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Challenge: predicting climate change
Impacts on marine foodwebs &
biological climate-carbon feedbacks
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Size as a ‘master trait’ for marine organisms

Biomass spectra
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Using power-law functions, organism size can describe:

metabolism, population growth rates, light affinity,

diffusive uptake affinities & rates, predator-prey size ratios, predator-
prey functional responses, swimming speed, mortality rates



Beyond the size trait: predation strategy
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Model construction (1) - MARBL
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Model construction (2) — Growth
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Log10 Parameter value

Model construction (3) — Nutrient uptake
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Log10 Parameter value

Model construction (4) - Zooplankton
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Model construction (5) — Feeding Kernel
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Model results - total chlorophyl

Total Surface Chlorophyll (mg Chl m~™-3)

NPP:
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Model results — Export flux

POC Export Flux (100 m)
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Model results — Stoichiometry

Global surface P to C (per mil)
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Plankton size spectra

Global mean surface size spectra slope
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Plankton size spectra

Global mean surface size spectra slope
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Size spectra seasonal cycle (anomaly plot)
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Summary

e A size-structured plankton model is a parsimonious method of adding ecosystem
complexity

e Allometric relationships are key
e Useful for studying plankton food-web dynamics

e Enables future integration with size-resolved detritus groups

* The plankton size-axis is separate from plankton biogeochemical function
e E.g. Diatoms have different nutrient acquisition needs
* Key exceptions also apply: Low picoplankton growth rates are essential for reducing small-celled
dominance at high latitudes
e Zooplankton feeding kernels can be used to generalize grazing relationships

e With discrete size-classes, grazer sizes must be carefully chosen
* Plankton size-spectra dynamics are an emergent feature of the system

e Many outstanding issues still:
* Low global POC production
* Nutrient drift
* Large zooplankton biomass declines over time

* No zooplankton size growth
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3.0 25 2.0 15 1.0
Log10 Equiv. Spherical Diameter (mm)

Parameter
—o— kNO3

—o— kNH4
—-o— kPO4
—-o— kDOP
—o— kSiO3
kFe
—o— gQfe_0

PFT Type
e diat
* diaz

Amp

(b) 10'¢
. R%=0.56
P < 0.0001 A A
VmaxN =0.17 vcello-z? - A
Ly Diatoms
g 10%F
= i .
> — RMA fit
lf. O Diatoms
O  Coccos
@ A Dinos
O & Greens
10_1 sl et il il sl sl sl il R ERITT
10 10" 102 10® 10* 105 10%° 10" 108
Cell volume (pm?3)
Litchman et al. 2007
L0 1,000F
2 b
8— 100+
s] ¥
&
= I
& 0
. 0% W 7. pseudonana (3.5 um
£ T '\/ ¥ 7. weissfogii (1(1-12ppr'r)1)
= A P minimum (12-13 ym)
8 ® P. micans (28-32 pm)

[Fe] (nm)
Sunda and Huntsman 1997



	Constructing a size-structured plankton model for CESM
	Challenge: predicting climate change impacts on marine foodwebs &�biological climate-carbon feedbacks
	POC export and transfer efficiency
	Size as a ‘master trait’ for marine organisms
	Slide Number 5
	Model construction (1) - MARBL
	Model construction (2) – Growth
	Model construction (3) – Nutrient uptake
	Model construction (4) - Zooplankton
	Model construction (5) – Feeding Kernel
	Model results - total chlorophyll
	Model results – Export flux
	Model results – Stoichiometry
	Plankton size spectra
	Plankton size spectra
	Size spectra seasonal cycle (anomaly plot)
	Summary
	Slide Number 18
	Model construction (3) – Nutrient uptake

