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Scientific context 

Primary production of marine and freshwater ecosystems is dominated by phytoplankton, which 
accounts for nearly half of the annual carbon (CO2) fixation on earth (Falkowski and Raven, 2013). 
Marine and freshwater phytoplankton is the ecological and economic base of fisheries and drives 
important ecosystem services such as the biogeochemical fluxes of elements [Lomas et al., 2014]. Thus, 
any changes at the primary producer level of aquatic food webs will have large consequences for higher 
trophic levels. A common and ubiquitous feature characterising freshwater and marine 
phytoplankton community dynamics is the potential for a fast transient accumulation of biomass, 
“phytoplankton blooms”, in response to changes in abiotic and/or biotic environmental conditions 
[Falkowski et al., 2013]. Phytoplankton blooms are often visible from space, while their dynamics are 
controlled by microscopic unicellular organisms. Phytoplankton Bloom Formation (PBF) usually feed 
upper trophic levels, supporting an essential part of the productivity of aquatic systems, and exerting 
considerable influence on biogeochemical cycles and ecosystem services [Cloern et al.,2014]. However 
the efficiency of this transfer of energy and matter towards higher trophic levels depends strongly on 
which phytoplankton species can use the resource most efficiently and therefore dominate bloom 
dynamics. 

These blooms are often triggered by nutrient pulses and formed by one or very few species present 
in the pre-bloom phytoplankton community. These species are able to monopolize such nutrient 
pulses in early bloom formation and out-compete other species. How efficient such “bloom species” 
can monopolize resources for biomass accumulation, however, depends on their life history traits and 
their match with environmental conditions as well as on interactions with other species, influenced by 
phytoplankton diversity. In addition, PBF is modulated through grazing by consumers (zooplankton), 
influencing  the efficiency of resource monopolization and biomass accumulation of phytoplankton. 
Grazing will thereby strongly interact with the above described mechanisms. 

Currently, freshwater and marine ecosystems are facing rapid human driven changes, resulting in 
biodiversity shifts with drastic consequences for community structure and key ecosystem functions 
like primary production. How changes in phytoplankton community composition and biodiversity 
levels, in response to global warming and eutrophication, will influence community dynamics and vital 
ecosystem functions is a global and challenging concern [e.g. Urrutia-Cordero et al., 2017]. 

Existing concepts on PBF are strongly focused on abiotic drivers such as nutrients, light, and 
temperature through its effect on mixing regime [Behrenfeld and Boss, 2014], and a mechanistic 
understanding of how the interplay between environmental conditions and community composition 
determines species-specific bloom formation is much less developed. The PhD project aims to fill this 
gap and address the role of diversity levels and interspecific interactions of phytoplankton 
communities for PBF. To do so, the PhD project will study the early stages of PBF - the monopolization 
of resources by single species and the subsequent biomass accumulation - dependent on the 
phytoplankton community composition in coordinated and combined experimental approaches. 
Despite abiotic conditions and competition, grazing by zooplankton is another essential biotic 
interaction influencing bloom formation is grazing by zooplankton. The development of algal blooms 
can only happen if biomass gain through growth is much higher compared to losses, which are to a 
large extent determined by grazing of herbivorous micro- and mesozooplankton grazing [Stibor et al., 
2004]. In theory, even if biodiversity effects can enhance PBF, strong zooplankton grazing could cancel 
out such. It is the early stage of PBF where small differences in growth, - related to species specific 



traits -, determine bloom formation with consequences for energy flow; linking individual performance 
at the primary producer level to food web dynamics and biogeochemical cycles [Banse, 1982].  

Our study is based on a concept-driven and statistically rigid experimental design. Using an up-
scaling approach - ranging from fully controlled laboratory communities towards experimentally 
manipulated and natural phytoplankton communities, covering communities from a variety of sites - 
allows a rigid test of the different hypotheses of how biodiversity may interact with bloom formation. 
The approach also ensures separating local and regional effects from more general responses. 

 
Specific objectives of the PhD 
To gain a more detailed understanding of PBF, it is necessary to investigate its very early stages. This 
necessitates to take into account how PBF is influenced by differences in species specific growth rates, 
related to individual traits in a multi-dimensional trait-space, determined by resource availability and 
by biotic interactions (competition and predation). To achieve this, the PhD project aims to use 
knowledge on key traits related to phytoplankton growth (e.g. light use efficiency, nutrient uptake 
rate, grazing resistance) to derive a detailed understanding of how species composition and changes 
in diversity level influence the early stages of PBF in marine and limnic communities, and how this is 
modulated through grazing. 

The first objective is to study how changes in biodiversity within phytoplankton communities 
influence the probability for PBF. 

The second objective is to study how the presence versus absence of grazers interferes with 
biodiversity effects on PBF. We hypothesize that while generalist zooplankton grazing just modulates 
bloom height, processes such as prey preference or differences in feeding size-ranges between 
consumers should influence species-specific phytoplankton loss rates and reduce or increase the 
probability of PBF.  

The third objective is to assess how scale effects - resulting, for example, from the configuration 
of the experimental design - can influence PBF dynamics. 

 
To achieve these objectives, the research program will combine field-based microcosm and 

mesocosm experiments, well-suited for exploring transient dynamics such as phytoplankton blooms. 
To take into account possible scaling effects, the objectives will be addressed and tested at different 
levels of complexity ranging from small scale laboratory experiments, using artificial communities to 
meso-scale experiments with manipulated natural and natural communities from multiple limnic and 
marine sites. For all experiments we will use a factorial design to follow phytoplankton performance 
and PBF after an initial pulse of nutrients in presence versus absence of grazers. 

(1) Level 1: Using artificial laboratory communities and established methodology [Stibor et al., 
2006], we will test the relative influence of selection versus complementarity effects by evaluating 
species-specific bloom metrics (e.g. growth rate), along an experimental gradient of biodiversity. 

(2) Level 2: The two alternative hypotheses will be evaluated using natural communities with 
manipulated diversity. We will evaluate whether the results obtained at Level 1 hold true as 
community complexity increases, and as additional trophic interactions may interfere with selection 
versus complementarity effects. The same community and species-specific bloom metrics as for Level 
1 will be investigated along this experimental diversity gradient. 

(3) Level 3: Finally, selection versus complementarity effects will be investigated for non-
manipulated natural communities of varying diversity, which share a long-term evolutionary history 
shaped by environmental selective pressures. The Level 2 experimental design will be replicated using 
non-manipulated natural communities sampled from distinct freshwater lakes and marine sites. As for 
Levels 1 and 2, community and species-specific bloom metrics will also be investigated along the 
natural diversity gradient. Results will be compared to outcomes from artificial communities and 
manipulated natural communities. Experimental results from Levels 2 and 3 will be used to validate 
model predictions. 
 



The PhD project aims to obtain an in-depth mechanistic understanding of the fundamental principles 
on how diversity and biotic interactions influence PBF in marine and limnic communities. Results from 
this project will provide new insight on the following specific research questions: 

(1) How does diversity influence bloom formation? (i) Is the formation of a bloom more likely in 
diverse or diversity reduced communities? (ii) How well can phytoplankton species monopolize 
nutrients and is this influenced by the diversity of the phytoplankton community? (iii) What is the 
relative importance of selection versus complementarity? 

(2) How do grazers interfere with bloom formation, and is it dependent on diversity? 
(3) Are there notable differences between marine and limnic communities? 

 


