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Marine Ecology & Biogeochemistry
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Size Matters
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Model Elements Depend on Science Questions

Carbon Cycle & Biogeochemistry

Ecology & Food-webs
*Phytoplankton, zooplankton, bacteria, ...
*Biological interactions (growth, predation,
competition, disease, vertical migration, ...)

Biodiversity
Variability within populations
*Species diversity
Community ecology

Fisheries & Conservation
*Higher trophic levels
Demography, size & age-structure, ...
*Swimming, behavior (individual-based models)




Plankton Functional Type (PFT) Models
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Biology 2005; Hood et al. Deep-Sea Res. || 2006



Surface Chla (mgChl/m™>)

1.0

0.5

0.0

1.0

0.0

0.5

|
| Satellite

L phytoplankton
- Size-class estimates

micro size class

pico size class

nano size class

L Model

- phytoplankton PFT

| estimates

OO

latitude

Size-class &
Functional
Group
Variations

Model PFTs
blend size &
geochemistry
(e.g. formation
of CaCOg3,
opal, nitrogen
fixation

LeQuere et al.
Global Change




Factors Governing Phytoplankton Competition
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A) Diotom Growth Limitation 1990s

ners e ——— = - - Nutrient
Limitation
Nitrogen 57.70%, Iron 37.90%, Silicoa 2.255%, Phosphorus 2.137%
Replete 0.000%
ENitrogen WEiron EPhosphorus ' Silicon
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C) Diazotroph Growth Limitation
Moore et al.
J. Climate

Nitrogen 0.000%, Iron 38.18%, Phosphorus 21.74% In press

Replete 9.144%, Temperature 30.92%




(a) PISCES
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Diatom Fraction vs. Bloom Magnitude
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Phytoplankton Growth: Diatom/small Ratio
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Summary of Model Factors:

Diatom/small Ratio

PISCES NEMURO PlankTOM5 CCSM-BEC
S Viax - UP UP -
e Nutrient limit. [Down Down Down Down
£ Light limit. - - Down (NA) UP (NA, SO)
3 Temp. dep. - - - -
c Grazing by Microzoo. Microzoo. Microzoo. Generic zoo.
§ Zooplankton [UP UP UP UP
& Mesozoo. Meso/Macro Mesozoo.
2 Down Down Down (NP)
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Model Food-webs & Interaction Strengths
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MAREDAT - Towards a world atlas of
MARine ecosystem DATa

(a) Global |
Macrozooplankton 9.3 (0.2) + 67.7 - Median

Pteropods 2.9 (0.005) + 67.7 Mean

Mesozooplankton 6.0 (2.8) + 13.6

Foraminifers 0.03 (0.008) + 0.05
Microzooplankton 9.3 (3.1) £ 17.1

Picoheterotrophs 8.1 (6.6) £ 6.0

Diatoms 16.5 (1.7) £ 104.7

Phaeocystis 28.3 (2.2) £ 96.0

Coccolithophores 0.4 (0.05) + 2.4

Diazotrophs 5.5 (0.03) £ 27 .4

Picophytoplankton 12.7 (5.5) £ 22.1

Buitenhuis et al.




Total Diazotrophs Nitrogen Fixation
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Everything is Everywhere but Environment Selects
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Bruggeman & Kooijman
Limnol. Ocean. 2007
Follows et al.
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Biodiversity & Biogeography
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Barton et al. Science 2010
Follows & Dutkiewicz Ann. Rev. Mar. Sci. 2011 : \
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Trait 2

Trait-based Modeling & Energetic Trade-offs

All of trait space

Energetically feasible
trait space

Occupied (fit)
trait space

Trait 1

Litchman et al.
Ecol. Lett. 2007
Litchman & Klausmeier
Annu. Rev. Ecol. Evol.
Syst. 2008 %




Cell Physiology/Allocation Modeling
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Discrete versus Continuous Size Classes
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