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A Short Insight into the History of

Lake Eutrophication Research

…and how this relates to Nature based solutions!



What are Nature Based Solutions (Nbs)?

• NbS – solutions to societal
challenges that involve working
with nature

• NbS are actions such as 
• the protection, restoration or management of 

natural and semi-natural ecosystems,

• sustainable management of working lands 
and aquatic systems, 

• the creation of novel ecosystems

Often portrayed as the Holy Grail to solve

climate crises and biodiversity loss

(Seddon et al., 2021, GCB)



Eutrophication

• Increasing aquatic plant growth 
(biological productivity) in a water 
body over time

• Includes “water quality problems”
• Natural eutrophication: from 

pristine lake to a swamp - takes 
thousands of years 

• Human activities accelerate the 
natural process: 

‘Cultural Eutrophication’

(Man made-) nutrient loads as the key variable for aquatic 
primary production



Throphic Levels of Lakes
Class Biomass Clarity 

Oligotrophic low productivity clear

Mesotrophic moderate “ slightly turbid

Eutrophic high “ turbid

Hyper eutrophic very high “ very turbid 

https://en.wikipedia.org/wiki/Eutrophication

https://en.wikipedia.org/wiki/Eutrophication


Why care about Eutrophication?

Effects of eutrophication in 
freshwaters

• Phytoplankton blooms 

• Hypoxia/anoxia 

• Cyanobacteria (neurotoxins, 
hepatotoxins)

• Toxicity to wildlife 

https://www.conserve-energy-future.com/causes

-effects-and-solutions-to-eutrophication.php



Nutrient supply – aquatic PP

The Redfiled Ratio (1934)

The ratio of carbon 

to nitrogen to 

phosphorus is 

106:16:1 

throughout the 

world's oceans, in 

both phytoplankton 

biomass and in 

dissolved nutrient 

pools. 

Experimental evidence through whole lake addition experiments

Phosphorus supply as the key variable for aquatic primary production in 
Freshwaters?

P



Experimental Work in the 1970

• Experimental Lakes Area (ELA) Canada

• Phosphate additions to Lake 227



Work in Experimental Lakes Area, Canada

Schindler (1977)

• P consitently 
limited growth

• Strong algal 
bloom after P 
addition

Schindler (2008)

• N-limitation not 
possible

Phosphorus is the key parameter 
limiting aquatic productivity!
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Revised Trophic classification

Where does the Phosphorus come from? 

• Hypoxia/Anoxia

• Revised Trophic classification based on P-Levels



Global P Availability

Most Phosphorus is stored in sediments, soils, vegetation

• Where does P come from?



Global Phosphorus Use

World fertilizer use has 
enhanced active P pools 

Export of ‘extra’ terrestrial P pools 
into surface waters!

• P-amounts in the cycle have tripled since 
1960 due to fertilizer use

• Peak of P-mining expected ~2030

• Crops only use ~45% of fertilizer P 



Eutrophication of Lakes

Satellite Analysis show:

• 54% of lakes in Asia

• 53% in Europe

• 48% in North America

• 41% in South America

• and 28% in Africa 

are Eutrophic

ILEC/Lake Biwa Research 

Institute [Eds]. 1988–1993 

Survey of the State of the

World's Lakes. Volumes I-IV. 

International Lake 

Environment Committee, 

Otsu and United Nations

Environment Programme, 

Nairobi. 

Will time solve this problem for us? 

Likely not! P is stored in terrestrial and aquatic systems



Storage & Recycling of P

• Sediment changes of ELA Lake 227

o = epilimnion and Δ = hypolimnion sediments.

Green Bar = epilimnion fertilization beginn

Blue Bar = hypolimnion fetilisation beginn

O’Conell et al., 2020; 
JGR-Biogeosc.

P is stored and remobilized from 
lake sediments after decades



Eutrophication

• P becomes availiable for a long time

P is stored, remobilized and recycled in aquatic systems

What is the historic contribution of ‘cultural eutrophication’? 



Drivers of historical Hypoxia/Eutrophication in Europe

• Study by Jenny et al., 2016, GCB:



Jenny et al., 2016, PNAS

• Increase in hypoxia 
from ~1860

• Urbanization from 
~1900

• Fertilizers from 
~1950

• Water Temp from 
~1970

1700 1800   1900   2000

Year

1700 1800   1900   2000

Year

Sewer, industrial waste & storm runoff, and agriculture caused eutrophication



The Good News is...

• Reduction of P 
inputs works

• Small oligotrophic 
ponds contribute 
to recovery of 
amphibians

It actually works!



Summary



Take homes Messages

• Men-made phosphorus loads are the primary 
cause for Eutrophication 

• Globally, ~50% of lakes are eutrophic!

• Problem will persist through sediment 
storage and remobilization for decades to 
centuries

• Eutrophication contributes to the Freshwater 
Biodiversity Crises 

Relevant secondary driver for amphibian population 
decline



Are Swimming Ponds a Nature based solution?

We built functional aquatic 
ecosystems

We use P-limitation to create 
oligotrophic systems

Our systems create critical 
habitats and counter species 
loss of amphibians

The more habitats are created 
to higher the chance to ‘Bend 
the curve’

The answer is up to you?



Thank you for your attention
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