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Basic principles of ecological modelling

Concepts, examples, and applications
Topic
 General principles of ecological modelling
« Complex models(research models)
« Screening models (management models)
e Simulation platforms

e Synthesis

Different questions, different models. There is no silver bullet.



Here Is the best model...

Premokbor _ _
Prefontal ot Prifnary sormatic
Cortex Sengory corfex
Broca's td b
area Coftey
e I e Parietal
___;r . _F.:f_ B e : ol
P el = —‘
G ustakory
arsa
™
Hk": Wi rnicke s
Lk - area
cerelbra |
b g here .
' Prirmar
: Y iSLa |
Primary cortex
ElLl'dit'D!E - DEth
Left —  COrtex radiation
midd le
cerebra | . L L Cerebellum
artery Brain skem

Turn your brain on. Turn your computer off.



Changes In coastal systems
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The noise in the distributions masks the signal of change



Model diversity

When we talk
Lab models 7he WM deis
® |ncubations for primary 4988909% of the |
production or BOD world sees this!

GIS Spatial models

® Marine spatial planning,
chlorophyll spatial distribution

Mathematical models

¢ dC/dt =-kC (dynamic, time
varying)

Physical models
® Harbour scale models, toys Other models

All models are wrong, but some are useful (George Box)



Ecological models are complex
even for simple systems...

How many state variables would you use in this system?



Why do we use models?
Measure state, perform experiments, simulate...

Our conceptual understanding of ecosystems is often
lllustrated as a set of boxes (state) linked by arrows
(processes)

Processes such as primary production or grazing form the
links between boxes (state), e.g. phytoplankton biomass,
nutrient concentration

Experimental approaches can help quantify these
processes (e.g. P-1 curves)

This gquantification can be used to mathematically “link” the
boxes, and simulate ecological changes in time and space

No question, no model. A model is a tool, not an objective.



Ecological Modelling — A tool

e Measurement of chlorophyll (satellite),
suspended matter (sampling), area of mussel
culture (GIS) etc;

e Modelling of shellfish growth allows the
determination of rates such as net phytoplankton
removal, nutrient excretion, production, which
often cannot be directly measured.

State can be measured, processes can be modelled.



Ecological Modelling - Objectives

Description and support

Test and validate mental models

Support sampling design

Describe and hindcast

Support data interpretation (e.g. laboratory models)

Forecasting

e Predict general behaviour of ecosystem
e Test and diagnose potential modifications
e Distinguish long-term signals from short-term variation

Make your model as simple as possible - but no simpler.



Characteristics of models
Four defining elements

/

____— Loss of realism is expected

Models should be portable

*Generality
Realism

eAccuracy

.Simplicit oty e g,
pliCity \ difficulty in accommodating

stochastic events, etc

Reduce complexity whenever
possible (Occam'’s razor)

Building a model is a trade-off among these four characteristics.



Ecological Modelling

Different dimensions, different scales

Dimensions

Statistical

Zero-dimensional (time only)

One-D (rivers, narrow estuaries)

Two-D (non-stratified estuaries, coastal areas)
e Three-D (systems with pronounced horizontal
and vertical gradients)

Time and space scales

e Hydrodynamics - Small cells, short timestep and time scale
(tidal cycles, spring-neap cycles, localised case studies)

e Ecology - Larger boxes, longer timestep and time scale
(seasonal cycles, annual patterns, multiannual variation)

Most people don’t solve the problem, they change the problem into
something they know how to solve. This does not solve the problem.



Ecological modelling in coastal environments:

At which spatial resolution do we need to represent an ecosystem?

Spatial resolution determines temporal resolution. There is a
trade-off among physics, ecology, and economics.



General scheme of a simple ecological model
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Ecological Modelling

Elements and requirements

Model elements

e State variables (nitrate, phytoplankton)

e Forcing functions (light, temperature)

e Processes (production, mineralization)

e Parameters (light extinction cofficient, half-saturation
constants, grazing rate)

Model requirements

e Physical framework (box volumes, areas, etc)
e Boundary conditions (concentration values at model limits)
e Initial conditions (starting values for model)

Operational models (a.k.a. data assimilation)
e Re-initialised at appropriate time steps

Conceptual framework + physical framework = Model




Ecological Models

Development stages
Model Conception

e Objectives of the model

e Components of the model (variables, forcing functions)
e Scope of the model (time and space)

e Limitations and closure

Model Implementation

e Problem decomposition, definition of appropriate sub-models
e Data handling and generation

e Model building (e.g. visual platform)

e Running and testing

Model Calibration Model Validation
e Tuning parameters and e Testing against an
functions using field data iIndependent dataset

