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The issue

Fish in cages have environmental impacts:
e Organic deposition of feces and uneaten feed

e Ammonia production
e Other (genetics, invasive species, drugs/chemicals, etc.)

e Note: Only 25-30% of feed fed to fish ends up as
harvested fish tissue - the rest ends up in the

environment
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Ecosystem services

The ecosystem provides services if it is
not overwhelmed:

e Primary production
e Nitrification (ammonia — nitrate)

e Decomposition of organic matter
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Open water bodies

Lakes, reservoirs, estuaries, bays

Fish in cages rely on ecosystem services
outside the cages via water flow

e Removal of feed and feces
e Removal of ammonia

e Removal of CO,
e Provision of O,



/

How much fish production is too
much?

Small-scale impact vs. ecosystem impact

e One farm may have a small-scale, local impact
(just in the vicinity of the farm) on a water body

e Many farms together may have an ecosystem-
level impact

» Overwhelms the ecosystem services, not only
for the farms, but for everything else

» “Kills” the body of water



Culture Area allocatior

Carry capacity- Farm [ocation

A negative example from Fujian Province in China - maximum 30% survival
and very poor water quality. This is NOT what we want to see in Southeast







Aquaculture carrying capacity

* Physical CC
* Production CC

* Ecological CC
*Social CC



Physical carrying capacity

The amount of aquaculture that can physically fit into
a body of water

k.



Production carrying capacity

* Maximum aquaculture production that does not have
unacceptable impacts on the farm itself




Ecological carrying capacity

Maximum aquaculture production that does not cause
unacceptable impacts to the ecosystem
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Social carrying capacity

* Maximum aquaculture production that
does not cause unacceptable impacts to
the social system (e.g., fishermen,
tourism) |
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Models

A model is a representation of the
relationships among variables

Can be very simple
Can be very complex
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A simple model

dC/dt = (N/U) - FC , where C =
nutrient concentration, N = nutrient
input, U = volume, and F = flushing
rate



complex model
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Fig 2. Average annual energy flow (mg C m * yr ') and compartmental biomass (mg C m ?) in Narraganseit Bay
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Utility of models

To be useful, a model should be:

*Complex enough to realistically
describe the system under
consideration

*Not so complex that regulators
refuse to use it
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Aquaculture models

Lots of uses for modeling in aquaculture, esp. at
the “empirical” end of the spectrum

e 1. Pond management (modeling pond dynamics, e.g., to
predict DO levels)

e 2. Recirculation system performance
e 3. Genetic interactions (cultured vs. wild)

* 4. Bioenergetics (e.g., fish production as a function of
feeding rates, DO levels, temp)

e 5. Effects of aquaculture operations on the environment
(organic enrichment, drugs/chemicals)



Aquaculture effects models — what

level of complexity?
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Generally require knowledge of:
e Hydrodynamics - currents, tides, river inflows, bottom
topography
e 2-Dor3-D?

« Do we assume that all fjords in Norway are the same or should
we have a separate model for each?

e Rate of input of a material to the system

« Seasonal/temperature effects?

e Performance of the material in the system
« Settling rates, solubility



Types of models for aguaculture
Impacts on environment

Benthic deposition
Water quality

Ecosystem

Decision support systems
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Benthic deposition models

Gowen et al. (1989)
Hevia et al. (1996)

Silvert (1994)

Findlay & Watling (1997)
Panchang et al. (1997)
Dudley et al. (2000)
Cromey et al. (2002)

Corner et al. (2006)
DEPOMOD
TROPOMOD (milkfish)




Water quality models

Kishi et al. 1994 - Japan. Four components
e Current simulation model
e COD diffusion model
e DO diffusion model
e Accumulation model
e Many grid points in bay to give spatial distribution
e System-wide, includes COD loading from rivers
e Can identify the best placement of cages in the bay
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Water quality models (cont.)

Kishi and Uchiyama (1995) — 3-D numerical model
for N in Shizugawa Bay, Japan. Calculation of:

e Spatial distribution of PON

e Spatial distribution of DO

e Spatial distribution of DON

e Spatial distribution of DIN

e Horizontal distribution of accumulated deposits from
mariculture

(Included DIN loading from rivers)



Water quality models (cont.)

