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Presentation Topics

A EASy GIS Introduction
A AquaModel Introduction and Components
A Near and far field AquaModel
A Model Demonstrations

A Prior and Ongoing Validation

A Future Direction
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EASy Graphical Environment

AVHRR SST imagery for the Gulf of Maine Biogeographic Information System

DS B|)|ald| == 2|8 || 3| [emer =][ssT

e

Jeq|oo] asmo.g abew|

-B5100/7
4

T

O

i

o

7

r, R

—-

+46.597587 -65.263067  |100000 99999992, 9MM |360% [22:34:05 Display | & LM

Tsontos, V. M. and D. A. Kiefer. 2000. Oceanography 13(3): 25-30.




EASY

EASy Graphical Environment

Species richness relative to bathymetry, water density differentials & bottom temperature
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Quantitative Analysis

50+ parameters, 20+ tools.
300+ types of satellite imagery
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AquaModel Circulation & Fluxes
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U.S. Integrated Ocean Observation System (I00S)
+ EcoRegion Calibrated Biological Models

Regional Associations Across the United States
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Near field and Far Field AquaModel Versions
Near Field focus: single or multiple current meters
A Single farm, contiguous or spaced cages using fine grid
A Benthic effects (TOC, sulfides, waste feed and/or fecal tracking
A Dissolved oxygen, Dissolved Inorganic or Total Filtered Nitroge

Far Field focus: regional circulation driven
A Many farm concurrently, over entire coasts with variable grid

A Cumulative effects: nitrogen/phytoplankton/zooplankton

A Model within GIS: will nitrogen affect littoral zong\{oid algae)
or coral reefs (epiphytes), sea grass meadow, habitats of speci
significance, etc.?

Both:

A Farm to farm or pen to pen interactions

A Similar setup, operation, tools available
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Underlying Basis of Fish Physiology Model:
Carbon/Nitrogen/Oxygen Mass Balance and Rates

A Ingestion rate = egestion rate + assimilation rate
A Fish feces production = egestion rate
A Assimilation rate = rate of respiration + rate of growth

A Respiration rate = resting rate of respiration (i.e. basal) +
respiration rate of activity (swimming) + respiration rate of
anabolic activity (growth)

A Most limiting metabolic process and Scope for Metabolism



A Carbon/Nitrogen/Oxygen Metabolic Model for Salmo

Growti = Assimilation - Respiration

Egestion= 0.30*Ingestion

Ration
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AquaModel Fish Physiology Module
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- Cobia and Mol Fecal Settling Rates

- Binomial Fit is very similar for moi and cobia

- BUT, unlike salmon feces nominal range is small
(salmon~ 0.5 to 9 cm/s vs. marine fish ~ 0.1 to 1.2)




Example validations: Salmon Respiration and Growth Rates
AgquaModel Predicted vs. Measured

Growth Rate Measured and Predicted by % BW Ration

—o— 0.06
—s— 0.03
——(0.015
=-=0==P 0.06
-<3+=P 0.03

=<3>»=P0.015

= S
o o
o o
> o

£
o
—
o
o
=
(&
o
o
w

S
15
Temperature




NitrogenPhytoplanktonZooplankton Module

Atmospheric
Oxygen

] Oxygen Exchange rate=F[dissolved oxygen, wind speed]

Photosynthetic rate= “’
F[Phytoplankton, Dissolved Oxygen
inorganic nitrogen,

. : Respiration rate=F[Zooplankton growth
temperature, irradiance]

ate]

Phytoplankton > Zooplankton
Zooplankton growth rate=

F[phytoplankton,zooplankton,
temperature, oxygen]

Phytoplankton Assimilation rate=
F[Phytoplankton, inorganic nitrogen,
temperature, irradiance]

Excretion rate=F[Zooplankton]

Dissolved Inorganic
Nitrogen
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Gulf of Maine: NPZ submodel validation
Highly Variable Boundary Conditions, example parameters
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Capturing Dynamics of the Plankton Community

Isle of Shoals Mooring Data
(Fredriksson and Irish)

Dissolved
Inorganic Nitrogen
(mg-at/m3)

AguaModel Simulation
Gulf of Maine

Dissolved
Inorganic Nitrogen
mg-at/m3

Julian Day
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Capturing Dynamics of the Plankton Community

Isle of Shoals Mooring Data
(Fredriksson and Irish)

Chlorophyll a
(mg/m3)
AgquaModel Simulation
Validation
Chlorophyll a
(mg/m3)
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Capturing Dynamics of the Plankton Community

Isle of Shoals Mooring Data

(Fredriksson and Irish)
Zooplankton

Nitrogen
(mg-at/m3)

AguaModel Simulation
Validation
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Sediment Management Sustainability:
Classic PearseRosenberg Organic Enrichment Effects

Species Optimal Site Locations /Abundance
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Benthic Module Concept

Particle Resuspension ... .
diffusive gas exchanges _
& Transport A A A Water /Sediment Boundary

Particle Deposition ‘1' \4
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Oxygen Profile at Benthic Boundary Layer

Water Column

Benthic Boundary

Sediment

benthic respiration




CQ Production vs. Carbon Deposition

—— y=-15.9 + 1.1xr2 = 0.936

* AquaModel predicted 3

* ToothacreCove measured 5
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Field measurements of sulfide concentration as a function of
organic carbon loading calculated with DEPOMB#&rdrave
2010) &AqguaModelgeneral predictions of concentrations In
upper 2 cm of sediment.
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Behavior of benthic subroutine: steady state conditions
defined for low and high rates of loading

Organic Loading= 5 mg C *#tday!

<— Steady State

Rates of
Respiration &

Diffusion Diffusion
(mg* mz*d ay-l) ) r

J Steady State
Organic Loading= 1mg C *#tday!

2 4

O2 concentration (mg/l)




Steady state solutions of the benthic module In
response to rates of organic carbon deposition.
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EASy - MaricultureHawaiiFar ---BROWSE IMAGE MODE---
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ROMS Model Circulation

EASy - Hawaii ---SIMULATION MODE---
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Ocean Circulation Data: PACIOOS




Offshore Flow: Nitrogen (DIN+). AguaModel Snapshot
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Onshore/weak Flow: Phytoplankton ()l
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Farms Interacting or influencing littoral coralsQr Not !



