and the effects of (b) on these linkages.

(d) For Great Lakes Ecological Health concerns, we will need to address (c) in the context of biotic communities such as fish and invertebrates and their habitats and habitat change (e.g., mud burying rock substrate, changing turbidity, changing shoreline and wetlands, changing coastal hydrology, and cultural modifications to landscapes such as outfalls, groins, harbors).

(e) For Great Lakes Human Health concerns we need to also address (c) in the context of the natural and modified microbial ecology and chemical water quality of beaches, tributaries and nearshore ground water.

 (f) To effectively achieve (c) and to enhance Scientific Information Transfer, researchers must collect data in the field, side by side, at the same time, using similar spatial and temporal scales, fostering interdisciplinary ideas and the development of new, integrated approaches and products.  Hypothesis development, data collection and data analyses must be conducted collaboratively by researchers from each discipline.  

Anticipated Products and Outcomes of This Approach 

· New types of databases will be created that will allow multivariate analyses to determine interrelationships of variables and linkages of processes on multiple spatial and temporal scales. 

· Overlay of interdisciplinary maps using GIS will provide improved hypothesis generation and a preliminary decision support system for managers.

· Papers published in refereed journals will describe the disciplinary and interdisciplinary science achieved in the pilot and subsequent studies.  

· Conceptual models will be generated that, along with the database, will allow predictions of changes in physical, chemical and biological processes in response to natural and anthropogenic changes and the effects of natural and anthropogenic change on linkages between these processes.  These models will be presented to, and discussed with appropriate state and Federal resource managers (e.g. DNR’s, F&WS, GLFC, USEPA, USACE).  These will serve as guidance for developing a region-wide earth system science interdisciplinary data sets and models.

· Information gained from the pilot study will be used to modify and improve the approach to address other regional issues, and other ecosystems in the Great Lakes.  By developing and providing a tested earth system science template for coordinated hypothesis generation, data collection, interpretation and conceptual integrated model development, the USGS will provide leadership for assessing earth system processes within the Great Lakes. 

Study Sites and Partnerships

Ideal Site Characteristics. The pilot project study site(s) should be chosen in collaboration with managers, stakeholders and collaborating researchers.  Site selection may involve coastal and nearshore areas with Federal and DOI responsibility and concern (refuges, parks, invasive species, waterways, managed fishery).  Results in these areas would have direct Federal benefit.  We anticipate an optimal site for a pilot project might have the following characteristics:

· Section of shoreline that contains a discharging river and/or significant ground water input, allowing opportunity to study surface and ground-water processes independently and at the nearshore surface water/ground water interface. 

· Natural (e.g., fish habitat, wetlands) and anthropogenic features (beaches, structural modifications) of the nearshore environment should be considered in the site selection.  Geological differences can drastically change hydrology and associated biota.  Either pristine areas or developed areas can be chosen.  The range in nearshore features included among study sites will determine the degree to which generalities will result from conclusions in the study. 

· Sites should have partner and local community support.  Studies at sites should provide partners with requested and useful information.  Local community support can aid substantially in overseeing long-term monitoring or providing access to essential sites.

· Logistics:  Sites should be easily accessible by boat.  Sites with a nearby National Park or USGS field station would improve logistics and lower project costs.  Sites with ongoing or recent USGS work in the area would be preferable to save time (in learning about the area and logistical needs) and money.

Potential Study Sites.  Based on the above criteria and building on prior or ongoing USGS efforts, but absent direct external collaborator input, the following list of potential study areas was generated.  
· Lake Erie, West-Central Basin: Ongoing study by BRD in collaboration with Ohio GD on nearshore biota as influenced by lake substrate at three river mouths.  Has BRD field station and Ohio GD office nearby at Sandusky.  Other BRD studies are looking at adult fish nearby, monitoring lower trophic levels every two weeks at a site between two of the rivers, and monitoring benthic invertebrates in western basin.

· Detroit River:  Recently became a U. S. American Heritage River.  Ongoing work by BRD has focused on land-use of islands, monitoring of aquatic invertebrates, and studies of native (sturgeon reproduction) and invasive (round goby diets) fish.  An international wildlife refuge, to be managed by the U.S. Fish and Wildlife Service and its Canadian equivalent, is proposed (H.R. 1230, S. 835) for the Detroit River. 

· Lake Huron, Les Cheneaux Islands Area: Recent northern Lake Huron nearshore study by BRD from wetland areas out to deeper water with emphasis on fish and benthic invertebrates.  The Nature Conservancy funded this effort which meshes with studies by academic cooperators on coastal terrestrial ecology.  Strong local support by community interested in coastal preservation and economic growth strongly based in ecotourism.  Good mix of private and public lands on shoreline and inland, but only small tributaries in the area. 

· Lake Michigan, Traverse Bay Area:  USGS WRD has worked for several years in collaboration with Michigan Great Lakes Protection Fund and Michigan State University to develop databases and models of the impacts of land use and land use change on surface water quality in the Grand Traverse Bay Watershed.  USGS has conducted investigations of beach water quality using biotechnologies and genetic methods to identify sources and nature of microbial pathogens in beach and other recreational waters.  Sleeping Bear Dunes National Seashore is near the study area, and USGS GD and BRD have collaborated in an assessment of geologic substratum mapping associated with lake trout breeding habitat in offshore Lake Michigan waters.  Strong local support and partnerships.

