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Consequences of eutrophication for macrophytes

I. Consequences for primary production

II. Consequences for the physical-chemical environment

III. Consequences for plant community composition & biodiversity

IV. Consequences for food webs & habitats
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I. Consequences for primary 
production
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Impact of nutrient loading on primary producers in 
lentic systems

• Nutrient sources: water & sediment

• Succession of different functional groups 
of primary producers; succession of 
macrophyte species

• Shift from nutrient to light limitation
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Brönmark & Hansson 1998
Wetzel – Limnology, 3rd ed. 2001



Nutrient availability
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Mainstone & Parr 2002

• Liebig’s law of the minimum

• Freshwater systems rather P-
limited

• Terrestrial/marine systems rather 
N-limited

• Possible co-limitation 

• Synergistic effects by adding both 
N and P

• Absolute and relative concentration 
– stoichiometric relation (N:P)

Fig. 1 The potential for phosphorus 
and nitrogen limitation of riverine 
plant growth in England and Wales



Environmental factors affecting macrophyte growth in 
lotic systems
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Mebane et al.  2014

• Retention time

• Hydraulic drag x light interaction

• Nutrients in water and sediment

• Temperature

• Substrate 



Nutrient loading 
effects on riverine 
macrophytes
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Hlton et al.  2006

• Succession of macrophytes, 
competition with epiphytes

• Filamentous algae 
(Cladophora,…)

• Flooding risk with high 
macrophyte growth



Shallow eutrophic lakes: Gradual or sudden shift in the 
dominant functional group…
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Credit: Annette Janssen

• Dominance of submerged aquatic 
vegetation OR

• Phytoplankton dominance

• Hysteresis : 2 possible “stable” 
states at same nutrient loading



• test
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II. Consequences for the 
physical-chemical habitat



Macrophytes affect sedimentation rates

• Direct and indirect effects on nutrient supply via sedimentation 
and uptake

• Optimum growth depends on light availability and sedimentation
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Barko & James, in Jeppesen et al. 1998

Foto: M. Mörtl



Impact of water crowfoot on sediment dynamics
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catchments.nerc.ac.uk/images/photos/sed_trapping.jpg



Macrophytes as ecosystem engineers in rivers..

• Transitory deposition of fine 
sediments

• Stability and nutrient content of 
sediment determines dominant 
vegetation
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Jones et al. 2012



Floating macrophytes hamper gas exchange…

• High water nutrient levels & high temperatures favour free-
floating macrophytes

• “Invasive” species, e.g. Trapa natans
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Caraco et al. 2006

Trapa natans

Vallisneria americana



III. Consequences for community 
structure and biodiversity
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III. Consequences for community 
structure and biodiversity

Foto: M. Mörtl



Systems at risk: Softwater lakes dominated 
by isoetid vegetation

• Oxygenated sediment

• Increase in organic matter:

˗ De-rooting of isoetids

˗ Internal eutrophication

• Replacement by tall-growing 
macrophytes
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Moeller 2011

Smolders et al. 2002



Nitrate affects macrophyte abundance & species richness

• Climate change: changed patterns in 
precipitation and heat waves

• Negative effects on macrophyte coverage 
and species richness
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Jeppesen et al. 2011

Summer mean lake
nitrogen concentrations

Winter nitrate 
concentrations



Herbicide x nutrient effects

• Few studies targeting combined 
impact of pesticides & 
eutrophication

• Case study South Nation River 
catchment, Ontario, Canada

• Nutrient effects overriding 
effect of atrazine
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Dalton et al. 2015



Nutrient x temperature interactions
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Short et al. 2016, 
after Moss 2011



IV. Consequences for food webs and habitat
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Macrophytes influence pelagic & 
benthic food webs

• “Structuring” role of submerged macrophytes

• “Benthic-pelagic” coupling
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Gyllström & Hansson 2003

Foto: M. Mörtl



Change in biological structure with eutrophication
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Jeppesen 1998



What controls epiphyte density on macrophytes?

• No correlation with nutrient content
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Jones & Sayer 2003
Brönmark & Vermaat., in Jeppesen et al. 1998



Herbivory can enhance macrophyte loss

• Major factors 
accounting for reed bed 
declines

˗ Housing development

˗ Eutrophication

• Muskrat affects 
recolonization/ 
restoration programs
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Vermaat et al. 2016



A first hypothesis for 
eutrophication effects 
on submerged 
macrophytes

• Eutrophication enhances 
epiphytic algae

• Lowers allelopathic capacity 
of submerged macrophytes

• This will enhance 
phytoplankton growth

• Subsequent loss of 
submerged macrophytes
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Phillips-Eminso-Moss 1978



An updated view on major interactions in shallow lakes
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Phillips-Willby-Moss 2016



V. Conclusions

• Eutrophication enhances primary production and leads to shifts in the dominance 
of functional groups

• Negative effects on the physical-chemical habitat & reciprocal interactions with 
dominant plants

• Loss of species richness/diversity

• Loss of habitat function and negative effects on food webs

• Additional factors: Climate change, pollutants, invasive species,…..
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