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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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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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Preference

Mechanistic Principles
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Individuals

e Have mass




Individuals

e Have mass

e Continuous attributes

s T ™« Reproduction
¢ ==~ _°%_ Threshold

¢ ,° TN
/1, T _
o, ™ 1 Mass at Maturity
LI [
L SN ¢ ¢ Actual Mass
\~~__, |
& Mass at Birth



Individuals

e Have mass
e Continuous attributes

e Can assimilate and grow
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Individuals

« Have mass
» Continuous attributes
e Can assimilate and grow
- To maturity
- Beyond maturity
- To reproduce
e Metabolise and shrink

- May starve




Individual Cohorts

« Have mass
» Continuous attributes
e Can assimilate and grow
- To maturity ’
- Beyond maturity :
- To reproduce l
 Metabolise and shrink “

- May starve
 Abundance attribute




ldeal Trophic System

Carnivores

Omnivores

Sullitle

Phytoplankton

Nutrient




Madingley Trophic System
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Trophic System 1/O
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Emeraent Global Result

Heterotroph biomass density (kg km %)
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4.7e+0 7.1e+4 9.0e+4 1.1e+5 1.4e+5 1.7e+5 2.0e+5 22e+5 34e+5 4.1e+5

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
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System Indicator

Marine Madingley

Perturbation Recovery

Time






Sea Around Us Data
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Name

FGO
FG1
FG2
FG3
FG4
FG5
FG6
FG7
FG8
FG9
FG10
FG11
FG12
FG13
FG14

Description

Other

Small Pelagics

Medium Pelagics

Large Pelagics

Small Demersals
Medium Demersals
Large Demersals

Small Bathypelagics
Medium Bathypelagics
Large Bathypelagics
Small Bathydemersals
Medium Bathydemersals
Large Bathydemersals
Small Benthopelagics
Medium Benthopelagics

Size
(cm)

<30
30-90
>=90
<30
30-90
>=90
<30
30-90
>=90
<30
30-90
>=90
<30
30-90

FG15
FG16
FG17
FG18
FG19
FG20
FG21
FG22
FG23
FG24
FG25
FG26
FG27
FG28
FG29

FG30

Large Benthopelagics
Small Reef associated fish
Medium Reef associated fish
Large Reef associated fish
Small to Medium Sharks
Large Sharks

Small to Medium Rays
Large Rays

Small to Medium Flatfishes
Large Flatfishes
Cephalopods

Shrimps

Lobsters, Crabs

Jellyfish

Other Demersal
Invertebrates

Krill

>=90
<30
30-90
>=90
<90
>=90
<90
>=90
<90
>=90



Catch (1)

05

0
1950

1960

Catch reconstru

1970

ction for FAO 21 & 27

—_—————

1980
Year

1990

2000

2010

' [{9!
| [{
G
| [Ie]
BrGs
| [{d3
BrG?
BIFGs
LIFGY
HFG10
LIFG11
L IFG12
I IFG13
I IFG14
[ IFG15
[ IFG16
[ IFG17
| JFG18
[ FG19
[ IFG20
[ IFG21
L IFG22
IrG23
IFG24
PIFG25
BFG26

rG27




Catch Distributions
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Frequency

Catch Distributions

+«10°FG19 - Small to Medium Sharks (<90 cm) +«10°FG19 - Small to Medium Sharks (<90 cm)
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Frequency

Catch Distributions

«10’ FG21 - Small to Medium Rays (<90 cm)

«10° FG21 - Small to Medium Rays (<90 cm)
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Taxon Growth Table

[xonKey TaxonName

600120 Scomberomorus cayalla
600121 Scomberpmornus commerson
600123 Scomberomorus guitatus

von Bertalanffy Growth Function: S o s o
600131 Scomberomorys nphonius
600134 Scomberomorus regalls

600136 Scomberomorus sema
—K (t— t 600138 Somniosus microcephalus
l — L 1 - e 0 600139 Squalus acanthias

600140 Rhinobatos percellens
600141 Scomberomorys tritor
600142 Thunnus alalunga
600143 Thunnus albacares
600144 Thunnus atlanticus
600145 Thunnus maccoy
600146 Thunnus obesus
600147 Thunnus thynnus

Length to mass conversion: 600148 Thunnus tanagol

600149 Rhinobatos planiceps
600509 Ophiodon elongatus

b 600513 Psettodes erumei
— 600514 Hippoglossus stenolepis
— a 600516 Reinhardtius hippoglossoides
600517 Atheresthes stomias

