


functional diversity in ecological assesment





key phytoplankton traits



Taxonomic group Key phenotype Representative spp

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





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

AquaProbe





......if the last time you sampled 
your lake plankton was shortly after 
Valentine’s day, this is like 
monitoring a temperate forest 
shortly after the last ice age and 
claiming you understand the 
dynamics in the tree populations.....



requirements lake ecology monitoring platform

• automated high-frequency measurements phytoplankton abundance and diversity  
• good resolution over depth (i.e. time and space)
• coupling high frequency plankton measurements to drivers in (physical) environment
• providing remote access for data-download and monitoring-settings upload
• independent energy supply and limited maintenance





key phytoplankton traits







monitoring the environment
multiparameter probe

Sensors:
Pressure
Temperature
Conductivity
Oxygen
pH
NO3
Chl-a
Phycocyanin
Phycoerithrin
PAR

Surface
data logger:

PAR
UV

Meteo station
WISP



automated vertical profiling in operation



flowcytometry to quantify phytoplankton









functional vs. species richness



take home

Our automated platform provided high frequency data on phytoplankton 

abundance and functional diversity at different lake depths. It detected dynamics in 

the community that were completely missed by traditional limnological techniques. 



ASSEMBLY of

PHYTOPLANKTON COMMUNITIES

LAKE
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Niche:
• species are different
• large fitness differences
• niches act as stabilising 
factors, allowing co-existence
• community assembly

- species interactions 
- environmental filtering

Neutral:
• species interchangeable
• small fitness differences 
• co-existence patterns random
• community assembly

- dispersal
- stochasticity demography
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Aims:
• to study how functional groups and their expressed trait values respond to 

environmental conditions during a period of rapid change (spring)
• to understand how community wide distributions of response traits change during 

the process of community assembly steering succession in phytoplankton spring 
bloom

• to compare the outcome of community assembly to theoretical predictions

�Wasserversorgung Zürich time-series (deepest point inThalwil)
•Monthly sampling
•14 depths
•1976-2008

a trait based analysis of spring bloom dynamics in Lake Zurich

• environmental filtering should limit the range of strategies found in a community
� shifts in mean of traits, reduced range or variance
• niche differentiation should spread individuals evenly along trait axes
• relevant metrics weighed against null expectation of random assembly

Pomati, Ibelings et al. ISME-J, submitted





trait based analysis of dominant community processes during 
phytoplankton spring bloom

Trait patterns

Process Habitat-occupancy traits Species-interaction traits

Environmental filtering clustering (converging on similar traits) random

Competition random or clustered evenly dispersed trait axes

Predation / grazing random or clustered evenly dispersed trait axes



take home

Our flowcytometry based analysis of patterns in functional phytoplankton traits  gave clear evidence of non-

random niche effects - mainly strong species interactions against a background of environmental filtering - in 

steering the spring bloom succession. Pivotal roles for cell size and pigmentation in shaping phytoplankton 

communities under pressure from competition and predation.



Plankton community assembly: 
long term data from Lake Zurich, Switzerland



Dr Zürisee het d'Form vonerä Bananä
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Aims: 
• to investigate the relationship between changes in environment and plankton 
community structure over a long term period 
• to look at the relative roles of niche based and neutral mechanisms in co-
existence of Lake Zurich phytoplankton

�Wasserversorgung Zürich time-series (deepest point in Thalwil)
• Monthly sampling
• 14 depths
• 1976-2008
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PCA of decomposed time series









take home

Increased spatial heterogeneity in Lake Zurich as a result of long term 

environmental change – re-oligotrophication linked to climate warming – has 

supported a strong accrual of phytoplankton diversity, leading to a more productive 

and more stable community of these primary producers. 



thank you…

for your time, patience and attention


