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1.0 EXECUTIVE SUMMARY  

Project Title: Climate-fisheries dynamics: Individual-based end-to-end sea scallop model with 

socioeconomic feedbacks 

Year Awarded: 2017 

RSA Priorities Addressed By This Research: This is a COCA project, not an RSA project 

Industry Partners: [F/Vs, Owners, Company, etc.].  N/A 

 

The overall objective of this proposal is to gain insights into the impacts of climate change on the 

NESLME sea scallop fishery and to characterize adaptive management strategies that are robust 

to climate variability and change. The proposed end-to-end scallop model will be built on an 

existing modeling system, in which concentration-based lower food-web and individual-based 

larval transport models have been incorporated a high-resolution 3D hydrodynamic model to 

study climate-forced ecosystem dynamics, plankton production, connectivity, and recruitment 

success in the NESLME.  This study extends our individual-based full-life cycle model of sea 

scallops to examine multi-scale forcing on system productivity, recruitment, and adult stock size.  

The ultimate goal of this project is to couple biological-physical model with a socioeconomic 

model to assess the potential for adaptive management strategies to achieve reference points 

comprising measures of fishery performance, such as yield, net present value, spawning biomass, 

or employment, among others.   

For the RSA share day presentation, the focus will be on the biological-physical modeling 

component.   The regional physical model is contained within a global ocean model, which 

provides boundary conditions and multi-scale physical forcing. A physical hindcast has been 

completed for the period 1978-2016 and is currently used in ocean forecasting.  The hindcast of 

lower-food web dynamics has also been extended to cover the period 1978-2016.  An individual-

based, full-life-cycle model of sea scallops is used together with historical data on sea scallop 

distributions to develop a 39-yr hindcast.  The coupled model is being used to examine effects of 

multiple environmental factors on scallop dynamics, including the spatially explicit assessment 

of scope for growth and population connectivity. Knowledge gaps and potential for model 

improvement will also be discussed.  
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2.0 PRELIMINARY RESULTS AND DISCUSSION 

 

A) Lower trophic level food web modeling: 

• Completed 39-year simulation (1978-2016) to investigate spatial heterogeneity and 

interannual variability of phytoplankton bloom dynamics and driving mechanisms. 

• Validated bi-monthly climatology between model-generated fields of ocean surface 

chlorophyll-a with satellite ocean color data. 

• Examined model performance in reproducing nutrient and phytoplankton vertical structure 

in the Gulf of Maine and Mid-Atlantic Bight.  

• Validated model-simulated phytoplankton size composition using MARMAP size 

fractions of nanoplankton versus netplankton from 1978 to 1988. 

• Tested the importance of detritus resuspension in the food web model with new modules 

by adapting multiple sets of parameters. The resuspension flux of detritus is determined by 

excessive bottom shear stress and erosion rate. An additional sediment layer is specified to 

store the total amount of detritus settled on the seafloor.  

• Extracted bottom phytoplankton and detritus concentrations at the bottom boundary layer 

for sea scallop scope for growth calculation and scallop individual-based model.  

• A paper summarizing the above results has been provisionally accepted by ICES Journal 

of Marine Science pending a minor revision.  

 

B) Sea scallop scope for growth modeling: 

The results of our lower trophic level food web model with detritus resuspension process are used 

to assess the spatiotemporal variability of production exported from the water column to the 

bottom of the Northeast U.S. Shelf (NES), with a specific attention to the effect of bathymetry, 

mixing/stratification regime and phytoplankton size composition. We also evaluate the distribution 

and energy requirement of Sea scallop. Model results indicate that available phytoplankton near 

the bottom is not sufficient to meet scallop’s energy requirement, especially on the outer shelf (70-

100 m) where the scallops typically reach high abundance, Including detrital organic matter as an 

additional food source for scallops only partly alleviates the energy deficiency. However, by 

including a vertical gradient of organic particles within the bottom layer and detritus resuspension 

during strong hydrodynamics, the energy balance can be mostly reached. An approximation of the 

vertical gradient is based on the concept of Rouse profile, which is modulated by the balance of 

sedimentation and resuspension of particles. Our findings suggest the importance of pelagic-

benthic coupling through the sinking export of water column production to benthic zone and 

resuspension export from benthic to pelagic system. Bottom boundary layer dynamics play an 

important role in pelagic-benthic coupling.  A paper is currently being written to present these 

results.  

