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4





2 mm

100 m1 mm



The evolution of photosynthesis led to what is called 
the great oxygenation event



A world of chlorophyll









• Inland waters constitute a significant
part of global C-cycle

• Their contribution to the cycle has 
increased in response to climate
change, and will continue to do so







Who are they?
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Phytoplankton
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• Plankton originates from ‘’

• This means ‘wandering stuff ’, i.e. plankton are ‘passively’ 
transported through the water

• Bacterioplankton = bacteria

• Phytoplankton = ‘plants’

• Zooplankton = ‘animals’



Phytoplankton classes
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Different phytoplankton groups have different pigments
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Emiliania huxleyi an armour-plated, photosynthesizing single-celled dino
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Foam-algae
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Taxonomic group Description phenotype Representative sp

Chlorococcales, Chroococcales Oscillatoriales, 
Xanthophyceae
Ultotrichiales

Small organisms with 
high SA/V

Chrysophycea Small flagellated organisms with 
siliceous exoskeletal structures

Nostocales
Oscillatoriales

Large filaments with 
gas-vacuoles

Chroococcales, Oscillatoriales
Xanthophyceae, Zygnematophyceae

Organisms of medium size lacking 
specialized features

Cryptophyceae, Dinophyceae
Euglenophyceae, Volvocales
Chlorococcales

Unicellular flagellates of medium to large 
size

Bacillariophyceae Non-flaggelated organisms with siliceous 
skeletons

Chlorococcales
Chroococcales Oscillatoriales

Large mucilaginous colony forming 
organisms

Kruk et al, Freshw. Biol. 2009
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Why so many phytoplankton species?





Habitat and niche

•A habitat is the actual location of the environment in which an organism lives 
and consists of all the physical and biological resources available to a species 
•We can divide a habitat into two major groups, the physical abotic factors and 
biotic factors  
•The collection of all sectors of the habitat of a species comprises its 
geographic range 
•Habitats are the basic units for the conservation of biodiversity 
•Niche? It's an organisms`ecological position in the world. It is the most basic 
ecological concept and - perhaps - the most difficult 
•A niche consists of multiple (n ) dimensions a niche, it includes physiological and 
behavioral adaptations to its surroundings and is the result of natural selection 



The law of competitive exclusion predicts that two 
species cannot occupy the same niche and may not be 
competing for exactly the same resources in the same 
habitat for a long period of time. So it pays off to be 
different, to specialize, it pays off to find your own 
niche. The niche is a key concept in ecology which allows 
the coexistence of species. Species coexist because 
they are different. Without niches only the best 
adapted could survive and outcompete all others. Niches 
contribute to biodiversity by allowing the coexistence 
of different species



s

http://www.nature.com/scitable/knowledge/library/the-maintenance-of-species-diversity-13240565
http://www.nature.com/scitable/knowledge/library/the-maintenance-of-species-diversity-13240565


Competitive exclusion

Chapitre 6: 35



Coexistence

Chapitre 6: 36



Tilman’s resource ratio hypothesis

R1
*

R2
*

The species with the lowest "critical resource" (R *) 
will outcompete all others and win the competition. 

The number of species that is able to coexist in 
equilibrium cannot exceed the number of limiting 

resources

R*1

R*2



• Spatial heterogeneity of a habitat is an important factor controlling species richness in the landscape 
• The diversity of microhabitats include differences in the availability of resources, microclimate etc





The intermediate disturbance hypothesis: ecosystems often are often highly dynamic, there is 
no time for the best adapted species to outcompete the others, the process of competitive 
will not run to completion since the conditions will have been disturbed, for example, by a 
storm or bush fire, and the advantage shifts to another set of species. Diversity is maximum 
when the frequency / intensity of the disturbance is intermediate in nature



For a long time, we held the belief that in a completely homogeneous 
environment, in absence of any external disturbance, diversity would decrease 

through competitive exclusion, as predicted by the paradox of the plankton



• Chaos theory predicts that complex internal feedbacks in the phytoplankton community 
maintain fluctuations in the composition of the community and prevent equilibrium

• Chaotic systems are in a state of continuous change in which the same state is never really 
repeated twice

• The great diversity of plankton observed in lakes may be the result of inherently chaotic 
communities in an environment that fluctuates in time and is complex in space

Beninca, Huisman et al., 2008



Niche:
• les espèces sont différentes
• elles coexistent parce qu'elles sont 

assez  différents en évitant une 
concurrence intense.

