The FARM model in Long Island Sound:

How important is nutrient removal through shellfish harvest?
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Long Island Sound: Background

New York |

~ “Connecticut

Size: 3,259 km? R et
Tide: 2 min west, 1 min m* %
Residence time: 2-3 months .

Highly developed watershed

Population: 4.9 x 10° total, 1,508 people/km?
2/3 freshwater inflow from Connecticut River

Project results will inform:

* Long Island Sound TMDL

e 2011 NOAA Aquaculture Policies
National Shellfish Initiative

Eastern Oyster Northern Quahog
Crassostrea virginica Mercenaria mercenaria



The Regional Ecosystem Services Program
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Modelling Eutrophication and shellfish aquaculture

Objective is to estimate the potential nutrient
removal from Long Island Sound through shellfish
aquaculture. For today:

* Merging of high resolution 3D model and coarser
scale ecosystem model,

 Scale individual growth model to population for
Eastern oyster,

* Farmscale model for site in Long Island Sound,

 Upscaling site specific results to system scale



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

[ Approved
Bl Conditional
[ Restricted
Bl Prohibited

|| System Wide Eutrophication Model EcoWin2000 grid
2300 boxes 42 boxes

Model Timeframe Focus
System Wide Eutrophication one year water circulation,

Model (SWEM) water quality

EcoWin2000 (E2K) decadal aquaculture, water quality,

economics

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



Eastern oyster growth model — simulated mass balance
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Growth simulation of oysters feeding on algae and detritus allows population
scale models to examine top-down control of eutrophication by shellfish



Scaling individual growth to FARM model:
Application to a CT farm using water quality data for LIS

_ FARM - Onshore Farm Aguaculture Resource Management (FARM onshore Eastern oyster culture standard model) =10 %
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Predicted oyster harvest for this 50 acre farm in Connecticut is about two
hundred metric tons for a culture cycle. FARM also calculates the farm’s
ASSETS eutrophication score and biodeposition of particulates.



Long Island Sound oyster farm:
FARM model simulation for nutrient trading

N removal (kg y')
Phytoplankton removal -
Shellfish AR

v

filtration Algae
Detritus
Excretion

Detritus removal
11619 kg C y-1

v

Faeces
Mortality

Population equivalents (PEQ)
314 PEQ y-1

Mass Balance

ASSETS INCOME PARAMETERS
————
B c: B SHELLFISH FARMING INCOME:  1376489.4 $ y-1 DENSITY: 40 ind.
NUTRIENT TREATMENT: 12571.0 S y-1 CULTIVATION PERIOD: 540 days
H o R TOTALINCOME: 13890604 § y-1

. Score .

Oyster cultivation in this 50 acre farm provides an ecosystem service
equivalent to removal of nutrient discharge by over 300 people.



Economic Marginal analysis
FARM model — application to a Long Island Sound oyster farm
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Marginal analysis for a farm allows the farmer to determine the
optimum profit point — this is not usually the maximum harvest point.



Upscaling Site Specific Nitrogen Removal to
Long Island Sound

Acreage:

BN 26632 épproved
119669 -conditional

B 22781 restricted
4070 prohibited -/~

Site specific:
468 PEQs removal for 50 acre farm

Scaled to Long Island Sound:
~45,000 acres conditional + approved = >400,000 PEQs




Concluding Comments
Bioextraction in Long Island Sound

SWEM 2300 model boxes reduced to 42 EcoWin2000 boxes
using legal, physical, water quality, aquaculture criteria

Eastern oyster physiological model results incorporated into
FARM

FARM simulation for 50 acre farm provides ecosystem service
equivalent to >300 People Equivalents, scaled to system is
>400,000 People Equivalents

Marginal analysis provides basis for optimization of
eutrophication reduction and commercial viability of shellfish
culture

Optimistic project - highlights what we can do to provide
domestic seafood, improve environment, create jobs



