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ObjectivesObjectives

Examination of the functional properties and the abiotic Examination of the functional properties and the abiotic 
di i d hi h h diff l kdi i d hi h h diff l kconditions under which the different plankton groups can conditions under which the different plankton groups can 

dominate or can be competitively excluded in oligodominate or can be competitively excluded in oligo--, meso, meso-- and and 
eutrophic environmentseutrophic environmentseutrophic environments.eutrophic environments.

ElucidationElucidation ofof thethe aspectsaspects (i(i..ee..,, importantimportant causalcausal links)links) ofof thethe
complexcomplex interplayinterplay amongamong physicalphysical chemicalchemical andand biologicalbiologicalcomplexcomplex interplayinterplay amongamong physical,physical, chemicalchemical andand biologicalbiological
factorsfactors thatthat drivedrive epilimneticepilimnetic planktonplankton dynamicsdynamics..



Simple Models versus Complex ModelsSimple Models versus Complex Models

Simple ModelsSimple Models
–– Mathematically more sound Mathematically more sound 
–– Results can be easily understoodResults can be easily understood
–– Focus on one specific explanation of a phenomenon and nFocus on one specific explanation of a phenomenon and neglect eglect 

important aspects of system dynamics (spatial heterogeneity, important aspects of system dynamics (spatial heterogeneity, 
individual variability)individual variability)
C l M d lC l M d lComplex ModelsComplex Models

–– Mathematical features that can introduce artefacts  Mathematical features that can introduce artefacts  
R lt t b il d t dR lt t b il d t d–– Results can not be easily understood Results can not be easily understood 

–– Parameterization that more closely represents real world Parameterization that more closely represents real world 
dynamicsdynamicsdynamicsdynamics



Food web structureFood web structure
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DiatomsDiatoms

High growth ratesHigh growth ratesg gg g
Strong P competitorsStrong P competitors
Weak N competitorsWeak N competitors
Si requirementsSi requirements
High sinking velocityHigh sinking velocity
Lo er temperat re optimaLo er temperat re optimaLower temperature optimaLower temperature optima
High metabolic rateHigh metabolic rate

High preference from zooplanktonHigh preference from zooplanktonHigh preference from zooplanktonHigh preference from zooplankton



CyanobacteriaCyanobacteria

LL th tth tLowLow growth ratesgrowth rates
Weak P competitorsWeak P competitors
Strong N competitorsStrong N competitorsStrong N competitorsStrong N competitors
Very low sinking velocityVery low sinking velocity
High temperature optimaHigh temperature optimag p pg p p
Low metabolic rateLow metabolic rate

Low preference from zooplanktonLow preference from zooplanktonLow preference from zooplanktonLow preference from zooplankton



Green Algae Green Algae 

Intermediate competitorsIntermediate competitors
To more realistically depict the continuum between diatomTo more realistically depict the continuum between diatom-- and and 

cyanobacteriacyanobacteria--dominated communities in our numerical dominated communities in our numerical 
experimentsexperimentsexperimentsexperiments



Cladocerans Cladocerans 

High High grazing ratesgrazing rates
PP--rich animalsrich animals
L C N tiL C N tiLower C:N ratioLower C:N ratio
High temperature optimaHigh temperature optima
Higher metabolic rateHigher metabolic rateHigher metabolic rateHigher metabolic rate
Filter feedersFilter feeders



CopepodsCopepods

Lower Lower grazing ratesgrazing rates
NN--rich animalsrich animals
L C P tiL C P tiLower C:P ratioLower C:P ratio
Low temperature optimaLow temperature optima
Lower metabolic rateLower metabolic rateLower metabolic rateLower metabolic rate
Feeding selectivityFeeding selectivity



Effects of ingested food quality and quantity on Effects of ingested food quality and quantity on 
ooplankton phosphor s prod ction efficiencooplankton phosphor s prod ction efficienczooplankton phosphorus production efficiency zooplankton phosphorus production efficiency 

FFood Quality: HUFA, amino acids, protein content, digestibilityood Quality: HUFA, amino acids, protein content, digestibility

Critical seston C:P Critical seston C:P 
thresholdthreshold

Phosphorus production efficiencyPhosphorus production efficiency



MethodologyMethodology

Identification of the plausible parameter range (min, max)Identification of the plausible parameter range (min, max)

Assignment of a probability distribution: Assignment of a probability distribution: 
(i) f ( l if )(i) f ( l if )(i) form (e.g., normal, uniform)(i) form (e.g., normal, uniform)
(ii) calculation of the moments (central tendency, dispersion) (ii) calculation of the moments (central tendency, dispersion) 

M t C l liM t C l liMonte Carlo samplingMonte Carlo sampling

θθii

Literature information for Literature information for θθ



7,000 Monte Carlo sets 7,000 Monte Carlo sets θθ kk

for each trophic statefor each trophic state
Parameter distributionsParameter distributions

for each trophic statefor each trophic state

θθ

f(xf(xii,,θθ kk))f(f( ii,, ))