Re-use if possible, develop if necessary



Ecological Models
Spreadsheets and visual models

Spreadsheets Visual models
® Excel, Lotus123 etc @® InsightMaker, Powersim, Stella
® Data in rows and ete

columns, only formula for @® Data (including data links)

active cell is visible represented using visual elements

® Feedback is explicitly considered
as a major factor in systems
analysis

® Feedback mechanisms

are eliminated to avoid
circular references

>

——

Models are all about feedbacks



Ecological models
Research models and screening models

Characteristics | Research models Screening models

Resolution High spatial and temporal Low resolution, or integrated in
resolution space and/or time
Complexity Several-many state variables Focus on a few diagnostic
features
Difficulty of use  Substantial, usually have a Minimal, require few
“champion” group/groups parameters
Cost High due to typical data Low cost
requirements and complexity
Application Detailed management support, Broad compliance analysis,
usually supplied as a service scoping work, more a product
than a service
Target audience Academics, consultancy Managers, public
Integrity Hard to verify, hard to modify Easy to do both, more prone
to misuse

Both types of models play important roles in water quality management



Ecological research models

Integrated management

What is the question?

How can sustainable development of natural resources by achieved for
the Ria Formosa?

Aguafarmers are worried about slow growth and high mortality

Regulators are worried about nature conservation and exceeding
carrying capacity

No one is sure what would be the best management measures. If the
cultivation needs to be reduced, then where and by how much?

Such decisions impact livelihoods, and can have social consequences

Relevance: sustainable aquaculture

Ferreira et al., 2014. Interactions between inshore and offshore aquaculture. Aquaculture 426-427, 154-164.



FORWARD and COEXIST modelling framework
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Different models for different questions. Scales are from minutes to decades.



Eco-hydrological model

SWAT: Soil and Water Assessl
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Catchment

 Morphology:
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Catchment

and Use
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Agricultural areas
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Catchment: Nutrient Load
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Nutrient discharge: 2007/08

Rivers + WWTP:
N: 34+398 ton/y
P: 12+57 ton/y
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Nutrient discharge: 8-12 April 2008

Y C, G

3 ki 3 9
~. . Ribeirada

V) e o
- Almargem -

Rivers + WWTP:
N: 27+1 ton/y
P: 10+~0 ton/y

Kmsg
20

15

e Peak flow period

e Greater importance of
rivers relative to other
contributions

e Greater importance of
small coastal streams
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Connectivity: Offshore- Ria Formosa (circulation model)

OE- by 2008 113000

Tidal circulation in the Ria Formosa, Algarve. Water residence time of 1-2 days.



EcoWin2000 system-scale model — spatial framework

Ria Formosa model boxes

EU Water Framework Directive: water body limits
Offshore model boxes Isobaths

Offshore aquaculture (APPAA) Water depth (m)
[ SEEEEEEEEEEEEESSS |
-4 0 50 720

The system is divided into 34 boxes, two vertical layers. Boxes were defined
using GIS based on uses, legislation, water quality, and hydrodynamics.




EcoWin2000 model — system-scale clam production

Europe

Total fresh weight (g)

Declared harvest: 2000 t y-1
Actual harvest: >5000ty-1
E2K model: 2300-6700 t y-1

Revenue: 20-50 million € y-1
Direct jobs: 4000-5000

Bs5-6 M6-8

Tavira
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6-10 IH10-12 [ Offshore aguaculture (APPAA)

System-scale carrying capacity is spatially variable, depends on ocean connections.



Goods and services from bivalves

7°43'30"W 7°42'0"W

l37°2'0"N

. ® Removal of organic waste
from finfish aquaculture

... ® Detrital organic material
enhances shellfish growth

fluxes

36°59'0"N
E Lots — km
0 1 2

7°4630'W 7°450"W 7°4330"W 7°420"W

e Bivalves may act as a firewall
to prevent disease spread

r36°59'0"N

Up to 70% finfish
At least 30% bivalves

Several large areas in the Algarve are currently designated for
offshore aquaculture



EcoWin2000 - Simulated change in clam harvest due to
offshore aguaculture of mussels

Tavira

Percentage decrease in production (%)

o5
5-10

. 10-15 [ ]Offshore aquaculture (APPAA)

> 15

An annual loss of 120 t of clams (1.2 million €) is offset by 13,000 t of mussels



Disease modelling approach

(J Farmed @ Fish
Integrated Multi-Trophic > Wild @ Shellfish

Aquaculture (IMTA)

Wild stocks
Wild fish reservoirs

Anthropogenic stock movements

Finfish escapes/migrations

Hydrodynamic connectivity
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. Relaying

Shellfish aquaculture



Virus Particle tracking:
Ratio between concentrations at XYZ and emission concentration
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Disease source:
APPAA

Virus
concentration:

Up to 2x10° ml?

Forcing functions
wind and tide

No decay
6 day model run

Release in mid-
water layer

Background virus release the first 2 days, high release on days 3,4
and 5, then a reduction by a factor of a hundred on the last day.