· Lake Michigan, Berrien County:  USGS GD, in collaboration with the Central Great Lakes Geologic Mapping Coalition, is developing 3-D geologic models for Berrien County, MI and a broader-scale geomorphology map of the St. Joseph River basin, MI, to provide improved representation of the geologic framework for assessing issues relating to ground water.  USGS WRD has implemented a preliminary study of ground water quality (pesticides, nutrients and microorganisms in the St. Joseph river basin).  USGS has supported long-term studies of beach water quality at Indiana Dunes National Seashore.
IMPLEMENTATION OF USGS EARTH SYSTEM SCIENCE IN THE GREAT LAKES NEARSHORE

Implementation Steps  

1. Workshop(s) with potential partners

· Customer and collaborator input on site selection

· Customer and collaborator input on hypothesis development 

· Develop target set of outcomes and products
· Outline USGS/Federal role

2. Interdisciplinary hypothesis generation 

3. Pilot Study with limited spatial and temporal data collections to focus on building the earth system science template

4. Annual internal integration workshops of interdisciplinary staff
5. Yearly meetings with Eastern Region Leadership Team

6.   Development of an earth system science template that can be used throughout the coastal region to address Great Lakes issues.

Yearly Accomplishments for 5 Years

Year 1
Hold a workshop with Great Lakes Protection Fund, develop partnerships, select sites, identify products/outcomes, explore funding options for pilot study
Year 2
Determine interdisciplinary hypotheses, instrument pilot site and collect data, analyze data

Year 3
Initiate product development, meet with customers and collaborators, update hypotheses, revisit pilot site, seek new partners, integrate with Coastal Initiative, collect additional data and/or fill data gaps

Year 4
Pilot site data reporting, assure outcomes are useful to decisions managers. Expand effort to include new sites and address new issues, including those identified in the Great Lakes Science Plan.  Make the pilot study the cornerstone of continued integrated science in the Great Lakes.

Year 5
Continuation of data collection, data analyses and product development at new sites after workshops with customers and collaborators.

Required Resources From USGS and External Sources

· Funding for stakeholder meeting and detailed planning (2002)

· Logistical support including access to vehicles, boats, sampling equipment

· Appropriate levels of operational expenses once detailed plan is prepared

· Acquire staff : 

· Graduate students and post docs to conduct cutting edge interdisciplinary research, develop GIS and decision support models on specific topics

· Database manager to coordinate data manipulation and data archives
· Full-time site coordinator/data-collection director

· Collaboration, assistance from resource managers of the areas of study

· Collaborative funding, staffing, and research support from partner agencies 

· To enable true integrated science studies, internal communications must be facilitated by techniques such as co-locating discipline staff, face-to-face meetings, and sharing of post-doctoral scientists. 

SUMMARY AND RECOMMENDATIONS  

Integrated science, especially that focused on earth system issues, is a logical niche and responsibility for the four USGS disciplines.  There is a wide range of federal, state, and local earth system science issues centered on Great Lakes nearshore environments, that can benefit from USGS research and that address Great Lakes resource manager concerns, as well as USGS future science plans.  

We recommend initiating a pilot earth system science study of one nearshore ecosystem focused on assessing nearshore change brought on by natural and managed water level changes.  The pilot site would be selected following a workshop with potential collaborators (co-sponsorship and collaboration with the Great Lakes Protection Fund is possible).  The proposed outcome of a pilot study would be an interdisciplinary database, a field study template, and a conceptual model that links USGS discipline expertise and provides new tools and guidance to resource managers on ecosystem impacts of changing lake levels. 
Great Lakes Nearshore Earth System Science Committee (* Committee Contact)
Peter Barnes, GD, Geologist/Oceanographer: Nearshore sedimentary processes (ice), coastal erosion, regional substrate and habitat mapping. 

Sheridan Haack*, WRD, Hydrologist/Microbiologist: Aquatic microbial ecology, environmental microbiology and biogeochemistry.

Scott Lundstrom, GD Earth Surface Processes Team, National Cooperative Geologic Mapping Program, Geologist:  Quaternary and glacial geology, geomorphology

Donald Rosenberry, WRD, National Research Program, Hydrologist: Interactions between ground water and surface water

Jacqueline Savino, BRD, Great Lakes Science Center: Trophic interactions (predation, competition) among fish and invertebrates

Rob Striegl, WRD, National Research Program, Hydrologist:  Characterization of biotic and biogeochemical Interactions at environmental interfaces

Mark Wolcott, BRD, National Wildlife Health Center, Microbiologist, Determination and characterization of bacterial pathogens associated with wildlife and human health.

The Committee also received advice and input from Gregory Desmond, NMD (Eastern Regional Geography, Physical Scientist: Photogrammetry, remote sensing and mapping) who will continue to function as the NMD contact for this effort.  
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