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A Short Insight into the History of
Lake Eutrophication Research

...and how this relates to Nature based solutions!

Dr. Jakob Schelker
Biotop P&P International GmbH
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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 e’Oo:vgas\d

climate crises and biodiversity loss
(Seddon et al., 2021, GCB)
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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
Oligotrophic
Mesotrophic
Eutrophic
Hyper eutrophic

Biomass
low productivity

moderate
high “
very high

Clarity
clear

slightly turbid
turbid
very turbid

https://en.wikipedia.org/wiki/Eutrophication
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Why care about Eutrophicatfc\)n’?"

Effects of eutrophication in
freshwaters

Phytoplankton blooms
Hypoxia/anoxia

Cyanobacteria (neurotoxins,
hepatotoxins)

Toxicity to wildlife

.

https://www.conserve-energy-future.com/cause
-effects-and-solutions-to-eutrophication.php
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Nutrient supply — aquatic ‘PP
The Redfiled Ratio (1934)
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— Phosphorus supply as the key variable for aquatic primary production in
Freshwaters?

— Experimental evidence through whole lake addition experiments
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Experimental Work in the 1970

 Experimental Lakes Area (ELA) Canada
 Phosphate additions to Lake 227
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Work in Experimental Lakes Area, Canada

Lake 226

Schindler (1977)
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— Phosphorus is the key parameter
limiting aquatic productivity!
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Revised Trophic classification -

« Hypoxia/Anoxia
« Revised Trophic classification based on P-Levels
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— Where does the Phosphorus come from?

ULTRA OLIGOTROPHIC <5
OLIGO MESOTROPHIC 5-10
MESO EUTROPHIC 10-30
EUTROPHIC 30-100
HYPEREUTROPHIC >100

i

| LEVEL OF PRODUCTIVITY | TOTAL P (pg/L)
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Global P Availability - | o

« Where does P come from?

(P fluxes

“/The Global
Phosphorus
Cycle

— Most Phosphorus is stored in sediments, soils, vegetation

Chapinetal
(2002)
Fig 156
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Global Phosphorus Use

 P-amounts in the cycle have tripled since
1960 due to fertilizer use
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\/~ « Peak of P-mining expected ~2030

151 « Crops only use ~45% of fertilizer P
5
= Ve g ——  World fertilizer use has
e s s ; nhan ive P I
1800 1920 1940 1960 1980 2000 enhanced active P pools

Phosphorus fertilizer used (Tgyr ')

Time — Export of ‘extra’ terrestrial P pools

Data from Smil (2000) into surface waters!



Eutrophication of Lakes

Satellite Analysis show:
« 549 of lakes in Asia
53% in Europe
48% in North America
41% in South America
and 28% in Africa

are Eutrophic

—  Will time solve this problem for us?

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.

—— Likely not! P is stored in terrestrial and aquatic systems

BIOTOR
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‘Stcgré.g & Recycling of P -

« Sediment changes of ELA Lake 227

(a) TP (ol g ‘, (b) TIP (pmol g" ) (
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Green Bar = epilimnion fertilization beginn
Blue Bar = hypolimnion fetilisation beginn
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Eutrophication g

P becomes availiable for a long time

Decades,
Accelerated
by human
activities

Thousands
to millions
of years

— P is stored, remobilized and recycled in aquatic systems

— What is the historic contribution of ‘cultural eutrophication’?

i
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Drivers of historical Hypoxia/Eutrophication in Europe

« Study by Jenny et al., 2016, GCB:
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Fig. 1. Location of the 1,607 study sites and changes in land cover over the past 300 years (CE 1700-2000). (A) Fifty.one recently hypoxic lakes, 97 naturally
hypoxic lakes, and 1,459 benchmark watersheds composed of 769 lakes from the Loke-Core Database and 650 randomly selected European lakes from the
GLWD database. (8 and C) Increases in cultivated areas (%) and urban areas (%) for the past 300 yean were observed in all of the watenheds accoeding to an
MK test, where a higher coefficient Indicates a stronger increase (69).
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Jenny et al., 2016, PNAS A
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— Sewer, industrial waste & storm runoff, and agriculture caused eutrophication
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The Good News is... It actL_|a>IIy' works!

« Reduction of P
inputs works

« Small oligotrophic
ponds contribute
to recovery of
amphibians

i
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Reducing Phosphorus to Curb Lake Eutrophication is a Success

David W, Schendler,* * Stephen R, Carpemter,” Stevem O Chagra,” Robert E Hecky,
and Dxane M. Orihel

PHAE ] Hiii B AL R, DA, SRS T . _.:
Bending the curve: Simple but massive conservation action
leads to landscape-scale recovery of amphibians
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Summary
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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
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Are Swimming Ponds a Nature based solution?

—  We built functional aquatic
ecosystems

— We use P-limitation to create
oligotrophic systems

— Qur 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?
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Thank you for your attention
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