Parallel (m)

Virus exposure

- 7|60

5000

- 750

- 740

Exposure (h)

2.16 218 22 2.22 2.24 2.26 2.28 2.3 232 2.34 2.36

Meridian (m) x10

Number of hours of exposure to 0.5% of the shedding
concentration as a measure of potential infection.



The revenge of the killer mussels...

R s || =" 3 e

Huge mussel fouling in the summer of 2012. Spat from offshore culture?



The revenge of the killer mussels — part Il

February 19t 2013: mussel SRS &
fouling on untreated fish |

culture nets. The nets sank

under the weight of mussels.




Screening models
Distilling information

o Used for broad comparison and assessment
 Relate pressure, state and response

« May be ecosystem scale or other scales, e.qg.
regional, fish farm

 Are highly aggregated and easy to apply

 Can be data-driven or use inputs from more complex
models

 Are easily understood and interpreted by managers

Screening models synthesise information, and are quick and easy to apply



The Eutrophication Process

ﬂ'—m Agriculture

% Animal farming

Development

vegetation
Waste water

Shellfish (filtration)
Wetlands (filtration)
Freshwater input

Nutrient inputs

tdLd<=2400R

Water cycle

@ Dam

*A symptom not included in rating system

@ Chlorophylla
(phytoplankton)

44 Macroalgal growth
Industry Dissolved oxygen

M Loss of submerged aquatic

& Nuisance/toxic blooms

<= Poor water clarity*

Influencing factors —=pEutrophic symptoms i~ Future outlook
Worsening outlook

B

®

8

Improving outlook
4165 Reduced macroalgal
growth and chlorophyll a

Increased dissolved oxygen

Increased macroalgal
growth and chlorophyll a

Decreased dissolved oxygen

Y¥y Submerged aquatic
vegetation abundance

Loss of submerged aquatic
vegetation

Increased nuisance/toxic blooms 4 Fewer nuisance/toxic blooms

‘l. Increased water clarity

&‘;E” Improved human uses

Decreased water clarity

Impaired human uses

From: Bricker et al. 2007. National Estuarine Eutrophication Assessment Update

http://www.eutro.us

http://www.eutro.orqg/register



http://www.eutro.us/
http://www.eutro.org/register

Eutrophication
Stages of environmental degradation

Impact:  No Problem /low Moderate low Moderate Moderate high High Key to symbols:

Submerged
aquatic vegetation

O Chlorophyll a

Nuisance/toxic
blooms

Eutrophic symptoms

Influencing factors

(loads and susceptibility)

From: Bricker et al.2007. National Estuarine Eutrophication Assessment Update

http://www.eutro.us http://www.eutro.org/register
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http://www.eutro.org/register

Indicators used by various assessment methods

Indicators (FEMT#EHR) Nutrient  Nutrient EPA OSPAR ASSETS
Index I*  Index II* NCA COMPP

Nutrient (N,P) load, conc. X X X X X

Chemical oxygen demand X X

Chlorophyll a X X X X

Dissolved oxygen X X X X X

Water clarity X

HABs (nuisance/toxic) X X

Phytoplankton indicator sp. X

Macroalgal abundance X X

Seagrass loss X X

Zoobenthos-fish kills X

Temporal focus Unspecified  Unspecified  Summer  Spring/winter  Full year

Integration Additive Ratio Ratio Integration PSR

* Commonly applied in China

Methods with red crosses fall short of a full eutrophication assessment
Adapted from: Xiao et al. 2007, Estuaries. and Coasts 30:901-918



TRIX

EPA NCA
WQ Index

ASSETS
LWQI/TWQI

OSPAR COMPP

UK “WFD”

HEAT

IFREMER

Some methods do not consider pressure-state relationships

MSFD guidance synthesis

Eutrophication assessment models

Chlorophyll (Chl) DO, DIN, TP

Chl Water clarity, DO, DIN, DIP
Chl, macroalgae, DO

seagrass, HAB

Chl, macroalgae, DO, DIN, DIP

seagrass

Chl, macroalgae, DO, DIN, DIP, TP, TN,
seagrass, PP indicator

spp.

Primary production, Chl, Water clarity, DO, DIN, DIP,
macroalgae, benthic TN, TP

invertegrates, seagrass

Chl, macroalgae, benthic ~ Water clarity, DO, DIN, DIP,
invertegrates, seagrass, TN, TP, C

HAB

Chl, seagrass, Water clarity, DO, DIN, SRP,
macrobenthos, HAB TN, TP, sediment organic

matter, sediment TN, TP

Ferreira et al. 2011, Estuarine Coastal and Shelf Science, 93, 117-131.

