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Marine Aquaculture Site Selection
Overview

e Several types of marine aquaculture site selection tools
under development in U.S. and elsewhere

— a) mapping, b) modeling



Marine Aquaculture Site Selection
Overview

e GIS-based mapping platforms allow for the visualization of
aquaculture within the context of other coastal zone uses



Marine Aquaculture Site Selection
Overview

* Overlay various datasets to understand potential
environmental interactions (species, habitats); use conflicts



Marine Aquaculture Site Selection
Overview

 Mapping does not address production potential - will the
target organism grow? at what rate in the system?



Marine Aquaculture Site Selection
Overview

 Marine aquaculture modeling can assess production
potential, culture optimization (gear configuration, stocking
density) and environmental effects



Marine Aquaculture Site Selection
Overview
* Integrated, mapping + modeling allows users to

simultaneously address social, environmental, economic
factors towards an improved decision-making process



Considerations for Selecting Aquaculture Sites
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Silva et al. 2011 . Aquaculture. 318: 444-457.
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Considerations for Selecting Aquaculture Sites
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Stage 3 - analysis of:

a) production

b) socio-economic outputs
c) environmental effects



Why Merge Mapping & Modeling for Site Selection?

* Growers need production info to make decision about site

* Regulators have responsibility to prevent adverse impacts to

habitat, species, and avoid use conflicts, provide this information
to growers



Why Merge Mapping & Modeling for Site Selection?

* Eliminating areas that are unsuitable via mapping does not
necessarily yield areas suitable for shellfish production



Why Merge Mapping & Modeling for Site Selection?

* Need modeling to evaluate remaining areas for growth/survival
/production/economics of cultured shellfish



Why Merge Mapping & Modeling for Site Selection?

* Responsible growth: expand into areas without existing conflicts
that are best suited for shellfish production



Why Merge Mapping & Modeling for Site Selection?

Our primary objective is to demonstrate that the integration of
mapping and modeling tools can better inform the site
selection process for marine aquaculture



Merging Mapping and Modeling

e Mapping Tools

— Aquaculture Mapping Atlas http://clear2.uconn.edu/shellfish/
— Shellfish iMap http://gis.co.suffolk.ny.us/shellfish/index.html

— Hawaii Coastal Use Viewer
http://www.mpa.gov/dataanalysis/hi coastal use/viewer/

e Modeling tools

— Farm Aquaculture Resource Management (FARM) Model
http://farmscale.org

— ShellSIM http://www.shellsim.com/

 |ntegrated Tools

— MARGIS http://www.marcon.ie/website/html/margis.htm (Ireland)

— ShellGIS (under development, U.S.; abstract in JSR)

— Akvavis: http://insitu.cmr.no/akvavis/akvavis.html (Norway)


http://clear2.uconn.edu/shellfish/
http://gis.co.suffolk.ny.us/shellfish/index.html
http://www.mpa.gov/dataanalysis/hi_coastal_use/viewer/
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http://www.marcon.ie/website/html/margis.htm
http://insitu.cmr.no/akvavis/akvavis.html
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http://clear2.uconn.edu/shellfish/
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4s Shellfish Aquaculture Lease Program

‘ "” = Shellfish iMap (NY, USA)
- 5 http://gis.co.suffolk.ny.us/shellfish/index.html
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http://gis.co.suffolk.ny.us/shellfish/index.html

,liVEI OLIVER: MassGIS's Online Mapping Tool
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& “OLIVER” Online Data Viewer (MA, USA)

http://maps.massgis.state.ma.us/map ol/oliver.php

* interactivelydisplay and query GIS data
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) legend files
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Active Data Layers
Check all | Uncheck all Remove all

[ @ shelfish Suitabiliy Areas

I;!' @Massachusctts Towns Black Labels

[ #Major MassDOT Routes

v lQ]Massachusctts Towns Survey Boundaries Mute

1 #states Bordering MA plus ME
A rraan

~ S

1 ¢

Legend
Shellfish Suitability Areas
) AMERICAN OYSTER
Oear scaLLop
] BLUE MUSSEL
[JEUROPEAN OYSTER
EJOCEAN QUAHOG
E)ausHos
CJrazoR CLamM
[DseascaLLop
[J0FT-SHELLED CLaM
0 km
|_r|‘3"1 [J5uRF CLa
Scale = 1:1.404 817 Maceachusetts Towns Black Labels

177,008.32m 979,802 88m .
Major MassDOT Routes

\ — \ I, 4/3Imerstate

L ¢ v x@ T A BasEMERST 2|5 Highway



http://maps.massgis.state.ma.us/map_ol/oliver.php
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* For this demonstration we have integrated the Aquaculture Mapping Atlas and
the FARM Model to assess production potential of oyster farms
- Step 1: Use mapping tool to identify suitable areas
(without use conflicts; adverse environmental interactions)
- Step 2: Use model simulation to identify production potential
(will animals grow?, growth rate?, compare sites)

(Data from 2008, Station 09, CTDEEP monitoring Program — from: Matt Lyman)
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Step 1: Mapping Objective
Overlay GIS layers of legal, contaminant, competing uses,

and other restrictions to eliminate unsuitable areas,
identify areas suitable to aquaculture

