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What is River Self-Restoration? 
ÅMinimise reinforcement 
ÅMaximise space 
ÅAllow the river to self-adjust 

 
i.e.  
Allow fluvial processes and vegetation 
to achieve the restoration 
Only intervene when essential  



ΨwƛǾŜǊ {ŜƭŦ-wŜǎǘƻǊŀǘƛƻƴΩ implies that 
a fluvial style (river channel type) 

evolves dynamically under the 
control of fluvial processes and 

vegetation colonisation and growth 
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Many Fluvial Styles are feasible 

Rinaldi et al., Aquatic Sciences, 2016 



Many Fluvial Styles are feasible: 

ŎƻƴǎƛŘŜǊ ΨǊŜŦŜǊŜƴŎŜ ǇǊƻŎŜǎǎŜǎΩ ǊŀǘƘŜǊ ǘƘŀƴ 
ΨŦƻǊƳǎΩΚ 

FLUVIAL 
PROCESSES 

Flow regime 
Valley gradient 

Stream power regime 

Sediment size 
Sediment supply 

Sediment transport 
regime and budget 

VEGETATION 
PROCESSES 

Riparian and aquatic 
vegetation 

Vegetation colonisation, 
vigour, ability to interact 
with fluvial processes 

RIVER 
CONFINEMENT 

Ratio of valley to river 
width 

Space for lateral river 
adjustment 



Many Fluvial Styles are feasible but: 
(i) If a very high-energy system where flow and sediment regimes 

are very powerful and dynamic ARTIFICIAL CONFINEMENT / 
REINFORCEMENT may be necessary. Self-restoration can still 
occur but the Ψ{9[C-w9{¢hw95Ω C[¦±L![ {¢¸[9 a!¸ .9 
DIFFERENT. 

(ii) If flow and sediment regimes have been modified THE SELF-
RESTORED RIVER MAY HAVE A DIFFERENT FLUVIAL STYLE FROM 
THAT UNDER THE UNREGULATED PROCESS REGIMES 

(iii) If a very low energy system where the flow and sediment 
regimes are insufficient to maintain a river channel and prevent 
vegetation choking RIVER SELF-RESTORATION IS NOT POSSIBLE! 
YOU ARE TRYING TO RESTORE A DRAINAGE DITCH! The only 
feasible approach to maintaining a river channel is 
manipulation and repeated maintenance of channel size, form 
and vegetation Ґ ΨD!w59bLbDΩ bh¢ w9{¢hw!¢Lhb! Self-
restoration would eventually produce a wetland. 



(i) Confinement 
Free evolution of the river bed within a confined 
laboratory channel under the same discharge, 

slope and sediment supply  



(ii) Changed Flow-Sediment Regime 

Rinaldi et al., Aquatic Sciences, 2016 

Balance 
between 
vegetation and 
fluvial 
processes 
changed 

Fluvial style 
changed 

Habitat 
mosaic, types 
and turnover 
rate changed 

Potential for 
invasions by 
alien plant 
species 



(iii) Is there a river to self-restore? 



Rinaldi et al., Aquatic Sciences, 2016 

Self Restoration of Lower Energy Rivers 



High: 4.39m 
 
Low -1.39m 

m 

Very low energy 
Groundwater-fed 
Agricultural catchment 

A very low energy river in an intensive agricultural landscape 

Gurnell & Grabowski, 

River Research & 

Applications, 2015 

 

Grabowski & Gurnell, 

Aquatic Sciences, 2015 

ά¢ƘŜǊŜ ŀǊŜ ƴƻ ǎƛƎƴƛŦƛŎŀƴǘ ǊƛǾŜǊ ŘȅƴŀƳƛŎǎ - 
{ŜƭŦ wŜǎǘƻǊŀǘƛƻƴ ƛǎ ƴƻǘ ŦŜŀǎƛōƭŜέΚΚ ΦΦΦΦΦΦΦΦΦ 



ŦƭƻƻŘǇƭŀƛƴ ŀǊŜŀ ƻŦ ΨǊŜŎŜƴǘΩ 
lateral dynamics, scroll bars, 
subdued natural levees, 
remnant cutoff channels 

backswamp? 

