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Background, validation and applications

ShellSIM™ is a computer-based tool for bivalve shellfish aguaculture with outputs tailored as required for integrated applications helping to manage aquaculture production, including internalisation
of wastes within multi-trophic systems and effects of aguaculture on wider ecosystem services, each according to the EU Water Framework Directive and FAO guidelines for ecosystem approach.

1. Individual growth, population dynamics and 2. Each physiological component of dynamic energy 3. Simulations are accurate over full ranges of natural
environmental effects are simulated in real-time balance is iterated using established relations variability, accounting for shellfish size and age
within variable environments _

F = Energy lost 80
C = Energy as faeces R = Energy 70 e Measured seed
— .. . . _ . = == 2—.—:—;—
rorelne) Simuiates ingested E = Energy e}«)](petn|dlture ’é‘ 60 T8 v ¥ = ® Measured half-grown
Emnchnone . . : eat 10SS - Si
FUnchions ‘I RESPONERS (feeding rate) excreted ( ) £ 50 Simulated seed
- Simulated half-grown
gy < 40
Temperature - = \, : 2 28 &
33 , = - - _ Q

Salinity o ‘ NEB = Net energy S

Food availability S = ' - il balance (deposited 85588833 8% 8
. 20 - = I C © © © © © © © © - = - ©o

Aerial exposure 2 = as tissue and shell) 3 3 222332322 3 o

= 15 = . S © © © © © 6 © © © © o
Current Speed © = N & & & & &8 8§ 8§ 8§ 8§ AN
® 10- = f e
- o == . o LT
Dissolved oxygen £ = Date
() == — i - : 3 y :
=, ' | | = Net energy balance (Energy galns) (Energy |OSS€S) Ostrea edulis (European oyster): comparison of shell length simulated with
0 200 400 600 800 1000 ";';;?__ N EB = C - ( F o R nlr E) that observed (mean * 2 SE) following deployment as either seed or %
Day (Julian) = grown oysters during normal trestle culture in Strangford Lough, N. Ireland
4. Outputs that define dynamic environmental 5. ShellSIM™ has : i i i
: P Y - Species Type  Site O Cuture 6. Compiled using the Microsoft.NET Framework,
effects enable integrated ecosystem modeling been validated in Sy ecuis Milsell {Dosterseheidt Netheriande. €  Bottom ShellSIM™ is easily linked to other models, with online
. Mytilus edulis Mussel Carlingford Lough, N. Ireland 0  Bottom
15 13 species to date; |wyeiusedis Mussel - Lough Foyle, N.Ireland 8 Bottom Demo version, where our track record of applications
§ o ] . h . Mytilus edulis Mussel Belfast Lough, N. Ireland 19 Bottom ’
o <E Mytilus edulis Mussel Clew Bay, Ireland 22  Rope H H H
;70 §15' 10k accurate to Wlt In Mytilus edulis Mussel Killary Harbour, Ireland 16 Rope N CoaStal zone management IS descrlbed
S ar < ' o)
E;ED % 10 25 A) Whe n grassostr ea gigas gster ;angar B:’;Vr SFS:" 197 ;’ estle Home Background Description Species Validation Applications Availability References Demo Contact
50 K] . . rassostrea gigas ster Sanggou Bay, China ope
g g 5l s O ptl m |Sed fo I a Crassostrea gigas Oyster Oosterscheldt, Netherlands 5 Bottom Population and Community Dynamics at the Farm-Scale
7 or % . . Crassostrea gigas Oyster Strangford Lough, N. Ireland 17  Trestle Wit o Singlo fool ShallSIM Sintiates Poptlalion s comailily %
3 ! ! = ) ' a f ! Sin gl es peC Ies Crassostrea gigas Oyster Carlingford Lough, N. Ireland 25  Trestle dynamics: tt?e User defining any combingtign of up to 14 shellfish ”
30 40 50 8&) 30 40 50 %ﬂ 0 40 5 . Crassostrea gigas Oyster Clew Bay, Ireland 10 Trestle specfies, ilncluﬂitng eé(plicit t<'1(3-ﬁn'ition of :ssociat(ratd I_spatia(lj ?}istribu;ions €
_ Tllme (dayls) Tllme (dayls) Time (days) acCross co nt ra St| N g Crassostrea gigas Oyster Loch Creran, Scotland 3 Trestle : \(I:}r?étr?grns::gen)dzz o‘:r:r? t‘ﬁg Sfﬁ;ff ing, mortality and harvesting),
=1 )
§, = [ ] 1 Crassostrea virginica Oyster Damarsicotta River, U.S.A 4 Floating
E b towa r(.:lS regu IatOry environme nts Crassostrea virginica Oyster Long Island Sound, U.S.A 7  Bottom g Tk Environmental Effects and Status
g o 5 20 Compllance, prOdUCt s ) ® g g | ShellSIM outputs help quantify consequences of natural shelifish
g 0l g. . . / &, | AN CATE? oot ; ; e e=aammls | communities and/or culture practise for both shellfish production and
§ % ce rt|f|cat|on and > G e i\ e i Yy r : the environment, with applications that include management of water
gD v 100F o e ' M. galloprovincialis Mussel Venice Lagoon, Italy <5 Rope P & pEn -~ quality, ee((j:olog?ti_c?I strz]:yus, habit?tt con]srarT\/:\ztior)i shellfish res:)oration(,it
2 I g consumer acceptance W Perna canaliculus Mussel ~Pelorus Sound, New Zealand <5 Rope  ShellSIM is a User-friendly mathematical model .- |[EAmet ittt
& 10 E Sty " Modiolus modiolus Mussel Strangford Lough, N. Ireland <5 Bottom = that simulates shellfish growth and population ’
= 81) 3,:D 4.1) = 31) :{'D 4'1:) 1 3 ‘./,; { Crassost;etj.plicatula Oyster Huanggur;Bay, (rZ]hina - <5 Ropel dynamics, plus environmental impacts of S
Time (days) Time (days) i x:;\_; Ostrea edulis . Oyster  Strangfor Loug.,N. Irelan <5 Trestle aq“acu't“’e'foward_saS,“ST?i"“:‘Ele_iﬂd‘{slry ; ystem-Scale Analyses .
_-} Chlamys farreri Scallop Sanggou Bay, China <5 Lantern - = — System-scale analyses (Tab to Applications) by Managers and
One Crasssostrea gigas individual cultured from half-grown size in f Pect.en maximus Scallop Strangford Lough, _N. Ireland <5 Bottom ’ Try our free Demonstration Version online. ‘ :?:gg:f;sagj;n::ﬁiI%;n;ﬁegrrgtg?hdo;:dngufgm;ivsn,r::?cﬁg?ng .
3 L/ ! Tegillarca granosa Cockle  Huangdun Bay, China =5 Bottom screening tools such developed during the ECASA, SPEAR, SMILE
Dungarvan Bay over 272 d from Aug 2007 to May 2008 cleared 16 m ; . : " Tapes philippinarum Clam Venice Lagoon, Italy <5 Bottom ‘ http//WWW She“Sim com and UISCE Projects . ;
deposited 200 kg wet faeces, excreted 50 mg N and consumed 1.51 0, ﬂ Sinonovacula constricta Clam  Huangdun Bay, China <5 Bottom | : : .

