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Winds of Change: Marine Spatial Planning in an Era of Rapidly Shifting Baselines
Fairy tales often end with “happily ever after” but in our real world, stasis is a myth.  The biosphere has been changing since it first evolved in the Precambrian.  While we can measure rates of change, we are perennially surprised by unpredictable flips to alternative states in inherently complex marine ecosystems.  As human populations and needs for marine resources increase, our need to improve management becomes both more urgent and more difficult to accomplish.   This realization catalyzed President Obama’s Executive Order to establish a National Ocean Policy that focuses on ecosystem-based management (EBM) and marine spatial planning (MSP).   But, how do we undertake either or both of these in a changing world filled with surprises?

I will focus my talk on the Gulf of Maine.  It has the longest history of industrialized fishing in the U.S. It also has naturally low biodiversity and higher than average vulnerability to climate change.  These factors make it a bellwether for considering MSP and EBM as climate and other fishery’s baselines shift.  To explore this, I will consider how fishing and climate has or might change organism distribution and abundance in the Gulf of Maine. 

Some oceanographic changes such as ocean warming and acidification are predictable but consequences to the ecosystem should disease break out or if non-native species or pathogens invade, are not.   However, changes can create new opportunities for managers if they have the flexibility to adjust to them.  For example, warming seas reduce larval development times allowing species to complete their life cycle in smaller areas.  This offers opportunities for small scale, multi-species EBM.  This could be a reasonable path forward if we improve how we assess multi-species assemblages at relatively small scale so multi-scale governance can evolve. Smaller scale co-management may be better able to effectively react to surprises and act on new opportunities.  

Planning should be comprehensive including all stakeholders and try to integrate long-term concerns with pressing immediate needs.  Importantly, not all factors are subject to rapid change.  Obviously, water depth and substrate characteristics will change little over time but many species distributions correspond to them. This may provide opportunities for developing new ventures such as offshore wind farms with minimal negative impacts. Ideally, planning should move forward adaptively and with agility by considering these changing ecosystems as the norm and scale management to optimize both biologically and socially relevant factors.  Michael Orbach will provide more thoughts on this social-biological integration. 

PRESENTER 
Michael K. Orbach 
Professor at the Practice of Marine Affairs and Policy, Nicholas School of Environment, Duke University 
mko@duke.edu
“The New Human Condition:  The ‘total Ecology’ of Marine Spatial Planning”
Just as there are ecological systems and principles that define the biophysical elements of coastal and ocean environments, so too are there ecological systems and principles that define the human and institutional elements of coastal and marine environments.  Humans and their cultural values, beliefs, perceptions and behaviors and the institutions they use to guide behavior form a core element of the science that needs to be produced and applied to issues of coastal and marine policy and management.  This leads to a general perspective of the “total ecology” of coastal and marine systems – biophysical, human and institutional. 

Ecosystem-based management (EBM) and marine spatial planning (MSP) are two concepts that have emerged in the arena of coastal and ocean policy and management.  We define EBM as 1) the management of human behaviors; 2) towards specific objectives; 3) through a specific governance system; 4) behaviors which affect, or are affected by, a specific biophysical environment.  MSP is the process of developing a comprehensive plan for the human activities which take place in, or affect, this region.

Global climate change (GCC), and specifically sea level rise (SLR), will be two of the most critical phenomena humans will face beginning in the immediate future.  Sea level is projected to rise worldwide between one and two meters in the next century.  The effects of sea level rise are already being felt in many locations around the world.  Human civilization – since the time of significant build infrastructure – has never experienced this situation of significant GCC and SLR. 
In addition to the effects of GCC in the ocean itself, at the land-sea boundary questions will be those such as such as: 1) Which areas will human attempt to “defend” from inundation?  2) To what upland locations will human populations and human infrastructure such as building, roads and sewer systems move?  3) To what upland locations will our “natural infrastructure” such as fringe forests and marshes move? 4) What will we do about the considerable human infrastructure that will eventually be abandoned?