 

C) Scallop full-life cycle individual-based model: 
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• A pelagic-stage larval scallop model has been implemented to examine the dispersion and 

settlement of scallop larvae over 1978-2016. The results demonstrated that the significant 

interannual variability of larval dispersal was driven by biophysical interactions associated 

with scallop larval swimming behaviors in their early stages. The duration, frequency, and 

stimulus of larval vertical migration in the ocean mixed layer affected the dispersion pattern 

and population connectivity. In addition to larval behavior, the larval transport was also 

closely related to the intensity and duration of northeasterly wind in autumn. There was no 

conspicuous connectivity of scallop larvae between GB/GSC and MAB in the past 39 years 

except in the autumn of 2009.  A paper summarizing these results has been submitted to 

Progress in Oceanography, and is currently under revision.  

• A benthic stage scallop model with the inclusion of feeding, predation, starvation, 

resuspension and natural/fishing mortality has been implemented. The phytoplankton and 

detritus fields are provided by the lower-trophic level food web model simulation results. 

The benthic model is initialized with the field of juvenile individuals predicted by the 

pelagic phase component of the Scallop-IBM each year and run for a 4-year period under 

the physical and biological forcing conditions.  The model showed that the high recruitment 

rate was over GB/GSC, with higher abundance on the northeastern and southern flanks of 

GB and GSC. As a preliminary model validation, the distribution of the model-predicted 

scallop density in 2013 was compared with the survey data and showed a good agreement, 

suggesting that the model was capable of simulating the growth and distribution of the 

scallop during the benthic phase in the region.  

 

D) Socio-economic modeling and geospatial data analysis: 

The main objectives of this study are to examine the effects of changing scallop stock conditions 

on fishing location choices, fishing revenues, and in turn, well-being of fishing communities. To 

achieve this objective, Di Jin and Porter Hoagland of WHOI Marine Policy Center have worked 

closely with Min-Yang Lee, Eric Thunberg, and Deborah Hart of NEFSC accomplished multiple 

tasks that lead to (1) the development of a project database including both scallop biomass density 

and scallop catch variables, and (2) the development of regression models of catch per unit effort 

(CPUE). The scallop biomass density variable in database is the average number of scallops per 

m2 in two size groups:  <75mm and 75mm shell height, for each SMAST grid cell. The scallop 

density variable was constructed by merging the SMAST scallop survey data and the NEFSC 

scallop dredge survey data. For CPUE model, 9 variables (scallop density, vessel size, crew, 

fishing area, trip length, transit time, landing port, month, year) are selected to build the regression 

model. The preliminary results find: 1) If large scallop density increases by one, CPUE increases 

by 13.6 lb/hour; 2) If fishing in Georges Bank, CPUE is 33.9 lb/hour higher than that in the Mid-

Atlantic; 3) Other explanatory variables (landing port, month, and year) also have significant 

effects on CPUE; 4) vessels are more likely to go to cells with high stock density. 

Fishing location choices have been investigated using conditional logit models. The analysis has 

focused on the effect of scallop density on location choice by vessels from three major scallop 

ports: New Bedford (MA), Cape May (NJ), and Hampton and Newport News (VA). Scallop 

density data are incomplete at the SMAST grid cell level over the study period, which makes it 
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infeasible to construct consistent choice sets for vessels at these ports. To handle the problem of 

missing data, we developed 154 separate conditional logit models for the three major ports, for the 

months of May, June, July, and August from 2003-2015, for choice sets including SMAST grid 

cells with scallop density data, which varied by month and year. The preliminary results suggest 

that a statistically significant and strong positive relationship exists between scallop density 

(scallops >75mm shell height) in a specific SMAST grid cell and the choice probability of the cell 

as a destination of scallop fishing. The results support the prediction that changing scallop stock 

distribution will lead to changes in a vessel’s fishing location choice and, in turn, the overall spatial 

pattern of fishing activities.  

 

3.0 SPECIAL COMMENTS 

[Anything that you think is noteworthy for managers to consider and discuss. What worked well 

about the project?] 

 

 

 

  


