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Twitter Outline

There has never been so much Hadean Dems left behind NO
biological pumping! BIOLOGICAL CYCLING OF
CARBON IN THE OCEAN! SAD!

NO COLLUSION between
phytoplankton and zooplankton!

Most primary production EVER!

Many more trophic levels than
during the Obama-ian

: : Witch hunt!
geological Period!
Make the ocean biological pump
great again!
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Numerical modelling — Approach
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Numerical modelling — Approach
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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).



Numerical modelling — Approach
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Numerical modelling — Approach
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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).

Here:

0-8 phytoplankton size
possible classes

0-8 zooplankton size
possible classes

l.e. making no a priori
assumptions about any particular
ecosystem structure
corresponding to any particular
past geological interval.

(Already 16 plankton maximum x 3
cellular ‘quotas’ == 48 ocean
tracers, hence low resolution ocean
model advantage.)



Numerical modelling — Approach
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Origins ...
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solubility pump
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Origins ...

Evolutionary innovations
& plankton assemblage
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Origins ...
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Origins ...

BENTHIC
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The Force awakens ... ?7??

Minimal open ocean primary productivity Higher open ocean primary productivit
=" I
L 5 “Oscillatoria-like”
T o 5
s o g o
3 : o
8 3
_Q :’.“.'.
o N
c y o 4§
> Nostocales # . ’
O o Nodularia spumi
* N
O E
3 2 o
o
=
A " Crocosphaera'
and relatives
7
oo
A
-] g_ “Pseudanabaena-lik m3
Qo 0 @ ’-
% 5 To) (1 ]
2| 0 @ s
2
* | | | | | | | |
2,500 2,250 2,000 1,750 1,500 1,250 1,000 750 10]0] 250 0

Time before present (Myr)
Eurkaryotes [Knoll, 2014]

Cyanobacteria (planktonic) [Sanchez-Baracaldo, 2015]

Cyanobacteria (benthic) [Sanchez-Baracaldo, 2015]

Evolutionary innovations
& plankton assemblage

Mesoproterozoic

Period
Era Paleoproterozoic
Eon | [ [ [ [ || Proterozoic
111t 1t 1111 11T 1 17 17 1T 17T 17 17 17 T 7T 17 T T 1 I'TTTTI T 1T T
0] 100 200 300 400 500 1000 1500 2000 2500 K10]0]0) 3500

Time (Ma)



solubility pump organic carbon pump
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The Force awakens ...
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max zooplankton size class
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max zooplankton size class
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The Force awakens — grazing?
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The Force awakens — grazing?
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The Force awakens — grazing?
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The Force awakens — animals (larger grazers)

Animals! (metfzoans)

Eurkaryotes [Knoll, 2014]

Cyanobacteria (planktonic) [Sanchez-Baracaldo, 2015]

Cyanobacteria (benthic) [Sanchez-Baracaldo, 2015]
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The Force awakens — animals (larger grazers)
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The Force awakens — animals (larger grazers)
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% occurrence of carbonate in ophiolite suites
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organic carbon pump
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Conclusions/perspectives
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Conclusions/perspectives

Are there, and are there
important; feedbacks and
interactions between plankton
evolution and ecosystem
complexity, and the marine
environment (esp. nutrient and
oxygen cycles)¢
('co-evolution of life and the
Planet’)

How to we
reconstruct/constrain the
ancient state of the biological
pumpe
(new proxies?)

Eurkaryotes [Knoll, 2014]

Cyanobacteria (planktonic) [Sanchez-Baracaldo, 2015]

Evolutionary innovations
& plankton assemblage
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