Novel approaches and key findings

Novel approaches both when calibrating ShellSIM™ and in simulating feeding behaviour have enhanced model versatility when challenged by different environments, whilst also evidencing
adaptations that are key to understanding preferred habitats and geographic distributions for each species.

1. Identical protocols are ensured when calibrating 2. Simulation resolves chlorophyll-rich food selected 3. Different feeding responses for SELORG and REMORG
ShellSIM™ in different locations and species for intracellular digestion (SELORG) versus the are consistent across contrasting environments,
remaining food digested extracellularly (REMORG) enabling a single set of equations for each species
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Mytilus edulis (Blue mussel): comparative filtration
of SELORG and REMORG at all sites to date

4. Fitted equations establish very different capacities 5. Outputs confirm significant and variable 6. Options establish when chlorophyll alone is adequate to
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» ShellSIM™ simulates growth and environmental effects across contrasting environments in wide range of species
Ao and » Such versatility has in part been enabled upon using standardised protocols which resolve feeding responses across full natural ranges of both

Bggdences o chlorophyll-rich (SELORG) and remaining (REMORG) organic matter, as may vary in relative abundance between different locations

/ Summary and conclusions \
o -.

» Resulting findings show very different feeding behaviours such that, even within the same genus, there can be no “representative” species
» Practical and cost-effective application is facilitated by:
a common model structure with defined list of parameters ready for calibration in new species
options that establish the minimal set of environmental drivers required to simulate effectively at different locations
@ npeem T easy linkage using the Microsoft. NET Framework with other models such as include ShellGIS™

tailored outputs as needed for integrated system modelling e §
» We welcome hearing of collaborative interest, ready to help develop underlying science and outputs to satisfy further requirements /

Contact us: PML, Prospect Place, The Hoe, Plymouth, PL1 3DH, United Kingdom T +44 (0)1752 633100 W www.pml.ac.uk E forinfo@pml.ac.uk

-