This talk will explore the relationship between climate change and the three “ecologies” – biophysical, human and institutional – in the Gulf of Maine, from the boundaries of the coastal watersheds to the limits of the U.S. EEZ.  Emphasis will be placed on the need to conceptualize the problem as one that crosses the land-sea boundary.  What will be the effects of GCC on the human/coast/ocean relationship?

Michelle, LaRocco
Duke University Nicholas School of the Environment, summer intern at the Massachusetts Ocean Partnership (MOP)
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Oral
Engaging Stakeholders in Planning for Climate Change

Authors: Michelle LaRocco, Stephanie Moura (MOP), Kimberly Starbuck (MOP) 

Climate change predictions that include an increase in mean sea level, a decrease in ocean pH, and heightened storm intensity suggest considerable impacts on ocean-dependent communities and industries, such as aquaculture, fisheries, shipping, and offshore wind energy.  Resource managers have recognized these unnerving potential impacts in coastal and marine spatial planning (CMSP) efforts, such as the 2009 Massachusetts Ocean Management Plan and the 2010 National Ocean Policy, however specific approaches to climate change adaptation within a CMSP framework have yet to be determined.  

As with any planning effort, stakeholder engagement should be a key facet when determining how to incorporate climate change adaptation in CMSP.  Ocean-dependent industries provide unique perspectives and experiences that inform the planning process. Communication and collaboration among these groups, other ocean user groups, and resource managers is necessary to achieve a plan that adapts to climate change and promotes the sustainable use of our coastal and ocean waters.  

The information for this project was gathered through a broad literature review and interviews with key ocean-dependent industry stakeholders and resource managers.  This presentation will provide 1) an overview of how commercial fishing, aquaculture, shipping, and offshore wind may be impacted by climate change; 2) a summary of industry stakeholders’ perception of and involvement in CMSP; 3) a discussion of how CMSP can be used as a flexible tool to engage stakeholders in planning for climate change; and 4) recommendations on ways to facilitate stakeholder participation in CMSP.
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Abiotic drivers of benthic megafauna in the Gulf of Maine coastal shelf: A template for marine spatial planning

Jennifer A. McHenry and Dr. Robert Steneck


In July of 2010, President Barack Obama issued an Executive Order creating the first National Ocean Policy for the United States. This order called for the development of a Coastal and Marine Spatial Planning (CMSP) process that will enable a more comprehensive, ecosystem-based approach to managing multiple uses and resources in our oceans and coastal zones. Within the Gulf of Maine, multiple stakeholder interests and uses exist, including fisheries, tourism, shipping, dredging and now offshore wind energy. While the myriad of often competing interests in Maine affirms the need for CMSP, the unprecedented social, biological and geological complexity of the Gulf of Maine’s coastal zone (0 – 100m) makes implementation especially challenging. Since the majority of marine resource value in the Gulf of Maine comes from organisms that live on or near the seafloor, understanding the complexities of bottom dwelling organisms is especially important for advancing CMSP efforts in Maine.  To date, no published studies have identified consistent regional-scale patterns of assemblages that correspond with measurable aspects of the marine environment. Therefore, we aim to determine to what extent depth, substrate and water mass characteristics control benthic assemblages of megafauna and demersal fishes in the coastal Gulf of Maine. 
We intend to use a remotely operated vehicle and multibeam technology to characterize benthic habitats and communities in Gulf of Maine coastal shelf. Using a stratified random survey design, we will survey benthic communities at 20m, 30m and 60m, within the Eastern and Western Maine Coastal Currents, and across six substrate types in Maine’s coastal shelf. Then, we will quantify and analyze patterns of biodiversity (species richness, diversity and evenness) and community structure (abundance and composition) along environmental gradients. We will use multivariate statistics (i.e. Principal Component Analysis or Non-Metric Multi-Dimensional Scaling Ordination) to identify distinctive communities of benthic organisms based on habitat characteristics. 

