
Climate Change and Responses in a Coupled Marine System  
An interdisciplinary investigation of the coupled natural and human systems oriented around the surf clam 
(Spisula solidissimus). 
Details:  National Science Foundation, “Coupled Natural and Human Systems”:  Collaborative Research: Climate 
Change and Responses in a Coupled Marine System.  October 2009-September 2012.  Award: GEO-0909484.  
Total: $1,500,000.   
 
Researchers:  (1) Rutgers University: Principal Investigators (PIs): Bonnie J. McCay, Dale B. Haidvogel, Eric N. 
Powell, Janice McDonnell, with post-docs Frederic Castruccio, Peter Zhang and Carolyn Creed; (2) U. 
Massachusetts Amherst:  PI: Sylvia Brandt; (3) Virginia Institute of Marine Science: PI: Roger Mann; and (4) Old 
Dominion University: PI: Eileen Hofmann and John Klinck.   
 
Advisors:  Lee Anderson, University of Delaware; Thomas Alspach, Esq.; Stephen Blount, Blount Fine Foods; John 
Boreman, North Carolina State University; Michael Fogarty, NOAA Northeast Fisheries Science Center; Thomas 
Hoff, Mid Atlantic Fishery Management Council  Staff; Larry Jacobson, NOAA Northeast Fisheries Science Center; 
Jack Miles, J H Miles and Company; José L. Montañez, Mid Atlantic Fishery Management Council Staff; Jeffrey 
Normant, New Jersey Department of Environmental Protection; Terrence Smith, NOAA Fisheries/Sea Grant; 
Nancy Targett, University of Delaware; David Wallace, Wallace and Associates; James Weinberg, NOAA 
Northeast Fisheries Science Center. 

Description 
This project responds to increased demand for greater understanding of complex and changing ocean 

systems, given evidence of cumulative problems related to overfishing, climate change, and other stressors and 
recognition of limitations in current modes of governance. Such understanding is critical to the larger societal 
goal of developing governance institutions that are informed by the best available science. Thus we have 
undertaken an integrated and multidisciplinary research program that addresses two overarching research 
questions: (1) how does climate forcing affect surfclam populations; and (2) whether and how the current socio-
economic and regulatory system will adapt to and attempt to mitigate perceived and documented effects of 
climate change in this system. We focus on two key points where the natural components are coupled with the 
human components of the system: the fisheries themselves, including harvesting, processing, and distribution, 
and the dominant governance institutions, which consist of laws, scientific enterprises, management councils, 
and activities such as data collection and enforcement.   
 

Of specific interest are the effects of climate change on the fishery and how those effects are perceived, 
interpreted, and responded to by scientists and by public and private sector actors, which influences the nature 
of feedback in the coupled system.  The fishery of interest for this study, the surfclam (Spisula solidissima) 
fishery of the Mid-Atlantic Bight, is undergoing change possibly as a result of climate warming, providing an 
opportunity to investigate coupling processes under conditions that could lead to restructuring of the system 
with implications for both biological and socio-economic outcomes. Our study is the first attempt to develop a 
comprehensive mechanistic description of response to environmental change by a dominant member of a 
biological community, the surfclam, where the latter is identified as a cornerstone in the maintenance of that 
community as it evolved over geological time.  The structure to be developed should therefore be viewed not as 
an isolated example with application in a particular fishery, but as the foundation of a generic approach that can 
be exported to applications in a broad arena from terrestrial to freshwater to marine systems worldwide where 
cornerstone species are seminal to community stability and, hence, long-term resource availability.  



In addition, this study seeks to provide the scientific basis for advances in ecosystem-based 
management (EBM).  EBM will benefit from the more focused, incremental approach represented by this case 
study, where traditional single-species management is enhanced by addressing a major environmental factor, 
climate forcing, with challenges in developing measures that respond to increased spatial differentiation of the 
population.  The study will further examine the ways that market-based or “catch share” instruments of 
management as well as a strong tradition of industry engagement in cooperative research affect adaptive 
capacity in the face of major environmental change.  

Mid-Atlantic Surfclam Model 
A Mid-Atlantic surfclam (MASC) model is being developed as part of a multi-disciplinary study looking at 
adaptation to climate change in a human-natural coupled system.  The research is being conducted by the 
Ocean Modeling Group at Rutgers (Dale Haidvogel, PI), in collaboration with Eric Powell (Rutgers), Roger Mann 
(VIMS), and Eileen Hofmann and John Klinck (ODU).  In its present form, MASC combines a hydrodynamic model 
for the Middle Atlantic Bight (and, optionally, the Gulf of Maine) with an individual-based sub-model for 
surfclam larvae.  The hydrodynamic core of MASC is the Regional Ocean Modeling System (ROMS), in use world-
wide for both basic research and real-time applications. 

Schematic Outline of the Coupled Human-Natural System  
 Numbers on lines indicate research question related to the interactions between the system components (see 
proposal). Dashed lines indicate frames, or interconnected sets of ideas or themes, which form a focus for this 
study.    

 

More Information 
To request a copy of the research proposal, contact Carolyn Creed (creed@aesop.rutgers.edu).  To see more 
information on the larval transport model and the ROMS (Regional Ocean Modeling System) tool, go to the Mid-
Atlantic Fishery Management Council’s Surfclam and Ocean Quahog Fisheries page http://mafmc.org/fmp/scoq.htm)   
and click on the link under “Latest News.” 
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