No
No

Yes

No

Yes

No

No

No

Yes
Yes

Yes

Yes

Yes

Yes

Yes

Yes



ASSETS screening model

EXTERNAL FORCING PRIMARY SYMPTOMS SECONDARY SYMPTOMS

Decreased light availability Loss of SAV
Chlorophyll a SA ! Spatial coverige
Macroalgal growth SAV Coverage trends

Increased organic
Nitmgen and de::::jmp:]siti:jﬂ Low dissolv:d oxygen

phosphorus Chlorophyll a Dissolved oxygen

Macroalgal growth

Harraful algae

Diatoms to flagellates Nrisance algal blooins
Benthic to pelagic algae Toxic algal blooms

Top-down control : the circuit-breaker between primary and secondary symptoms.



Key aspects of the ASSETS approach

Three stages...

The ASSETS approach may be divided ® Tidal freshwater (<0.5 psu)

into three parts: —» ® Mixing zone (0.5-25 psu)

v/ Division of coastal systems > ® Seawater zone (>25 psu)
into homogeneous areas

v Evaluation of data completeness Spatial and temporal quality of

and reliability \ datasets: completeness

icati indi nfidence inr Its:
\/Appllcatlon of indices Confidence esults

\ sampling and analytical

reliability

Influencing Factors (IF) index — ----------->---- Pressure
Eutrophic Condition (EC) index — ------------/----- State
Future Outlook (FO) index ~ —---oofmemmmeaaes Response

S.B. Bricker, J.G. Ferreira, T. Simas, 2003. An integrated methodology for
assessment of estuarine trophic status. Ecol. Modelling 169: 39-60.



ASSETS Influencing Factors (Pressure)

Calculate m,, the expected nutrient
concentration due to land based sources Class Thresholds
(i.e. no ocean sources);

Low 0to <0.2
Calculate m,, the expected background Moderate low 0-210<0.4
. . Moderate 0.4t0<0.6
hutrient concentration due to the ocean Moderate high 0610 <0.8
(i.e. no land-based sources); High >0.8
Calculate OHI as the ratio of
mh/(mh"‘mb);

Equations are based on a simple Vollenweider approach, modified to account for
dispersive exchange:

Anthropogenic inputs Ocean inputs
C O m, = Meea e
y =
Estuary S

0

Bricker, S.B., Ferreira, J.G. & Simas, T. - An Integrated Methodology for
Assessment of Estuarine Trophic Status. Ecol. Modelling 169: 39-60.



ASSETS — Assessment of State

Eutrophic condition

High primary

Moderate primary

Low primary

symptoms o symptoms

o

symptoms

MODERATE
Primary symptoms high
but problems with more

serious secondary
symptoms still not being
expressed

MODERATE LOW
Primary symptoms
beginning to indicate
possible problems
but still very few
secondary symptoms
expressed

MODERATE
Level of expression of
eutrophic conditions is

substantial

LOW
Level of expression of

eutrophic conditions is
minimal

HIGH
High primary and
secondary symptom
levels indicate serious
eutrophication
problems

HIGH
Substantial levels of
eutrophic conditions

occuring with secondary
symptoms indicating
serious problems

MODERATE LOW
Moderate secondary
symptoms indicate

substantial eutrophic
conditions, but low

primary indicates other

factors may be involved

0.3

0.6

Low secondary
symptoms

Moderate secondary
symptoms

High secondary
symptoms

Combinatorial matrix for primary and secondary symptoms.



ASSETS Future Outlook matrix

% No Worsen
— change Low
2
S| O
e -
o @
@ 5 No Worsen
a 3 change Low
= =
N

No
change

High

Decrease No change Increase

Future nutrient pressures

Takes into account susceptibility and planned management actions.



ASSETS Approach: Pressure - State - Response

High

Susceptibility
Moderate

=
o
a

Influencing Factors (IF)

Moderate

Low

Moderate High
Nutrient Pressures

Moderate

Susceptibility
dilution & flushing
+
Nutrient Inputs
land based or
oceanic

!

Influencing Factors

Primary Symptoms

High

Moderate

Low

Eutrophic Condition (EC)

Moderate

M

Moderate

Susceptibility

Low

High
Secondary Symptoms

Primary Symptoms
Chl and Macroalgae

Average of ratings

Secondary Symptoms
D.O., HABs, SAV

Future Outlook (FO

No
Change
No
Change

No
Change

Low

Moderate

High

Decrease Increase

No Change
Future Nutrient Pressures
Susceptibility

Nutrient pressure changes

population , management,
watershed use (particularly
agricultural)

change

IF + EC + FO = ASSETS

Worst case

Full accounting of eutrophication symptoms, including time and space
Adapted from: Bricker et al. 2003, Ecological Modelling, 169(1), 39-60



ASSETS scoring system for PSR

Grade 5 4 3 2 1
Pressure (IF) Low Moderate low  Moderate  Moderate high High
State (EC) Low Moderate low  Moderate  Moderate high High
Response (FO) Improve high Improve low No change Worsen low Worsen high

Metric Combination matrix Class

High

P 555444 .