Then if larger-scale patterns exist, we will use ArcGIS to hypothesize the spatial extent of different assemblages in the coastal shelf to create a theoretical framework for implementing CMSP in Maine. To date, we have conducted video surveys in the mid-coast Maine region and will present results from our 2011 summer research for which patterns of distribution, abundance and body sizes of benthic megafauna and demersal fishes by depth and substrate were documented. 
Nathan Rebuck
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Variability in a Multi-Decadal Record of Ocean Acidification in Surface Waters of the U.S. Northeast Shelf
Nathan D Rebuck, Jonathan A Hare, Margaret R Mulholland
Ocean acidification has been well documented in offshore ocean basins and areas where systematic surveys have existed for a decade or more, yet the magnitude and management implications of acidification for the Gulf of Maine has not been previously quantified.  Multiple shelf-wide surveys of the Northeast Shelf of the United States, including the Gulf of Maine and Mid-Atlantic Bight, were conducted as part of the NOAA Marine Resources Monitoring, Assessment, and Prediction Program (MARMAP) and the Northeast Monitoring Program (NEMP) during the years 1973-1984.  Part of this sampling included measurements of pH, total alkalinity, temperature, and salinity. These historical data are compared to recent data collected as part of a joint NASA/NOAA project (CliVEC) as part of the NOAA Ocean Acidification Program. A preliminary comparison of the historical surface waters suggests that interannual variability in the carbonate system is approximately equal in magnitude to the multi-decadal changes generated by anthropogenic acidification. Where geographically comparable data exist for the MARMAP era and recent surveys, changes appear attributable primarily to varying water masses, however salinity normalized DIC has increased similar to published global and other regional averages. Ongoing studies of carbonate chemistry in the Gulf of Maine will benefit from the availability of this retrospective baseline of the carbonate system and a greater understanding of the seasonal, interannual, and interdecadal variability. While the effects of a more acidic ocean on the Gulf of Maine ecosystem are still relatively unknown, determining the proximal causes of differences between acidification in the Gulf of Maine and the global average is a necessary component of future ecological modeling studies and regional management in this biologically productive and economically valuable region.
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DEVELOPING AN INTEGRATED ECOSYSTEM RESEARCH PROGRAM 

IN THE GULF OF MAINE 

Andrew J. Allyn1, Aly McKnight2, Iain J. Stenhouse3, and Linda Welch4
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ABSTRACT


Ecosystem-based management is a growing trend in the missions of management agencies and research organizations. Few regions, however, have implemented research programs on the scale required to support such a broad management vision. Designing and executing a research program that tests our understanding of the marine ecosystem across all trophic levels is an immense task. The Gulf of Maine (GOM) presents an ideal location for such an integrated effort. Not only is it a valued ecosystem regulated through substantial management efforts, but it also boasts a great number of ongoing studies that could be integrated. Therefore, we are working to develop a comprehensive ecosystem research project in the GOM (The Gulf of Maine Integrated Ecosystem Program, GOMIERP), following the framework of the Bering Sea Project (www.nprb.bsierp.org).
Despite the quantity and quality of research currently underway in the GOM, no single research project completely meets the growing call for a true ecosystem investigation in both scale and scope. The GOMIERP is an attempt to address this deficit. There are three particular characteristics of the GOMIERP which set the endeavor apart from other research efforts: 1) the hypothesis-based data collection design, 2) the investigation across key spatial, temporal and trophic scales within the ecosystem, and 3) the vertically linked organization of all individual studies and models within one comprehensive research program. These three characteristics are essential to advance our current understanding of ecosystem function in the GOM at the spatial and temporal scale necessary to advise ecosystem management efforts, marine spatial planning, and conservation. 
In April 2011, the USFWS hosted a workshop to draft primary hypotheses to be tested by the GOMIERP. Attendees included representatives from WHOI, GMRI, BRI, and USFWS. Workshop participants developed hypotheses organized under seven themes collectively identified as key influences on GOM ecosystem dynamics 1) Remote vs. local drivers, 2) Ocean acidification, 3) Bottom-up controls, 4) Benthic drivers, 5) Spatial constraints, 6) Fisheries management, and 7) Socioeconomics. We are currently recruiting researchers to attend a Collaborators Meeting in Portland, ME, in early November, where we will unveil a draft implementation plan, begin to identify individual project pieces, and ascertain specific funding needs.

