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Bugs | — Strategies for modelling complex marine systems

Creating models is effectively, the art of the encapsulation of one’s
understanding (or preconceptions) of a system, numerically.
Typically rooted in modern observations. But ...




Bugs | — Strategies for modelling complex marine systems

What happens under climate change@¢
What did the system look like in the past (e.g. Cretaceous)ee

What if the structure of the system is not correctly understoodeee




Bugs | — Strategies for modelling complex marine systems

Ocean general circulation models (O-GCMs):

Ocean circulation becomes an emergent rather than a

gM/LZC prescribed property of the system.
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Bugs | — Strategies for modelling complex marine systems

N-P-Z-D model

phytoplankton

zooplankton
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Bugs | — Strategies for modelling complex marine systems %

model with measured properties
of ~2-5 cultured strains encoded

predominantly short-term laboratory
perturbation experiments

phytoplankton #1 #2 L .

strain #2 in vitro _

strain #1 in vitro
35
Ot

What happens under climate changee
What did the system look like in the past (e.g. Cretaceous)¢¢
What if the structure of the system is not correctly understoodeee

But also:
What about adaptation (or even evolutionary responses) to global changee
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Bugs | — Strategies for modelling complex marine systems

(Ocean) General Ecology Modelse (O-GEMs?):
Marine ecology becomes an emergent rather than a

g\;\/\,%( prescribed property of the system.
)




Bugs Il — Paleo ecological models
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'‘ECOGEM’ size-structured
plankton ecological model
[Ward ef al., 2018 (GMD)].

Can define n phytoplankton and
m zooplankton (and/or
mixotrophs).

Traits scale with the master
variable, cell size.

Each plankton has ‘quotas’ for C,
N, P, Fe, so variable elemental
stoichiometry possible (just C and
P used here).

‘Standard’ functional type
ecosystem model grazing
formulation (with size
preference).



Bugs Il — Paleo ecological models
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Bugs Il — Paleo ecological models
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Bugs Il - Paleo ecological computer games ‘ﬁ%

Eurkaryotes [Knoll, 2014]

Cyanobacteria (planktonic) [Sanchez-Baracaldo, 2015]

Evolutionary innovations
& plankton assemblage
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Bugs lll — (1) planktonic habitat (small cell size) % o
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Bugs lll - (1) planktonic habitat (small cell size) ﬁ%
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Bugs Il — (2) planktonic habitat (large size range) 7
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Bugs Il — (2) planktonic habitat (large size range) 7
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Bugs Il - (3) grazing? R
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Bugs Il - (3) grazing? X
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Bugs Ill — (4) animals (larger grazers) Z X

Animals! (metfzoans)

Eurkaryotes [Knoll, 2014]

Cyanobacteria (planktonic) [Sanchez-Baracaldo, 2015]

Cyanobacteria (benthic) [Sanchez-Baracaldo, 2015]
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Bugs Il - (4) animals (larger grazers) A%
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Bugs Il — (4) animals (larger grazers) ﬁb\*
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Bugs Il - (5) extinctions
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Bugs IV — evolution in silico
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Bugs IV — evolution in silico

reproductive regime

< >
most happy

fatally
would rather be elsewhere unhappy

< >

growth rate

environmental variable (e.g. temperature)

‘re-drawn’, with sincere apologies, from Schmidt et al. [2006]

N
7

N

AN



o
\

A

Bugs IV — evolution in silico

In fraditional ‘functional

1SS jusique

type' ecosystem models,
diversity is not resolved,

but instead its effects

change in climafe is then
instantfaneous and fully
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Bugs IV — evolution in silico AT
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Bugs IV — evolution in silico
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dynamics are
presumably different.

Bugs IV — evolution in silico A
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Bugs IV — evolution in silico A
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Bugs IV — evolution in silico f{::\’

‘Color’ tfracer pattern to unambiguously
diagnose surface ocean transport

There is clearly a very significant
computational expense involved, even if
using low resolution/efficient Earth system
models such as ‘GENIE’.

=> Diagnose full 3D circulation, and
employ (sparse) parallelized matrix
multiplication or similar ...

Then create new model in MATLAB

"A Matrix Metacommunity Model: ecological and
evolutionary emergence of a global plankton
metacommunity” Ward, Wilson, et al. [in prep]
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worms — decoding the geological record
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worms — decoding the geological record \‘3
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worms — decoding the geological record
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worms — decoding the geological record
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worms — decoding the geological record
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worms — decoding the geological record \‘3
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Summary

Cenozoic- — — Mesozoic — — — Paleozoic- — — — — - Neoprot. — Mesoprot. Paleoproterozoic

Phanerozoic Proterozoic




Thanks to:

Ben Ward [NOCS]
Jamie Wilson [Bristol]
Yoshiki Kanzaki, Sandy Kirtland Turner [UCR]

Heising-Simons Foundation
European Research Council "“PALEOGENIE" project (ERC-2013-CoG-617313)




	UoB2019.PART00_title
	UoB2019.PART01_outline
	UoB2019.PART02_bugsI
	UoB2019.PART03_bugsII
	UoB2019.PART04_bugsIII
	UoB2019.PART05_bugsIV
	UoB2019.PART06_worms
	UoB2019.PART07_wormsII
	UoB2019.PART09_summary
	UoB2019.PART99_end

