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Planetary boundaries

https://www.science.org/doi/epdf/10.1126/sciadv.adh2458

Quantitative planetary boundaries within 

which humanity can continue to develop and 

thrive for generations to come.

Crossing these boundaries increases the 

risk of generating large-scale abrupt or 

irreversible environmental changes –tipping 
points.



Eutrophication is human made



Where does all the nitrogen and phosphorus come from ?

• From ammonia synthesis to proteins for a 

growing world population

• Annual production of 108 tons ammonia (NH3) 

accounts for ca.1.4 % of the world energy

consumption

•   
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Agricultural soils are highly leaky

• Loss of nutrients through runoff and wind

• Poorly protected soils



Eutrophication of lakes and riverBuild-up of algal biomass

Decay and microbial degradation

Oxygen consumption and hypoxia

Harmful algal blooms — toxic substances
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Eutrophication of lakes and river• Biodiversity loss

• Compromised water resources



• Eutrophication promotes the 

prodcution of GHG (CO2, CH4, N2O)

• Potential feedback to the climate



https://www.eawag.ch/en/department/surf/projects/primary-production-in-swiss-lakes/

Also next door….



Streams and rivers as 

biogeochemical connectors between 

land and ocean



• Annually recurrent nitrogen loss from Yaqui 

Valley during irrigation of the fields; little 

retention and transformation capacity of 

nitrogen

• Nitrogen export sustains the phytoplankton 

bloom in the Gulf of California

• Streams and rivers are biogeochemical 

connectors between land and the ocean



http://www.mnn.com/earth-matters/translating-uncle-sam/stories/what-is-the-gulf-of-mexico-dead-zone

• Annual exports of nitrogen cause eutrophication in the 

Gulf of Mexico

• The collapse of the algal bloom depletes oxygen

concentration

• Induces large areas with hypoxic conditions — ‘dead
zone’

• Major consequences for fisheries and local economics



Hydrology



• Uneven distribution of global surface 

waters

• And how they have changed between 

1984 and 2014



Strong regional differences in losses versus gains of surface waters

Aral Sea Tibetan Plateau

Iraq, Irana, Afghanistan

Aral Sea

Tibetan Plateau



More disastrous floods ahead



More and less floods

Increasing 

rainfall and soil 
moisture

Decreasing rainfall 

and increasing 
evaporation

Decreasing and 

earlier snowfall



• Worldwide, most river 

and stream systems have 

non-perennial flow

• They experience zero-

flow days (intermittency)



Variables related to climate, 

soil water content and 

hydrology are the best 

predictors of flow intermittency 



• Owing to a warm summer with little precipitation, many of 

the world’s rivers had water flows significantly below 

average

• A widespread drought



(Micro)plastics



(Micro)plastics



(Micro)plastics



(Micro)plastics

• A full size range of plastics

• Each size with its own impacts



• Numerous sources and fates of plastics in 

aquatic ecosystems

• UV-radiation, temperature, physical abrasion, 

biodegradation

• Enters food web and biomagnification



• Lake Geneva as a major sink for microplastics

• Automobile tyres wear as a major contributor



Other pollutants



API: Active Pharmaceutical Ingredients



• Active pharmaceutical 

ingredients (API) detected 

in all rivers

• A large diversity of API in 

the world’s major river 
systems – different 

concentrations



Platypus

• Numerous pharmaceuticals detected in 

aquatic insect larvae

• Platypus and trout highly enriched in 

antidepressants



Biodiversity



Highest biodiversity loss in 

freshwater ecosystems, 

particularly streams and rivers



What would have to be done to counteract the biodiversity loss?



What would have to be done to counteract the biodiversity loss?
And why it does not work!

Urgency: freshwater 

biodiversity is declining 
rapidly, where the blue and 
green lines denote freshwater 

and terrestrial animals 
respectively, while much of the 

global human population 
(shown here in billions of 
people) still lack safely 

managed water (blue line) and 
sanitation (green line)

Ignorance: the conservation 

status and even basic biology 
of many freshwater species 
is poorly known, especially in 

the tropics, frustrating 
traditional species-based 

conservation programs.

Mounting pressures: the 

climate is changing rapidly, 
and will continue to do so, 
depending on how well 

emissions of greenhouse 
gases are controlled, and new, 

large dams continue to be 
planned and built on great 
biodiverse rivers

Insufficient actions: the number 

of biological invasions continues 
to accelerate (left panel), 
showing that existing controls 

are inadequate and international 
conservation policies often fail 

to meet their goals



Ecosystem functioning



Definition of stressors

• Most stream and river ecosystem functions compormised by 

anthropogenic stressors

• Leaf litter decomposition rates reduced by wastewater, flow 

regulation and urbanisation; accelerated by nutrient 

enrichment (see class on N immobilisation and 
remineralisation)



Next week
Restoration ecology
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