Ru Morrison
NERACOOS
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A regional ocean data portal supporting coastal and marine spatial planning for the northeast United States

J. Ru Morrison (NERACOOS), Nick Napoli (MOP), Daniel Martin (NOAA CSC), Jenn Greene (TNC), Eoin Howlett (ASA), John Weber (NROC) and others to come
The Northeast Data Portal Working Group was established early in 2010 to support regional coastal and marine spatial planning (CMSP) coordinated with the Northeast Regional Ocean Council (NROC).  The goals of the group are; 1) to implement the portal (with associated viewer, data warehouse, and decision support tools), 2) to integrate prioritized data, data products, and 3) to coordinate data management, linked to the national information management system, with regional data providers.  The map/data viewer design considered technical, operational, and maintenance issues and builds on and integrates with previous efforts including state viewers and the Multipurpose Marine Cadastre. Data priorities, integration profiles, and inventory were developed with extensive consultation with federal and state managers and literature review. Although an initial base capacity and design have been achieved, significant challenges remain to fully support CMSP in the northeast United States. One such challenge is providing authoritative information on climate variability at the correct scale.  Regional solutions to this problem employing climatologies and anomalies derived from observations and model hindcast will be presented along with the current portal.
Jessica S. Jansujwicz and Teresa R. Johnson
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Riding the Wave: Informing Tidal Energy Development Through Stakeholder Engagement

Renewable energy technologies have gained increased political support as a viable option to mitigate the environmental and social impacts of climate change, as well as increasingly uncertain and unstable energy supplies that threaten our economic and political security.  Public support for renewable energy, however, is influenced by local concerns regarding the social and environmental impacts of renewable energy projects, and public acceptability is a critical factor constraining sustainable energy policy processes and the development of renewable energy technology.  Translating the global need for renewable energy to the local level requires a careful approach where the potential for local sacrifice may need to be balanced with larger social, economic, and environmental benefits.  Increasingly, approaches to sustainable renewable energy development call for increased stakeholder engagement and the integration of stakeholder needs and concerns into the policy, planning, and implementation process.  Using a case study of tidal power development in eastern Maine, we investigate linkages between economic, ecological, cultural, political, and technical dimensions of sustainable renewable energy project development at the local scale.  Our focus is on the design, implementation, and evaluation of a participatory stakeholder approach to sustainable tidal energy development.  Currently, tidal power is one of several renewable energy technologies being rapidly developed in the Gulf of Maine.  The sites furthest along in development are those being developed by the Ocean Renewable Power Company (ORPC), which is focusing on the two best tidal energy sites identified on the East Coast, in Western Passage and Cobscook Bay.  However, major uncertainties for tidal energy development exist; these include, but are not limited to, assessing environmental impacts, resource availability, and community acceptance.  We report findings from our human dimensions research that is part of the Maine Tidal Power Initiative (MTPI), an interdisciplinary team of engineers, biologists, oceanographers, and social scientists, that has been working closely with developers and regulators to understand how to best move forward with the responsible development of this renewable resource.  Based on an analysis of interviews with developers, regulators, and other key stakeholders, we illustrate the importance of a sustainability science approach and the value of human dimensions research in the development of tidal power. 

John Anderson

New England Aquarium
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Oral
Communicating about marine issues with a lay audience
 “Despite the prevailing scientific agreement that global warming is happening, only a minority of Americans believed that most scientists think that global warming is happening
.” 

What gets in the way of having Americans understand more of the science of global and regional systems?  Why is it that, given the enormous amounts of data, most Americans remain confused about basic mechanisms of global warming and climate change?

Research from fields of communication and social sciences offers insight about how information is received and how it can be conveyed to increase the chance it will be received as meaningful, salient and relevant.  Those insights may be useful to scientists who share their research with lay audiences.  And, they may be critical if we hope for public audiences and political leaders to use scientific information to inform decisions.

Consider two challenges for communication. First, people face a deluge of information, and we are not capable of processing all of it. Second, media reports which are most Americans’ primary source of information, typically present information in stories about human conflict.

In order to cope with great volumes of information, we use mental shortcuts.  We tend to quickly categorize information based on similarities to prior experiences.  So, some people reading a story about data that suggests a particular area is an important spawning ground might focus on a phrase about how data is collected and think, “Oh, those scientists get to work on boats and go SCUBA diving using taxpayer money.” Such a response is probably not what you would hope to be conveying. 

