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*************************************************** strategles for modelling complex marine systems
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g3 L heat loss preconceptions) of a system, numerically

(and within computational constraints).
Typically such understanding is rooted in
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atmosphere 5 < Creating models is effectively, the art of 5 9

| EEED s - encapsulationing one's understanding (or | on 0 S a
9 dg L heat loss preconceptions) of a system, numerically ¢dq L heat loss

5 ‘ < (and within computational constraints). 5 c |

‘g & : Typically such understanding is rooted in ‘g’ B

\'\.\_f 5 winds modern observations. \_\_f = winds |

coastal ocean . 5 @ : @ 0 ® sea ice But ... X = @ @ 1) ® sea ice'

. % >3 #ﬁ What happens under climate change¢
‘ 3¢ What did the system look like in the past (e.g.
JE A Cretaceous)?¢
Al What if the structure of the system is not
correctly understood in the first placee

Enter ...

Ocean general circulation models (O-GCMs):
' Ocean circulation now becomes an
emergent rather than a prescribed property
of the system.
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Creating models is effectively, the art of :
encapsulationing one'’s understanding (or : |
preconceptions) of a system, numerically ’
(and within computational constraints). \
Typically such understanding is rooted in |
modern observations.
|

predominantly short-term laboratory
perturbation experiments

strain #2 in vitro _

strain #1 in vitro
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Buft ...

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

What if the sfructure of the system is not
correctly understfoode

: Dinoflagellates Acritarchs
Diatoms _
Coccolithophorids Radiolaria

Foraminifera
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(Ocean) General Ecology Modelse '
(O-GEMs?)

Marine ecology becomes an emergent
rather than a prescribed property of the
system.
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Example Extinction Scenarios in Model

Extreme Extinctions (2a & 2b)
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In fraditional ‘functional type’ ecosystem
models, diversity is not resolved, but instead
its effects highly parameterized using the
Epply curve in the case of temperature and
growth rate.
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Consider:

(1) A typical phytoplankton cell, under non-limiting growth conditions, divides avery ca. 1 day.
S0 365 (.25) generations per year on average.

(2) Evolution has been observed (coccolithophores) to occur in vito, within a single year.

(3) Recovery, post-impact, took ca. 2 Myr to re-establish ecosystem ‘function’ (global carbon

cycling) and stability.

That equates to almost 2 billion generations.

WHY?

Fitness Landscape
Max Olson
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As the fitness landscape changes, the population evolves to track the peaks
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***************************************************** evolution 1n silico (‘Yfake evolution’) — HOW?

1. Diagnose the ocean transport
in an Earth system model

‘Color’ tracer pattern to unambiguously
diagnose surface ocean transport
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ocean transport metacommunity  oceanic
matrix (T) matrix (B) dispersal
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‘Color’ tracer pattern to unambiguously
diagnose surface ocean transport
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ocean transport metacommunity  oceanic
matrix (T) matrix (B) dispersal
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***************************************************** evolution 1n silico (‘Yfake evolution’) — HOW?

ocean transport metacommunity oceanic
matrix (T) matrix (B) dispersal

‘Color’ tracer pattern to unambiguously
diagnose surface ocean transport
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31 different size classes of plankton
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31 degrees of mixotrophy
This simulation does not ‘mean’ anything per se. It is conducted with a modern

confinental configuration and under modern ocean circulation (and a modern PO,

inventory) but is not intfended to correspond to any specific event or observation (yet),

whether paleo, modern, or future.

It is a best viewed as a technical illustration of what can be done. Many questions are

currently unanswered ...

IS S-S S— -

Q. How do you know how large and frequent a mutation to make?
(A. There are no specific mutations, but rather diffusion of biomass in trait space.)

[ S SN S S S S

Q. What would happen if a single species of phytoplankton was seeded elsewhere in the

ocean¢ Is the final state of global ecology dependent on the initial conditions?

Q. What would happen if climate and ocean circulation changed, e.g. in feedback with

the evolving carbon cycle, or if the ocean PO, field was prescribed rather than free to

31 different size classes of plankton

evolvee
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55 (A. Something different.)

Q. Can | take the gorgeous evolving global ecology home for my children?
,[\summed biomass across size classes (for the same degree of mixotrophy) (A. Of course. Would you like the evolving global ecology gift-wrapped?)
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