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if( hunger > fear )
SeekFood( );

else
SeekRefuge( );



  

A Model of All Life

● Global

● Individual-based

● Mechanistic

● Exhibits emergent 

behaviours

● Potential for exploring:

– Evolution

– Adaptation

– Regime shifts

– Tipping points

Purves et al. (2013). Nature, 493.
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Model Grid

https://github.com/phlndrwd/MadingleyData



  

Functional Types
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How do they acquire energy?
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What type of thermoregulation?
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Are they mobile?
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Method of reproduction?
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Mechanistic Principles

Functional 
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Individuals

● Have mass



  

Individuals
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Individual Cohorts

● Have mass

● Continuous attributes

● Can assimilate and grow

– To maturity

– Beyond maturity

– To reproduce

● Metabolise and shrink

– May starve

● Abundance attribute

× n



  

Ideal Trophic System
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Madingley Trophic System
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Trophic System I/O
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Emergent Global Result

Harfoot et al. (2014). PLoS Biology, 12(4).



  

Fisheries Model Project Aims

● Integrate past fisheries catch data

● Integrate multi-year input data

● Improve oceanic ecological realism

● Experiment with alternative management 

scenarios

● Produce policy-relevant outputs.
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Develop System Indicators

Time

F
D

S
R

L
m

a
x

T
L

Pristine
Ocean

With 
Fishing

With 
Fishing 
and IUU

Time Time Time

Time Time Time Time

Time Time Time Time

F
D

F
D

S
R

S
R

L
m

a
x

L
m

a
x

T
L

T
L



  

Marine Madingley
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Sea Around Us Data
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Name Description Size 

(cm)

FG0 Other -

FG1 Small Pelagics <30

FG2 Medium Pelagics 30-90

FG3 Large Pelagics >=90

FG4 Small Demersals <30

FG5 Medium Demersals 30-90

FG6 Large Demersals >=90

FG7 Small Bathypelagics <30

FG8 Medium Bathypelagics 30-90

FG9 Large Bathypelagics >=90

FG10 Small Bathydemersals <30

FG11 Medium Bathydemersals 30-90

FG12 Large Bathydemersals >=90

FG13 Small Benthopelagics <30

FG14 Medium Benthopelagics 30-90

FG15 Large Benthopelagics >=90

FG16 Small Reef associated fish <30

FG17 Medium Reef associated fish 30-90

FG18 Large Reef associated fish >=90

FG19 Small to Medium Sharks <90

FG20 Large Sharks >=90

FG21 Small to Medium Rays <90

FG22 Large Rays >=90

FG23 Small to Medium Flatfishes <90

FG24 Large Flatfishes >=90

FG25 Cephalopods -

FG26 Shrimps -

FG27 Lobsters, Crabs -

FG28 Jellyfish -

FG29 Other Demersal 

Invertebrates

-

FG30 Krill -



  



  

Catch Distributions
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Taxon Growth Table

von Bertalanffy Growth Function:

Length to mass conversion:



  

Growth Parameters

Doug Costa, NOAA/SBNMS

EasternFisheries.com

Spiny dogfish (Squalus acanthias)

Yellowfin sole (Limanda aspera)



  

Functional Group Growth Table

● Average five parameters in taxon growth table

● Calculate weighted averages

● Catch that doesn't weight calculation:

– Missing taxon

– Incomplete set of parameters



  

Name Description Size 

(cm)

FG0 Other -

FG1 Small Pelagics <30

FG2 Medium Pelagics 30-90

FG3 Large Pelagics >=90

FG4 Small Demersals <30

FG5 Medium Demersals 30-90

FG6 Large Demersals >=90

FG7 Small Bathypelagics <30

FG8 Medium Bathypelagics 30-90

FG9 Large Bathypelagics >=90

FG10 Small Bathydemersals <30

FG11 Medium Bathydemersals 30-90

FG12 Large Bathydemersals >=90

FG13 Small Benthopelagics <30

FG14 Medium Benthopelagics 30-90

FG15 Large Benthopelagics >=90

FG16 Small Reef associated fish <30

FG17 Medium Reef associated fish 30-90

FG18 Large Reef associated fish >=90

FG19 Small to Medium Sharks <90

FG20 Large Sharks >=90

FG21 Small to Medium Rays <90

FG22 Large Rays >=90

FG23 Small to Medium Flatfishes <90

FG24 Large Flatfishes >=90

FG25 Cephalopods -

FG26 Shrimps -

FG27 Lobsters, Crabs -

FG28 Jellyfish -

FG29 Other Demersal 

Invertebrates

-

FG30 Krill -



  

Missing Data

Of 1,039,675,097.2687 tonnes



  

Size Classes
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Dummy Model

● Reads and makes input data available

● Instantiates model grid

● Populates grid cells with cohorts

– No ecological processes

– Fished cohorts remain in place

● Writes output data to file



  

Dummy Model
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Areas For Development

● Fished size-class based on technology

● Bathymetry and habitat affinity attribute

● Division between commercially and non-

commercially exploited species

– 2.2 million marine species*

– 2.55 thousand species in SAUP taxon table

– Critical to stability of modelled system

*Mora et al. (2011). PLoS Biology,  9(8).



  

Thank You!
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