Media stories framed as conflicts can lead readers or listeners to be primed to hear your information as “just one side of the story.”  Even if they understand your information, they may treat it as suspect while they wait to hear from “the other side.” 

These examples are indications of the enormous communication challenges we all face.  

This presentation will review recommendations from communications and social science research that may be useful and practical as you aim to convey information to broad audiences.

Michelle, LaRocco
Duke University Nicholas School of the Environment, summer intern at the Massachusetts Ocean Partnership (MOP)
michelle.larocco@gmail.com  
Oral presentation
Title: Engaging Stakeholders in Planning for Climate Change
Climate change predictions that include an increase in mean sea level, a decrease in ocean pH, and heightened storm intensity suggest considerable impacts on ocean-dependent communities and industries, such as aquaculture, fisheries, shipping, and offshore wind energy.  Resource managers have recognized these unnerving potential impacts in coastal and marine spatial planning (CMSP) efforts, such as the 2009 Massachusetts Ocean Management Plan and the 2010 National Ocean Policy, however specific approaches to climate change adaptation within a CMSP framework have yet to be determined.  

As with any planning effort, stakeholder engagement should be a key facet when determining how to incorporate climate change adaptation in CMSP.  Ocean-dependent industries provide unique perspectives and experiences that inform the planning process. Communication and collaboration among these groups, other ocean user groups, and resource managers is necessary to achieve a plan that adapts to climate change and promotes the sustainable use of our coastal and ocean waters.  

The information for this project was gathered through a broad literature review and interviews with key ocean-dependent industry stakeholders and resource managers.  This presentation will provide 1) an overview of how commercial fishing, aquaculture, shipping, and offshore wind may be impacted by climate change; 2) a summary of industry stakeholders’ perception of and involvement in CMSP; 3) a discussion of how CMSP can be used as a flexible tool to engage stakeholders in planning for climate change; and 4) recommendations on ways to facilitate stakeholder participation in CMSP.

Michael Johnson
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Title: Coastal Marine Spatial Planning in the Context of Climate Change


Authors: Johnson, M., Boelke, C., and Tuxbury, S.





Abstract:


NOAA’s National Marine Fisheries Service, Northeast Regional Office (NERO) has participated at various levels in the coastal marine spatial planning (CMSP) process, including state and federal Bureau of Ocean Energy Management, Regulation and Enforcement task forces for offshore wind energy siting.  The National Oceanic and Atmospheric Administration’s (NOAA) Next Generation Strategic Plan (NGSP) identifies ocean and coastal planning and management as a core element within the agency’s future vision for Resilient Coastal Communities and Economies.  As such, it will become increasingly important for CMSP to interface with the fisheries management process to minimize conflicts between fishing, ocean energy, and other resource extraction interests.  At the same time, NOAA’s NGSP identifies climate adaptation and mitigation as one of four key elements in the agency’s vision for the future.  This is supported by a growing body of scientific literature that indicates climate change is currently having a profound effect on the distribution and abundance of fisheries from such changes as increasing surface and bottom water temperatures, impacts to calcifying marine organisms from ocean acidification, and impacts to coastal wetlands from sea level rise.  These and other impacts from climate change are expected to become more pronounced in the future.  





Although concerns of increasing future impacts of climate change from the release of greenhouse gases in the atmosphere have been a primary driver for expansion of renewable energy in the coastal and marine zones, very little consideration or analysis has been included in CMSP on potential interactions between marine renewable energy facilities and the changing distributions, ranges, spawning, and nursery habitats of fisheries as a result of climate change.  Because the effects associated with climate change are long-term problems that require wide-ranging political and resource management decisions at global, national, and regional scales, we are making the case that the ecological and societal impacts of climate change should be integrated into CMSP processes.  This should include analyses on projected changes to the spatial and temporal distributions and ranges, spawning and nursery habitats, and migration of fish stocks as a result of climate change, and the potential interactions between affected fisheries and future marine renewable energy facilities and other structures in the ocean.  In addition, changes to fisheries as a result of required exclusion zones or preferred avoidance of facilities by fisherman, and how those changes may affect living marine resources (e.g., redirected fishing pressure in sensitive fish habitats) should be examined.





