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• Guiding principles
– Suggested actions

• Examples



Additional principles from 
REFRESH

• For lakes
– On nutrient loads
– On the importance of zooplankton
– On regional and type specific differences
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– On regional and type specific differences

• For rivers
– On riparian shade
– On environmental flow 



Statement in the present 
guidance

• Apart from exceptional 
circumstances, it is not expected 
that, within the timeframe of WFD 
implementation (i.e., up to 2027), a 
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implementation (i.e., up to 2027), a 
climate change signal will become 
statistically distinguishable from the 
effects of other human pressures. 

Why?



Global warming reinforces 
eutrophication
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Moss et al. 2012
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Guiding principle on 
nutrient loading:

• Critic al nutrient loading limits for
lakes ha ve to be lowered in a 
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future warmer climate because
natural mechanisms that control 
phytoplankton development
weaken



Stronger stimulating effect of 
nitrogen

• Synergistic effect of N and 
temperature

• Increased N loss from 
soils in northern Europe 

• Increased concentrations 
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• Increased concentrations 
due to higher evaporation 
in southern Europe 

• Denitrification becomes 
limited by organic matter 
scarcity.

Jeppesen et al. 2011
Kosten et al. 2012



CC, phosphorus & cyanobacteria

• Longer periods of thermal stratification 
lead to oxygen depletion, which enhances 
phosphorus release from lake sediments

• Warmer climates boost cyanobacterial 
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• Warmer climates boost cyanobacterial 
dominance in shallow lakes (Kosten et al., 
2012)

• Stronger fish pressure on zooplankton
weakens its control over phytoplankton  



Climate gradient studies

19 November 2013 Excellence in research for climate change adaptation 

• Stronger linkage with littoral vegetation

Stronger pressure on 
zooplankton ����

Less control over 
phytoplankton

• Smaller body size
• Shorter life span
• Longer and less synchronized 
spawning period 
• More omnivores

From north to south:
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Guiding principle on zooplankton:

• Rehabilitate zooplankton in 
lake monitoring schemes

• Rehabilitate zooplankton in 
lake monitoring schemes
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Why include zooplankton?

• Zooplankton is an integrative and cost-
efficient indicator of the ecological quality of 
lakes and of recovery after restoration.

• Changes in trophic structure of lakes due to
climate change will be evidenced in the 
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climate change will be evidenced in the 
zooplankton community

• Studying zooplankton could partly 
compensate for the lack of fish tools in 
countries where gill nets are illegal or widely 
seen as unacceptable (e.g. UK)



Zooplankton metrics

• From water samples :
– Zooplankton biomass,
– Individual mean weight
– Size and proportion of taxonomic groups 
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– Size and proportion of taxonomic groups 
– Zooplankton: phytoplankton biomass ratio

• From surface sediment samples
– Size and proportion of resting eggs (i.e. 

Daphnia spp.) and 
– Proportion of pelagic cladoceran remains. 



Guiding principle on regional and 
type-specific differences:

• Consider geographic, and type -specific 
differences in sensitivity of lakes to 
pressures for selecting appropriate 
conservation, adaptation and 

Water Lives Brussels, 29-30 January 2014

conservation, adaptation and 
restoration measures



www.climate-and-freshwater.info

24-26 September 2013 LakeAdmin in Volos



Water Lives Brussels, 29-30 January 2014
Photo: www.freehdw.com



Guiding principle on riparian 
shade:

Guiding principle on riparian 
shade:

Combining open and forested 
reaches in riparian management 
allow s both – habitat diversity

Combining open and forested 
reaches in riparian management 
allow s both – habitat diversity
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allow s both – habitat diversity
and reduction of stream 
temperature

(Kristensen et al. 2013)

allow s both – habitat diversity
and reduction of stream 
temperature

(Kristensen et al. 2013)
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Shading experimentShading experiment
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Shading experimentShading experiment

Planting 500 m wooded buffer strip 
decreases water temperature by at least
2.5 oC, for biology 1000 m is preferable!

• Cooling down river water takes somewhat 
longer than warming it up.

Planting 500 m wooded buffer strip 
decreases water temperature by at least
2.5 oC, for biology 1000 m is preferable!

• Cooling down river water takes somewhat 
longer than warming it up.
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longer than warming it up.
•South -sided wooded buffer strips and

mosaic landscapes of open and shaded 
stretches of similar lengths are equally 
effective in supporting ecological status 
of rivers.

longer than warming it up.
•South -sided wooded buffer strips and

mosaic landscapes of open and shaded 
stretches of similar lengths are equally 
effective in supporting ecological status 
of rivers.

Photo: www.freehdw.com
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Guiding principle on 
environmental flow:
Guiding principle on 
environmental flow:

• The need to maintain 
environmental flow in streams 
becomes stronger in a changing 
climate

• The need to maintain 
environmental flow in streams 
becomes stronger in a changing 
climate
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becomes stronger in a changing 
climate

• REFRESH contribute d to the identification 
of the upper and lower boundaries of 
environmental flow requirements for small 
lowland streams.

becomes stronger in a changing 
climate

• REFRESH contribute d to the identification 
of the upper and lower boundaries of 
environmental flow requirements for small 
lowland streams.



Upper boundary:Upper boundary:

• Stream ecosystems tolerate single 
spates with a magnitude up to 6 -
fold base flow. Macroinvertebrates 

• Stream ecosystems tolerate single 
spates with a magnitude up to 6 -
fold base flow. Macroinvertebrates 
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fold base flow. Macroinvertebrates 
are vulnerable for spates starting 
from 7 -fold base flow but their 
vulnerability is strongly trait 
specific.

fold base flow. Macroinvertebrates 
are vulnerable for spates starting 
from 7 -fold base flow but their 
vulnerability is strongly trait 
specific.



Low flow and drought:Low flow and drought:

• Rheophilic taxa are sensitive to 
low flow and disappear within days 
after onset of stagnation. 

• In eutrophic streams, stagnation 
brings about oxygen depletion and 

• Rheophilic taxa are sensitive to 
low flow and disappear within days 
after onset of stagnation. 

• In eutrophic streams, stagnation 
brings about oxygen depletion and 
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brings about oxygen depletion and 
an additional loss of oxyphilic taxa . 

• Pools remaining in a stream bed 
during droughts are no refugia for 
stream biota as often believed.

brings about oxygen depletion and 
an additional loss of oxyphilic taxa . 

• Pools remaining in a stream bed 
during droughts are no refugia for 
stream biota as often believed.



Thank you!
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