S 555555 (5%)

R 543543 H

Good

P 555555544444333333 (19%)

S 554444455444555444

R 215432121543543543 |:|

Moderate

P 555554444444333333322222222211 220,

S 333334433333554433344444333233 (32%)

R 215432154321212154354321543554 I:I

Poor

P 44444333333322222211111 (24%)

S 22222332222233222233322

R 54321215432121432132154 |:|

Bad

P 333332222211111111 (19%)

S 111111111122211111

543215432132154321 -




ASSETS - Strangford Lough, N. Ireland
(1]

ASSETS: HIGH
Indices Methods Parameters Rating Expression Index
Influencing o Dilution potential High Low
Factors (IF) Susceptibility _ _ susceptibility LOW
ASSETS: 5 Flushing potential Moderate
Nutrient inputs Low
Chlorophyll a Moderate
Primary Moderate
Macroalgae Problems
observed
Eutrophic _
Condition (EC) Dissolved Oxygen  No problems
_ Submerged Aquatic Losses
ASSETS: 5 Secondary Vegetation observed Low
Nuisance and Toxic No
Blooms

Future Outlook
(FO)

ASSETS: 4

Future nutrient
pressures

Future nutrient pressures decrease

Improve Low

High status system, classified as an SAC under UK law.



ASSETS
Combination of research and screening models

Methods Parameters Value Level of expression Index
PSM Chlorophyll a 0.25
Epiphytes 0.50 0.57
Eutrophic i data Macroalgae 0.96 Moderate
Condition (OEC) _
Dissolved Oxygen 0
ASSETS OEC:4 SSM Submerged Aquatic 0.25 0.25
Vegetation Low
Nuisance and Toxic 0
Blooms
Chlorophyll a 0.25
PSM Epiphytes 0.50 @
_ Researc Macroalgae 1.00 Moderate
Eutrophic model
Condition (OEC) Dissolved Oxygen 0
Submerged Aquatic 0.25 0.25
ASSETS OEC: 4 SSM Vegetation Low
Nuisance and Toxic 0 | 28% lower
Blooms ¥
Chlorophyll a 0.25
_ Epiphytes 0.50
Eutrophic Macroalgae 0.50 Moderate

Condition (OEC)

Dissolved Oxygen 0

ASSETS OEC: 4(5) Submerged Aquatic 0.25 0.25
Vegetation Low
Nuisance and Toxic 0

Blooms




ASSETS multiple site comparisons
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The most recent assessment shows problems in the NEA and Gulf of Mexico



ASSETS Pressure-State-Response
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Bivalve ecosystem services in Europe
Total PEQ

Nutrient credits

(tNy?)

Bulgaria

Denmark 31
Ireland 1179
Germany 270
Greece 1306
Spain 11,536
France 7248
Croatia 138
Italy 6227
Netherlands 2156
Portugal 415
Romania 1
Slovenia 0
Sweden 94
United Kingdom 1464
Total (t N y1) 32,190

Total PEQ, (y-2)
Total nutrient credits (k€ y1)

(y?)
37,929
9,340
357,252
81,805
395,735
3,495,777
21,96,318
41,968
1,886,994
653,251
125,612
340
21
28,386
443,736

9,754,462

(k€ y1)
1356
334
12,768
2924
14,143
124,936
78,494
1500
67,439
23,347
4489
12
1
1014
15,859

348,615

Bivalve aquaculture accounts for about 1.5% of the OSPAR/HELCOM N loading.



Finfish versus Bivalves
The battle of the bands

Nitrogen Aquaculture
sources or sinks (tN y1)

OSPAR Regions Il & IlI 260 Excluded from overall input estimate

Baltic Sea 2500 Included in overall input estimate

Atlantic salmon 55906 Production: 1.45 X 106t FW y! (Eurostat)
(Northern Europe) Emissions: 212.8 g N fisht y1 (AquaFish model)
Gilthead bream 4238 Production: 87463 t FW y! (Eurostat)
(Southern Europe) Emissions: 17.2 g N fish1 y-1 (AquaFish model)
European seabass 3137 Production: 63981t FW y! (Eurostat)
(Southern Europe) Emissions: 17.2 g N fish1 y1 (AquaFish model)
Total Fed Input 65832 From fed aquaculture

Shellfish -31190

Total Extractive Output -31190 From organically extractive aquaculture

Mass balance 34642 Net nitrogen input to European waters

Bivalve aquaculture removes half the finfish N input, a service of 350 X 106 € y1,






Summary

Eutrophication of coastal areas is widespread,

Migration to coastal areas and the requirement for
Increased food production increase nutrient pressures;

Screening models such as ASSETS contribute to
broad-scale management;

Research models such as EcoWin provide detailed
management tools;

Models can (and often should) be combined, which
often adds huge value to the end product;

Bottom-up and top-down approaches should be used
together, and the benefits of each should be leveraged.