Brian Andrews �U.S. Geological Survey �bandrews@usgs.gov ��abstract for poster �High-Resolution Geologic Mapping of the Inner Continental Shelf: Cape Ann to Salisbury Beach, Massachusetts


Brian D. Andrews, Walter A. Barnhardt, Seth D. Ackerman, Wayne E. Baldwin


U.S. Geological Survey, Woods Hole Coastal and Marine Science Center, Woods Hole, MA


The U.S. Geological Survey, in cooperation with the Massachusetts Office of Coastal Zone Management, is mapping the seafloor offshore of Massachusetts to characterize the surface and subsurface geological framework. This poster presents maps from the Southwestern Gulf of Maine, between Cape Ann and Salisbury Beach, where approximately 325 km² of the inner continental shelf was mapped with a focus on water depths less than 100 m.  The maps are based on marine geophysical data, sediment samples, and bottom photography obtained on two research cruises in 2004 and 2005.  The primary objective of this cooperative program is to assemble and synthesize geologic information for management of coastal and marine resources.  Accurate maps of seafloor geology are important first steps toward the management of fisheries habitat, delineating marine reserves, and assessing environmental changes caused by natural or human impacts.  The data presented in the maps also provide a framework for additional scientific research and for use by industry, and the public.


The general configuration of the shoreline and inner shelf of the study area is controlled by the structure and composition of the regional bedrock framework.  Late Quaternary glaciation and relative sea-level change have been the major processes shaping the coast and inner shelf in the region.  Isostatic rebound following retreat of the Laurentide Ice Sheet has dominated the history of relative sea level and caused profound changes in the position of the coastline.  A 10-km wide zone of the inner shelf has been extensively reworked by a marine transgression, a regression, and a second transgression over the last 14,500 years.  
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Variation in human-driven estuarine productivity shapes rocky shore communities


Marcy Cockrell, Heather Leslie, and Joanna Bernhardt


Marine rocky intertidal ecosystems provide an excellent model system to examine the combined influences of anthropogenic impacts and environmental heterogeneity on local to seascape scales. These biological communities are highly valued for their recreational and habitat services, and are also highly vulnerable, given their proximity to people and extreme environmental gradients. Nonetheless, the overall structure and drivers of change on estuarine rocky shores are poorly understood compared to the open coast. Here we report on emerging results from regional scale studies of near-shore productivity variability on New England estuarine rocky shore communities. By taking a comparative regional scale approach, we hope to provide information at a scale that is relevant to regional marine spatial planning. 


We quantified the abundance of dominant intertidal species at 18 sites nested within three estuaries (Casco Bay, Narragansett Bay, and Long Island Sound) in 2009 and 2010. Within each estuary, we classified sites a priori as high or low productivity, based on existing water quality data and proximity to urban areas. We predicted that: 1) relative abundance of ephemeral algae, filter feeders (e.g., barnacles, mussels, slipper shells), and consumers (e.g., crabs, sea stars, limpets, herbivorous Littorine snails) would be higher at high productivity sites due to elevated resource availability and associated effects on recruitment and interspecific interactions, and 2) abundances of longer-lived algae (e.g., Fucoids, crustose corallines) would be higher at low productivity sites.


	As predicted, we observed that mussels and limpets were more abundant at high productivity sites, and long lived algae such as Ascophyllum and crustose corallines were more abundant at low productivity sites. However, crabs and slipper shells occurred at higher densities at the low productivity sites. While we found some evidence for increased ephemeral algae at high productivity sites, barnacles, herbivorous Littorine snails, and Fucus did not exhibit clear patterns by productivity level. Seastars and predatory whelks were rarely observed. Biogeography clearly mediated the abundances of some species (e.g., the whelk Nucella occurred at higher densities at northern sites). These results are consistent with earlier work where natural variation in productivity (due to upwelling or coastal currents) was associated with marked differences in community structure. They also illustrate the species-specific nature of responses to coastal productivity variation, suggesting some species would be more appropriate indicator species of ecological change than others. Ongoing experimental work will elucidate the relative importance of variable recruitment and consumer effects on these estuarine rocky shores.
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Title:  Projected changes in the spatial structure of habitats in the Northwest Atlantic for a species of concern (cusk, Brosme brosme) based upon forecasts from an ensemble of global climate models.


