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W'g:at IS River SelRestoration?
Minimise reinforcement
AMaximise space

AAIIow the river to setadjust

.e.

Allow fluvial processes and vegetatic

to achieve the restoration

Only intervene when essential



Ww A @ SWNT a{ S Naplies thay
a fluvial style (river channel type
evolves dynamically under the
control of fluvial processes and
vegetation colonisation and grow!
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Many Fluvial Styles are feasible
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MULTI-THREAD TRANSITIONAL SINGLE-THREAD MULTI-THREAD
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Many Fluvial Styles are feasible
O2ZYAARSNI WNBEFTFSNBYOS
PT2NY¥aQK
PROCESSES |Valley gradient
Sediment supply regime and budget

VEGETATION |Riparian and aguatic | Vegetation colonisatio
PROCESSES |vegetation vigour, ability to interac
with fluvial processes

RIVER Ratio of valley to river | Space for lateral river
CONFINEMENT width adjustment




Many Fluvial Styles are feasible b

(i) If a very higkenergy system where flow and sediment regime
are very powerful and dynamic ARTIFICIAL CONFINEME
REINFORCEMENT may be necessaryeSteifation can still
occur buttheW{ aM94G¢ ¢ hw95Q CJ[ | £L! [

DIFFERENT

(1) If flow and sediment regimes have been modifiddE SELF
RESTORED RIVER MAY HAVE A DIFFERENT FLUVIAL S
THAT UNDER THE UNREGULATED PROCESS REGIMES

(i) If a very low energy system where the flow and sediment
regimes are insufficient to maintain a river channel and pre
vegetation chokingRIVERSELIRESTORATION IS NOT POSS
YOU ARE TRYING TO RESTORE A DRAINAGH&dhiyH
feasible approach to maintaining a river channel is
manipulation and repeated maintenance of channel size, fo
and vegetatiod  WYD! w5 9bLbDQ b3ef wo

rea<toration wotild eventiialivy nrodiice a wetlanad




(1) Confinement

Free evolution of the river bed within a confined widn Elevation
laboratory channel under the same discharge,
slope and sediment supply
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(1) Changed Flovbediment Regim

Balance
between
vegetation and
fluvial
processes
changed

A 4 Fluvial style
0 50 100 %:“:\:: o ' Changed

Habitat
mosaic, types
and turnover
rate changed

Potential for
invasions by
alien plant
species

Rinaldi et al., Aquatic Sciences, 2016
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Self Restoration of Lower Energy Rivers

CONFINED, SINGLE THREAD, STRAIGHT-SINUOUS

BEDROCK
AND
COLLUVIAL

ALLUVIAL

cobble
gravel
sand
(gravel-bed rivers)

bedrock coarse-mixed mixed bouldercobble bouldercobble-gravel  cobble-gravel

1 2 3 4
COARSE
ALLUVIAL

CONFINED, PARTLY-CONFINED, UNCONFINED
MULTI-THREAD TRANSITIONAL SINGLE-THREAD MULTI-THREAD

Braided Island braided  Anabranching Wandering Pseudo- Straight- Meandering Anabranching
(high-energy) meandering sinuous (low-energy)

fine gravel
sand
(sand-bed rivers)

fine sand
silt
clay
(cohesive rivers)




A very low energy river in an intensive agricultural landscaps

N

Very low energy & High: 430m
Groundwaterfed / -
Agricultural catchment "

VN
e ‘ Gurnell & Grabowski,
2 River Research &
= e e e Applications, 2015

Grabowski & Gurnell,
Aquatic Sciences, 2015
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remnantcutoff channels

humanmodified,
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Self Restoration of Lower
Energy Rivers (in intensively
agricultural landscapes)

Vegetationis the key:

A Stabilises transported sediments

A Promotes sorting of bed material

A Induces change in channel form and siz

A wt dza K $ & Rigrdien;cyfuatfire
and avulsion

Gurnel] Earth Surface Processes & Landforms, 2014



Plants as river engineers:

A Seeds islands and floodplains
A Aquatic
ME[E
A Wood
A Trees
A ROOtS




Seeds are produced everywhere
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Gurnellet al., J. Veg. Sci., 2006
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Aquatic Plants

A river bed B: shelf C: bench D: river bank extension

Water (baseflow stage in cross-profiles)
Vegetated banktop

Fine sedimentand propaguleaccumulation
Root-reinforced, aggrading fine sedimentand
propagule accumulation

Surfaceaggradedto supportruderal wetland
species

Surfaceaggradedto support more competitive
riparianspecies

Emergent ' Ruderal VCompetitive

aqua_tic wetland riparian
@ Species / species i species

-
=
]
=3
-
=

Gurnellet al., Earth Science Reviews, 2012.



braided gravel-bed channels

wandering and braided gravel-bed
channels, sand-bed braided
channels

wandering gravel channels, braided
sand-bed channels

meandering and low sinuosity
sand-bed channels

meandering sand-bed channels

Qmed (m3.s71)

-+ i some mosses but low abundance of all groups
Qi high abundance patch-submerged, some mosses
@ iii high abundance branched emergents

© iv high abundance linear-submerged, some linear
emergents

@ v high abundance linear emergents

@ vi high abundance linear- and patch-submerged and
linear emergents

Church, 2002
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Qmed (m3.s™)

-+ i some mosses but low abundance of all groups
Qi high abundance patch-submerged, some mosses
® iii high abundance branched emergents

© iv high abundance linear-submerged, some linear
emergents

@ v high abundance linear emergents

@ vi high abundance linear- and patch-submerged and
linear emergents

braided gravel-bed channels
wandering and braided gravel-bed
chanrels, sand-bed braided
channels
3 wandering gravel channels, braided
sand-ded channels
4 meandering and low sinuosity
sand-bed channels
5 meandering sand-bed channels

N -

Church, 2002

Increasing aquatic plan
abundance with
decreasinddmedand
slope

High abundance of
emergent plants in the
low sinuosity and
meandering sangbed
zones of the graph
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Liffenet al., Aquatic Botany, 2013
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Liffenet al., Aquatic Botany, 2013
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Physical ecosystem engineerir
by aquatic plants

erectufr*nilJ Lszp
channELmlgratlon

Gurnell& Grabowski, River Research &
Applications, 2015



Pioneerlandforms created by aquatic plants







Wood

Natural / simulated tree fall
The bigger the better

Avoid wood in bondage

A Increases hydraulic
complexity

A Sorts and retains sediment,
seeds and vegetative
fragments

A Provides substrate for seed
germination and vegetation
colonisation

A Accelerates channel
adjustment

Oseiet al., Geomorphology, 2015 angd
Limnologica2015




Wood

az2NBE 622RXD

A Increases
morphological
complexity

A Mobilises fine
sediment smothering
bed

A Exposes bed gravels

A Supports developmen
of vegetated side barg
and benches

A Increases flow velocit
within a narrowed
channel

Oseiet al.,Limnologica2015

CTD Marginal

~ sediment plants

== \Wood piece

Self
restoration
accelerated




Trees
River Self Restoration of the riparian

Zone:

A No wood without trees!

A Trees produce and retain wood

A Trees and wood interact with fluvial
processes

A Tree roots protect, reinforce and can
form river banks

A Trees induce rivepank, island and

floodplainbuilding