Role of Deposit Feeders in Integrated Multi-Trophic Aquaculture

® Integrated Multi-Trophic Aguaculture in the West
® Supply of organic matter to the benthos
® Individual model for deposit feeders

® FARM model for population in monoculture and IMTA
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The | in IMTA
How can INTEGRATION work in the west?

IMTA can mean different things...

* Indiana Monster Truck Agency
 Irish Massage Therapists Association
* Integrated Multi-Trophic Aquaculture

» Does integrated explicitly mean direct recycling, or can it be a
system-scale (water body scale) budget?

* Interactions among fish cages and extractive culture in open
water at densities acceptable in the West are difficult to quantify
 For shellfish and seaweeds, if your layout has a budget role,
do we need structures close together?

» Perhaps the only direct coupling is with the benthos, after all
that’s where the impact concerns are greater.

Different layout models and stocking densities constrain the word Integrated.



Integration
Southeast Asia and China

* In onshore ponds (70% of world production): effective
Internal re-use of materials — IMTA Is almost a necessity,
and was essential before electricity and diesel-driven
aerators;

 In lakes and bays: whole water body re-use of materials
can be seen due to scale and stocking density (e.g. 140
km? Sanggou Bay, NE China, produces 150,000 tons of
shellfish, finfish, and seaweed per year (~ 1 kg m2).

The social license does not exist in the West to replicate this approach.



Allochtonous supply of organic material to
deposit-feeders under a fish cage

Polar cage
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Longitudinal (main) current axis

Advection shifts the dispersion footprint as a function of the residual current.



Feed Conversion Ratio (FCR) and mass apportionment
Example for 1kg of fish, FCR = 1.12

FW to DW conversion Feed FCR
Consider a moisture content 1120 g DW

of 73.65% for Salmo salar
muscle (Atanasoff et al.,
2013): 1.00 kg wet weight =
0.2635 kg DW.

Fish intake Fish production
? kg DW 1000 g WW

Total loss
? g DW Assimilation
80%

\ 4

Feed used Fish faeces + Metabolism + Fish mass
? g DW ? g DW Equiv. ? g DW ? g DW

FCR is the result of Input/Output. Input-Output = Total loss




Mass balance for an Atlantic salmon growth cycle

Anabolism: 232729 kcal
BMR: 9292 .6 kcal
SDA: 6981.9 keal
Swimming: 110.8 kcal

Ingestion
29432 g DW

t

Feed
supplied
6256.0 g DW

Respiration
6.6 kg O2

>

Cultivation: 500 days
Current: 40 cm s-1

Biomass: 5819.5 g FW
Length: 78 cm

FCR: 1.08

ADC (N): 86%

Feed
Loss
3128 g DW

Matched FCR and end-point weight.

Energy
assimilated
6887 .6 kcal

Excretion
Digestion in 1 1ggagce%w s b
the gut - /
Organic / Inorganic
losses losses
15014 g DW 2352gN

C



Feed Conversion Ratio (FCR) and mass apportionment
Example for 1kg of fish, FCR = 1.12

FW to DW conversion Feed FCR
Consider a moisture content 1120 g DW

of 73.65% for Salmo salar
muscle (Atanasoff et al.,
2013): 1.00 kg wet weight =
0.2635 kg DW.

) 4

Fish intake Fish production
1033 g DW 1000 g WW

Total loss
87 g DW Assimilation
83%

Feed used Fish faeces + Metabolism + Fish mass
1033 g DW - 177 g DW Equiv. 592.5 g DW 263.5 g DW

FCR is the result of input/output. Input-Output = Total Loss




Organic Sedimentation Model - ORGANIX

ORGANIX predicts the benthic loading footprint. Many other models
(Gowen, Silvert, Cromey, Corner, and respective co-workers) do this;

Dispersion in 2 dimensions is based on Gaussian distribution
functions;

Advection is based on residual circulation:

Model algorithm determines time to settle based on fall velocity.
Probability distribution (dispersion) and advective shift is determined
at each timestep until the plume reaches the bottom;

Loading from culture structures is distributed over the modelled
surface;

Calibration for Atlantic Salmon, experimental data from DFO and
literature. feed pellets fall faster than faeces;

ORGANIX does not account for physiological variation.

Calculation of bottom loading and spatial distribution under different culture
and environmental conditions is essential for deposit feeder model.