Authors: John Manderson, Michael Alexander, Peter Auster, Diane Borggaard, Antonietta Capatondi, Kimberly Damon-Randall, Jonathan A. Hare,  Eric Huepel, Ivan Mateo, Janet Nye, Loretta O’Brien, David Richardson, Charles Stock, and Sarah T. Biegel


 Junior authorship is alphabetical


There is considerable concern about the effects of climate change on marine ecosystems, particularly for species already vulnerable because of low population size.  Cusk (Brosme brosme) inhabit moderately deep, complex seafloor habitats throughout the North Atlantic.  In the Northwest Atlantic (NWA), cusk occur in the Gulf of Maine and Scotian Shelf, are less abundant than 40 years ago, and are a species of concern under the US endangered species act. Fisheries by-catch appears to have contributed to the decline. However, climate may also be affecting the population in its southern range.  To assess the potential impacts of climate change on cusk we developed a statistical niche model defined by bottom temperature and seafloor complexity that could be coupled to ocean forecasts. Our model projections on the continental shelf from Cape Hatteras to the Scotian Shelf were based upon bottom water temperature climatology and an index of seafloor complexity derived from bathymetry. We assumed seafloor complexity to be stable over the time scale of interest (<100 yrs).  Forecasts of bottom temperature were made by 1) adding temperature uniformly to a climatology, and 2) by adding region and depth specific estimates derived for two time periods (2020-2060 and 2060-2100) from an ensemble of 8 global climate model forecasts and three climate change scenarios. Analysis of binary habitat maps projected from the niche model showed that total surface area, number of patches, and mean patch area of potential cusk habitat declined linearly with warming and was reduced by 50% with uniform temperature increases ranging from 1.5 to 3C.  However, patch cohesion, an index of habitat connectivity related to variability in population genetics and dynamics in terrestrial organisms, declined nonlinearly with a temperature increase of ~ + 1.5 - 2C.  In this range, potential cusk habitat was eliminated from a broad region in the central Gulf of Maine because the overlap between “preferred” complex seafloor and thermal habitat was dramatically reduced.  Similar changes in bottom temperature and spatial habitat structure were forecast for 2060-2100 using two of three climate change scenarios. Nonlinear changes in population resilience and dynamics could accompany the nonlinear changes in habitat structure we observed.  Such changes in regional population dynamics would be difficult to anticipate unless climate impacts on the dynamic spatial structure of marine habitats are considered. 
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TRANSBOUNDARY ECOSYSTEM BASED REGIME BUILDING IN THE GULF OF MAINE 


John A. Duff, J.D., LL.M., Hannah Dean, J.D., M.S.


In 1984, the International Court of Justice (ICJ), at the behest of the United States and Canada, delineated a maritime boundary – the Hague Line -  between the two nations partitioning the Gulf of Maine.  Twenty-seven years after the decision, with a wealth of new information about the status, trends, and challenges of the Gulf of Maine ecosystem, a simple question arises: does the Hague Line (along with other jurisdictional boundaries and delineations)  facilitate or frustrate ecosystemic regime building?   This research effort employs a law/policy analytical framework to examine how, if at all, five boundary lines have played a role in efforts to engage in ecosystem management in the Gulf of Maine: 1) the Hague Line; 2) the Massachusetts state-US Federal boundary line; 3) the Maine state-US Federal boundary line; and 4-5) the New Hampshire state maritime boundary lines with Maine and Massachusetts.
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Title: MIMES-MIDAS – Dynamic modeling of tradeoffs to inform Marine Spatial Planning 


Authors: Suchi Gopal, Les Kaufman, Evan Walters, Evan Goldman, Marta Ribera & Ben Carr (Boston University), Joe Roman (University of Vermont), Roel Boumans, (AFORDable Futures) & Irit Altman (University of New Hampshire)





