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“Eutrophication is characterized by excessive plant and algal 

growth due to the increased availability of one or more 

limiting growth factors needed for photosynthesis”

Schindler 2006

“Eutrophication is the process by which an entire body of water, or 

parts of it, becomes progressively enriched 

with minerals and nutrients, particularly nitrogen and phosphorus.” 

Wikipedia

"nutrient-induced increase in phytoplankton productivity“ 

Chapin, 2011

“Eutrophication is the result of excessive enrichment of water with 
nutrients, which may accelerate the growth of algae (phytoplankton) 

in the water column.”
OSPAR

“This is when there is too much nutrient in rivers, lakes/reservoirs, 
estuaries or the sea, causing excessive growth of algae and plants. 
This adversely affects the quality of the water and our uses of it, as 

well as damaging the local ecology.” 
Environment Agency 



Eutrophication and Harmful Algal Blooms

What is an algal bloom?

The Phosphorus Mindset

1970s-1990s – phosphate rich discharges driving HABs – 
high media attention

Response to enrichment with P required other factors to 
combine

Nutrients and environmental variables – cyanobacterial 
dominance

Perturbation to switch between bi-stable states (Scheffer et 
al. 2001; Norfolk Broads etc.)

Figures from Perkins and Underwood, 2001





Figure from Perkins and Underwood, 2001



Can we reduce Phosphorus any further and if we do…
will it make a difference?

Water Company Internal report 
reproduced with permission



Relative changes in nutrients are key

Perkins and Slavin et al. 2019
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Nutrients and functional control

Hooper et al. 2023



Nutrient ratios and GeoA gene copy level 
(GeoA gene for synthesis of T&O metabolite of Geosmin)

Hooper et al. 2023



Nutrient ratios change community structure and cyanobacteria 
dominance/productivity

Watson et al., in prep



Eutrophication story isn’t just phosphorus and HABs

• Need to think of holistic eutrophication, relative abundance of 
nutrients, proportional changes in nutrients

• This leads to questions on how / when / what to monitor as well 
as how to analyse and interpret data.

• This has consequences for regulatory nutrient levels and 
permissive levels in discharges etc.



Thank you!
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