Model outputsModel outputs

ỹỹii



Oli t hi M t hi E t hiOli t hi M t hi E t hiOligotrophic                      Mesotrophic                      EutrophicOligotrophic                      Mesotrophic                      Eutrophic

Solar RadiationSolar Radiation

Nutrient LoadingNutrient Loading

Solar RadiationSolar Radiation

Hypolimnion TemperatureHypolimnion Temperature

Epilimnion TemperatureEpilimnion Temperature

Vertical MixingVertical Mixing Interannual variabilityInterannual variability
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Intraannual variabilityIntraannual variability



Oligotrophic environmentOligotrophic environment



Mesotrophic environmentMesotrophic environment



Eutrophic environmentEutrophic environment



DiatomsDiatoms

Minimum intracellular phosphorus storageMinimum intracellular phosphorus storage
(Summer stratified period)(Summer stratified period)

Luxury uptakeLuxury uptake

Maximum phosphorusExternal External 
nutrientsnutrients

Internal Internal 
t i tt i t

GrowthGrowth

knutrientsnutrients nutrientsnutrientsuptake rate

Maximum intracellular phosphorus storageMaximum intracellular phosphorus storage
(Eutrophic environments & winter period)(Eutrophic environments & winter period)

Phytoplankton cellPhytoplankton celly py p



DiatomsDiatoms



DiatomsDiatoms

Tight connection and positive relationship between diatoms (fast-
growing species with superior phosphorus competitors) andgrowing species with superior phosphorus competitors) and 
cladocerans (P-rich animals) that seems to reduce the grazing 
pressure exerted on the other residents of the phytoplankton 
community. 



DiatomsDiatoms

Diatoms and green algae directly compete against each other, Diatoms and green algae directly compete against each other, 
th ’ f ti l ti ( th t tth ’ f ti l ti ( th t tas the one group’s functional properties (growth rates, storage as the one group’s functional properties (growth rates, storage 

capacity, metabolic rates) and biomass levels can be significant capacity, metabolic rates) and biomass levels can be significant 
predictors for the other one’s dynamics. predictors for the other one’s dynamics. 



CyanobacteriaCyanobacteria



CladoceransCladocerans



CladoceransCladocerans

•• The PThe P--rich animals (e.g., rich animals (e.g., DaphniaDaphnia) contribute a significant ) contribute a significant 
ti f th b d it b i l d iti f th b d it b i l d iproportion of the excess carbon and nitrogen being recycled in proportion of the excess carbon and nitrogen being recycled in 

the system. the system. 

•• The  largeThe  large--bodied zooplankton grazersbodied zooplankton grazers have the ability to have the ability to 
reduce phytoplankton sensitivity to external perturbations.reduce phytoplankton sensitivity to external perturbations.

•• The reproduction of the seasonal succession zooplankton The reproduction of the seasonal succession zooplankton 
patterns is VERY sensitive to the assigned temperature patterns is VERY sensitive to the assigned temperature 
requirements for attaining optimal growth.requirements for attaining optimal growth.



Production of particulate matterProduction of particulate matter
with high C:P and N:Pwith high C:P and N:P

IngestionIngestion

Cladocerans
Low N:P

Copepods
High N:P

Excretion/egestion of material Excretion/egestion of material 
ith strongl increased C:Pith strongl increased C:P

Excretion/egestion of material Excretion/egestion of material 
ith moderatel increasedith moderatel increasedwith strongly increased C:P with strongly increased C:P 

and N:P                         and N:P                         
with moderately increased with moderately increased 

C:P and N:P                         C:P and N:P                         

Sedimentation                          Sedimentation                          

MineralizationMineralization
Nitrification                          Nitrification                          

(Hypothesis 2)(Hypothesis 2)(Hypothesis 1)(Hypothesis 1)

Increased levels Increased levels 
of of 

DON, NODON, NO33 and NHand NH44

Increased levels Increased levels 
of depositing PONof depositing PON

→→ possible effects on thepossible effects on the

,, 33 44

→→ possible effects on the possible effects on the 
diagenesis processes diagenesis processes →→

alkalinity levelsalkalinity levels



Homeostatic regulation of zooplankton stoichiometriesHomeostatic regulation of zooplankton stoichiometries

•• Hypothesis 1Hypothesis 1: Processing during digestion and assimilation process : Processing during digestion and assimilation process 

Homeostatic regulation of zooplankton stoichiometriesHomeostatic regulation of zooplankton stoichiometries

ypyp g g g pg g g p
(removing elements in closer proportion to their body ratio rather (removing elements in closer proportion to their body ratio rather 
than to the element ratio in the food)than to the element ratio in the food)

•• Hypothesis 2Hypothesis 2: Post: Post--assimilation processing and differential assimilation processing and differential 

excretion of nutrients excretion of nutrients 



The proposed food quality/quantity parameterizationThe proposed food quality/quantity parameterization
gives reasonable results!!gives reasonable results!!gg
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