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Objectives

® Examination of the functional properties and the abiotic
conditions under which the different plankton groups can
dominate or can be competitively excluded in oligo-, meso- and
eutrophic environments.

® Elucidation of the aspects (i.e., important causal links) of the
complex interplay among physical, chemical and biological

factors that drive epilimnetic plankton dynamics.




Simple Models versus Complex Models

® Simple Models
— Mathematically more sound

— Results can be easily understood

— Focus on one specific explanation of a phenomenon and neglect
Important aspects of system dynamics (spatial heterogeneity,

Individual variability)
® Complex Models
— Mathematical features that can introduce artefacts
— Results can not be easily understood

— Parameterization that more closely represents real world
dynamics
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Diatoms

= ©® High growth rates

W4 ® Strong P competitors
;= @ \\leak N competitors
| ® Si requirements

Bl @ High sinking velocity
| @ Lower temperature optima
® High metabolic rate

O ngh preference from zooplankton




Cyanobacteria

® |_ow growth rates
: ® \Weak P competitors
“osasee @ Strong N competitors
' ® Very low sinking velocity

=-5es @ High temperature optima
. ® |_ow metabolic rate

® |_ow preference from zooplankton




Green Algae

Intermediate competitors

To more realistically depict the continuum between diatom- and
cyanobacteria-dominated communities in our numerical
experiments




Cladocerans

High grazing rates

P-rich animals

Lower C:N ratio

High temperature optima
Higher metabolic rate
~1lter feeders




Copepods

Lower grazing rates
N-rich animals

Lower C:P ratio

Low temperature optima
Lower metabolic rate
Feeding selectivity




Effects of ingested food quality and quantity on
zooplankton phosphorus production efficiency

Food Quality: HUFA, amino acids, protein content, digestibility

Critical seston C:P
threshold

Phosphorus production efficiency




Methodology

Identification of the plausible parameter range (min, max)

Assignment of a probability distribution:
(1) form (e.g., normal, uniform)
(i1) calculation of the moments (central tendency, dispersion)

Monte Carlo sampling

Literature information for 0
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Nutrient Loading

Solar Radiation

Epilimnion Temperature

Hypolimnion Temperature

Vertical Mixing Interannual variability

—Raw data Trend component

g

~| Nutrient Loadin




|2

Oligotrophic environment

1.0

Phytoplankton Biomass (pg chla/L)
[
Lh

M

J J

Month

Zooplankton Biomass (pg C/L)

100

= ladocerans

= Copepods

Month



t

IC environmen

Mesotroph

i S ol = ol = o=
L] L] L] ©l — — f=]

(e 3il) sseurorg woyyuepdorsy g

M

i1

m—ladocerans
= Copepods

T
= =
\=] o1 7] T
— —

(/0 Sil) sseurorg woryueydoo7

Month

M

M

Month




—lalocerans
= Copepods

Month

t

T T Lr]

T T

=] (=3 [=] (=] =]

iy =] iy o= LTH]
1 — —

(/D 3l) sseurorg uoyryuerdooz

IC environmen

Eutrophi

Month

M

o - A T S
L] Lot} o1 i« i i =

((Treqq2 3i) ssewtorg uoyyuedorsy g




Diatoms

Minimum intracellular phosphorus storage
(Summer stratified period)

Luxury uptake

External Maximum phosphorus

Internal
nutrients uptake rate nutrients

Maximum intracellular phosphorus storage

Eutrophic environments & winter period
( g P ) Phytoplankton cell




Diatoms
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Diatoms

Tight connection and positive relationship between diatoms (fast-
growing 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.
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Diatoms and green algae directly compete against each other,
as the one group’s functional properties (growth rates, storage
capacity, metabolic rates) and biomass levels can be significant

predictors for the other one’s dynamics.




Cyanobacteria
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Cladocerans
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Cladocerans

* The P-rich animals (e.q., Daphnia) contribute a significant
proportion of the excess carbon and nitrogen being recycled in
the system.

* The large-bodied zooplankton grazers have the ability to

reduce phytoplankton sensitivity to external perturbations.

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




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

l Ingestion l

Cladocerans Copepods
Low N:P High N:P

l l

Excretion/egestion of material Excretion/egestion of material
with strongly increased C:P with moderately increased
and N:P C:Pand N:P

Y

Mineralization

) . Nitrification Increased levels
Sedimentation = of

(Hypothesis 1) (Hypothesis 2) \ DON, NO, and NH,

Increased levels
of depositing PON
— possible effects on the
diagenesis processes —
alkalinity levels




Homeostatic regulation of zooplankton stoichiometries

» Hypothesis 1: Processing during digestion and assimilation process
(removing elements in closer proportion to their body ratio rather

than to the element ratio in the food)

« Hypothesis 2: Post-assimilation processing and differential

excretion of nutrients




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