ORGANIX — ORGANIC Sedimentation model

L%
Madsl secs = L "
e Results | b AunORGANIX | | [§ Losd model | ||dig Sevemodel | | (9 Bat |
# Polar cages A EE | EF | €6 | EH | B | B | e | E | em | eN | e | e [ ea [ R | B Al
" Square cages 1 |y (m) /= {m) -34 -32 -30 -28 -26 -24 -22 -20 -18 -16 -14 -12 -10 -8 -6
™ Factangular cages 1129 -73| 1109.899 1201.787| 1299.004| 1402.388| 1512.709| 1630.532| 1756.068 | 1889.032| 2028.521| 2172.925| 2319.897| 2456.18 2608702 2742.739 2864.127
" Rectangular grid 1130 -72| 1175.824| 1265.68| 1359.348 1457.62 | 1561.268 | 1670.919 ) 1786.903| 1909.114| 2036.E78 | 2168.866 » 2436.704 2566524 268B.737 2799.319

1131 71| 1246.816| 1334618 1424.619| 1517.558| 1614.21| 1715.266| 1821,184| 1932.046 2047425 2165.286 2407.023 2523.613 2633.313 2732.463
— ) 1132 -70| 1322.994 1455017 1582.45| 1671.839 1763.94| 1859346 1958.337| 2060.746 2165852 2080.886 2577.063 2664.623 |
e degth fn) it j 133 -69| 1404.411 1570.67| 1652.476| 1734.389( 1817.239 1901.757| 1988.433| 2077.373| 2168.183 2439226 2522.149 2596.839
Cagedameterm) 30 = | | [134] -68| 1491.038 1651.623| 1727.728| 1802.013| 1875.381| 1948.71| 2022.709| 2097.766| 2173.829 2326.091 2468.29 2530.108
1135 -67| 1582.76 1737.832| 1B0B.21| 1874.77| 1938B.452| 2000408 2061.45) 2122.301| 2183.262 2416.739 2465.368
—Clllure practics 1136 66 187937 1829.149 | 1893.821| 1952.619| 3006.599 | 2055.951 2104.844| 2151258 2196.86 2368.269 2403.478
Stad doyforgowth 1 = 1137 -65 1925.325 | 1984. 2035.408| 2079.618 2184.812| 2214.896 2345.204
Growth cycle (ays) 600 =] 1138 -6d 1961.563 | 2025.994 | 2079.495| 2122 871 2157.347 2205.794| 2223.022 2291.208
SN - 1139 -63 2069.461 2130.682| 2178.8| 2214.625| 2239.47 2263.162| 2265.829 2242.037
- 1140 -61| 2106.945 1.721| 2310.17| 2325.549 2324.797| 2313.053 7. 2 [
Fshpercage 0000 3 | | [aa) 61| 2221.285 | 2284, 7.595| 2408.89| 2415.03 2390.305| 2364.393 58.042 2159.749
Fih per sguare metre: 28.3 1142 -60| 2337.118| 2409.609 | 2462.449| 2495654 | 2510.061 | 2507.249 2459.176| 2419.432| 2373.101| 2322.962 2127.109
Fish per cubic metre: 2.8 143 -59| 2453.544| 2525.774 | 2576287 2605.034| 2612 863 | 2601.44] 2 . 2530.796 | 2477.645| 2416.965| 2351.949 2157.902 3[['[:.3-1_?1.';'
Firiiah npaciss w v Benthic load {gC m-2 y-1) Bcrl.hu:l;md (9 cell,cycle-1) Faeces load bottom (g POC d-1) | Feed load bottom {g POC ¢4 4 | ¥
e ssmen " | | Contour map Synthesis
[~ Environmantal inputa Annualized organic loading to the bottom A B | c =
Faeoesda-nﬂ.eri-n-n}?;ﬂﬂﬁ 1 |Envircnment and culture [data
Foed pelit @ fren) 4 50 E | 2 |
| 2 |Number of cages 14
e § | 4 |Total cage area 9896 m2
Length (E-W) im) 6004 g | 5 | Total number of fish 280000 ind,
Width (5-N) im) wu::| n | 6 |Faecal settling velocity 3,58 cm s-1
¥ Use urifam seabed dapth ﬁ | 7 |Faecal deposition time 11.65 minutes
Desth ) w = g | 8 |Feed settling velocity .65 |cm s-1 =
Xveloctyu fmel) 002 ﬁ Jal.' iFefd deposition time 6,26 | minutes
= | 10 | Unit waste feed load 21.39|g POM [DW) cage m-2 d-1
Yveloctyvims1) 0024 :I,n.'. | 11 | Unit faeces load 17.64 g POC cage m-2 d-1
Dispersian Kx fr s-1) 026 24 120 60 60 120 180 | 12 | Total waste feed load 211633 g POM (DW) d-1
Daerson Ky n211)0.18 = East-Wost Distance (m) L R —v A P -
w oo v m|, General /Probabilty .|‘| | =

Composite benthic footprint (loading) from a farm with 14 salmon cages.