anabranch? 

human-modified, 
drained floodplain 

human-modified, 
drained floodplain 

ΧΧ 59a ǎǳƎƎŜǎǘǎ ƻǘƘŜǊǿƛǎŜ 



Self Restoration of Lower 
Energy Rivers (in intensively 

agricultural landscapes) 
 

 
Vegetation is the key: 
ÅStabilises transported sediments  
ÅPromotes sorting of bed material 
ÅInduces change in channel form and size 
ÅΨtǳǎƘŜǎΩ ŎƘŀƴƴŜƭ migration, curvature 

 and avulsion 
 

Gurnell, Earth Surface Processes & Landforms, 2014 

 



Plants as river engineers: 
 

ÅSeeds 
ÅAquatic  
 Plants 
ÅWood 
ÅTrees 
ÅRoots 

 



Urban catchment 

New trapezoidal channel cut along 
path of the historical channel  

River diverted into new channel 

Seed bank and vegetation re-
established over 2 years from seeds 
transported by the river 

>150 native species from an urban 
catchment 

Gurnell et al., J. Veg. Sci., 2006 

Initial 
Seed 
Bank 

Seeds are produced everywhere 



Initial 
Seed 
Bank 

Vegetation 
cover Deposited seeds 

Seeds are produced everywhere 

Urban catchment 

New trapezoidal channel cut along 
path of the historical channel  

River diverted into new channel 

Seed bank and vegetation re-
established over 2 years from seeds 
transported by the river 

>150 native species from an urban 
catchment 

Gurnell et al., J. Veg. Sci., 2006 



Aquatic Plants 

Gurnell et al., Earth Science Reviews, 2012. 
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Church, 2002  

Gurnell et al, Geomorphology, 2012 



Increasing aquatic plant 
abundance  with 

decreasing Qmed and 
slope 

 
High abundance of 

emergent plants in the 
low sinuosity and 

meandering sand-bed 
zones of the graph  
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Church, 2002  

Gurnell et al, Geomorphology, 2012 



Sparganium erectum: below 
ground biomass & architecture 

retains and grows in organic silt 
within low energy gravel-bed rivers 

Liffen et al., Aquatic Botany, 2013 



Sparganium erectum: below 
ground biomass & architecture 

retains and grows in organic silt 
within low energy gravel-bed rivers 

Liffen et al., Aquatic Botany, 2013 



Physical ecosystem engineering 
by aquatic plants 

Gurnell & Grabowski, River Research & 
Applications, 2015 

Sparganium 
erectum ΨǇǳǎƘƛƴƎΩ 
channel migration 



Pioneer landforms created by aquatic plants 

Submerged shelf 

Side bar 

Berm Bench 

Bank 

Mid 
channel 

shelf > bar 

Island Tussocks 



Wood Pioneer landforms created by wood 

Flow  

Deflection 
Meander 

Bar Apex Bench 

Abbe & Montgomery, Geomorphology, 2003 



Wood 
Natural / simulated tree fall 

The bigger the better 

Avoid wood in bondage 

ÅIncreases hydraulic 
complexity 

ÅSorts and retains sediment, 
seeds and vegetative 
fragments 

ÅProvides substrate for seed  
germination and vegetation 
colonisation 

ÅAccelerates channel 
adjustment  

Osei et al., Geomorphology, 2015 and 
Limnologica, 2015  

 



Wood 
aƻǊŜ ǿƻƻŘΧΦΦ 

ÅIncreases 
morphological 
complexity 

ÅMobilises fine 
sediment smothering 
bed 

ÅExposes bed gravels 

ÅSupports development 
of vegetated side bars 
and benches 

ÅIncreases flow velocity 
within a narrowed 
channel 

Osei et al., Limnologica, 2015  

 

Self-
restoration 
accelerated 

by wood 



Trees 
River Self Restoration of the riparian 
zone: 
ÅNo wood without trees! 
ÅTrees produce and retain wood 
ÅTrees and wood interact with fluvial 

processes 
ÅTree roots protect, reinforce and can 

form river banks 
ÅTrees induce river bank, island and 

floodplain building  
 



Trees produce wood 


