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Eutrophic Condition in US Estuaries 
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Long Island Sound: Preliminary simulations of biomass 
harvesting show DO improvements  

Phase 3 & 4 TMDL: N & Corg 

With shellfish 
and seaweeds 

Change in dissolved oxygen 
through the use of bioextraction 

System-Wide Eutrophication model 
(SWEM)  
HydroQual, 2009.  
Model year simulation: 1988 
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Modelling eutrophication and shellfish aquaculture 

Objective: Estimate potential nutrient removal      
                    through shellfish aquaculture 

Sites: Long Island Sound (LIS)  
           Great Bay Piscataqua (GBP) 

Today: 

• LIS - Merging of high resolution 3D model and 
coarser scale ecosystem model, GBP -  No 3D model 

• Farmscale model simulation for sites in LIS and GBP 

• Upscaling site specific results to system scale using 
3D model in LIS, simpler approach in GBP 

 

 

 

 



Study Sites:  
Long Island Sound and Great Bay Piscataqua Estuaries 

Connecticut 

New York  

Bioextractors 

Eastern Oyster 

Crassostrea virginica 

Northern Quahog 

Mercenaria mercenaria 

Size: 3,259 km2  
Average Tide: 2 m in west, 1 m in east 
Residence time: 2-3 months 
Population: 4.9 x 106  1,508 people/km2 

CT leased acres: 80 x 103 – husbandry/ranching 

New Hampshire 

Maine Size: 54.7 km2  
Average Tide: 2.0 – 2.6 m  
Residence time: 29 d 
Population: 0.29 x 106 total, 109 people/km2 

Lease acres: 17 – intensive culture 



System-scale 

ecological modelling 

SWEM, E2K, ASSETS 

Transport and 

water quality 

model 

SWEM Individual growth models 

for cultivated species 

Eastern oysters 

Farm-scale 

modelling 

FARM model 

Catchment 

model 

SPARROW, 

AVGWLF 

Watershed 

Runoff 

Modelling 

System- and local-

scale ecological 

modelling 

E2K, FARM, ASSETS 

Field 

measurements 

In situ and lab 

experiments 

Public participation 

Data/Info from 

growers 

Economic model 

Millennium 

Ecosystem 

Assessment 

Framework  

The Regional Ecosystem Services Program  
Bioextraction Framework 



  
                      Long Island Sound 

High Resolution 3D   Coarser Ecosystem Model Grid:   
Merged using legal, physical, water quality, aquaculture criteria 

  

Water quality results for E2K and SWEM can be compared, both models can be used 

to generate outputs for use in ASSETS eutrophication assessment, as an overall 
synthesis model, and FARM, as a local scale model (no ecosystem model for GBP) 

System Wide Eutrophication Model 
2300 boxes 

EcoWin2000 grid 
42 boxes 

Approved 

Conditional 

Restricted 

Prohibited 

       Model Timeframe Focus 

System Wide Eutrophication one year            water circulation,  

Model (SWEM)                           water quality  

 

EcoWin2000 (E2K) decadal             aquaculture, water quality,  
                             economics 



Example environmental driver data for  
Farm Aquaculture Resource Management (FARM) model:  

Great Bay Piscataqua Estuary 
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Data from station GRBAP, average 2005-2010 



Application of the FARM model: Predicted harvest 
One culture cycle 

LIS:   50 acre farm,   540 d,   40 oysters m -2  =>  200 tons 

GBP:   4 acre farm,   730 d, 185 oysters m -2  => 192 tons 
 

FARM also calculates the farm’s ASSETS eutrophication score and 

biodeposition of particulates. 



FARM model application: local scale results 
 Example model output for Great Bay Piscataqua Estuary 

*Kellogg et al. 2013 reef restoration = 0.23 t acre-1 y-1  

ecosystem service equivalent  

Oyster harvest 
(mt acre -1 cycle-1) 

N removed*  
(mt acre-1 y-1)  

PEQ  
(acre -1 y-1)  

Value of service 
($ acre-1 y-1) 

LIS 4 0.03 6 $250 

GBP 48 0.67 204 $8,200 



Upscaling farmscale nitrogen removal to 
Great Bay Piscataqua Estuary 

 

Present  and Potential Cultivated Acres and N Removal 

Acres N removal 
(ton y-1) 

% total load 
removed+ 

PEQs 

Simulated  4 
acre farm 

4 2.7 0.2 818 

Present acres 17 11.5 0.9 3,477 

Future  acres 
(minimum) 

56 37.8 3.1 11,452 

Future  acres 
(maximum) 

92 62.1 5.1 18,814 

 total estimated input to GBP 1225 metric ton y-1, 2009-2011, PREP 

From: Nash and Elliott, 

2012.   4 acre farms 

Upscaled (max) value of ecosystem service = $565,000  



Upscaling farmscale nitrogen removal to  
Long Island Sound 

                             Farmscale    Present (conditional + approved)          Future  

                              (50 acres)          (45 x 103 acres)                (in discussion):   

ton N removed        1.5         1,350                                                       ? 

% total load             <1                       3%                                           ? 

PEQs                      468                   >400,000                                    ? 

26632 approved 
19669  conditional 
22781  restricted 
4070  prohibited 

Acreage: 

Total load to LIS = 50 x 103 metric t y-1, LIS Study 
Upscaled value of ecosystem service = $12 x 106 



Summary 
• Models – evaluate without financial, environmental, social,  
      time costs of actual implementation 

 

• LIS has more robust model framework ecosystem models (SWEM, 
EcoWin) local scale (FARM), stay tuned!  
 

• Shellfish aquaculture is a promising complementary measure:  
• LIS – all conditional + approved areas will remove 3% of inputs 
• GBP – maximum expansion will remove 5% of inputs 

 

• Complementary to land based measures (caveats include 
restrictions due to marine spatial planning issues)  
 

• Cost effective compared to other BMPs ($0 - $150 acre-1, Stevenson 
2010), similar to N removal via reef restoration (Kellogg et al. 2013) 
 

• Additionally, provides local seafood product, jobs, income for 
shellfish farmers  

Note about costs i.e. Marianne 
Helmer’s talk from Monday, etc 