ECONOMIC SOCIAL ENVIRONMENTAL

Site characteristics Historical, current Non-production site

relevantto production, and potential future characteristics; potential

gear type, configuration uses for interaction,adverse

effects

Example Layers: Example Layers: Example Layers:

* bathymetry/soundings | ¢ existing/potential  distribution/abundance

e currents aquaculture lease of living marine

° Waterquality areas resources

. productivity (Chl a) * marinaand * native populations

. sedimenttype mooring positions | .« endangered species

+ shellfish area * commercial uses * habitats (e.g. SAV)
classification * recreational uses




Aquaculture Mapping Atlas: GIS Layers

Use mapper tool for area of interest to look at successive
map layers to eliminate unsuitable areas:

1) Street map: locate, identify area of interest

2) Navigation layers: channel areas + buffer, bathymetry,
cables and buoys

3) Shellfish Beds: location of municipal/state/natural beds

4) Shellfish classification: prohibited, conditional, approved

5) Environmental sensitivity index: habitats, species,
natural diversity

6) Marina location: use conflicts

Anticipated output: ‘suitable’ areas for potential
aquaculture siting



Aquaculture Mapping Atlas: GIS Layers

1) Street map: locate, identify area of interest

. 1he Aquaculture Mapping Atlas
pERs g rssouros for Connecticut's aqaeulture industry and managers
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Aquaculture Mapping Atlas: GIS Layers

1) Imagery
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Aquaculture Mapping Atlas: GIS Layers

2) Navigation layers: channel + buffer, bathymetry, cables, buoys
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Aquaculture Mapping Atlas: GIS Layers

3) Shellfish Beds: location of municipal/state/natural beds
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Aquaculture Mapping Atlas: GIS Layers

4) Shellfish classification: prohibited, conditional, approved
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Aquaculture Mapping Atlas: GIS Layers

5) Environmental sensitivity index: habitats, species, diversity
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Aqguaculture Mapping Atlas: GIS Layers

6) Marina location: use conflicts
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Step 1: Output
“Suitable” sites based on mapping
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Step 2: Modeling Objective

MODEL INPUTS MODEL OUTPUTS
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For this demonstration, the FARM model evaluates:
—Will oysters grow at the “suitable” sites?

—If so, how quickly will they grow to market size?
—How do sites compare to each other?



Il Step 2 Output:
8 Suitable sites based on modeling

e Model assesses data from two sites to resultin a time to
market size for each site

* Assumptions:
- Seedsize = 5mm
- Market size = 76mm
- Bottom culture

* Sijte 1: All parameters equal except measured chl a
e Site 2: All parameters equal except 50% measured chl a



Il Step 2 Output:
8 Suitable sites based on modeling

Data transformed into a visual (chromatic) output so that it
can be overlayed with output from Step 1 Mapping
Objective.

Oyster production (time to marketsize) :
B 4+ years = not feasible _

. Time frames highly
D 3to<4 Yrs= feaS|b|e, IOW grOWth dependent on water

temperature and

. 2 to <3 yrs= feasible, moderate growth — husbandrymethod

(surface vs. bottom

B <2 years = feasible, high growth i




Az,

',‘ The Aquaculture Mapping Atlas s ? G B ‘{ iy @

a rssouroe for Conneobcu(‘s aquaculture Industry and managers

o

NERT CL 10 FT ¥ R s ; Simple  StreetMap = Aerial Imagery  Topography
"'J\‘aﬁxd i .

Oyster production (time to market size):
. 4+ years = not feasible

Bt O

s " Owenoke™ Privatds /‘ fo:’

AN£! _peo - T
> ~._l]wt\"ﬁ-G {/ ’: " e, 57
,/ G (, QAN (S " . ‘U‘ 4 i e \
{ 2 RO s s \4‘1 g "RH 8 2 \ 5
2 % . . s . SRS & 5 W L X
g [ A, 200 v, .,
2 / o r \ gOrrs
1/‘
(/
V4
s
y
Vg
y -
/'" A
o/ \
W oz

| Saugatuck rJ

Shores = - 10N b %
A L : \ IVErsity o
(S35 % C ‘-“ y 4 W P @( nnecricuy
e - ( i \# V° N\ N\ 4 smaé"(ocusm




Summary

 Mapping + modeling provide a powerful decision tool for
successful aguaculture siting



Summary

 Mapping helps user identify potential sites by selectively
eliminating sites with use conflicts or where activity would result
in adverse environmental interactions



Summary

Modeling can answer questions about:

Potential production (e.g. time to harvest)
Culture optimization (e.g. gear configuration, stocking density)
Carrying capacity (if ecosystem models are included)

Environmental effects - potential nutrient removal by
harvested shellfish

Economicimpacts to farmers (e.g. nutrient trading program)
and to larger economy (if economic impact analysis included)



Summary

 Question type will dictate the type of model to be used, type
and frequency of data collection which relates directly to cost

- A\ complexity of question = A\ data collection = A\ cost



Summary

* Modelsvary in spatial and temporal resolution; all have
strengths and limitations — communicate with developer!



Summary

* Modelingtools can be integrated where mapping capabilities
already exist



Summary

e Compare notes with others who are using marine aquaculture
site selection tools
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