MIDAS - MOP (Marine Integrated Decision Analysis System for the Massachusetts Ocean Partnership) is a collaborative marine spatial decision support system for Massachusetts that is being developed at Boston University. Its underlying modeling framework is MIMES (Multi-scale Integrated Model of Ecosystem Services) that enables dynamic spatial modeling. When completed, MIDAS-MOP will demonstrate a suite of scenarios involving human use tradeoffs to help inform marine spatial planning. The basic motivation of our approach is to promote collaborative spatial decision making with the overall goals of enhancing understanding, education about marine resources and use, and promoting marine stewardship in the long term. 


MIDAS was originally developed to provide a means of transferring, from scientists to stakeholders, knowledge about policy trade-offs compiled from both data driven and theory driven approaches. MIDAS for this project serves as a graphic end-user interface between motivations and needs of local managers and stakeholders and MIMES, a complex dynamic MIMES addresses the linked dynamics of natural, human, built, and social capital, allowing the integration of site-specific information with regional and global survey, Geographical Information System (GIS), and remote-sensing data. Using MIMES-MIDAS framework, we model two types of tradeoffs: functional incompatibilities in uses and emergent tradeoffs resulting from ecosystem dynamics. 


The user interface enables the user to select a limited number of specific probes to explore and analyze the modeling scenarios. Social collaboration tools of Web 2.0 will be included in the interface that allows user to create or contribute to a community user created model and tradeoffs. In the long run, we hope to better understand multiple stakeholder viewpoints based on these web communities as well as promote marine stewardship. 





Robbin Peach�Affiliation:  The Collaborative Institute for Oceans, Climate and Security (CIOCS)�E mail address:  � HYPERLINK "robbin.peach@umb.edu" ��robbin.peach@umb.edu� � �Oral� �Submission Title:  The Role of Marine Spatial Planning in Climate-Related Food Security�Authors:  CIOCS team and audience �


How can marine spatial planning be used to respond to climate-induced changes in marine food production?  The presenters will outline their understanding of food security and suggest how spatial protection is important to protecting our ecosystems and food/human security.  The audience will brainstorm strategies for comprehensive science support, predictive tools, and communication.





Millions of people depend on marine fisheries and aquaculture, directly or indirectly, for their livelihoods and health. Fish products provide about 20 percent of average per capita intake of animal protein for more than 2.8 billion people, most from developing countries.  If aquaculture growth can be sustained, it’s likely to supply more than 50 percent of the total aquatic food consumption by 2015. This presentation will explore the role of marine spatial planning in helping stabilize fundamental aspects of human security – specifically pertaining to global marine food supply. The many people who dependent on fisheries and aquaculture – as producers, consumers or intermediaries in inland or coastal areas – will be particularly vulnerable to the direct and indirect impacts of predicted climatic changes, whether through changes in physical environments, ecosystems or aquatic stocks, or through impacts on infrastructure, fishing or farming operations, or livelihood options.  Participants will discuss the science and tools needed to help address the uncertainty climate change will undoubtedly have on coastal ecosystems that support fisheries, and how marine spatial planning can be useful to fisheries management - both scalable and specific to regional and local marine-related food needs.





To achieve the goals in the National Ocean Policy the presenters in this oral session believe CMSP needs to use an ecosystem-based management approach that addresses cumulative effects, promotes multiple sustainable uses, and increases certainty and predictability for food security. Emerging uses, as aquaculture, need to be managed adaptively to reduce conflict, enhance compatibility among uses, sustain ecosystem functions and services, and increase certainty and predictability for marine food source investments. Scientists need to improve predictive models and projections to anticipate the potential impacts of climate change (such as acidification, temperature increases, salinity and temporal changes, etc.) on fisheries, including aquaculture.  We need to create metrics to anticipate which spatial (and temporal) areas are most vulnerable to climate change-related fisheries and aquaculture changes/depletion and adapt accordingly.  And we need to determine where the most globally significant places are that could contribute materially to an increasingly disorderly and potentially destabilized and violent world due to climate induced food scarcity. 