Beveridge (1996) — Mass-balance modeling for cage
culture impacts

Hanafi et al. (2006) — CC of Kaping Bay, Bali
Akvaplan-Niva work — Philippines; Gecek and Legovic
(2010)

e Taal Lake — Volume of lake plus water input/output;
nutrients introduced via fish farms; calculation of
productivity

e Bolinao Bay - ditto
e Too much fish production in both places




Ecosystem trophic-web models

* Allows calculation of ecological CC

* Based on a balanced ecosystem

* Add aquaculture production in increments until
system becomes unbalanced
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Ecopath with Ecosim (EwE) 15 a free ecological/ecosystem modeling software
suite. EwE has three main components: Ecopath — a static, mass-balanced
shapshot of the system; Ecosin — a time dynamic simulation module for policy
exploration; and Ecospace — a spatial and temporal dynamic module primarily
designed for exploring impact and placement of protected areas. The Ecopath
software package can be used to

Address ecological questions;

Evaluate ecosystem effects of fishing,

Explore management policy options;

Analyze impact and placement of marine protected areas;

Model effect of environmental changes.

Fredict movement and accumulation of contaminants and tracers (Ecotracer);
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EcoWin2000 — Ecosystem model

Originally developed by Ferreira (1995)

Incorporates trophic levels, nutrients,
transport, inflows

Used primarily for shellfish culture



Decision Support Systems

Van der Wulp et al. (2010) DSS for Bali coastal
aquaculture
Halide et al. (2009)

e Site classification

e Site selection

e Holding capacity determination

e Economic appraisal of a farm at a given site
e CADS_TOOL (ACIAR)
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National programs - Norway
LENKA (began 1987)

e Efficient and standardized tool for coastal planning

e Model developed for estimating the production capacity
of an area

M-O-M (began 1997)
e (Modelling - Ongrowing fish farms - Monitoring)

e Level of monitoring for environmental impacts depends
on the level of exploitation of the site

e Modified for application to grouper, barramundi, and
rabbitfish in Asia



~ General observations from my
survey last year

Thailand, Vietnam, Philippines, Indonesia

[ was talking to national regulators, but
local governments control permits

Industry could be much more efficient

Strategic plans emphasize increases in
production, not sustainability



General observations from my

survey last year — issues for
modeling

—~

Models wanted for multiple systems (bays, ponds,
lakes/reservoirs, rivers

Uncertainty (or different opinions) about what to
protect — farms or whole ecosystems?

Very limited data available

Universities or research institutes have some
modeling ability
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Industry inefficiency

A lot of fish feed is wasted by sinking feeds falling
through the cages

Poor water quality causes increased disease
Disease leads to mortality; loss of money

Really poor water quality leads to fish kills; loss of
money and bad publicity

Industry could be made much more profitable with
better practices

Thus, we can “sell” the idea of carrying capacity on an
economic basis, not just ecological
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Modeling recommendations

Do what we can with the data available

e Mass-balance models (water volume,
inflow, outflow, nutrients added by
aquaculture)

» Water quality models (using existing
hydrodynamic data for coastal areas)

Gather more data to use more complex
models in the future

e Ecosystem models
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Similar problems everywhere

In all the countries I've visited, the issues are
very similar

Little modeling of aquaculture carrying
capacity

Much interest in the subject

Many issues to resolve

If SE Asia countries join together in a
regional approach, they may have an easier
time
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Regional meeting

USSEC Common Water Body Modeling Conference

Objectives:

e Acquaint participants with issues of aquaculture
carrying capacity (ACC) in the SE Asia region

e Introduce participants to modeling and spatial planning
tools for ACC

e Identify and prioritize aspects of ACC that can be
addressed on a regional basis

e Develop recommendations for specific activities to
address ACC as a regional initiative



Acknowledgments

Thanks to the United Soybean Board for funding the
efforts of Bengtson and Rice on this project

Thanks to the U.S. Soybean Export Council for funding
this conference in Bangkok

Special thanks to Lukas Manomaitis, Dalilah Ghazalay
and Opas Supamornpun for organizing the logistics
for the meeting



	Modeling aquaculture in common water bodies in Southeast Asia
	The issue
	Ecosystem services
	Open water bodies
	How much fish production is too much?
	Slide Number 6
	Carrying capacity
	Aquaculture carrying capacity
	Physical carrying capacity
	Production carrying capacity
	Ecological carrying capacity
	Social carrying capacity
	Models
	A simple model
	A complex model
	Utility of models
	Continuous spectrum of models (Holling)
	Aquaculture models
	Aquaculture effects models – what level of complexity?
	Types of models for aquaculture impacts on environment
	Benthic deposition models
	Water quality models
	Water quality models (cont.)
	Water quality models (cont.)
	Ecosystem trophic-web models
	Slide Number 26
	EcoWin2000 – Ecosystem model
	Decision Support Systems
	National programs - Norway
	General observations from my survey last year
	General observations from my survey last year – issues for modeling
	Industry inefficiency
	Modeling recommendations
	Similar problems everywhere
	Regional meeting
	Acknowledgments


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



