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Water categories  
according to the Water Framework Directive 

Lakes Rivers 

Transitional Waters Coastal Waters 



“Biological Quality Elements” (BQEs) 

Phytoplankton 
(Picture: www.microscopy-uk.org.uk) 

 

Macropyhtes, Macroalgae, Angiosperms 
(Picture: Klaus van de Weyer) 

Benthic invertebrates 
(Picture: Helmut Schuhmacher) 

Fish 
(Picture: Bernd Stemmer) 



BQE response to stressors: rivers 

Land use Hydromorpho-
logy pressure 

Nutrient/organic  
pressure BQE 

High uncertainty 

Catchment Reach scale 

Low uncertainty 
Hering et al. (2013)  
Hydrobiologia 704, 1-9 



BQE response to stressors: lakes 

Land use Hydromorpho-
logy pressure 

Nutrient 
pressure BQE 
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High uncertainty Low uncertainty 
Hering et al. (2013)  
Hydrobiologia 704, 1-9 



BQE response to stressors: lakes 

…warming Hydromorpho-
logy pressure 

Nutrient 
pressure BQE 

Global… 

High uncertainty Low uncertainty 
Hering et al. (2013)  
Hydrobiologia 704, 1-9 



Regional differences in stressors… 
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…and in biodiversity hotspots… 

Number of mayfly, 
stonefly and 
caddisfly species 



…particularly endemic species 

Number of endemic 
mayfly, stonefly and 
caddisfly species 



Stressors may act antagonistically… 

• Organic matter (pollution) and eutrophication remidiate 
acidification in open cast lignite mining lakes 

• Similar effects are reported for streams: organic pollution can 
mask acidification 



…or synergistically… 

• Fine sediment pollution and nutrient enrichment 
synergistically determine the response of benthic 
invertebrates and benthic algae 



…or hierarchically 

• Ongoing pollution counteracts hydromorphological 
restoration (medium quality superior to matrix quality) 



Single stressors with multiple pathways? 

www.wiser.eu 



Data bases: 12,000 sampling sites from 12 federal states 

Which stressors are relevant? 



Which stressors are relevant? 

Boosted Regression Trees 

 
Categorization of 

sampling sites 

High and good status Moderate to bad status 

Identification of environmental variables best differentiating between the two groups: 
 

 Water quality (10) 
Erosion potential in different “buffers” upstream (6) 

Catchment land use (4) 
Catchment land use in “buffers” upstream (9)  



Benthic invertebrates: Relevance of parameters 

Small lowland streams 

Small mountain streams 

Lowland rivers 

Mountain rivers 

Water quality Land use in buffers Erosion potential 
Analysis by Andrea Sundermann, Senckenberg Institute 



Fish, macropyhtes: Relevance of parameters 

Fish: Rhithral zones 

Macrophytes: Potamal zones, mountains 

Macrophytes: Rhithral zones (carbonatic) 

Water quality Land use in buffers Erosion potential 



Crop land 

Urban areas 

http://www.eea.europa.eu/data-and-maps/figures/corine-land-cover-types-2006 

Intense land use along rivers  
as the overarching stressor 



And it is getting more intense! 

Change in the share of 
maize fields from 2006 to 
2011 in Schleswig-Holstein 
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11 organism groups in 5 ecosystems 

Low pure effects 
of land use 

High shared effects 
of land use 

Intense land use homogenises biodiversity in 
most aquatic ecosystems 

Feld et al., almost submitted 



What’s about recovery? 

• Restoration will eventually not be successful without 
changes in riparian land use 

 

• Time lags of 10-20 years to be expected once restoration 
has been performed, as recolonisation is needed 

 



Modelling recolonisation potential  

Data bases: 12,000 sampling sites from 12 federal states 



Modelling recolonisation potential 

Methode: Boosted Regression Trees 

Categorisation of 
sampling sites 

High number  
of sensitive species 

Low number  
of sensitive species 

Identification of environmental variables (e.g. land use, hydromorphology) best suited 
to differentiate between the two groups; thresholds 

Identification of rivers stretches with suited conditions for sensitive species,  
i.e. for a high recolonisation potential 



Modellierung des Wiederbesiedlungspotenzials Modelling recolonisation potential 



Conclusions 

• At a first glance: Big mess of multiple interacting stressors 
causing complex cause-effect-chains 
 

• At a second glance: Most currently important stressors are 
related to intense land use in riparian zones 
 

• Riparian restoration as a relatively cost-effective option, 
but: 
 

 - It requires struggle with agriculture 
 - Effects will greatly differ regionally, due to different  

   recolonisation potential 
 



Picture by Matthias Brunke 
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