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Phytoplankton at the base of the pelagic food web
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Importance of phytoplankton food quality
for zooplankton populations in food webs

» Ontogeny and survival
= Food quality may be inferior or superior

W, ‘RR » Competition and coexistence

‘R = Superior and inferior competitors occupy
m certain niches

» Population persistence

= Quality may determine the magnitude of
population cycles and whether minimum
densities can be attained

.
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two topics related to phytoplankton food quality

I. Biotic (trophic) interactions

» eating and being eaten

» Inducible defences

» Mediated by infochemicals
» Phytoplankton morphology
» Pre-ingestion food quality

2. Abiotic interactions

» climate change
» Altering chemical environment
» Phytoplankton chemical composition (stoichiometry)
» Post-ingestion food quality
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1. Biotic interactions: inducible defences
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Inducible defences |n phytoplankton

» Morphological
= Colonies, mucus, spines

» Chemical
= Deterrents, toxins (Mrcrocystis)

g The Matignal Trust

» Resting cysts y s
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evolution of inducible defences

1. form of phenotypic plasticity that develops
under variable predation
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Information chemicals (infochemicals)
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evolution of inducible defences
» their must be a reliable cue of predation

170

145
E—“ 120 -
oL
il |J_‘
70 mm . T T T
FPPSFITSY®
Treatment

Verschoor, Zadereev, Mooij (2007). Limnol. Oceanogr. In press [52(5)]
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evolution of inducible defences

» their should be fithess costs associated with

defences (trade-off)
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evolution of inducible defences

» the defence should be effective
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Model system inducible defences
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Model predictions: stability and coexistence
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2. Abiotic interactions: ecological
stoichiometry

biochemicals have a certain chemical stoichiometry:
C,H, O,N,P, S, K, Si, Fe, Mg, etc.

» this stoichiometry poses constraints on
biochemical/molecular processes, and therefore also
on higher levels of organisation: cells, individuals,
communities, food webs, ecosystems

» Environment determines availability of these elements

Andersen, T., 1997. Pelagic nutrient cycles. Herbivores as sources and sinks. Springer—
Verlag, Berlin,

Sterner, RW., &].J. Elser, 2002. Ecological stoichiometry: the biology of elements from
molecules to biosphere. Princeton University Press, Princeton, New Jersey. =



RiN/0O

@, NETHERLANDS INSTITUTE OF ECOLOGY

-. P.Iul Mg !

/s
ecological st0|ch|0metr\f St ]
i

» ecological stoichiometry analyse th se |
biochemical constraints from a b,alag e point

of view: too little of one eIemen%ﬁdP %

mean too much of other elemei

f@/@))



PRiN/OO
@, NETHERLANDS INSTITUTE OF ECOLOGY

primary producers

» photosynthesis and nutrient uptake are not tightly
coupled: carbon fixation and nutrient uptake more or
less independent

e

Uptake inorganic
nutrients
(N,P,K,S$,Si,Fe, etc.)

Primary production
(carbon fixation);
light + inorganic
carbon (CO,, HCOs,
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primary producers

» carbon:nutrient ratio of plant (algal) biomass

varies according to abiotic conditions

= High light, carbon and or low nutrients: high carbon:nutrient
ratio

= Low light, carbon and/or high nutrients: low carbon:nutrient
ratio

sk
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rising atmospheric CO, concentration

Vostok ice core Mauna Loa data set
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hypotheses: CO, and phytoplankton

ncrease in primary productivity

ncrease in C:nutrient levels phytoplankton
niomass

Test in mesoscale laboratory enclosures
(Limnotrons)
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The Limnotrons
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phytoplankton biomass

Dry weight concentrations
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chemical composition

carbon:phosphorus ratio
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Zooplankton/higher trophic levels

SN
“’ﬁfé
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» Less flexible stoichiometry (stricter homeostasis), but
higher nutrient demand

» Food can only be taken up as discrete particles:
unable to profit from increased productivity due to
high carbon = low nutrients
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Cumulative proportion surviving
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Adult survival unaffected at moderate changes in
stoichiometry, unlimited feeding
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Grazer extinction due to low food abundanoe
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Loladze, Kuang & Elser, 2000. Bull. Math. Biol. 62: 1137-1162
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Stoichiometry and effects on higher trophic levels

undefended algae inducible defended algae
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conclusions

Inducible defences stabilize population
fluctuations and hence prevent stochastic

extinctions

Stoichiometric unbalanced food quality (far
from Redfield) may also stabilize but cause
deterministic extinctions beyond threshold
elemental ratio

™~
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Thank you!