• les niches permettent la co-existence
• les interactions entre les espèces et 

entre espèces et leur environnement 
abiotique déterminent quelles 
espèces sont présentes dans une 
collectivité locale

Neutre:
• En théorie neutre les espèces au sein 

d'un niveau trophique ne sont pas 
différentes, elles sont 
interchangeables

• Aucune espèce unique ne peut 
dominer toutes les autres espèces. 

• La dispersion – arriver tôt - et les 
processus aléatoires déterminent 
quelles espèces sont présentes dans 
une collectivité locale 



Algal bloooms ~ tipping points
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“The greatest threat to water quality worldwide is nutrient pollution. Cultural eutrophication by nutrients in

sewage, fertilizers, and detergents is feeding massive algal blooms, choking out aquatic life and outpacing

heavy metals, oil spills, and other toxins (climate change?) in the devastation wrought upon the world’s fresh

waters” (David Schindler)
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Not 



Rigosi, Carey, Ibelings & Brooks Limnol. & Oceanogr., 2014



• In shallow lakdes there are two alternative 
stable states, clear and turbid

• The transition between these clear and turbid 
state - as evidenced by the thin blue line - is 

known as a fold bifurcation or state transition

• Once the clear state is lost and macrophytes
are missing, also the turbid state shows 
resilience against change, hindering lake 

restoration



Tipping points are points of no return, when a series of small changes is 
important enough to cause a bigger change

The moment where a 'system' that has changed slowly and predictably will 
suddenly moved to another state, which is no longer predictable 

is known as a regime change



• For a long time - putting straw after straw on a camel`s back - does 
not do anything, until you reach a critical point, a tipping point, and 

then it`s the final straw that brakes the camel`s back
• Can we predict this tipping point? Can we know this moment 

beforehand, before the vase overflows with the final drop?
• Can we act to prevent the regime shifts?







• Two alternative stable states - a 
functional state and a dysfunctional 
state – the transition is abrupt and 

apparently without warning 
• It is much better to prevent the 

collapse of the clear state clear 
because resilience in nature will work 

with you to keep the system in a 
healthy state 

• Once you have lost the clear state, it 
is very difficult to come back : 

hysteresis occurs



Hysteresis Lake Veluwe (NL)
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Critical slowing down

Although the regime changes seem to occur without warning there are 
generic early warning signals in all systems. One of the early warning 
signals is known as critical slowing down. A system near a tipping point will 
return much more slowly to the state of origin – after disturbance - than a 
healthier system



http://www.early-warning-signals.org/home/
http://www.vasilisdakos.info/

http://www.early-warning-signals.org/home/






Observing algae
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Dr Zürisee het d'Form vonerä Bananä

Our study is concerned with unravelling the long term consequences of environmental change (here eutrophication / re-
oligotrophication and climate warming)on the biodiversity and functioning of lake ecosystems
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PCA of decomposed time series

Pomati, Matthews, Ibelings, Oikos 2012







…if the last time you sampled

your lake phytoplankton was

shortly after SWISS NATIONAL DAY 

(ABOUT ONE MONTH ago), this is

like monitoring a temperate

forest for the first time since

the end of the last ice age and 

claim you understand dynamics

in the tree community ….



Lakes in a changing world:  we are 

facing 21st century

environmental challenges 

using 19th century techniques 

to collect our information



From Monitoring towards Understanding, Predicting and 
Managing Plankton in Changing Aquatic Ecosystems

AquaProbe



Pomati, Ibelings et al., Env. Sci. Technol., 2011



automated vertical profiling in operation



Monitoring the environment
multiparameter probe

Prsofiling sensors:

Pressure

Temperature

Conductivity

Oxygen

pH

NO3

Chl-a

Phycocyanin

Phycoerithrin

PAR

Surface

data logger:

PAR

UV

Meteo station

WISP



Scanning flowcytometry to quantify – functional - phytoplankton diversity
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