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Inherent biological variations in plankton dynamics can be explained by adaptation of
physiological and morphological  traits

Adaptive plankton dynamics

Our approach to modelling plankton dynamics is
to account for phenotypic adaptation and resolve
its effects on growth and predator-prey
interaction. On cellular level, we assume that
nutrient allocation within algae adapts towards
optimum growth condition (e.g. photoacclimation).
On ecosystem level, we assume that capturing
and handling of prey by zooplankton adapts
towards maximum food yield.

Phytoplankton blooms are largely determined by physical
environmental conditions, like vertical mixing and light
availability. But bloom development is also sensitive to
variations of physiological states of algae and to changes
in plankton community structure. This biological sensitivity
contributes to variability (e.g. interannual) that are not
ascribable to physics alone. Two figures show model
results and data at the AWI monitoring station Helgoland
Roads for two consecutive years (2003 and 2004).

Physiological &
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Optimum allocation of nitrogen to enzyme
RuBisCo and to pigments in chloroplasts

 physiological traits affect algal cell size

Physiological adaptation

Ecological adaptation
Cell size as adaptive (morphological) trait
determines variations in predator-prey
interaction
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3D-modelling of German Bight:

A snapshot of chlorophyll (Chla) and the chlorophyll-to-carbon ratio (trait)
of phytoplankton in April 2002. Phytoplankton in low-light, but nutrient rich
deep waters in the German Bight synthesize more pigments per biomass
than near surface. The gray line indicates the border between vertical
transect data and the surface map.

Data-model comparisons:

ScanFish data (lower right panel) occasionally exhibit
fluorescence maxima at pycnoclines. According to MAECS,
changes in cellular stoichiometry affect buoyancy control of algae,
which can explain such phenomena (upper and lower right panel).

RIGHT: Model simulation of mean
diatom size as a trait (lines),
compared with data (diamonds)

LEFT: Time series of measured
(diamonds) and simulated (lines)
diatom biomass