Parastichopus californicus
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individual growth model
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Simulation of sea cucumber growth in
integrated culture under salmon farms
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Mass balance for a four year sea cucumber growth cycle

Anabolism: 2419.3 keal

Catabolism: 1980.6 keal Energy

assimilated

/ 438.7 keal

Ingestion of POM
18964.2 g DW

~a Excretion
10.3 g NH4
Faeces

Respiration ik
589.4 g 02 J
151714 g DW

Cultivation: 1460 days i, g / Inorganic

losses losses

Live weight: 786.1 g FW -

Length: 26.6 cm
POM uptake: 3.79 kg DW
Load removed: 11.09 %

Parastichopus californicus weight data - large animals:100-565 g WW (Hannah et al, 2013),
793-1483 g WW (Hannah et al., 2012).




FARM model
Application to Integrated Multi-Trophic Aquaculture (IMTA)

F-" FARM - Farm Aguaculture Resource Management -,_- _'-I O Iii

| Shelishmodeloff | | Fifishmodelof | | @ Shimpmodeloff | | ) Seaweed model off | | ) Depost feeders off | | » Rnrarm | G|

FARM model for finfish, shellfish, seaweed, and deposit feeders.

Ferreira et al., 2012. Cultivation of gilthead bream in monoculture and integrated multi-trophic aquaculture. Analysis of
production and environmental effects by means of the FARM model. Aquaculture 358-359, p. 23-34.



FARM model — IMTA layout

Fallow
Kelp
Salmon
S Oysters
B
L
£ 5
~ L SE)
S S
— N
U S
Q
U) »n
. /
Deposit feeders cover the whole 0/7\7 Farm
(full view)

bottom (40,000 m?2 per section) —
Water flow

FARM simulates changes to individual weight, harvest, environment, and income.



Synthesis of FARM outputs for deposit feeders

IMTA 1 IMTA 2 IMTA 3 IMTA 4 IMTA 5
5fishm2 | 20fishm2 | Oysters | IMTA 2 + IMTA 3 | IMTA4 + seaweeds

Individual weight

o 112.2 299.8 308.9 128.7 309.1 309.1
Length (cm) 13.5 19.0 19.2 14.2 19.2 19.2
Harvest 101.9 581.7 602.6 143.6 603.0 603.0
(t cycle?)

APP 8.5 48.5 50.2 12.0 50.3 50.3
Profit (k€) as

CBITOA 2182 13179 13658 3139 13669 13669
FOU TEmEE] 1043 2437 2518 1191 2520 2520
(gCm2y?)

Net POM loading 4 409 5724 5 5874 5874
(8Cm2y?)

Population- 5737 13484 13930 7243 14658 18500

equivalents (y1)

Scenarios for monoculture (20 ind. m2), different finfish densities in IMTA,
shellfish longline culture (100 ind. m2), shellfish + finfish, and seaweeds (50
ind. m-2). IMTA6 (not shown) increases deposit feeders to 80 ind. m=2.



FARM model — IMTAS finfish

ASSETS |
| Y | Feed supplied: 13648 ton DW

L

FCR (feed) 1.47 Feed eaten
55
FCR {food) 1.40 e N

Excretion: 513 ton N

Fish production

9267 ton FW Faeces Wasted food

2583 ton DW 682 ton DW

Respiration: 14659 ton DO Sediment load Feed load
1956327 kg DW 530409 kg DW

T

Crganic deposits: 2905 ton DW 21.5 mm

'}

Mass balance for finfish culture shows POM load for feed and faeces.



wo key questions

Role of seaweed (winged kelp Alaria esculenta) culture

Kelp monoculture: final individual weight of 134 g
Increases to 175 g in IMTAS

22% increase in total physical product (TPP) for plants of harvestable
size from 153 to 214 t cycle!

No significant effect on DIN concentration (P, decreases by 0.4 uM)

Role of suspended shellfish (Pacific oyster C. gigas) culture

Oyster individual weight increases from 60.02 g to 61.65 g
TPP from 241.9 to 243.9 t cycle!

Increase of ratio of suspended particles to 80% makes little difference
(end points are 65.7 g and 246.9 t)

Shellfish suspended culture is not enhanced by salmon culture; seaweeds do
not reduce DIN significantly. This is basin-scale IMTA.



Summary

No question, no model. What is your question?

No model can predict the weather. The weather affects
circulation (wind, freshwater flow), salinity (rainfall), food
(chlorophyll depends on e.g. clouds, temperature).
Ecosystem models show general patterns;

Many different models exist. Models are simplifications of
reality, but can be very useful. No model does everything;

Models can (and often should) be combined, which often
adds huge value to the end product.

All slides
http://ecowin.org/aulas/mega/pce/
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