Before we can walk ...

(Anderson 2005)

mechanistic understanding
gained by
trait-based model development

Kai Wirtz
¢ sss Helmholtz-Zentrum

': » Geesthacht Kopenhagen Aug 2013
Zentrum fiir Material- und Kiistenforschung



Sta%es

e
0% @
@0 umerical

‘ experiments
Verification
. Simulations

Implementation

ommunication

added
value




Trait-based

model
development

Verification

Math

Hypothesis ®
buildin
‘o

Mechanistic
reasoning @

Conceptual outlay

ctages
68\.\0 ‘ommunica
wo umerical
.’ atn, o : :, mmmmmm
Qimulations
.Impl m
Model




MANY growth related parameters
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VERY MANY trade-offs
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FEW fundamental traits
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Wirtz & Pahlow 2010
Data from Geider & Anning (unpubl)
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growth optimality: adaptive trait dynamics

growth rate u community/population level:
4 Wirtz&Eckhardt EM 1996, JBT 2002

organ/organism level:
Wirtz 1996, AnnBot 2000
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growth-trait relations
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multi-criteria optimization

carbon growth nitrogen assimilation
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growth rate (nitrogen units)
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growth-trait relation (>1 goal function)
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Wirtz & Pahlow 2010
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Wirtz & Pahlow 2010c

propagating a parameter perturbation
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Wirtz & Pahlow 2010c

propagating a parameter perturbation
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dPhyC

Phy & rnv) —

Tl

1. not always explicit trade-offs !

U(..., Env) - PhyC

AVmax du

N

trait history

2. interpretation of observations/experiments
requires a time-explicit approach
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perturbation method:
multi-criteria optimization problems

nutrient uptake (N, P, ...) >Monod (wirtz&rahiow 2010)
optimality in uptake activity - @mex (wirtz&sommer 2013)

population vs. community structure (wirtz&sommer 2013)

. individual growth vs. reproduction

complete & consistent integration of
growth parameters
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Maximum photosynthesis rate

Data compiled by Finkel et al JPR 2010
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Maximum photosynthesis rate

Sicko-Goad et al 1985

Data compiled by Finkel et al 2010
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Maximum photosynthesis rate
intracellular CO2/light gradients
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Non-uniform scaling
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Non-uniform Scaling & intracellular transport limitation

* improves accuracy of size-based models
 biophysical coefficients

 testable assumptions
- may stimulate new experimental designs
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growth parameters of heterotrophs
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Allometry in maximum ingestion rate ?
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maximum digestive surface area
ingestion
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in case of W lesl=) gller:]

digestive area
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Wirtz JPR 2013
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max

Maximum ingestion rate | (h™")

Non-uniform sca IIng & intrabody transport limitation

 improves accuracy of size-based models

 biophysical coefficients

* may stimulate new experimental designs
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feeding mode:

2nd fundamental trait
in zooplankton



Optimal prey ESD (um)
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2nd fundamental trait in zooplankton
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mechanistic trait-based zooplankton model

maximal optimal
ingestion prey size

feeding
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edibility

Wirtz MaBi 2013
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mechanistic trait-based zooplankton model

maximal optimal
ingestion prey size

feeding

type

edibility activity

respiration
kinetics

Wirtz MaBi 2013
Wirtz Oecologia 2012 food ® viodel
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mechanistic trait-based phytoplankton model
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mechanistic trait-based phytoplankton model
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Wirtz & Sommer 2013

High light (HL) bloom experiments

Phytoplankton biomass (uM C)
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Cell size (um)

Phytoplankton biomass (UM C)

Low light (LL) experiments Wirtz & Sommer 2013
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sub-critical number of trait-relations
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trait-based, mechanistic model development

requires ... generates

new trait definitions
mechanistic functions (e.g., non-uniform scaling)
new hypotheses & experimental approaches

integral view on ecophysiology (differential ,trade-offs“)
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for your attention

and to modular coupling
Richard Hofmeister, Carsten Lemmen, Onur Kerimoglu,

Lan Smith, Jorn Bruggeman, Uli Sommer
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