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Global Ecosystem Modeling

- Can we do better than the trophic transfer efficiency (nonlinear relationships, spatial resolution)?

Carbon, Ocean Biogeochemistry

and Lower Trophics
Charles Stock, John Dunne, Jasmin John; GFDL

Mortality to higher predators
Figs: Charles Stock: COBALT
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The challenge...

Quantify upper-trophic, or fisheries, production at a global scale...
Like plankton, big things are highly diverse

Unlike plankton, big things move against currents



Size-based Models

A conserved feature of marine systems around the globe:

Jennings & Brander 2010,
originally from Boudreau & Dickie 1992



BIQ, medum, sma... SIZ€ SIMplifies

Many things scale with size
- e.g. swimming speed, metabolic rates and predator-prey relationships
- Metabolic Theory of Ecology (Jim Brown @ U. New Mexico)

Barnes et al. 2009
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A Size-based Model: formulation

Model the rate of change of biomass of a particular size-class:

B | o |
y — Eat()) — Geteaten(k) — Metabolize(i) + move(i)
Type Il feeding function Allometric Gradient
(PPMR, volume power law ascent
searched) ... aspP J = f(dBj/dx)
j = small fish
| = medium fish
k = large fish
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A Size-based Model: results
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A Size-based Model: results
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A Size-based Model: results
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Limitations

Lack species specific details
- It can’t resolve sardine and anchovy (only “forage fish”)
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Limitations

Highly sensitive to parameters

Global ocean biomass (tonnes): ~ 86.2x10° (x30 Jennings et al. 2009)
Biomass production (gm-2yr-1). ~ 0.5x1019 (x0.5 Jennings et al. 2009)

Can completely change these results with a different consumption efficiency (0.7 to 0.5)
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Summary

Size based models:
- ecological understanding: yes, movement is important
- prediction? useful given the conditions
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