600518 Reinhardtius evermanni
600519 Hippoglossokies elassodon
600520 Limanda aspera
600521 Umanda ferruginea
600524 Pseudopleyronectes americanus
600525 Solea solea
600526 Dicologlossa cuneata
600527 Austroglossus microlepss
600528 Austroglossus pectoralis
600529 Scophthalmus thombus
600530 Scophthalmus aquosus
600531 Stephanolepis cimhifer

|Linf JvBonK o | T | I |
184 0.28 -0.43202 0.00831 2973
240 0.38 -0.27718 0.0099 2.95
78.5 0.34 -0.37 0.0096 3.002
82.6 0.33 -0.33 0.00417  3.044
91 0.27 -0.47638 0.00884 2982
100 0.91 -0.13366 0.01 3
186.4 0.17 061 0.0202 2.8
101.8 0.27 -0.44 0.01 3
730 0.01 3
160 0.036 -3.19986 0.0031 3.1056
102.8 0.31 -0.38 0.00811 2.81
100 0.311 -0.38363 0.018 293
159.201 0.13 .0.83474 0.0272 2.8
239 0.37 -0,.26754 0.0216 2.981
107.95 0.33 .0,38626 00184 3024
245 0,151 -0.65371 0.0167 3.06
250  0.125 -0.78016 0.0178 2.902
458  0.067 -1.29891 0.0221 2934
144983 0,324 .0.35815 0.01 3
78.8 0.41 0.31 0.01 3
152 0.18 -0.66948 0.01 3
64.3 0.34 0.34 0.01 3
120 0.29 -0.46306 0.0058 3.14
64 0.558 -0.26279 0.0039 3.214
258 0.06 -1.78659 0.00314 3.24
116.3 0.07 -1.73038 0.00303 3.2578
86.6 0.11 -1.02 0.01981 2.7913
100 0.13 -1.0074 0.00372 3.2532
54 0.35 -0.35 0.01018 3.0076

a9 0.14 -1.10391 0.0076 3.1531

64 0.335-0.42978 0.01 3

64  0.384 -0.39717 0.01 3

70 0.264 -0.56861 0.00622 3.04

30 0.47 -0.36719 0.00845 2968
17.5 0.14 0,94 0.01 3
60 0.375 -0.39774 0.00178 3,335

75 0.5 -0.30497 0.0143 293
45.7 0242 -0.63615 0.01 3
315 0.26 0.63 0.01 3




180

Growth Parameters = === —
140 +
__120¢
. ) ] =
Spiny dogfish (Squalus acanthias) <1
2 80t
- 60 F
40
20
160 15;0 260 250
Time (year)
25 . Y T T T T T
Spiny dogfish
Yellowfin sole
20+
§,15-
’ 5+
A
EasternFisheries.com

10 20 30 40 50 60 70 80 90 100
Time (year)



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 Z




Name

FGO
FG1
FG2
FG3
FG4
FG5
FG6
FG7
FG8
FG9
FG10
FG11
FG12
FG13
FG14

Description

Other

Small Pelagics

Medium Pelagics

Large Pelagics

Small Demersals
Medium Demersals
Large Demersals

Small Bathypelagics
Medium Bathypelagics
Large Bathypelagics
Small Bathydemersals
Medium Bathydemersals
Large Bathydemersals
Small Benthopelagics
Medium Benthopelagics

Size
(cm)

<30
30-90
>=90
<30
30-90
>=90
<30
30-90
>=90
<30
30-90
>=90
<30
30-90

FG15
FG16
FG17
FG18
FG19
FG20
FG21
FG22
FG23
FG24
FG25
FG26
FG27
FG28
FG29

FG30

Large Benthopelagics
Small Reef associated fish
Medium Reef associated fish
Large Reef associated fish
Small to Medium Sharks
Large Sharks

Small to Medium Rays
Large Rays

Small to Medium Flatfishes
Large Flatfishes
Cephalopods

Shrimps

Lobsters, Crabs

Jellyfish

Other Demersal
Invertebrates

Krill

>=90
<30
30-90
>=90
<90
>=90
<90
>=90
<90
>=90



Missing Data

B Present
1; . |Missing

N
\ 32%
\“\

68%

Of 1,039,675,097.2687 tonnes



Size Classes

Time




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



Cohorts

Dummy Model
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Catch (t)

Results

%107 Reconstruction reconstruction
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Catch (t)

Results

%107 Reconstruction reconstruction
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Catch (t)

«107 Reconstruction

Results
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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).
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