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Confronting complexity
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Principles

1. Standardizespecies: one model, 
different trait values

2. Add diversity: introduce all possible 
species

3. Approximate:  characterize  the 
community by key statistics

Bruggeman & Kooijman(2007)



Anexample: lakephytoplankton



Selecting traits and trade-offs

ÅWhich traits matter?
ïThose that control competition

ïThose that be observed

ïThose that affect an activity of interest

ÅTrade-offs are essential
ïThey reduce the effective number of traits (= system dimensions)

ïThey constrain trait values

ÅThe search for universally dominant traits and trade-offs
ï In past, present, and future



Bruggeman, Heringa& Brandt (2009), Bruggeman (submitted)

>1000 observed trait values + phytoplankton phylogeny Ą evolutionary reconstruction 

Reconstructing trait value variability
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A single phytoplankton species
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Building the community
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e.g. Wirtz  & Eckhardt(1996), Norberget al. (2001)



Calibration: biomass in time
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Predicting the size distribution



To the next level

ÅGlobal marine plankton communities

ÅMultiple traits

ÅEmbedded in 1D and 3D circulation models



Looking at plankton: mixotrophy

Phototrophsand heterotrophs: a section through diversity
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A generic mixotroph
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Trait 1: investment in autotrophy

Trait 2: investment in heterotrophy

maintenance

organic matter harvesting
organic matter

death

Bruggeman, Kooi & Kooijman(under rev.)



7 physiological parameters
ωmaximum autotrophic and heterotrophic production
ωhalf-saturation constants for light, nutrient, organic matter
ωmaintenance rate, death rate

Model characteristics

nitrogen detritus

mean allocation to autotrophy

variance of allocation to autotrophy

mean allocation to heterotrophy

variance of allocation to heterotrophy

biomass

covariance

Bruggeman, Kooi & Kooijman(under rev.)



Calibration: 1D Bermuda profiles

Bruggeman, Kooi & Kooijman(under rev.)

ÅBermuda Atlantic Time-series Study
ÅColumn model
ÅGeneral Ocean Turbulence Model
ÅERA-40 meteorological forcing
ÅObserved initial temperature, salinity, Dissolved Inorganic Nitrogen
Å5 year period: 1989 ς1993

ÅObserved variables
ÅDissolved Inorganic Nitrogen
ÅChlorophyll
ÅExport of Particulate Organic Nitrogen
ÅPrimary Production

ÅParameter estimation
Åalgorithm: Differential Evolution
Åall parameters free
Åп ǊŜǇƭƛŎŀΩǎ όŎƻƳōƛƴŜŘ оллΣллл Ǌǳƴǎύ



Simulation of the 3D world ocean

MOM 4, Griffieset al. (2005) setup
Å1° nominal horizontal resolution
Å50 depth levels, variable thickness (10 - 370 m)
Åclimatologicalforcing


